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Prevalence and associated factors of pain in the Swiss spinal
cord injury population

R Müller1,2, MWG Brinkhof1,2, U Arnet1,2, T Hinrichs3, G Landmann4, X Jordan5 and M Béchir6

for the SwiSCI Study Group

Study design: Population-based, cross-sectional.
Objectives: To determine pain prevalence and identify factors associated with chronic pain in individuals with spinal cord injury (SCI)
living in Switzerland.
Setting: Swiss SCI Cohort Study (SwiSCI).
Methods: Pain characteristics were assessed using an adapted version of the International SCI Pain Basic Data Set, adding one item
of the SCI Secondary Conditions Scale to address chronic pain. Pain prevalence was calculated using stratification over demographic,
SCI-related and socioeconomic characteristics; odds ratios (adjusted for non-response) for determinants of severity of chronic pain were
calculated using stereotype logistic regressions.
Results: Pain (in the past week) was reported by 68.9% and chronic pain by 73.5% (significant 36.9%) of all participants (N=1549;
28% female). Most frequently reported pain type was musculoskeletal (71.1%). Back/spine was the most frequently reported pain
location (54.6%). Contrasting the 'significant' to the 'none/mild' category of chronic pain, adjusted odds ratios were 1.54 (95% CI:
1.18–2.01; Po0.01) for women (vs men); 6.64 (95% CI: 3.37–11.67; Po0.001) for the oldest age group 61+ (vs youngest
(16–30)); 3.41 (95% CI: 2.07–5.62; Po0.001) in individuals reporting severe financial hardship (vs no financial hardship).
Individuals reporting specific SCI-related health conditions were 1.41–2.92 (Po0.05) times more likely to report chronic pain as
'significant' rather than 'none/mild' compared with those without the respective condition.
Conclusions: Pain is highly prevalent in individuals with SCI living in Switzerland. Considered at risk for chronic pain are women, older
individuals and individuals with financial hardship and specific secondary health conditions. Longitudinal studies are necessary to
identify predictors for the development of pain and its chronification.
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INTRODUCTION

Chronic pain is a significant problem in individuals with a spinal cord
injury (SCI) that can have a negative impact on a person’s physical,
psychological and social functioning.1 Pain prevalence in SCI range
around 61% (±20%).2 Most prevalent pain types are musculoskeletal
pain most frequently localized to the neck, shoulders and back, and
neuropathic pain usually localized to the front torso, buttocks and
lower extremities.3 About one-third of persons with SCI report
experiencing severe pain.4 Longitudinal pain research further exposed
a cumulative risk with time since injury2 and importantly, that an
established pain problem rarely resolves.1 Chronic pain in SCI may
further vary with gender (for example, refs 5–8), current age
(for example, refs 6–8), lesion etiology,9 level (for example, refs 5,
6 and 10) and completeness.7,8 Education,10,11 financial problems12

and secondary health complications (for example, spasticity,13,14

fractures,15 infections16 and autonomic dysreflexia17) may be further
factors associated with pain. However, these findings are inconsistent
and have limited generalizability as they depend on study

design-related information such as (chronic) pain definition, primary
study goal, data source and quality.2,18

In Switzerland, pain has been reported as one of the most
burdensome consequences of SCI.19 A previously found high pre-
valence of chronic SCI pain (73.2%) in the Swiss SCI community20

demands for more comprehensive research to provide detailed
information on severity of pain, pain chronification, type and location,
as well as person-related, injury-related and socioeconomic factors
associated with pain prevalence. Findings from the present study are
important not only to confirm the serious nature of pain in individuals
with SCI but also to provide information for the development of
effective treatments for SCI pain and to further support and inform
SCI rehabilitation and research, the Swiss health-care system and
policy making.
Therefore, the objective of the present study is to determine pain

prevalence and to identify factors associated with chronic pain in
individuals with SCI living in Switzerland. The following specific
questions are addressed: (1) what is the proportion of persons
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reporting (a) pain in the past week and (b) a chronic pain problem?
(2) How severe is the pain? (3) What types and locations of pain are
reported and what are their relative frequencies? (4) How does the
severity of chronic pain vary depending on person-, injury-related and
socioeconomic characteristics, and secondary health conditions?

METHODS

Study design and procedures
This study analyses cross-sectional survey data collected between late 2011 and
early 2013 within the community-based Swiss Spinal Cord Injury (SwiSCI)
Cohort Study.21 SwiSCI is conducted in collaboration with the four specialized
SCI rehabilitation clinics in Switzerland with the aim to include all individuals
16 years of age or older with permanent residence in Switzerland and a
diagnosed traumatic or non-traumatic SCI. Individuals with congenital
conditions resulting in para- or tetraplegia are excluded (for example, spina
bifida, new SCI in the context of palliative care, neurodegenerative disorders
including multiple sclerosis and amyotrophic lateral sclerosis or Guillain–Barré
syndrome). SwiSCI adheres to the national and international standards for
research in humans and received approval by the cantonal ethical committee.
All participants provided written informed consent. The study protocol, design,
procedure and data quality of SwiSCI is described in more detail elsewhere.22,23

Eligible participants completed self-report questionnaires sent by mail, via
online secure server or telephonic interview. In the first wave, participants were
asked to complete a short questionnaire about person-related, injury-related
and socioeconomic characteristics. Participants who consented and completed
the first questionnaire received a second-wave questionnaire about health,
functioning, participation and well-being. A total of 1549 individuals out of
3144 potential participants completed the second-wave questionnaire,
corresponding to a cumulative response rate of 49.3% and displaying marginal
non-response bias.23 For this study, data from the first- and the second-wave
questionnaire were analyzed.

Variable and instruments
Person-related and injury-related information (gender, age, lesion severity,
etiology and time since injury), socioeconomic characteristics (language,
education, financial hardship and income) and secondary health conditions
were assessed and grouped based on recommendation of the International
Spinal Cord Society.24,25 Secondary health conditions were assessed using the
Spinal Cord Injury Secondary Conditions Scale, which has been found to be a
reliable and valid measure to assess 15 most frequently occurring secondary
health conditions in SCI that can be directly and indirectly associated with
health and physical functioning.26 The present study focused on health
conditions found to be most strongly related to pain (spasticity, contractures,
autonomic dysreflexia, urinary tract infection and pressure ulcer). Language of
correspondence (that is, German, French and Italian) was used as proxy for
cultural setting,27 since inclusion of Nationality as potential factor was not
possible due to high representation of Swiss Nationality (Swiss 90%, Italian
2.4%, German 1.0%, French, Kosovan, Portuguese and Austrian between
0.5 and 0.7%). With regards to financial hardship participants were asked to
indicate the impact of potential financial difficulties in everyday life experienced
over the past 4 weeks ('not applicable', 'had no impact', 'has complicated my life
somewhat' and 'has complicated my life immensely').12 The first two response
categories were combined in order to derive a three-categorical variable
for further analyses (that is 'no difficulties', 'some difficulties' and 'many
difficulties').
Pain characteristics were assessed by applying an adapted version of the

International Spinal Cord Injury Pain Basic Data Set.28 Participants were asked
to indicate if they experienced pain in the past week with response options 'yes'
or 'no'. If yes, respondents were invited to specify one or more pain types
including musculoskeletal pain, visceral pain, pain due to spasms, neuropathic
pain above lesion level, neuropathic pain at lesion level, neuropathic pain below
lesion level and others. For better understanding of the pain type, synonyms
and examples were added to each listed type of pain (for example, 'neuropathic
pain, or nerve pain, phantom limb pain'). Participants were further asked to
indicate average pain intensity in the past week on a 1–10 numeric rating scale
(NRS) ranging from 1 signifying 'no pain' to 10 implying 'pain as bad as you

can imagine'. With regards to the body locations affected by pain, participants
were asked to select areas of pain from a list including neck, shoulder,
back/spine, elbow, wrist/hands, hip(s), bottom, knee (s), ankle joint/food or in
case any other regions (as free text).
To also address pain as a chronic problem, an additional item of the Spinal

Cord Injury Secondary Conditions Scale26 was used. Respondents were asked to
indicate on a four-point Likert-scale the perceived frequency and severity of
chronic pain in the past 3 months ('not existing or insignificant problem' (no),
'mild or infrequent problem' (mild), 'moderate or occasional problem'
(moderate), or 'significant or chronic problem' (significant)).

Analyses
Statistics to describe the total sample’s characteristics were performed in PASW
Statistics (Version 18.0 for Windows, SPSS Inc, Chicago, IL, USA) and Stata
(Version 13.1 for Windows, College Station, TX, USA). Findings were reported
stratified by pain in the past week and chronic pain severity. Sensitivity analyses
were based on comparing descriptive statistics of the total sample with potential
sample outliers (that is participants who indicated having no pain in the past
week but reported a significant chronic pain problem (n= 18)). No substantial
discrepancies concerning person-, injury-related and socioeconomic character-
istics were apparent, although selected outliers were more frequently found in
the older age group (61+).
To determine the prevalence of pain in the past week and chronic pain

problem frequencies and percentages were computed. With regards to chronic
pain, percentages of individuals experiencing chronic pain as 'no', 'mild',
'moderate' or 'significant' problem were calculated. Mean and standard
deviation of pain intensity was computed. In addition, percentages in mild
(NRS: 1–3), moderate (NRS: 4–6) and severe pain (NRS: 7–10)29 were
calculated. Pain type and location were addressed by calculating percentages
in addition to mean and range of number of pain types and locations.
Associations across the ordinal severity levels of chronic pain with

independent variables, including person-, injury-related and socioeconomic
characteristics, and secondary health conditions (specific aim 4) were examined
in a final step. Use of Brant test30 indicated for the majority of independent
variables that the proportional odds assumption was violated, implying that the
relationship between each pair of response categories was not appropriately
described by enforcing a common set of coefficients. Stereotype logistic
regression provides a flexible alternative method that also enforces ordering
constraints, but with the distinction that effects of each independent predictor
variable may vary across pairs of response categories, implying pair-specific sets
of coefficients. Model complexity can further be reduced by using constraints
that impose the joint estimation of coefficient sets for adjacent response
categories that are indistinguishable.31 Stereotype logistic regression thus
estimates the odds of being in any particular category compared with the
preset baseline category, here the 'no/mild (chronic pain) problem' category.
The first two categories of the ordinal scale including 'not existing or
insignificant problem' (no), and 'mild or infrequent problem' (mild) appeared
as indistinguishable (adjusted Wald test, F(1,1548)= 2.60; P= 0.11). Enforcing
a corresponding constraint effectively reduced the outcome scale for chronic
pain to a three-level ordinal variable ('no or mild problem' (no/mild),
'moderate problem' (moderate), 'significant problem' (significant)) in the
analyses.
Adjusted odds ratios for being in a given chronic pain level group as

compared with being in consecutively lower pain level groups for predictor
variables were derived from multivariable modeling using three regression
models. Model 1 included basic demographics (that is, gender and age group),
as well as SCI-related variables (that is, lesion severity, etiology and time since
injury). Model 2 additionally included specific socioeconomic variables,
comprising language, education, financial hardship and net equivalent income.
Model 3 included concurrent SCI-specific secondary health conditions, that is,
spasticity, contractures, autonomic dysreflexia, urinary tract infection and
pressure ulcer, and was adjusted for variables in Model 1 only. Model 2
variables were not included into Model 3 as it goes beyond this paper to
evaluate and account for the potential causal pathways between self-reported
socioeconomic variables and secondary health conditions in regression
modeling.
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Global significance testing using Wald tests was applied to derive P-values in
multivariable modeling. For categorical parameters with more than two levels
that showed global alpha ⩽ 5%, the distinguishability of parameter levels was
evaluated using pairwise comparisons, implementing Bonferroni correction of
P-values as to account for multiple testing (that is, the number of unplanned
post-hoc estimations). To visually illustrate the predicted distribution of
participants over the ordinal levels of chronic pain, marginal predictions at
means from the final multivariable regression model were used.
Finally, to draw near population-based conclusions, potential unit

non-response bias was accounted for by applying inverse probability weighing
based on propensity scores from multivariate logistic regression (for more
details see Fekete et al.23). With regards to item non-response, descriptive
analyses were performed on the complete case data reporting percentage
of missing data; however, for the stereotype logistic regressions multiple
imputation was performed using random forest imputation technique
(R-package missForest32).

RESULTS

Table 1 shows that participants were mostly male (72%), with a
median age of 52 years (interquartile range: 42–63) and living on an
average since 17 years (interquartile range: 0.3–76) with a traumatic
SCI (78%) and a paraplegia (complete 32%, incomplete 38%) in the
German speaking area of Switzerland (71%). Women more frequently
reported pain in the past week and experiencing pain as a significant
chronic problem in the past 3 months. Percentage of individuals
reporting a significant chronic pain problem increases with age.
Highest percentages of participants reporting a significant chronic
pain problem were found in individuals who are divorced or widowed,
within the lowest level of education, with a middle income,
a non-traumatic paraplegia and a time since injury range of
6–15 years (Table 1).
As shown in Table 2, a proportion of 68.9% (95% CI: 66.4–71.2)

reported pain in the past week. With regards to chronic pain, 36.9%
(95% CI: 34.3–39.5) reported a significant, 21.0% (95% CI: 18.9–23.2)
a moderate, 15.6% (95% CI: 13.7–17.6) a mild and 26.5% (95% CI:
24.3–28.9) no chronic pain problem (chronic pain total= 73.5%).
Average pain intensity in the past week was 6 (±2) on a 1–10 NRS.
Severe pain (NRS: 7–10) was reported by 40.6% (95% CI: 37.5–43.7),
moderate pain (NRS: 4–6) by 43.6% (95% CI: 40.4–46.6) and mild
pain (NRS: 1–3) by 15.9% (95% CI: 13.7–18.3). Participants reported
on an average two different pain types (range: 1–7). Most frequently
reported pain types were musculoskeletal pain (71.1% (95% CI:
68.2–37.8)), followed by neuropathic pain beneath lesion level (41.6%
(95% CI: 38.6–44.7)) and visceral pain (25.3% (95% CI: 22.7–28.1)).
Participants reported on average four different pain locations (range:
1–12). Back/spine (54.6% (95% CI: 51.4–57.6)), shoulder (50.0%
(95% CI: 46.9–53.1)) and neck (43.2% (95% CI: 40.2–46.3)) were the
most frequently reported areas affected by pain.
Stereotype logistic regression (Table 3) indicated that the severity of

chronic pain varies depending on gender, age, financial hardship
and the reporting of the secondary health complications spasticity,
contractures, autonomic dysreflexia, urinary tract infection and
pressure ulcer. More specifically, women were found to have 1.54
(95% CI: 1.18–2.01; Po0.01) times higher odds than men to be in
the 'significant' chronic pain problem category as compared with the
'no/mild' category. Highest odds to report a significant chronic pain
problem were found in the oldest age group (6.64 (95% CI:
3.37–11.67; Po0.001)) and in individuals reporting many financial
difficulties (3.41 (95% CI: 2.07–5.62; Po0.001)). Individuals with
spasticity (2.38 (95% CI: 1.76–3.21; Po0.001)), contractures (2.92
(95% CI: 2.22–3.83; Po0.001)), autonomic dysreflexia (2.56 (95% CI:
1.85–3.54; Po0.001)), urinary tract infections (1.59 (95% CI:T
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1.19–2.11; Po0.01)) and pressure ulcer (1.41 (95% CI: 1.04–1.91;
Po0.05)) had higher odds to report a significant chronic pain
problem than participants reporting having no problem with these
health conditions. Figure 1 illustrates these findings. No significant
associations of chronic pain with lesion characteristics (that is, lesion
severity, etiology and time since injury) were found.

DISCUSSION

This study determined a nearly 74% prevalence of chronic pain in
individuals with SCI living in Switzerland. More than one-third
reported a significant chronic pain problem. Participants reported
on average two different pain types affecting four different body
locations. Musculoskeletal pain was the most frequently reported pain
type. Back/spine was the most frequently reported pain location.
Chronic pain varied depending on gender, age, financial hardship and
the reporting of secondary health complications including spasticity,
contractures, autonomic dysreflexia, urinary tract infection and
pressure ulcer.
Pain is a frequent and significant problem in individuals with SCI.

Pain prevalence found in the present study lies within a range of

41–81%, which was documented by two systematic literature reviews
on pain prevalence in SCI. This wide range reflects between-studies’
heterogeneity (that is, different pain definitions, assessment, study
design, population, data source and response rate).2,18 However,
studies addressing prevalence of pain in a community setting are
limited, although they provide valuable information on the extent of
pain chronification.1,33,34

Diagnosis and differentiation of pain types are essential in order to
target pain treatment. In general, musculoskeletal pain seems to be the
most common type of pain, both in clinical (for example, due to
trauma) and community settings (for example, due to overuse).13,35

Neuropathic pain at lesion level was found to develop shortly after
injury compared with temporally delayed trajectory of below lesion-
level neuropathic pain (months to years after the injury),35 pointing at
two different etiological pathways. In general, neuropathic pain early
after injury likely predicts chronicity35 and is, with mostly unclear
etiology, difficult to treat.36,37 In contrast, prediction of musculo-
skeletal pain based on the first 6 months seems unlikely,35 but when
present, treatment options can be usually based on an underlying
cause. Visceral pain was found to occur in every third person and half

Table 2 Descriptive statistics for pain parameters, including frequencies, proportions and adjusted proportions (Total N=1549)

Indicator variable Frequency Missing Proportion (%) Adjusted proportion (%)a

n n (%) (95% CI) (95% CI)

Pain in the past week 26 (1.7)

Yes 1047 68.7 (66.4–71.0) 68.9 (66.4–71.2)

No 476 31.2 (29.0–33.6) 31.1 (28.8–33.6)

Chronic pain problem in the last 3 months 104 (6.7)

Significant 529 36.6 (34.6–39.1) 36.9 (34.3–39.5)

Moderate 305 21.1 (19.1–23.3) 21.0 (18.9–23.2)

Mild 224 15.5 (13.7–17.4) 15.6 (13.7–17.6)

No 387 26.8 (24.6–29.1) 26.5 (24.3–28.9)

Mean pain severityb,c/mean (s.d.): 5.8 (2.0) 42 (4.0)

Severe pain (NRS: 7–10) 410 40.8 (37.8–43.9) 40.6 (37.5–43.7)

Moderate pain (NRS: 4–6) 436 43.4 (40.3–46.5) 43.6 (40.4–46.6)

Mild pain (NRS: 1–3) 159 15.8 (13.7–18.2) 15.9 (13.7–18.3)

Type of painb,d/mean (s.d.), range: 2.1 (1.2), 1–7 12 (1.1)

Musculoskeletal pain 766 71.4 (68.6–74.0) 71.1 (68.2–73.8)

Neuropathic pain beneath lesion level 455 42.4 (39.5–45.4) 41.6 (38.6–44.7)

Visceral pain 276 25.7 (23.2–28.4) 25.3 (22.7–28.1)

Due to spasm 253 23.6 (21.1–26.2) 23.5 (20.1–26.2)

Neuropathic pain at lesion level 214 19.9 (17.7–22.4) 19.8 (17.5–22.4)

Neuropathic pain above lesion level 133 12.4 (10.6–14.5) 12.3 (10.4–14.5)

Other pain type 108 10.0 (8.4–12.0) 10.5 (8.8–12.6)

Pain locationd/mean (s.d.), range: 3.5 (2.0), 1–12 21 (2.0)

Back/spine 583 54.3 (51.3–57.3) 54.6 (51.4–57.6)

Shoulder 546 50.9 (47.9–53.9) 50.0 (46.9–53.1)

Neck 463 43.2 (40.2–46.1) 43.2 (40.2–46.3)

Wrist/hands 307 28.6 (26.0–31.4) 28.0 (25.4–30.9)

Ankle joint/foot 266 24.8 (22.3–27.5) 26.0 (23.3–28.8)

Hip(s) 263 24.5 (22.0–27.2) 25.3 (22.7–28.1)

Bottom 255 23.8 (21.3–26.4) 23.8 (21.3–26.6)

Knee(s) 217 20.2 (17.9–22.7) 21.5 (19.0–24.2)

Elbow 138 12.9 (11.0–15.0) 12.5 (10.6–14.6)

No musculoskeletal pain 38 3.5 (2.6–4.8) 3.3 (2.4–4.6)

Other pain location 115 10.7 (9.0–12.7) 11.0 (9.2–13.1)

Abbreviations: CI, confidence interval; NRS, numeric rating scale.
aProportion corrected for non-response.
bProportion and adjusted proportion refers to all individuals who indicated having pain in the past week (n=1047).
cMean pain severity is based on all individuals who indicated having pain in the past week (n=1047).
dMore than one selection/specification possible.
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Table 3 Adjusted odds ratios of chronic pain comparing ordinal levels 'no/mild' (combined), 'moderate' and 'significant' as derived from

stereotype logistic regression analysis

Chronic pain

'Moderate' compared with 'no/mild' 'Significant' compared with 'no/mild'

P-value OR 95% CI OR 95% CI

Lower Upper Lower Upper

Model 1: demographics and lesion characteristics
Gender 0.002

Male 1 1

Female 1.26 0.86 1.86 1.54 1.18 2.01

Age group o0.001

16–30 1 1

31–45 1.82 0.97 3.40 3.02 1.71 5.31

46–60 a 2.62 1.39 4.93 5.89 3.37 10.29

61 or older a 2.79 1.46 5.32 6.64 3.77 11.67

Lesion severity 0.181

Paraplegia, incomplete 1 1

Paraplegia, complete 1.11 0.72 1.72 1.22 0.90 1.65

Tetraplegia, incomplete 0.97 0.67 1.40 0.94 0.67 1.32

Tetraplegia, complete 0.88 0.50 1.55 0.78 0.50 1.24

Etiology 0.214

Traumatic 1 1

Nontraumatic 1.11 0.76 1.63 1.22 0.89 1.67

Time since SCI in years 0.057

⩽5 1 1

6–15 1.14 0.67 1.97 1.28 0.88 1.87

16–25 0.90 0.56 1.46 0.83 0.57 1.21

26+ 0.90 0.57 1.44 0.83 0.57 1.21

Model 2: socioeconomic parameters (adjusted for variables in Model 1)
Language 0.647

German 1 1

French 1.04 0.80 1.36 1.08 0.76 1.52

Italian 1.16 0.66 2.06 1.32 0.73 2.38

Education 0.251

Compulsory schooling 1 1

Vocational training 1.19 0.71 1.98 1.36 0.83 2.25

Secondary education 1.19 0.74 1.91 1.37 0.84 2.26

University education 1.02 0.59 1.76 1.04 0.60 1.79

Financial hardship o0.001

No difficulties 1 1

Some difficulties a 1.45 0.97 2.18 1.97 1.44 2.69

Many difficulties a 1.97 1.10 3.52 3.41 2.07 5.62

Net equivalent income 0.135

Lowest income 1 1

Low income 1.11 0.72 1.72 1.22 0.86 1.73

Medium income 1.20 0.75 1.92 1.39 0.95 2.04

High income 0.98 0.62 1.54 0.96 0.65 1.42

Model 3: Secondary health conditions (adjusted for variables in Model 1)
Spasticity o0.001 1.82 1.32 2.50 2.38 1.76 3.21

Contractures o0.001 2.10 1.57 2.82 2.92 2.22 3.83

Autonomic dysreflexia o0.001 1.92 1.34 2.76 2.56 1.85 3.54

Urinary tract infection 0.002 1.38 1.01 1.88 1.59 1.19 2.11

Pressure ulcer 0.029 1.27 0.92 1.74 1.41 1.04 1.91

Abbreviations: CI, confidence interval; SCI, spinal cord injury.
Estimates for presented variables in models with 'socioeconomic parameters' and 'health conditions' are controlled for all person- and injury-related characteristics.
aPairwise comparison, Bonferroni-corrected Po0.05.
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of them reported an average onset later than 5 years after SCI.38,39

Etiologies have been suggested to be both central (for example,
neuropathy) and peripheral (for example, chronic constipation);40,41

however, they mostly remain unclear.42 Although prevalence of
visceral pain is lower compared with other pain types, it is experienced
as severe and excruciating.35,39

Not only multiple pain types but also an average of four different
pain locations were reported by the majority of participants in the
present study. These findings are in line with previous studies and
underscore the importance of measuring pain intensity at all specific
pain locations when attempting to explain the impact of pain on a
person’s functioning.39,43

The present study revealed women to have higher odds of chronic
pain. Findings about gender and pain are inconsistent. A majority of
studies in SCI found no differences between males and females
concerning pain report.10,18,44 However, general research in women
indicates that physiological (for example, anti-dopaminergic effect of
estrogen), social (for example, being more inclined to report pain) and
psychological factors (for example, higher prevalence of mood
disorders) may contribute to a higher prevalence of pain in women
compared with men.45

Older age was found as an additional factor associated with chronic
pain, which is in line with research in aging46 and in specific
aging with SCI.47,48 Aging with SCI is described as 'accelerated' in
specific organ systems such as the musculoskeletal, endocrine and
cardiovascular system.49–51 Disentanglement of age- and pain-specific
conditions and identifying symptom clusters and mechanisms are
challenging but fundamental components in the treatment of pain in

individuals aging with SCI.48 Duration of injury has been identified as
another temporal factor influencing pain.2 With a significance level of
0.057, the present study indicates a tendency for time since injury to
be a potential risk factor for chronic pain.
No association between lesion characteristics (that is, etiology, level

and completeness) and pain was found in the present study, which is
consistent with other studies summarized in a systematic literature
review.18 However, with regards to neuropathic pain, findings are
inconsistent. For example, two studies found complete lesion and
tetraplegia to be associated with below lesion-level neuropathic
pain.35,44 In contrast, a recent study revealed at lesion-level neuro-
pathic pain to be more frequent in individuals with complete lesions.39

Although, in general, individuals with traumatic lesion etiology com-
pared with non-traumatic etiology report more frequent compli-
cations and higher level of disability,52 findings with regards to pain
are inconsistent. For example, in one study the two lesion etiology
groups displayed no difference in complications including pain,53

while another study found pain to be more prevalent in individuals
with traumatic compared with non-traumatic lesion etiology.54

A significant association between the socioeconomic factor financial
difficulties and severity of chronic pain was found. Because of the
cross-sectional design of the current study, financial hardship can be
both considered as the cause (for example, anxious rumination and
catastrophizing on financial problems can exacerbate pain) and the
consequence of pain (for example, cost-intensive pain treatments that
are not reimbursed by the insurance but lead to shortage in finances).
For example, research in general population found low income to be a
potential risk and prognostic factor for the development of chronic
neck pain.55 In contrast, greater vulnerability to pain was found in
women with chronic musculoskeletal condition on days when
financial worries were experienced.56

Finally, multimorbidity is common in individuals with SCI.20

The present study revealed a significant association between secondary
health conditions (that is, spasticity, contractures, autonomic
dysreflexia, urinary tract infection and pressure ulcer) and severity
of chronic pain. In general, aggravation of pain due to secondary
health conditions has been reported in numerous studies.57 However,
associations between pain and health conditions are usually complex
and bidirectional. For example, spasticity can cause pain (intrinsic
spasticity),58,59 but pain can also trigger muscle spasms (extrinsic
spasticity).60–62 Intense pain has been found to activate autonomic
dysreflexia, but individuals with autonomic dysreflexia report more
painful body locations than individuals with no autonomic
dysreflexia.17 Although multimorbidity in SCI is challenging to treat,
every secondary health condition may represent a potential target to
optimize comprehensive pain management.

Limitations
A number of different limitations need to be considered while
interpreting the results of the current study. First, the study design
is cross-sectional. Although this allows determining persons at risk
based on their sociodemographic and injury-related information, the
results do not infer causality concerning socioeconomic factors and
secondary health conditions and their relation to pain. Longitudinal
analyses are necessary to unravel causal pathways for the development
of pain and its chronification. Second, all assessments were based on
self-reports. Additional clinical assessments, for example, quantitative
sensory testing, or body maps or manikins might increase validity
to determine pain type, or pain location, respectively. In general,
recommendations concerning pain assessment should be followed
(for example, International Spinal Cord Injury Classification,

Figure 1 Marginal prediction of the distribution of participants over the
ordinal levels of chronic pain for demographic and lesion parameters.
Estimates are at mean values for other parameters using the stereotype
logistic regression model in Table 3. Open symbols indicate the reference
category for each parameter; solid symbols and error bars the percent
difference with 95% confidence interval for other parameter classes.
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International Spinal Cord Injury Pain Basic Data Set, Initiative on
Methods, Measurement, and Pain Assessment in Clinical Trials).
Finally, the present study focused on biomedical and socioeconomic
factors associated with pain. However, with the biopsychosocial model
of pain a more heuristic approach to chronic pain is now widely
accepted. Therefore, other psychosocial factors should be considered
while examining potential causes of pain. For example, depressive
symptoms has been found to be a strong determinant of pain
prevalence in SCI.2

CONCLUSIONS

Pain is highly prevalent in individuals with SCI living in the Swiss
community. Considered at risk for chronic pain are women, older
individuals and individuals with financial hardship and specific
health conditions that are secondary to SCI. Lacking of satisfactory
therapeutic options, especially in the case of neuropathic pain, requires
further longitudinal investigation of etiological factors, mechanisms
and predictors of chronic pain development in order to support
prevention, early detection and treatment of pain in individuals
with SCI.
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