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Abstract

Study design—Cross-sectional cohort study.

Objectives—To investigate a mediational model where pain (intensity and interference) and 

fatigue mediate the relationship between the use of mobility aids and moderate-to-severe 

depressive symptomatology among ambulatory participants with spinal cord injury (SCI).

Setting—A medical university in the southeastern United States.

Methods—Ambulatory adults (N = 652) with chronic SCI responded to a mail-in survey. The 

Patient Health Questionnaire-9 was used to assess moderate-to-severe depressive 

symptomatology. The Brief Pain Inventory was used to assess pain intensity and interference, and 

the Modified Fatigue Impact Scale–5-item version was used to assess fatigue. Participants self-

reported use of mobility aids.

Results—On examining mobility aids used for ambulation, 65% were found to have used at least 

one aid. Severe pain intensity was reported by 11%, and 14% reported severe pain interference. 

Disabling fatigue was reported by 10% of the participants. Twenty-one percent (n = 138) reported 

moderate-to-severe levels of depressive symptoms. On examining the relationships between 

mobility aids and depressive symptomatology, using people as a mobility aid was associated with 

increased odds of depressive symptomatology (2.6) and always using a wheelchair was associated 

with lower odds (0.3). However, these relationships were no longer significant after controlling for 

the mediating variables pain intensity, pain interference and fatigue.

Conclusions—Pain and fatigue mediate the relationship between usage of certain mobility aids 

and depressive symptomatology. The use of people to assist in ambulation is associated with 

greater odds of moderate-to-severe depressive symptomatology, while always using a wheelchair 

is associated with lower odds.
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INTRODUCTION

Ambulation is a highly coveted goal after spinal cord injury (SCI). However, functional 

ambulation after SCI is often compromised by residual impairments, pain, fatigue and 

reliance on mobility aids, and studies suggest that long-term ambulation may also be 

associated with negative health outcomes under some circumstances.1–6 Specifically, studies 

suggest that three associated health conditions, chronic pain, fatigue and depressive 

symptoms,7 are correlated with ambulatory status.2–7 These secondary health conditions are 

more prevalent after SCI compared with the general population and negatively impact the 

quality of life, warranting the need to understand better the relationships of these three 

outcomes with ambulatory status.

After SCI, overall pain rates range from 25 to 96%, and severe pain is reported by 18–63% 

of individuals.8–10 Among those with incomplete SCI, pain intensity and interference are 

associated with the use of mobility aids and degree of independence when walking.1,4,6 A 

recent study found that higher pain severity is significantly associated with transition from 

walking to using a wheelchair within the first year after injury.1 Increased odds of high pain 

intensity are also associated with the use of at least one person for assistance during 

walking, unilateral cane use and minimal wheelchair usage.3 Furthermore, ambulators are 

reported to have higher levels of pain interference compared with nonambulators.4 In the 

incomplete SCI population, higher pain interference scores are associated with needing 

assistance from another person to walk,2 unilateral cane and wheelchair usage.3 It is 

important to examine pain intensity and interference among ambulatory individuals with 

SCI, as pain is associated with a number of negative health outcomes, including fatigue, 

depressive symptoms and decreased quality of life.2,7–9,11–13

An estimated 67–74% of persons with SCI report fatigue,8,14 though the rates vary 

according to the level of and time since injury, as well as the definition of fatigue used. 

Among those with chronic SCI, cross-sectional analyses suggest that severe fatigue is 

experienced by 18%9 and disabling fatigue by 8.3%.15 Greater fatigue severity has been 

reported among those with incomplete SCI16 and recently, in an AIS D population, high 

levels of fatigue were reported by 20%.5 Fatigue can negatively affect the quality of life17 

and is associated with aging, injury severity, physiological and psychosocial functioning, 

spasticity, pain, depression, the use of mobility aids and many behavioral risk 

factors.3,5,8,15,18–20 Similar to the associations between mobility aid usage and pain 

observed in an ambulatory chronic SCI population, high levels of fatigue are significantly 

related to unilateral cane use and wheelchair usage less than 50% of the time.4

Depression has been extensively studied after SCI. The reported prevalence of depressive 

disorders and symptomatology varies, with ranges from 8.8 to 60%, though most studies 

report between 20 and 30%.21,22 After SCI, a number of demographic, injury-specific and 

health-related factors are significantly associated with depressive symptomatology.22 
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Importantly, among those with incomplete SCI, studies suggest that pain, fatigue and 

ambulatory status are highly correlated with depressive symptoms.1,2,5 Individuals relying 

on assistance from others to walk report greater depressive symptoms compared with 

independent ambulators and wheelchair users; pain interference mediates the observed 

relationship.2 In those who transition from walking to using a wheelchair, significantly 

higher depression scores have been reported compared with those who maintain walking or 

wheelchair use 1 year after injury.1

Two preliminary studies have been conducted using this data set to examine independently 

the impact of ambulatory status on pain, fatigue and depression, setting the stage for the 

current study. Pain interference has been reported as a mediator in the relationship between 

ambulatory status and depressive symptoms after SCI. However, in the original 

investigation, only a general description of ambulation (independent, partially dependent or 

nonambulatory) was used, and the effects of specific mobility aids used by ambulatory 

individuals with SCI were not examined. Furthermore, only pain interference was examined 

as a mediator.2 In a more recent analysis, the effects of assistive device use on pain intensity, 

pain interference and fatigue were established. The use of less-supportive assistive devices 

and wheelchair usage less than 50% of the time was significantly associated with increased 

pain intensity, pain interference and severe fatigue.23 The present study builds upon the 

previous findings to examine further the impact of mobility aid usage and the relationships 

on these significant secondary health outcomes in ambulatory individuals with SCI.

Purpose

Our purpose was to test a mediational model where pain (intensity, interference) and fatigue 

mediate the relationship between use of mobility aids and moderate-to-severe depressive 

symptomatology among ambulatory participants with SCI (Figure 1). Path A has been 

previously demonstrated and reported using this data set.3 Our hypotheses were threefold: 

(1) pain intensity, pain interference and fatigue will be significantly correlated with 

moderate-to-severe depressive symptoms (path B); (2) mobility aid usage will be 

significantly correlated with depressive symptoms (path C); and (3) after controlling for the 

relationships between path A and B, the relationship observed in path C will no longer be 

significant.

MATERIALS AND METHODS

Participants

Following approval from the institutional review board, participants were identified through 

three sources of records at a large specialty hospital in the southeastern United States: (1) 

SCI Model Systems database, (2) model systems registry, and (3) outpatient directory. 

Although participants were identified through one of the SCI Model Systems, our data were 

specifically collected for this study, and we did not utilize any of the data routinely collected 

by the SCI Model Systems. Inclusion criteria were: (1) SCI of traumatic origin, (2) at least 1 

year post-injury, (3) at least 18 years old at survey, and (4) residual effects of SCI. Seventy-

one percent (n = 2614) of the eligible participants responded. After participation, 65 

individuals were determined ineligible due to full recovery (n = 16), nontraumatic injury (n 
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= 46) or less than 1 year post injury at survey (n = 3); this resulted in a final sample size of 

2549. The current study focused on 783 participants who self-reported the ability to walk.

Procedures

Data were collected by mail-in self-report. Participants responded to a detailed survey 

packet that has been estimated to take 45–60 min to complete. Potential participants were 

mailed a preliminary letter detailing the study and informing them that study materials 

would follow 4–6 weeks later. Those who did not return the initial materials were mailed a 

second set, and then contacted by phone if they did not respond. If the initial materials were 

lost or misplaced, a replacement was sent to those who expressed interest in participating. 

Participants received $50 by way of remuneration.

Measures

Self-report demographic data were collected from the completed instrument packages. 

Information regarding etiology, time since injury and level of injury (C1–C4, C5–C8, 

noncervical) was collected, as was ambulation status.

Ambulation status was determined by an initial screening question of ‘Are you able to walk 

at all?’ (yes, no). Information about mobility aids used to assist in walking was collected, 

including: walker (yes, no), crutches (none, 1 or 2), canes (none, 1 or 2), short leg braces 

(none, 1, 2), long leg braces (none, 1, 2) and assistance from people (no, 1 person, 2 people). 

Lastly, participants reported the amount of time they used a wheelchair to get around, even 

though they could walk (less than 50%, about 50%, more than 50%, always).

A variable for the total number of mobility aids used was created based on the sum of the 

following: walker (0, 1), cane(s) (0, 1), crutch(es) (0, 1), short leg brace(s) (0, 1), long leg 

brace(s) (0, 1) and people (0, 1), where 0 = no and 1 = yes. In addition, walkers, canes and 

crutches were grouped as ‘assistive devices’ (none, unilateral or bilateral) and short and long 

leg braces were grouped as ‘leg braces’ (none, 1 short or long leg brace, 2 short or long leg 

braces).

Pain intensity and interference were assessed based on questions from the Brief Pain 

Inventory (BPI). The BPI is a valid and reliable measure used to assess pain in the SCI 

population.24 Pain intensity was determined by four severity items which asked participants 

to rate their: (1) pain at its worst in the past week, (2) pain at its least in the past week, (3) 

pain on average, and (4) pain right now, from 0 (no pain) to 10 (worst pain imaginable). The 

average of the items was used as pain intensity. Participants were also asked to respond to 

seven items that determined how pain interfered with certain activities in the past week on a 

10-point scale (0 = does not interfere, 10 = completely interferes). The average pain 

interference score was calculated for persons who answered over half of the items.21 

Categories for mild (0–3), moderate (4–6) and severe (7–10) pain intensity and interference 

were created as previously described.4

Fatigue was measured using the Modified Fatigue Impact Scale (MFIS-5), a five-item 

questionnaire assessing perceived impact of fatigue, defined as a feeling of physical 

tiredness and lack of energy, over the past 4 weeks. This scale, originally designed for the 
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multiple sclerosis population, has been shown to be valid and reliable.25 Participants 

responded to each item with a score of 0 (never) to 4 (almost always), and total scores from 

0 to 20 were generated. A cutoffpoint ≥15 was used to represent disabling fatigue (yes, no) 

as previously described.4

Moderate-to-severe depressive symptomatology was measured based on responses to the 

Patient Health Questionnaire-9 (PHQ-9), which has been frequently used in the SCI 

population and has good internal consistency, test–retest reliability, and construct and 

criterion validity.26,27 Participants responded to nine questions with a score of 0 to 3 (0 = 

not at all, 1 = several days, 2 = more than half of the days, 3 = nearly every day) indicating 

how frequently they were bothered by a number of problems in the last 2 weeks. The 

responses were scored and depression severity levels were classified as none (1), minimal 

(1–4), mild (5–9), moderate (10–14), moderately severe (15–19) and severe (20–27). A 

cutoff point of PHQ-9 ≥ 10 (yes, no) was chosen for the primary outcome, as individuals 

with major depression are seven times more likely to have scores ≥10 compared with 

individuals without major depression.25

Analysis

SAS Version 9.3 was used for all analyses. Descriptive statistics were generated to describe 

the participant sample, use of mobility aids, pain intensity, pain interference, fatigue and 

depression severity scores.

The χ2 statistic was used to assess the association between depressive symptomatology and 

each variable. Variables with a P-value < 0.15 (Table 2) were then put into the first-stage 

logistic regression model.

Three separate logistic regression analyses were run to examine the mediational framework. 

The models were used to predict the odds of having moderate-to-severe depressive 

symptomatology, classified as a score on the PHQ-9 ≥ 10 (0 = no, 1 = yes). We controlled 

for age, race, gender, time since injury and injury level. In model 1, predictor variables 

included cane, leg braces, people and wheelchair usage, as they were the significant 

variables identified in the χ2 analysis. In model 2, predictors that were no longer significant 

(cane and leg braces) were removed. Model 3 was the mediational model, and pain intensity, 

pain interference and fatigue were added. Odds ratios (OR) and 95% confidence intervals 

(CI) from the logistic models are presented in the results. Odds ratios express the odds of the 

outcome, depressive symptomatology, for one group of the independent variable compared 

with the reference group in that variable.

Statement of ethics

We certify that all applicable institutional and governmental regulations concerning the 

ethical use of human volunteers were followed during the course of this research.
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RESULTS

The cohort was reduced to 652 ambulatory cases with complete data. Table 1 summarizes 

the participant characteristics. Mean age at enrollment was 46.5 ± 14.4 years old, and 

participants were on average 10.5 ± 8.2 years post-injury.

Bivariate results

Based on the χ2 results (Table 2), there was a significant difference in depressive 

symptomatology among groups according to the total number of mobility aids used (χ2 P-

value = 0.0007), cane (χ2 P-value = 0.023) and wheelchair usage (χ2 P-value = 0.012). In 

addition, there were significant differences observed among pain intensity, pain interference 

and fatigue groups (χ2 P-value < 0.0001).

Logistic regression

In model 1, those who used people for assistance to walk were 2.48 times more likely to 

report depressive symptomatology than those who did not use people for assistance (OR = 

2.5, 95% CI = 1.25–4.95) (Table 3). Always using a wheelchair was associated with a lower 

odds (OR = 0.342, 95% CI = 0.15–0.78). In model 2, relationships between people and 

wheelchair usage and moderate-to-severe depressive symptomatology remained significant. 

After the addition of the mediators in model 3, severe pain intensity significantly increased 

the odds of depressive symptoms (OR = 3.32, 95% CI = 1.35–8.19), as did moderate and 

severe pain interference (OR = 4.65, 95% CI = 2.42–8.94; OR = 10.22, 95% CI = 4.35–

24.04) and disabling fatigue (OR = 7.44, 95% CI = 3.38–16.37); the use of people and 

always using a wheelchair became nonsignificant.

DISCUSSION

This study adds to the body of evidence suggesting that long-term ambulation may be 

associated with negative secondary health outcomes under certain circumstances. The 

majority (65%) reported using at least one mobility aid during ambulation. The current study 

extends earlier findings of complications associated with ambulation after SCI by 

identifying two other potential mediators, pain intensity and fatigue, in the relationship 

between ambulatory status and depressive symptoms.

Overall, results were consistent with a mediational relationship between mobility aids and 

severity of depression, with evidence that pain and fatigue functioned as mediators. 

Hypotheses 1 and 3 were fully supported, as pain intensity, pain interference and fatigue 

were significantly correlated with depressive symptoms (path B) and, after controlling for 

the relationships between path A and B, path C was no longer significant. However, the 

second hypothesis was only partially supported, as not all mobility aids were significantly 

correlated with depressive symptoms (path C).

It is noteworthy that the prevalence rates found were lower than reported elsewhere in the 

literature, at least for pain intensity and fatigue.8–10 Depression scores (21% moderate-to-

severe levels) were consistent with the existing literature.27 This may relate to the nature of 

DiPiro et al. Page 6

Spinal Cord. Author manuscript; available in PMC 2015 July 02.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



the measures, which were relatively brief screening measures of pain and fatigue, or the 

unique sample in terms of the number of ambulatory participants.

The results of the present study suggest that pain intensity, pain interference and fatigue 

should be carefully monitored among long-term ambulators to avoid complications 

associated with ambulation, particularly depressive symptoms. Given the increase in 

incomplete injuries, the ongoing devotion to basic science and locomotor rehabilitation 

research and the longevity of the SCI population, it is likely the number of ambulatory 

persons with SCI will increase in coming years. Acknowledging the numerous residual 

impairments, reduced independence and reliance on mobility aids currently observed, it is 

important to elucidate the circumstances under which negative health outcomes may be 

associated with walking. In doing so, therapists can tailor interventions to obtain the most 

beneficial results and monitor the extent to which secondary complications may develop in 

conjunction with ambulation.

Rehabilitation researchers and professionals may play an important role in further 

understanding the complications associated with ambulation after SCI. In rehabilitation 

settings, the goal of achieving maximum functional potential and independence is often 

associated with the use of less assistance for mobility. However, these findings suggest that 

therapists ought to consider the potential long-term effects of advocating for reduced 

wheelchair usage and the introduction of mobility aids offering less support during 

ambulation for persons with SCI. In addition, the mediational relationship found in this 

study emphasizes the need for rehabilitation professionals to be aware of the increased risk 

of depressive symptoms to modify treatment programs and alert appropriate professionals if 

need be.

Limitations

The present study has a number of limitations. First, all data were self-report, as was 

necessary due to the large number of participants. Therefore, the self-report was restricted to 

straightforward information regarding ambulatory status and mobility aids used, in 

combination with additional psychometric measures with established reliability and validity 

from the existing literature (for example, fatigue, pain and depression). Second, all data were 

screen measures. Although this is consistent with larger-scale self-report studies, including 

the SCI Model Systems national data collection, these measures are limited compared with 

more detailed clinical measures. Third, the data were cross-sectional; therefore, evaluation 

of changes was not possible. Fourth, no detailed laboratory measurements were taken to 

quantify ambulation. Finally, the inclusion criteria were limited to traumatic SCI only; thus, 

the findings may not be generalizable to individuals with injuries of nontraumatic etiology.

Future directions

Further study is needed to understand better the effects of long-term ambulation on 

secondary conditions including pain, fatigue and depressive symptoms after traumatic and 

nontraumatic SCI and the impact of intervention. Examination of these outcomes in 

locomotor rehabilitation and longitudinal research may provide insight into the impact of 

change in ambulation over time and the influence on long-term health and quality-of-life 
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outcomes. Furthermore, detailed evaluation of the use of mobility aids in the ambulatory 

population and associated complications is needed. Such information may influence how 

rehabilitation researchers and professionals address device use and tailor interventions.

CONCLUSION

The use of people to assist in ambulation after SCI is associated with greater odds of 

moderate-to-severe depressive symptomatology, while always using a wheelchair is 

associated with lower odds. These relationships appear to be mediated by pain intensity, 

pain interference and fatigue. To clarify these relationships, further study of pain, fatigue 

and depressive symptomatology in ambulatory persons with chronic SCI is warranted.
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Figure 1. 
Pain intensity, pain interference and fatigue severity as mediators of the relationship 

between use of mobility aids for ambulation and depressive symptoms.
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Table 1

Participant characteristics

% (Unless otherwise
indicated) (N = 652)

Gender

  Male 70.4

  Female 29.6

Race

  White 74.2

  Black 20.5

  Other 5.21

Injury severity

  C1–C4 25.0

  C5–C8 27.7

  Noncervical 47.3

Mobility aids

  Use any assistance to walk 65.8

  Walker 26.1

  Cane 31.4

  Crutch 17.6

  Long leg braces 9.8

  Short leg braces 19.3

  People 12.1

Wheelchair usage (% time)

  Nevertolessthan 50% 70.6

  About 50% 3.7

  More than 50%, but not always 9.5

  Always 16.2

Pain intensity (mean (s.d.)) 3.4 (2.5)

  Mild 58.1

  Moderate 31.3

  Severe 13.7

Pain interference (mean (s.d.)) 3.1 (2.8)

  Mild 65.8

  Moderate 20.5

  Severe 13.7

Fatigue (mean (s.d.)) 7.2 (5.2)

  Nondisabling 89.7

  Disabling 10.3

Depressive symptoms (mean (s.d.)) 6.05 (5.95)

  No-mild 78.8

  Moderate-severe 21.2
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