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INTRODUCTION 
Up to 81% of individuals with spinal cord injuries (SCI) report experiencing pain. [1] Negative consequences 
secondary to pain among individuals with SCI include worse health and mood, and lower satisfaction with life and 
quality of life (QOL) scores. [1,2]After SCI, individuals who ambulate after a SCI often have lower pain severity, 
and higher satisfaction with life and quality of life scores.[2,3] However, individuals who require assistance from 
others, assistive devices to ambulate, or transition mode of mobility from ambulation to wheelchair have a 
decrease in QOL and satisfaction with life scores and an increase in pain severity. [2-4] While studies have 
evaluated pain severity over time, they have not controlled for other variables besides mode of mobility.[2,3]. Also, 
previous studies did not evaluate when the mobility transition occurred and participants varied at each timepoint, 
this is remediated in the present study[2].    
 
This study builds upon past work to investigate changes based on mode of mobility, up to 10 years after injury 
with the inclusion of matched pairs controlling for sex, age, lower extremity motor score (LEMS) and upper 
extremity motor score (UEMS) at discharge to investigate the relationship between mode of mobility and pain 
while minimizing the effect of other covariates. We hypothesized that at 1-year individuals who use a wheelchair 
will experience more pain severity and pain interference than their ambulatory matched pairs. Additionally, we 
hypothesized that individuals who changed their mode of mobility from ambulation to wheelchair use would 
experience more pain severity and pain interference than individuals who go from ambulation to wheelchair use or 
those who do not change mobility type.  
 
METHODS 
Participants 
Data was collected from the National Spinal Cord Injury Database (NSCID) which contains information from 
people who present with a traumatic SCI to one of the SCI Model Systems. Individuals were included if they had 
1-, 5-, and 10-year time points for mode of mobility, pain severity and pain interference. Participants self-reported 
their primary mode of mobility at 1-, 5- and 10-years.  
 
Matched Pairs 
Individuals who ambulate and wheelchair users were matched at 1-year based upon the following factors that are 
known to influence mobility and/or pain: sex, age (± 5y), LEMS at discharge (±3), and UEMS at discharge (±5). By 
matching these factors, any differences in pain severity and interference, are more likely to be due to mobility 
group.  After 1-year, individuals were able to transition mode of mobility and pairs of ambulators and wheelchair 
users may not have been maintained over time. 
 
Mobility Group 
To analyze primary mode of mobility transitions between 1-year, 5-years, and 10-years respectively, individuals 
were divided into the following groups: ambulatory, ambulatory, ambulatory (AAA); wheelchair, wheelchair, 
wheelchair (WWW); ambulatory wheelchair, wheelchair (AWW); wheelchair, ambulatory, ambulatory (WAA); 
ambulatory, ambulatory, wheelchair (AAW), wheelchair, wheelchair, ambulatory (WWA); wheelchair, ambulatory, 
wheelchair (WAW); ambulatory, wheelchair, ambulatory (AWA). For statistical purposes, groups with less than 10 
individuals were excluded: WWA, AAW, WAW, and AWA.  
 
Pain Severity and Pain Interference 
Pain severity was assessed by asking: “Using a 0-10 scale with 10 being pain so severe you could not stand it 
and, 0 being no pain, what has been the usual level of pain over the past 4 weeks?” Of the individuals who 
reported having pain, pain interference was assessed with the question: “During the past 4 weeks, how much did 
pain interfere with your normal work including both work outside the home and housework (or usual activities)? 0 
Not at all, 1 A little bit, 2 Moderately, 3 Quite a bit, 4 Extremely.” For this study, this variable was categorized by 
“no pain interference” (score of 0); “mild pain interference” (score of 1-2); or “severe pain interference” (score of 3-
4). If an individual reported no pain severity, they were not asked to report their pain interference as to avoid 
double counting individuals  
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Data Analysis  
Data analysis was conducted using IBM SPSS Statistics version 27.0. Descriptive statistics were calculated for 
demographics and between group differences using paired t-tests for continuous variables and chi-square for 
categorical variables. A paired t-test and chi-square test was conducted to assess differences between pain 
severity of matched groups and differences between pain interference of matched group at one year, respectively.  
 
A two-way repeated measures ANOVA was used to determine the effects of mobility group and time on pain 
severity. Chi-square analysis was conducted for each mobility group comparing time and level of pain 
interference. Linear regressions were conducted to analyze the effects of mobility group and change in pain 
interference (decrease, no change, increase) on change in pain severity between 1-5 years and 5-10 years, with 
those who increase in pain interference being the reference.  
 
RESULTS 
Participants 
Of the 252 (126 matched pairs) people in this study, 216 (85.7%) were male, with an average age at injury of 
39.67 ± 14.24, average LEMS and UEMS at discharge of 21.44 ± 15.34 and 39.91± 12.88, respectively. There 
were no differences between groups based on race or injury level with 69.40% white and 55.0% with paraplegia. 
Only 110 ambulators and 101 wheelchair users reported pain severity>0 at one year and therefore only those 
individuals were asked to report their pain interference. 
 
Pain severity at 1 year and over time 
At one year, there were no significant differences in pain severity between matched pairs in the ambulatory and 
wheelchair groups (p=0.64). There was also no change in pain severity overtime (p=0.12) nor any difference in 
pain severity within or between mobility trajectory groups (p=0.56, p=0.58).  
 
Pain interference at 1 year and over time 
At one year, the difference between pain interference based on mode of mobility trended toward significance 
(x2=5.97, p=0.05, Figure 1). A greater proportion of wheelchair users experience mild pain interference as 
compared to individuals who were ambulatory, for whom pain interference was more evenly distributed among the 
three groups.  
  
There are no significant differences between mobility groups over time in pain interference (x2=3.23, p=0.344) 
(Figure 2). There are relatively few individuals who change pain interference over time in the groups where no 
mobility transition occurs (AAA and WWW). The AWW group decreases in the number of individuals with severe 
pain interference and increases the number of people with mild pain interference. In contrast, the WAA group 
increases the number of people with severe pain interference and decreases the number of people with mild pain 
interference. 

 
 
 

Figure 2.  Bar graph for pain interference over time by 
mobility group 

Figure 1. Bar graph for pain interference at 1 year for 
matched groups. 

AAA; N=77   WWW; N= 82  AWW; N= 36 WAA; N=32 
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Pain Severity vs Pain Interference 
Between 1 year and 5 years, change in pain interference is a significant predictor of change in pain severity 
(p<0.001), independent of mode of mobility trajectory (Figure 3a). As pain interference decreases, pain severity 
significantly decreases as compared to the reference group (B= -2.07, p<0.001). If an individual’s pain 
interference remains the same between 1 and 5 years, their pain severity decreases by a lesser amount as 
compared to the reference group (B= -0.75, p= 0.045). These relationships were not retained between 5 and 10 
years where despite decreases in pain interference there were increases in pain severity among those in the AAA 
and WWW (p=0.14) (Figure 3b). 

DISCUSSION 
There were no differences in pain severity between those who ambulate and th 
factors, besides primary mode of mobility that affects pain severity, such as type of pain or level of injury 
(tetraplegia or paraplegia).[1]  Over time, there were not differences in pain severity based on mobility group. This 
is in contrast to previous studies which found higher levels of pain among individuals who transitioned from 
ambulation to wheelchair.[2,3] This difference may be because the aforementioned studies analyzed transitions 
occurring after discharge from inpatient rehab while the present study examines mobility changes only after one 
year following the injury.[2,3] This could indicate the earlier the transition occurs the more impactful it is on pain 
severity. This also fails to support the original hypothesis predicting that individuals using a wheelchair at one year 
would experience more severe pain.  
 
At 1-year, individuals using a wheelchair tend to report more occurrences of pain interference, which is in support 
of the original hypothesis. There was a greater proportion of individuals who ambulate who experienced less pain 
interference than wheelchair users; however, when they did, the level of pain interference reported is evenly 
divided among mild pain interference and severe pain interference. On the other hand, those who ambulate, 
reported pain interference, but the majority of the pain interference is mild. Wheelchair mobility and transfers are 
highly associated with pain among wheelchair users, and since those the most important wheelchair skills, having 
pain that prevented those activities from occurring, could cause greater pain interference than pain associated 
with ambulation.[5,6] There is evidence to suggest the usage of assistive devices and injury level may significantly 
affect both pain severity and pain interference, which should be examined for its influence on pain in our 
population for further studies.[7,8]. Among those who transitioned to a wheelchair, pain interference decreased 
over time, while for those who transitioned to ambulation it increased over time. However, differences weren’t 
significant over time; this may be because sample sizes were comparatively smaller for these groups and a larger 
sample may reveal significant differences. Groups that transition to ambulation may be more marginal ambulators 
which leads to greater demands on upper extremities secondary to assistive devices due to the high demands 
many assistive devices place on the upper extremities.[9]Our second hypothesis predicted individuals who used a 
wheelchair to see an increase in pain interference; however, there was no significant evidence or trends in the 
data to support this claim.  
 
Between 1- and 5-years, an individual’s change in pain interference significantly predicts their change in pain 
severity; however, this significance disappears between 5 and 10 years. For individuals who did not change their 
mode of mobility (AAA, WWW) median pain severity is relatively constant across levels of pain interference 

Figure 3. Box plot of changes in pain interference vs pain severity by mobility group from 1 to 5 years (A) and 5 to 10 years (B).  
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overtime. This is in contrast to the AWW and WAA groups which show a more linear relationship between change 
in pain interference and change in pain severity between 1 and 5 years; however, this trend disappears between 
5 and 10 years. This could suggest that over time individuals whose mode of mobility is constant become better at 
managing their pain and therefore regardless of pain severity, their pain does not interfere as much with their 
life.[10] In addition, individuals who continue to use the same mode of mobility may see a decrease in pain 
interference due to an improvement in their mobility technique with additional training and practice.[11]  
 
STUDY LIMITATIONS 
Due to the small sample size of individuals who made multiple mobility aid transitions (AWA or WAW) and 
individuals who made a mobility transition between 5 and 10 years (AAW or WWA), those individuals were 
excluded from the present study. Since these groups are not represented in this study, these results may not be 
fully representative of all types of mobility changes following SCI. In addition, while matching allows for a greater 
control of the factors that contribute to pain severity, it also decreased the study sample size and may not account 
for all factors that affect pain severity or changes in mobility.  
 
CONCLUSION 
Whether a person is walking or wheeling over time does not appear to affect the pain severity; however, 
differences are present in pain interference. Among those who experience pain, pain interference is more severe 
among those who use a wheelchair versus those who ambulate at 1-year.  Future studies may warrant additional 
investigation into changes in pain interference over time among individuals who transition in their mode of 
mobility.  
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