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Objective: Greater mobility independence after  
spinal cord injury is thought to lead to better long-
term outcomes. However, evidence is inconclusive 
for ambulation compared with wheelchair depen-
dency. This study aimed to describe and compare 
long-term outcomes across mobility levels in indivi-
duals with spinal cord injury.
Design: Cross-sectional survey.
Subjects: Community-dwelling individuals with spi-
nal cord injury in the Netherlands.
Methods: Data were collected via the Dutch arm of 
the International Spinal Cord Injury (InSCI-NL) Sur-
vey (2018). Mobility level was assessed using the 
modified Spinal Cord Independence Measure-Self-
Report. Long-term outcomes were compared across 
mobility levels, using generalised linear models. 
Results: 253 participants were included with a 
mean (standard deviation) age of 58.7 (13.6) years 
and median [interquartile range] time since injury 
of 10 [5.0–22.0] years. Electric wheelchair users 
reported lower functional independence, and more 
participation problems and secondary health con-
ditions compared with manual wheelchair users 
(p < 0.001). Ambulatory individuals using walking 
aids reported no better outcomes than manual 
wheelchair users, except for functional indepen-
dence (p < 0.001). Ambulatory individuals without 
walking aids reported more paid work than those 
with walking aids (62.7% vs 34.3%, p < 0.001). 
Conclusion: In general, electric wheelchair users 
reported the least favourable long-term outcomes. 
Remarkably, ambulatory individuals using walking 
aids generally did not report better outcomes than 
manual wheelchair users. 

AMBULATORY INDIVIDUALS WITH SPINAL CORD INJURY USING WALKING AIDS 
GENERALLY DO NOT REPORT BETTER LONG-TERM OUTCOMES THAN WHEELCHAIR 
USERS: RESULTS FROM THE INSCI-NL SURVEY
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LAY ABSTRACT
A spinal cord injury can greatly affect a person’s mobi-
lity and independence. Although walking is often seen 
as a sign of better recovery, it may not necessarily 
lead to better long-term outcomes. In this study, we 
described and compared long-term outcomes in com-
munity-living individuals with spinal cord injury in the 
Netherlands across mobility levels. Our findings show 
that individuals using electric wheelchairs generally 
experience greater challenges and lower functional 
independence than those using manual wheelchairs. 
Importantly, individuals who walk with aids generally 
did not report better outcomes than manual wheel-
chair users. These results suggest that walking ability 
alone does not guarantee better long-term outcomes. 
This insight increases awareness of the challenges of 
ambulatory individuals with spinal cord injury, sup-
porting healthcare professionals in improving care to 
meet their needs.

Key words: dependent ambulation; health status; Internatio-
nal Classification of Functioning; mobility limitation; quality 
of life; spinal cord injuries. 
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A spinal cord injury (SCI) has a profound impact 
on an individual’s long-term outcomes, including 

functioning, health, and well-being (1). Recovery of 
functional independence after SCI varies widely and is 
largely determined by injury characteristics (2). A key, 
and most visible, part of functional independence is the 
ability to move around, i.e., mobility level. Mobility 
levels vary, in increasing order of independence, from 
dependence on an electric or manual wheelchair to 
being able to ambulate with or without walking aids 
(3). Individuals with more independent mobility levels 
are generally considered less affected by the SCI and 
are expected to achieve better long-term outcomes.

Several studies comparing electric with manual 
wheelchair users support this assumption, demonstra-
ting more favourable outcomes in individuals with a 
more independent mobility level (4, 5). However, this 
is not clear for manual wheelchair users compared 
with ambulatory individuals, although ambulation is 
a high priority among individuals with SCI (6). In-
deed, studies show several physical and psychosocial 
benefits of ambulation and locomotor training (7–9). 
On the other hand, it is increasingly emerging that 
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ambulatory individuals with SCI experience fatigue, 
stigma, emotional distress, isolation, and several 
barriers to participation in society (10–13). A study 
comparing wheelchair users with ambulatory indi-
viduals found that ambulatory individuals reported 
substantial problems in activities and participation, 
and their quality of life and mental health were similar 
to those of wheelchair users (5). In contrast, another 
study reported that ambulation, compared with wheel-
chair use, was associated with better participation 
(14). However, this study reported a mixed pattern of 
favourable and unfavourable outcomes on health and 
well-being, and reported that those who depend on 
others for assistance with ambulation reported poorer 
outcomes than wheelchair users (14). 

Concerning long-term outcomes in ambulatory indi-
viduals, it is important to note that there is a conside-
rable variation in how the individuals move around in 
their daily lives. Ambulation ranges from individuals 
with limited walking ability who use walking aids to 
those who walk without aids and are even unlimited 
in their walking distance. This variation in the level 
of ambulation may impact long-term outcomes. For 
example, although walking aids may be necessary to 
improve balance and mobility, several disadvantages 
have been reported (15, 16). These disadvantages 
include interference with balance and excessive strain 
leading to pain and fatigue, factors known to impact 
well-being (15, 16). Furthermore, individuals with 
limited walking ability may be more dependent on 
assistance from others for ambulation, which is asso-
ciated with less favourable long-term outcomes (14). 

Understanding long-term outcomes in individuals 
with different mobility levels following SCI is essential 
to improve treatment strategies and outcomes for these 
subgroups. Recent findings and clinical experience 
suggest that ambulatory individuals may have less 
favourable long-term outcomes than previously assu-
med, highlighting the need for a deeper understanding 
of this population. This topic is increasingly important 
because of a growing number of individuals with 
SCI who can achieve a more independent mobility 
level, due to an increasing incidence of incomplete 
SCI and advancements in the treatment of SCI (17, 18). 
Therefore, this study aimed to describe the long- 
term outcomes related to functioning, health, and 
well-being among subgroups of community-living 
individuals with different mobility levels after SCI in 
the Netherlands. Second, we aimed to compare long-
term outcomes across the subgroups, with a particular 
focus on comparing the adjacent groups: (i) electric 
wheelchair and manual wheelchair users, (ii) manual 
wheelchair users and ambulatory individuals using 
walking aids, and (iii) ambulatory individuals with and 
without walking aids. We hypothesized that individuals 

with more independent mobility levels would consis-
tently report more favourable long-term outcomes in 
functioning and health compared with those with more 
dependent mobility levels.

METHODS

Data were collected with the Dutch arm of the Inter-
national SCI (InSCI) community survey (InSCI-NL) 
between January and October 2018. The InSCI sur-
vey was conducted in 22 countries to study the lived 
experience of individuals with SCI (19, 20). This 
comprehensive survey addressed the domains of the 
International Classification of Functioning, Disability, 
and Health (ICF) – Core Set for SCI in the long-term 
context (21). A more detailed description can be found 
in the study protocol of the overarching InSCI survey 
(25). A Dutch report on the preliminary results of long-
term outcomes based on this InSCI-NL survey has been 
published previously (22). The InSCI survey adhered 
to ethical standards, including the Declaration of 
Helsinki. For InSCI-NL, the Dutch Medical Research 
Ethics Committee of the University Medical Centre 
Utrecht reviewed the study protocol and provided a 
waiver for formal ethical approval under the Dutch 
law for regulation of medical research in human beings 
(Reference number 17/539). 

Participants 
The InSCI-NL survey was conducted among adults 
diagnosed with a traumatic or non-traumatic SCI, 
who were living in the community and had previously 
received inpatient treatment, outpatient treatment, or 
outpatient consultations in one of three rehabilitation 
centres in the Netherlands with specialised SCI units: 
Rijndam Rehabilitation in Rotterdam, De Hoogstraat 
Rehabilitation in Utrecht, and the Centre of Rehabi-
litation of the University Medical Centre Groningen 
in Groningen. These rehabilitation centres are located 
in the western, middle, and northern regions of the 
Netherlands, covering urban and rural areas. The inclu-
sion criteria were resident of the Netherlands, 18 years 
or older, and having sufficient command of the Dutch 
language to complete the survey. Exclusion criteria 
were current admission for inpatient rehabilitation, 
or an SCI resulting from congenital abnormality or 
neurodegenerative process. Additionally, for this study, 
participants with missing information on mobility level 
were also excluded.

Procedure 
A random sample of 847 individuals was drawn 
from databases of the three participating rehabilita-
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tion centres and invited to participate by postal mail. 
They were provided a link to a secure local website to 
complete the survey online. Alternatively, participants 
could complete a paper version of the questionnaire 
and return it by postal mail. Non-responders received 
one reminder after a few weeks. By completing the 
survey, participants gave their consent to participate 
in the study. 

Measures 
The InSCI-NL survey consisted of a Dutch translation 
of the international survey (20, 23), which is based 
on the ICF core sets of SCI and Rehabilitation (21). 
In addition, the Dutch survey was supplemented with 
questions regarding the level of physical activity (PA). 

	 Demographic and injury characteristics
The survey began with questions on demographic and 
injury characteristics. Demographic characteristics 
included current age, sex (male/female), marital status, 
and education level. Participants reported their marital 
status by selecting one of the following options: single, 
married, cohabiting, or in a partnership; separated or 
divorced; and widowed. These responses were dicho-
tomised into “married, cohabiting or in a partnership” 
(yes/no). Education was reported using the following 
categories: no schooling or never completed, primary, 
lower secondary, higher secondary, post-secondary, 
short tertiary, bachelor or equivalent, and master or 
equivalent. These were subsequently dichotomised into 
having completed higher education (yes/no), defined as 
completion of tertiary education (i.e., short tertiary or 
higher). Injury characteristics included cause of injury, 
injury level (tetraplegia/paraplegia), completeness of 
injury (complete/incomplete), and time since injury 
(TSI) (19, 20). 

	 Mobility level
Mobility level was assessed using the mobility subscale 
of the modified Spinal Cord Independence Measure-
Self Report (m-SCIM-SR) (24). Based on the item 
from the m-SCIM-SR on the mode of moving over a 
distance of 10–100 m, mobility levels were divided 
into four subgroups; (i) electric wheelchair, including 
those who needed total assistance, electric wheelchair, 
or partial assistance to operate a manual wheelchair, 
(ii) manual wheelchair, including those who were 
independent in a manual wheelchair or needed super-
vision while walking, (iii) walking with aid, including 
those who walked with a walking frame or crutches 
swinging forward with both feet at a time, walked with 
crutches or two canes setting one foot before the other, 
walked with one cane, or walked with a leg orthosis 

only, and (iv) walking without aids, including those 
who walked without aid (24). Individuals who only 
walked under supervision were classified as manual 
wheelchair users, as their primary mode of mobility 
was expected to be wheelchair driving, with walking 
limited to short distances under the guidance of family 
members or a therapist.

	 Long-term outcomes
Functional independence was assessed using the self-
care and the bladder and bowel management subscales 
of the m-SCIM-SR. The subscale for self-care consists 
of six items, and the subscale for bladder and bowel 
management consists of seven items (24). Response 
options ranged from 0 to 5, with scores adjusted so 
that a higher score indicated greater independence. Per 
subscale, a sum score was calculated ranging from 0 
to 20 for self-care and from 0 to 22 for bladder and 
bowel management. 

The participants were asked whether they had paid 
work (yes/no). Analyses concerning paid work were 
conducted on participants younger than 66, reflecting 
the statutory retirement age in the Netherlands at the 
time of survey (19). 
Participation problems in social activities were as-
sessed using items from the Model Disability Survey 
(MDS) (19). On a 5-point scale, participants were 
asked to rate eight questions regarding participation 
problems over the past 4 weeks, with 1 “no problem” 
and 5 “very serious problem”. A sum score was calcula-
ted, ranging from 8 to 40, with higher scores indicating 
more or more severe participation problems (19). 
PA in the past 7 days was assessed using two items on 
moderate and vigorous PA from the Physical Activity 
Scale for Persons with Physical Disabilities (25). The 
scale was adapted slightly by adding explanatory text 
to clarify the differences between the intensities of PA. 
In addition, the response format was modified from an 
ordinal to an interval scale. PA was assessed in terms 
of days per week and minutes per day and converted 
into total weekly moderate and vigorous PA minutes. 
Participants reporting 0 minutes per week on PA were 
classified as physically inactive. 

The influence of environmental barriers on life was 
assessed with fourteen items from the Nottwill Envi-
ronmental Factors Inventory-Short Form. Response 
options included: 0 “not applicable” or “no influence”, 
1 “made my life a little more difficult”, and 2 “made 
my life a lot more difficult” (26). Following the pro-
cedure described by Reinhardt et al. (27) for assessing 
environmental barriers across 22 countries using the 
InSCI survey, the response options were dichotomised 
into “not applicable/no influence” as 0, and “made my 
life a little harder/made my life a lot harder” as 1 (27). 
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A sum score was then calculated, ranging from 0 to 
14, with higher scores indicating the presence of more 
environmental barriers.
Secondary health conditions (SHCs) were assessed 
using the Spinal Cord Injury Secondary Conditions 
scale (28), which was slightly modified in the protocol 
of the InSCI survey (19). Participants were asked to 
rate the severity of fourteen conditions: sleep problems, 
bowel and bladder disorders, urinary tract infections, 
sexual disorders, contractures, spasticity, pressure 
ulcers, breathing problems, injuries due to loss of 
sensation, circulation problems, autonomic dysreflexia, 
postural hypotension, and pain, on a 5-point scale 
ranging from 1 “no problem” to 5 “extreme problem”. 
A sum score was then calculated, ranging from 14 to 
70, with higher scores indicating more or more severe 
SHCs (19). 

In addition, participants rated their general health in 
the past 14 days on a 5-point scale, with 1 “Excellent”, 
2 “Very good”, 3 “Good”, 4 “Fair”, and 5 “Poor” (19). 
Responses were dichotomized into “poor” (scores 4–5) 
and “good” (scores 1–3) to improve interpretability. 
Mental health and vitality were assessed with the 
Mental Health and Vitality scale of the MOS Short-
Form-36, which includes four items on vitality and 
five on mental health (29). Participants responded to 
each item using a 5-point scale, ranging from 1 “all of 
the time” to 5 “none of the time”. Negatively phrased 
items were reverse coded so that higher scores reflec-
ted better mental health and vitality. A total score was 
calculated and converted into a 0 (“very poor”) to 100 
(“excellent”) scale. 
Quality of life (QoL) was assessed using a single item 
from the WHOQOL-BREF (30). Participants were 
asked to rate their QoL in the past 14 days on a 5-point 
scale from “very poor” to “very good”, with 1 “Very 
poor”, 2 “Poor”, 3 “Neither poor nor good”, 4 “Good”, 
and 5 “Very good”. The answers were dichotomised 
into “poor” (scores 1–3) and “good” (scores 4–5) to 
improve interpretability. 

For all outcomes requiring calculation of a sum 
score, cases with missing data on any item within 
the respective questionnaire were excluded from the 
analysis.

Statistical analyses 
The analyses were conducted using IBM SPSS Statis-
tics, version 28.0 (IBM Corp, Armonk, NY, USA). We 
used descriptive statistics (mean, standard deviation 
[SD]; median, interquartile range [IQR], proportions) 
for demographic characteristics, injury characteristics, 
and the long-term outcomes per mobility level. Con-
tinuous variables were tested for normality using the 
Shapiro–Wilk test, supported by visual inspection of 

histograms and Q–Q plots. To evaluate differences in 
demographic and injury characteristics between mobi-
lity levels, we used a parametric test (one-way ANOVA 
F) for normally distributed data, a non-parametric test 
(Kruskal–Wallis H) for non-normally distributed data, 
and the χ² test for dichotomous outcomes. Significance 
was set at p < 0.05 for all analyses.

Differences in long-term outcomes across the mo-
bility levels were analysed using generalised linear  
models (GLMs). Linear models were applied for 
interval data (functional independence, participation 
problems, PA, environmental barriers, SHCs, vitality, 
and mental health), while binary logistic models were 
used for dichotomous outcomes (paid work, general 
health, and QoL). To account for potential confoun-
ders, all GLMs were multivariable models, adjusting 
for age, sex, education level, TSI, and level of injury. 
These covariates were selected a priori based on clini-
cal expertise and supported by evidence from existing 
literature. Subsequently, post hoc pairwise comparisons 
were conducted to examine specific differences between 
mobility levels when an overall significant difference 
was detected. To correct for the number of group com-
parisons, a Bonferroni correction was applied, adjusting 
the significance threshold to p < 0.0083 (0.05/6). 

RESULTS

Between January and October 2018, 847 individuals 
were invited to participate in the InSCI-NL survey, 
of whom 260 responded (30.7%). Mobility level was 
known in a total of 253 individuals, and those were 
included in this study. The participants consisted of 42 
electric wheelchair users (16.6%), 90 manual wheel-
chair users (35.6%), 57 ambulatory individuals using 
walking aids (22.5%), and 64 ambulatory individuals 
without walking aids (25.3%). 

Demographic and injury characteristics
Table I describes demographic and injury characte-
ristics per mobility level. Mean (SD) age of the total 
sample was 58.7 (13.6) years, 66.4% were male, and 
median [IQR] TSI was 10.0 [5.0–22.0] years. Electric 
wheelchair users were older than manual wheelchair 
users (p = 0.002) and ambulatory individuals using 
walking aids (p < 0.001). There were more men in the 
manual wheelchair group (77.8%) than in the ambu-
latory group with walking aids (54.4%; p = 0.003). 
Both wheelchair groups had a longer TSI than both 
ambulatory groups (p < 0.001). The median [IQR] age 
at injury was 45.0 [28.0–57.0] years and was lower 
in manual wheelchair users than in both ambulatory 
groups (p < 0.001). A traumatic cause of injury was 
reported by 62.9% of the participants. The manual 
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wheelchair group consisted of more individuals with 
traumatic SCI compared with both ambulatory groups 
(p < 0.001 and p = 0.002). A complete SCI was present 
in 28.7% of the participants. There were more indivi-
duals with complete SCIs in both wheelchair groups 
than in the ambulatory groups (p < 0.001). Tetraplegia 
was present in 37.5% of the participants. Electric 
wheelchair users more often had a tetraplegia than 
manual wheelchair users (p < 0.001) and ambulatory 
individuals using walking aids (p < 0.001). 

Comparison of long-term outcomes across mobility 
levels 
Table II presents reported long-term outcomes, and the 
differences between mobility levels adjusted for cova-
riates. A significant difference across mobility levels 

was found on functional independence in self-care and 
bladder and bowel management, paid work, participa-
tion problems, physical inactivity, environmental bar-
riers, and SHCs. There were no significant differences 
across mobility levels for time spent on PA, general 
health, vitality, mental health, and QoL. Of note, the 
percentage of physical inactivity was high in all sub-
groups, ranging from 74% in electric wheelchair users 
to 32% in ambulatory individuals without walking 
aids. The following paragraphs present comparisons 
between adjacent mobility levels.

Electric wheelchair users vs manual wheelchair users 
Adjusted for covariates, independence in self-care, and 
bladder and bowel management were lower in electric 
wheelchair users compared with manual wheelchair 

Table I. Demographic and injury characteristics

Factor N
Total sample
n = 253

Electric  
wheelchair (1)  
n = 42

Manual  
wheelchair (2)
n = 90

Ambulatory  
using walking  
aid (3)
n = 57

Ambulatory 
without  
walking aid (4)
n = 64 p-value

Age, years (mean (SD)) 253 58.7 (13.6) 66.4 (12.7) 57.4 (13.8) 59.3 (11.7) 54.4 (13.9) < 0.001*a

Sex, male, n (%) 253 168 (66.4%) 29 (69.0%) 70 (77.8%) 31 (54.4%) 38 (59.4%) 0.015*b

Marital status, married or in 
partnership, n (%)

253 158 (62.5%) 25 (59.5%) 52 (57.8%) 40 (70.2%) 41 (64.1%) 0.473

Education level, higher education, 
n (%)

250 154 (61.6%) 24 (57.1%) 52 (59.8%) 39 (68.4%) 39 (60.9%) 0.657

Age at injury, years (median [IQR]) 247 45.0 [28.0–57.0] 46.0 [28.0–63.5] 32.5 [24.0–47.8] 53.5 [39.5–60.8] 47.0 [36.0–56.3] < 0.001*c

Time since injury, years (median 
[IQR])

247 10.0 [5.0–22.0] 16.0 [6.5–34.0] 20.5 [9.0–30.0] 5.0 [4.0–10.0] 6.5 [3.0–10.3] < 0.001*d

Cause of injury, traumatic, n (%) 251 158 (62.9%) 27 (64.3%) 71 (78.9%) 25 (43.9%) 35 (55.6%) < 0.001*e

Completeness of injury, complete, 
n (%)

249 72 (28.7%) 21 (51.2%) 47 (52.2%) 1 (1.8%) 3 (4.8%) < 0.001*f

Level of injury, tetraplegia, n (%) 253 95 (37.5%) 27 (64.3%) 23 (25.6%) 17 (29.8%) 28 (43.8%) < 0.001*g

For post hoc analyses with Bonferroni correction, statistical significance was set at p < 0.0083.
aPost hoc: difference between group (1) and (2) (p = 0.002), and group (1) and (4) (p < 0.001). bPost hoc: difference between group (2) and (3) (p = 0.003). 
cPost hoc: difference between group (2) and (3) (p < 0.001), group (2) and (4) (p < 0.001). dPost hoc: difference between group (1) and (3) (p < 0.001), group 
(1) and (4) (p < 0.001), group (2) and (3) (p < 0.001), and group (2) and (4) (p < 0.001). ePost hoc: difference between group (2) and (3) (p < 0.001), group (2) 
and (4) (p = 0.002). fPost hoc: difference between group (1) and (3) (p < 0.001), group (1) and (4) (p < 0.001), group (2) and (3) (p < 0.001), group (2) and (4) 
(p < 0.001). gPost hoc: difference between group (1) and (2) (p < 0.001), group (1) and (3) (p < 0.001).
SD: standard deviation; IQR: interquartile range; N: total sample included in analyses; n: number of participants. *Significance was set at p < 0.05.

Table II. Long-term outcomes per mobility level

Item N Total
Electric wheelchair 
(1)

Manual wheelchair 
(2)

Ambulatory using 
walking aid (3)

Ambulatory 
without walking 
aid (4)

p- 
value+

Functional independence: self-care, median [IQR], range 0–20 249 18.0 [12.0–20.0] 6.0 [1.0–10.0] 17.0 [11.5–19.5] 18.0 [17.0–20.0] 20.0 [19.0–20.0] < 0.001*a 
Functional independence: bladder and bowel management, median 
[IQR], range 0–22

221 16.0 [11.0–19.0] 8 [5.0–12.0] 14.0 [9.0–17.0] 19.0 [16.8–20.0] 19.0 [16.5–20.0] < 0.001*b

Paid work, n (%), participants < 66 years 167 83 (49.7%) 4 (25.0%) 34 (54.8%) 13 (34.2%) 32 (62.7%) < 0.001*c

Participation problems, median [IQR], range 8–40 216 16.0 [10.0–21.0] 24.0 [17.0–28.3] 15.0 [10.0–19.0] 16.5 [10.0–21.8] 12.0 [9.0–17.5] < 0.001*d

Physical activity: time spent on PA in minutes/week, median [IQR]
% Inactive, n (%)
Of those who are active; time spent on PA in minutes/week, median 
[IQR]

238
238
135

40.0 [0.0–165.0]
103 (43.3%)
140.0 [60.0–300.0]

0.0 [0–45.0]
28 (73.7%)
162.5 [90.0–270.0]

45.0 [0.0–240.0]
35 (42.2%)
175.0 [62.5–352.5]

60.0 [0.0–165.0]
20 (36.4%)
120.0 [60.0–240.0]

65.0 [0.0–185.0]
20 (32.3%)
145.0 [60.0–300.0]

0.179
0.011*e

0.928

Environmental barriers, median [IQR], range 0–14 240 3.0 [1.0–5.0] 4.0 [3.0–7.0] 3.0 [2.0–5.0] 2.0 [0.0–4.0] 1.0 [0.0–3.0] < 0.001*f

Secondary health conditions, median [IQR], range 14–70 200 26.5 [22.0–33.0] 34.0 [31.0–41.0] 28.0 [23.0–34.0] 27.0 [22.0–31.0] 23.0 [19.0–28.0] < 0.001*g

General health, n (%), good to excellent 250 160 (66.4%) 22 (55.0%) 65 (72.2%) 36 (63.2%) 43 (68.3%) 0.390
Vitality, median [IQR], range 0–100 247 62.5 [43.8–68.8] 62.5 [37.5–62.5] 62.5 [50.0–75.0] 56.3 [43.8–68.8] 62.5 [43.8–68.8] 0.937
Mental health, median [IQR], range 0–100 247 75.0 [60.0–85.0] 72.5 [66.3–85.0] 80.0 [60.0–85.0] 75.0 [61.3–85.0] 75.0 [60.0–85.0] 0.386
Quality of life, n (%), good to very good 247 170 (68.8%) 21 (52.5%) 66 (76.7%) 37 (64.9%) 46 (71.9%) 0.141

For post hoc analyses with Bonferroni correction, statistical significance was set at p < 0.0083.
aPost hoc: difference between group (1) and (2) (p < 0.001), group (1) and (3) (p < 0.001), group (1) and (4) (p < 0.001), group (2) and (3) (p < 0.001), group (2) and (4) (p < 0.001). bPost hoc: 
difference between group (1) and (2) (p < 0.001), group (1) and (3) (p < 0.001), group (1) and (4) (p < 0.001), group (2) and (3) (p < 0.001), group (2) and (4) (p < 0.001). cPost hoc: difference 
between group (1) and (4) (p < 0.001), group (3) and (4) (p < 0.001). dPost hoc: difference between group (1) and (2) (p < 0.001), group (1) and (3) (p < 0.001), group (1) and (4) (p < 0.001). 
ePost hoc: difference between group (1) and (3) (p = 0.009), group (1) and (4) (p < 0.001). fPost hoc: difference between group (1) and (3) (p < 0.001), group (1) and (4) (p < 0.001), group (2) 
and (4) (p < 0.001). gPost hoc: difference between group (1) and (2) (p = 0.002), group (1) and (3) (p < 0.001), group (1) and (4) (p < 0.001), group (2) and (4) (p < 0.001). 
SD: standard deviation; IQR: interquartile range; N: total sample included in analyses; n: number of participants. +Generalised linear models adjusted for age, sex, education level, time since 
injury, and level of injury. *Significance was set at p < 0.05.
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users (both p < 0.001). Furthermore, electric wheelchair 
users experienced more or more severe participation 
problems and SHCs (both p < 0.001). There were no 
significant differences between electric and manual 
wheelchair users regarding paid work, PA, environ-
mental barriers, general health, vitality, mental health, 
and QoL. 

Manual wheelchair users vs ambulatory individuals 
using walking aids
Adjusted for covariates, independence in self-care and 
bladder and bowel management was lower in manual 
wheelchair users compared with ambulatory individu-
als using walking aids (both p < 0.001). No significant 
differences were found between the groups for the 
other long-term outcomes. 

Of note, manual wheelchair users reported sig-
nificantly worse outcomes compared with ambula-
tory individuals without walking aids on functional 
independence in self-care and bowel and bladder 
management (both p < 0.001), environmental barriers 
(p < 0.001), and SHCs (p  < 0.001). 

Ambulatory individuals using walking aids vs 
individuals without walking aids 
Adjusted for covariates, individuals without walking 
aids were more often engaged in paid work than those 
using walking aids (p < 0.001). No significant dif-
ferences were found between the groups on the other 
long-term outcomes. 

DISCUSSION

This study evaluated long-term outcomes in com-
munity-living individuals with SCI across different 
mobility levels in the Netherlands. Our hypothesis that 
groups with a more independent mobility level would 
report better long-term outcomes was only partially 
confirmed. Both functional independence in self-care 
and bladder and bowel management were, as expected, 
better for groups with a more independent mobility 
level, except regarding this comparison between the 
ambulatory groups. Unexpectedly, other long-term 
outcomes were not consistently better in groups 
with more independent mobility levels. Nonetheless, 
electric wheelchair users generally reported the least 
favourable outcomes. Most remarkably, ambulatory 
individuals using walking aids did not report better 
outcomes than manual wheelchair users, other than for 
functional independence. Further, no differences bet-
ween the subgroups were found for time spent on PA, 
general health, vitality, mental health, and QoL. This 
latter finding aligns with previous studies suggesting 
that independent functioning or moving around does 

not necessarily translate to better outcomes in terms 
of well-being (5, 31). 

In line with previous literature (4, 32) and our 
hypothesis, electric wheelchair users reported worse 
long-term outcomes regarding functional indepen-
dence, participation problems, and SHCs, compared 
with manual wheelchair users. Although the propor-
tion of electric wheelchair users with paid work was 
lower than that of manual wheelchair users (25.0% vs 
54.8%), this difference was not significant after Bon-
ferroni correction (p = 0.012), likely due to the small 
number of participants below retirement age in the 
electric wheelchair group (n = 16). In contrast to what 
we expected, ambulatory individuals without walking 
aids did not report better long-term outcomes than 
individuals using walking aids, except for paid work. 
Furthermore, ambulatory individuals using walking 
aids did not report better long-term outcomes than 
manual wheelchair users, except for functional inde-
pendence. Notably, 54.8% of the manual wheelchair 
users reported having paid work, while this was 34.2% 
of the ambulatory individuals using walking aids 
(p = 0.056). Despite this difference not being significant 
when adjusted for covariates, which included age and 
TSI, the relatively high age at injury and short TSI 
may still play a role in the relatively low employment 
in the ambulatory group. 

Although mobility level appears to independently 
influence part of the outcomes, the mechanisms under-
lying the observed differences remain unclear based on 
our study. For example, individuals using walking aids 
may not only have relatively poor walking ability as 
their main mode of mobility, but may also experience 
disadvantages related to walking aids (15, 16), and de-
pendence on others for moving around (14), which are 
not captured in the m-SCIM-SR. Indeed, several other 
studies reported unique challenges for ambulatory in-
dividuals, with and without using walking aids, which 
may play a role in the reported long-term outcomes. 
First, ambulating may be strenuous, unstable, and pain-
ful, and the quality may be unpredictable (33). Second, 
individuals with only mild disabilities may have the 
tendency to mirror individuals without disabilities, 
which could negatively affect coping and adaptation 
and could lead to a more negative appraisal of their 
situation (34). Third, the presence of health issues that 
are not visible to others may lead to less recognition 
of the issues, which may negatively affect long-term 
outcomes (5). Finally, the desire to improve ambulation 
could potentially contribute to less attention and  
support to engage in other important aspects of life, 
such as social and labour integration (6). Notably, 
Abou et al. (31) reported that manual wheelchair users 
often report higher satisfaction with social roles and 
activities than ambulatory individuals with SCI. Their 
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findings suggest that promoting wheelchair use as an 
alternative mobility mode for individuals with very 
restricted walking function may support participation 
and enhance QoL, particularly through greater satisfac-
tion with social roles and activities (31). 

Another notable finding was the high prevalence 
of physical inactivity in all subgroups. Furthermore, 
at group level, none of the subgroups adhered to the 
World Health Organization (WHO) PA guideline for 
adults living with a disability, which recommends at 
least 150–300 min of moderate intensity or 75–150 min 
of vigorous intensity aerobic PA per week (35). This 
confirms previous studies showing low PA levels in 
both wheelchair users and ambulatory individuals 
with SCI (36). Interestingly, among those classified as 
physically active, the wheelchair groups adhered to the 
WHO guideline, whereas the ambulatory groups did 
not. This finding should, however, be interpreted with 
caution, as the physically active wheelchair groups 
were relatively small (11 electric wheelchair users and 
52 manual wheelchair users). Overall, while a smaller 
proportion of wheelchair users was physically active 
compared with ambulatory individuals, those who were 
active tended to engage in more PA.

Study limitations 
The study has some limitations. First, although the 
response rate (30.7%) and number of participants 
(n = 253) were fair, the subgroups analysed were 
relatively small. As a result, power may have been 
insufficient to detect significant differences between 
groups. Although the Bonferroni correction controls 
the risk of Type I error when conducting multiple 
comparisons, it also substantially reduces statistical 
power by lowering the alpha threshold for each test. 
Given the relatively small subgroup sizes in our study, 
this adjustment may have further limited our ability to 
detect potential differences between groups. However, 
the selected subgroups provided relevant and new in-
formation on long-term outcomes, especially for the 
ambulatory group. Second, mobility level was opera-
tionalised in our study by the ability to move around 
over a distance of 10–100 m based on the SCIM-SR 
and divided into four subgroups. This measure of capa-
city does not provide information on actual functioning 
in daily life. Especially in the ambulatory group using 
walking aids, there may have been a large variation 
in how individuals moved around in their daily lives. 
Moreover, the survey did not assess the degree of 
effort required for ambulation, which is a potential 
determinant of some outcomes in this group. Third, we 
slightly modified the scoring categories of some of the 
questionnaires used, in accordance with the protocol 
of the InSCI survey (20), and we dichotomised some 

outcomes for better interpretation, which could have 
affected validity. Finally, self-reported outcomes are 
inherently subjective, and their reporting may differ 
between individuals with more dependent and more 
independent mobility levels. For example, the latter 
group may rate their outcomes lower as a result of 
mirroring with individuals without disability and the 
invisibility of the impairment (34, 37). 

Implications
In the coming years, there will be a growing number 
of individuals with SCI who can achieve more inde-
pendent and ambulatory mobility because of advan-
cements in treatment and the increasing incidence of 
incomplete SCI (38). Although ambulation is a highly 
valued goal among individuals with SCI, the lack of 
better long-term outcomes for ambulatory individuals, 
especially with walking aids, vs manual wheelchair 
users, points at a need for greater attention to impro-
ving long-term outcomes in this ambulatory group. 
Treatment should be personalised and may include 
addressing less visible impairments, optimising the 
selection and fitting of assistive devices, facilitating 
labour market integration, and supporting emotional 
adaptation. 

Concerning assistive devices, careful selection is 
essential. For those with very limited walking ability, 
a wheelchair, primary or supplementary, may pro-
vide greater independence, higher levels of PA, and 
participation. In such cases, training in wheelchair 
skills should be considered to maximise mobility in-
dependence. However, determining the optimal timing 
of introducing a wheelchair as a (primary) mobility 
option for those ambulating with difficulty requires 
careful consideration, as acceptance is unlikely in early 
rehabilitation but may be appropriate when revisited 
at longer TSI. Further, labour market integration, an 
important determinant of QoL (39), could be impro-
ved for electric wheelchair users. Finally, to enhance 
healthy ageing and QoL, PA levels could be improved 
in all subgroups (40, 41).

Conclusion
Electric wheelchair users reported overall the least 
favourable long-term outcomes. Remarkably, while 
ambulation is a high priority for recovery among 
individuals with SCI, our results did not show bet-
ter long-term outcomes for the ambulatory group 
using walking aids, i.e., individuals with limited 
walking ability, compared with manual wheelchair 
users, other than for functional independence.  
These findings highlight the importance of recognising 
that ambulation does not necessarily translate into 
more favourable long‑term outcomes, suggesting that 
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rehabilitation teams should carefully consider how 
to support individuals with walking ability. Future 
research is needed to examine which specific factors 
contribute to these outcomes and how to facilitate tailo-
red interventions for ambulatory individuals with SCI. 
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