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The association of assistive mobility devices and social
participation in people with spinal cord injuries

I-H Tsai1,2, DE Graves1,3 and C-H Lai2

Objective: We assumed that assistive technology in mobility devices (that is, wheelchairs with external power and driving modified
vehicle (MV) with or without driving on wheelchair) may facilitate social participation for wheelchairs users who have spinal cord
injuries (SCIs). This study examined the relationship between mobility devices and social participation in this population.
Methods: We included 2986 individuals who had received initial rehabilitation at one of 18 regional centers of the Model Spinal Cord
Injury System in the United States, had been interviewed between 2004 and 2010, and were wheelchair users (use a wheelchair
X40h per week and cannot ambulate 150 feet at home). We performed secondary panel-data analysis using a mixed-effect model on
data from 3498 follow-up interviews. Participation (measured by the Craig Handicap Assessment and Reporting Technique-Short
Form (CHART-SF) and employment status) and the use of wheelchair and MV were recorded.
Results: Among the participants, 33% drove an MV, and 44% used an external-powered wheelchair. The use of an MV was positively
related to employment and CHART-SF score, regardless of driving directly or driving with a wheelchair. People who drove an MV were
found to have approximately two more business associates to contact to once a month and B2 additional days out of home per week
compared with those without an MV. No significant association was shown between the type of wheelchair used and participation.
Conclusion: The use of an MV was found to be positively associated with social participation in an SCI population.
Spinal Cord (2014) 52, 209–215; doi:10.1038/sc.2013.178; published online 28 January 2014
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INTRODUCTION

There are almost 12 000 new cases of spinal cord injury (SCI) per year
in the United States, primarily occurring in males and young adults.1

Only B1% of those suffering with SCI are discharged from the
hospital without residual neurological impairment.1 Neurological
impairment and long-term disability in persons with SCI results in
inadequate social participation, including impaired fulfillment of
social roles and maintenance of friendships and relationships.2

Achieving a sufficient level of mobility is essential for people with
SCI to maintain participation in social activities.3–5 We would like to
know whether the assistive technology in mobility devices (for
example, external-powered wheelchairs and modified vehicle (MV))
facilitates the social participation for wheelchairs users who have SCIs.
A wheelchair is principally used for short distance mobility in the

SCI population. It has been reported that one-third of wheelchair
users employ an external-powered wheelchair (that is, power-assistive
wheelchair or electric wheelchair).3,5 Laboratory experiments have
suggested that wheelchair-assistive technologies may reduce the
impact on the shoulder joint and cardiovascular system, reduce
energy expenditure and increase the distance and speed of moving.6–9

However, few population studies have addressed how the assistive
technology in wheelchair helps the social participation of the
wheelchair user. A cross-sectional study evaluating the factors that
are associated with productivity (that is, gainful employment, studies,
homemaking, family activities, community organizations and leisure
activities), which is similar to participation, found that the type of

locomotion (that is, manual/powered wheelchair and walking)
explained 3% of the variance of productivity,10 but the study did
not compare various wheelchair types. Regarding the long-distance
travel, the independence of transportation, particularly the ability to
drive (which explained 7–14% of variance of productivity), has been
reported to be related to productivity for people with SCI.10 In the
United States, 81% of people with SCI did not use public
transportation before their injury.11 Although the implementation
of the Americans with Disabilities Act Title II increased paratransit
services and fixed route services with disabled access, the availability
and reliability of public transportation remains problematic in areas
with limited public transportation.4,11,12 Therefore, regaining the
ability to drive is important. Analysis of the National Spinal Cord
Injury Database (NSCID) 2004–2006 has shown that driving an MV
is related to higher level of participation and likelihood of employ-
ment,13 but no comparison was made between people driving MV
directly and people driving on wheelchair. This study therefore aimed
to evaluate the association between type of mobility devices use and
social participation in wheelchair-using SCI individuals.

MATERIALS AND METHODS
The NSCID was established in 1970 and recruited individuals with traumatic

SCI admitted to one of the regional centers in the Model Spinal Cord Injury

System in the United States.14 By 2010, the NSCID had interviewed 27553

people with SCIs.14 Data were collected during the participants’ initial

hospitalization, post SCI, and follow-up interviews (either by phone, mail or
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in person) in the second year and every 5 years post injury. In this secondary

panel-data analysis, we included wheelchair users (use wheelchair X40h per

week and unable to ambulate X150 feet at home), age ranged from 18–90

years, for which the following information was available: motor neurological

level of injury (MNLI),1 American Spinal Cord Injury Association Impairment

Scale (AIS),1 CHART-SF,15–17 employment status, the use of MV and

wheelchair and other variables (see ‘Covariates’) known to be associated

with participation.2,7,10,12,15,18–22 A total of 2986 participants from 18 regional

centers were included with 3498 follow-up data applied for analysis (Figure 1).

Exposure measurements
The information on the use of mobility devices has been included in the

NSCID since 2004. We categorized wheelchairs as manual or with external

power (that is, power-assistive wheelchair, electric wheelchair and others).

Participants using a MV were divided into ‘drive an MV’ and ‘do not drive

MV’ groups. The ‘drive an MV’ group was further divided into ‘drive directly’

and ‘drive on a wheelchair’. The ‘do not drive MV’ group was divided into

‘own a MV but do not drive’ and ‘do not own a MV’.

Outcome measurements
Participations were measured using CHART-SF and employment rate. The

CHART-SF questionere is a six-dimension scale that has been well validated as

a measure of community participation of disabled individuals and has an

estimated reliability of 80–95% for each dimension.15–17 The CHART-SF

includes questions, such as, on the hours of paid assistance per day, days spent

outside the home, or number of friends or business associates contacted to at

least once a month.15–17 The score of each dimension (subscore) has a

maximum of 100, with higher scores indicating a higher degree of

participation. The NSCID had included entire CHART-SF from participants

X18 years since 2000, but excluded the cognitive independence and economic

self-sufficiency dimensions in 2006. Therefore, we summed the subscores of

the remaining four dimensions (physical independence, mobility, occupation

and social integration) to produce the total CHART score (CHART-t). Because

clinical interpretation of this score is difficult, we also selected items (that is,

days out of the house per week, number of friends and business associates

contacted to at least once a month) from four dimensions to better reveal the

participations that may be related to everyday mobility. The employment

status (‘employed or ‘not employed’) was also used to measure the

participation in occupation.13,20,23

Covariates
Age, age at injury, time since injury, sex, level of education post injury, method

of bladder management, level of pain and severity of neurological injury

(MNLI and AIS),1 strength of upper limbs (grouped as 0–19, 20–39 and 40–50

in sum of manual muscle test score for key muscles of upper limbs

(sMMTsUL))1 and functional independence measurement (FIM)1 were

variables known associated to participation.1,2,7,10,12,15,18–22 Among those,

age, severity of neurological injury and physical ability were known to be

related to utilization of wheelchair and MV.3,19,24

Data analysis
The STATA 10 software was used for data analysis. Descriptive analyses showed

the characteristics of the study population, with categorical variables expressed

as percentages and continuous variables expressed as the mean and s.d. We

created dummy variables for categorical variables regression analysis. The

logistic regression analysis determined the factors associated with the use of

mobility devices; and the univariate linear and logistic regression analysis

examined the factors associated with CHART-t and employment status,

respectively. All univariate analyses were conducted using each participant’s

most recent record of the period 2004–2010. For multivariate panel-data

analysis on mobility devices and social participation, we applied the three-level

generalized linear mixed-effect model to control for random effects of regional

centers and participants. This analysis was applied based on the following

assumptions: (1) participants registered to a particular regional center would

experience similar weather, geography and infrastructure that might affect

the choice of mobility device and participation;12,24 (2) each repetitive

measurement for the same participant may yield similar results. We added

variables that had a P-valueo0.2 in the univariate analysis or had known to be

related to participation and mobility devices selection with forward stepwise

method in the model. By applying backward elimination, we maintained the

covariate changing 10% of regression coefficient when it was removed or

having Po0.05 by likelihood ratio test.25 We applied multivariate analysis with

stratification of upper limbs strength because we considered that muscle

strength is likely to better represent physical condition than isolate FIM,

bladder management, MNLI or AIS. Age, years since injury, level of pain,

gender and post-injury education were other variables included. Finally, the

variance inflation factors were calculated for each model and were all o10.

We set an alpha level of 0.05 for the hypothesis testing and reported 95%

confidence intervals.

Statement of ethics
We certify that the study received ethics approval from the institutional review

board of the University of Texas Health Science Center at Houston. All

applicable institutional and governmental regulations concerning the use of

human data were followed.

Abbreviations: CHART-SF: Craig Handicap Assessment and Reporting Technique-Short Form;
AIS: American Spinal Cord Injury Association Impairment Scale; MNLI: motor neurologic level of injury;
*Please refer to section Covariates for the detail. 
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Figure 1 Flowchart of the selection process from the National Spinal Cord

Injury Database 2010. From 24724 participants who have follow-up

interview, 3367 participants used a wheelchair for X40h per week, could

not walk 150 feet at home and had information available for mobility-

assistive devices, Craig Handicap Assessment and Reporting Technique-

Short Form and employment during 2004–2010. After excluding data

missing covariates needed for the multivariate analysis, the data from 2986

participants with 3498 copies of follow-up interviews were included.
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Table 1 The characteristics of the study population and factors related to the use of power-featured wheelchair and modified vehicles

(N¼2986)

Variables N (%) Use external-powered wheelchair Drive a modified vehicle

OR 95% CI OR 95% CI

Current age (10 years)a 4.00 (1.44) 1.38* 1.31–1.45 0.96* 0.91–1.01

Age at injury (10 years)a 3.42 (1.44) 1.39* 1.32–1.46 0.84* 0.8–0.89

Year since injurya 5.75 (0.08) 1 0.98–1.01 1.13* 1.11–1.15

Sex

Male 2362 (79.13) 1 1

Female 623 (20.87) 1.4* 1.25–1.73 0.76* 0.64–0.91

Education

oHigh school 454 (15.2) 1 1

¼High school 1604 (53.72) 1.13 0.93–1.37 2.34* 1.83–3.01

4High school 928 (31.08) 1.16 0.94–1.43 4.58* 3.54–5.94

Employment

Unemployed 2207 (73.94) 1

In training 266 (8.91) 0.63* 0.5–0.81 2.56* 2.02–3.24

Employed 512 (17.15) 0.42* 0.35–0.52 8.57* 7.01–10.48

AIS

A or B 2529 (84.7) 1 1

C or D 457 (15.3) 1.56* 1.29–1.88 0.62* 0.5–0.76

MNLI

C1–C4 475 (15.91) 1 1

C5–T1 1090 (36.5) 0.25* 0.19–0.33 6.89* 4.62–10.28

Below T1 1421 (47.59) 0.03* 0.02–0.04 17.37* 11.73–25.71

Strength of upper limbs

sMMTsUL 0–19 815 (27.29) 1 1

sMMTsUL 20–39 533 (17.85) 0.18* 0.14–0.22 4.27* 3.24–5.62

sMMTsUL 40–50 1,638 (54.86) 0.03* 0.02–0.04 8.4* 6.64–10.62

Mode of wheelchair use

Manual wheelchair 1677 (51.16) 1

External-powered wheelchair 1309 (43.83) 0.28* 0.24–0.33

Mode of modified vehicle use

No access 1252 (41.93) 1

Own but do not drive 744 (24.92) 6.11* 5.03–7.41

Driven on wheelchair 209 (7) 2.96* 2.24–3.91

Driven directly 781 (26.16) 0.25* 0.2–0.31

Bladder management

No assistive 242 (8.11) 1 1

ICP 1442 (48.32) 0.63* 0.48–0.82 2.27* 1.7–3.02

EUC 319 (10.69) 1.16 0.84–1.59 1.37 0.97–1.93

Catheter indwelling 981 (32.88) 3.64* 2.76–4.79 0.6* 0.44–0.82

CHART (40 units)a 6.98 (2.28) 0.71* 0.69–0.74 2.1* 1.98–2.21

FIM (10 units)a 5.58 (2.48) 0.49* 0.47–0.51 1.66* 1.6–1.73

Paina 4.38 (2.99) 1 0.98–1.03 0.95* 0.93–0.98

Abbreviations: AIS, American Spinal Cord Injury Association Impairment Scale; CHART, Craig Handicap Assessment and Reporting Technique; CI, confidence interval; EUC, external urine collector;
FIM, functional independence measure; ICP, intermittent catheterization program; MNLI, motor neurological level of injury; sMMTsUL, sum of manual muscle test score for upper limbs;
powered featured wheelchair: PAWC, external-powered wheelchair or others other than manual wheelchair.
These people had their last interview during 2004–2010.
*Po0.05 by logistic regression model.
aMean and s.d.
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RESULTS

The characteristics of the study population are shown in Table 1. The
mean age of the study population was 40 years, with an average of
6 years post injury. The study population was mostly male (78%)
with one-third of the participants having been educated beyond
high school level. Approximately half of the participants used
external-powered wheelchairs and 35% drove an MV. Approximately
half of the participants had a sMMTsUL below 40 (45%) and
MNLI above T1 (52%). One-fifth of the MV drivers drove on a

wheelchair. The average CHART-t was 279 and 17% of participants
was employed. Age, age at injury, being female, higher MNLI
and having catheter indwelling in bladder were all positively related
to use of an external-powered wheelchair but negatively related to
driving an MV. Being employed, AIS A or B, upper limb strength and
FIM scores were all negatively related to the use of an external-
powered wheelchair. Being employed, AIS A or B, upper limb
strength, FIM scores and years since injury were positively related
to driving an MV.

Table 2 Univariate regressiona analysis for factors related to the CHART-t and being employed (N¼2986)

Variables Participation

CHART-t Being employed

b 95% CI OR 95% CI

Current age (10 years) �15.43* �17.64, �13.23 0.94 0.88, 1.00

Age at injury (10 years) �18.74* �20.91, �16.57 0.84* 0.78, 0.90

Year since injury (year) 3.30* 2.60, 4.01 1.10* 1.08, 1.12

Sex female (vs male) �0.29 �8.33, 7.76 0.89 0.70, 1.13

Education

¼High school (vs oHigh school) 29.74* 20.52, 38.97 3.71* 2.17, 6.36

4High school (vs oHigh school) 64.07* 54.13, 74.02 15.07* 8.85, 25.67

Employment

In training (vs unemployed) 84.22* 74.30, 94.14

Employed (vs unemployed) 117.33* 109.83, 124.82

AIS C or D (vs A or B) �29.40* �38.42, �20.38 0.59* 0.44, 0.80

MNLI

C5–T1 (vs C1�C4) 59.97* 50.92, 69.02 1.94* 1.34, 2.80

Below T1 (vs C1�C4) 100.53* 91.81, 109.25 3.15* 2.22, 4.47

Strength of upper limbs

sMMTsUL 20�39 (vs 0�19) 44.51* 35.28, 53.73 1.57* 1.13, 2.20

sMMTsUL 40�50 (vs 0�19) 79.73* 72.63, 86.83 2.59* 2.00, 3.36

Type of wheelchair using

Power assistive (vs manual) �22.04 �44.29, 0.20 1.14 0.62, 2.10

Electric (vs manual) �67.57* �73.82, �61.32 0.42* 0.34, 0.52

Others (vs manual) �40.51 �81.11, 0.09 0.77 0.22, 2.68

Mode of modified vehicle use

Own but do not drive (vs no access) �4.72 �11.77, 2.32 1.51* 1.07, 2.12

Drive on wheelchair (vs no access) 78.40* 67.04, 89.77 7.68* 5.31, 11.10

Drive directly (vs no access) 104.30* 97.37, 111.24 9.41* 7.17, 12.35

Bladder management

ICP (vs no assistance) 31.28* 19.45, 43.11 2.13* 1.42, 3.20

EUC (vs no assistance) �6.15 �20.66, 8.37 1.53 0.94, 2.48

Catheter indwelling (vs no assistance) �30.44* �42.67, �18.22 0.87 0.56, 1.35

CHART (40 units) 2.96* 2.66, 3.29

FIM (10 units) 2.14* 2.03, 2.25 1.30* 1.24, 1.37

Pain �4.74* �5.56, �3.39 0.91* 0.88, 0.94

Abbreviations: AIS, American Spinal Cord Injury Association Impairment Scale; CHART-t, total Craig Handicap Assessment and Reporting Technique; CI, confidence interval; EUC, external urine
collector; FIM, functional independence measure; ICP, intermittent catheterization program; MNLI: motor neurological level of injury; OR, odds ratio; sMMTsUL, sum of manual muscle test score
for upper limbs; b, regression coefficient.
These participants had their last interview during 2004–2010.
*Po0.05.
aLinear regression model for CHART-t and logistic regression model for employment.
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The association between participants’ characteristics and participa-
tions are shown in Table 2. Age, age at injury, being female, complete
motor injury, higher MNLI, using external-powered wheelchair, having
catheter indwelling in bladder and pain were all negatively associated
with CHART-t and likelihood of being employed. Years since injury,
education beyond high school level, upper limb strength, driving an
MV, using intermittent bladder catheterization and FIM score were
positively related to CHART-t and the likelihood of being employed.
Table 3 shows the mixed-effect multivariate model of social

participation with the mobility devices stratified by upper limb
strength. Use of an MV was shown to be positively related to
CHART-t score and employment, compared with not possessing or
driving an MV. For participants with sMMTsULo20, owning an MV
has a significantly higher CHART-t (b¼ 20, 95% confidence interval
(CI) 12–32) and borderline significantly higher probability of employ-
ment (odds ratio¼ 3.14, 95% CI: 1–10), compared with those not
owning an MV. The magnitude of association was similar in people
driving an MV directly or on a wheelchair. The magnitude of
association was less for those with sMMTsUL X20, compared with

those with sMMTsUL o20. The association between participation
and the use of wheelchair was not significant. The estimation of
mixed models was significantly different from regular linear or logistic
regression models.
Table 4 shows the mixed-effect multivariate model of selected

CHART items with mobility devices stratified by upper limb strength.
Across all subgroups, participants who drove a MV had more days
out of home per week and more friends/business associates to contact
to compared with those not possessing or driving an MV. Participants
who drove an MV had B2 more days out of home per week,
approximately two more business associates and approximately one
additional friend contacted to at least once a month than people not
possessing an MV. No association was noted between the use of
wheelchair and CHART items. The estimation of mixed models was
significantly different from regular linear or logistic regression models.

DISCUSSION

Previous study found that the type of locomotion explained 3% of the
variance of productivity,10 or showed that driving an MV is related to

Table 3 Multivariate generalized linear mixed-effect modela for participation and mobility devices with stratification of strength of upper limbs

(N¼2986)

Mobility devices Participation

CHART-t Being employed

b 95% CI OR 95% CI

Mode of modified vehicle use (reference: no access)

sMMTsUL 0–19 (n¼815)

Own but do not drive 22.09* 12.28, 31.91 3.14 1.00, 9.88

Driven on wheelchair 78.04* 59.79, 96.29 27.05* 4.93, 148.46

Driven directly 82.38* 48.40, 116.37 17.51* 1.22, 252.06

sMMTsUL 20–39 (n¼533)

Own but do not drive 11.13 �1.44, 23.70 1.93 0.54, 6.90

Driven on wheelchair 59.01* 40.38, 77.63 13.96* 2.67, 72.86

Driven directly 78.21* 63.72, 92.70 13.70* 2.97, 63.32

sMMTsUL 40–50 (n¼1638)

Own but do not drive �2.27 �13.29, 8.75 1.20 0.51, 2.82

Driven on wheelchair 57.57* 43.81, 71.33 11.09* 4.13, 29.83

Driven directly 62.88* 55.70, 70.07 12.40* 5.78, 26.61

Mode of wheelchair use (reference: using manual wheelchair)

sMMTsUL 0–19 (n¼815)

Power assistive 13.65 �14.09, 41.39 9.347 0.701, 124.61

Electric 3.44 �10.24, 17.11 3.243 0.636, 16.54

sMMTsUL 20–39 (n¼533)

Power assistive �21.05 �49.18, 7.09 1.354 0.139, 13.16

Electric �14.63* �27.13, �2.14 0.284 0.081, 1.00

sMMTsUL 40–50 (n¼1638)

Power assistive 9.40 �24.25, 43.06 1.343 0.245, 7.35

Electric �28.24* �37.87, �18.61 0.483* 0.271, 0.86

Abbreviations: CHART-t, total Craig Handicap Assessment and Reporting Technique; CI, confidence interval; OR, odds ratio; sMMTsUL, sum of manual muscle test score for upper limbs,
b, regression coefficient.
All generalized linear mixed models (linear regression for CHART-t and logistic regression for being employed) were adjusted with educational level, pain, sex, current age, year post injury and were
significantly different from linear or logistic regression by likelihood ratio test.
*Po0.05.
aMixed-effect linear regression model for CHART-t and logistic regression model for employment with addressing random effect of region and person.
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a higher level of participation and likelihood of employment.13 One
study of 192 SCI participants, had shown no association between the
means of mobility (use wheelchair only, non-functional ambulation,
and functional ambulation) and employment status.26 Nevertheless,
none of these studies compared the different types of wheelchair
or the way of driving MV. We studied each specific type of
mobility-assistive devices. We found that regardless of the level of
muscle strength of the upper limbs, driving an MV directly or driving
on a wheelchair was positively associated with participation. The
results regarding wheelchairs were not significant. We suggested that
coexisting medical conditions (for example, spasticity, pressure sore,
malnutrition and cardiopulmonary dysfunction) other than the
factors that we had controlled may affect participation and choice
of the type of wheelchairs as well as confounded the results.1,10,20

Whiteneck et al.22,27 had used 75 as a cut-off point for CHART
subscale during analysis. To avoid loss of information, we analyzed
the total score. We also analyzed the CHART-SF items to produce
easily interpretable results. As the CHART-t score, the selected

CHART-SF items had a similar association to the use of mobility
devices (Table 4).
In contrast to previous studies addressing mobility devices in the

SCI population, we specifically focused on wheelchair users who use a
wheelchair X40h per week and are unable to ambulate X150 feet at
home. We assumed that the benefit of using an external-powered
wheelchair and driving an MV was greater in this subgroup than in
people who ambulate well or are bed-ridden.10,13,26 In fact, we found
a greater magnitude of association between driving MV and
participation (Table 3) than reported by Norweg et al.13; this
finding may be due to our target population selection. We also
found that the magnitude of association between driving an MV and
participation was stronger than that of college education and
participation in the multivariate analysis. Interestingly, college
education has been reported to be significantly related to higher
levels of social participation.20 However, as only 33% of our study
population drove an MV, enhancing the availability and affordability
of MV may be needed.11

Table 4 Multivariate linear mixed-effect model on selected CHART itemsa and mobility devices with stratification of strength of upper limbs

(N¼2986)

Mobility devices Selected CHART items

Days out of the house per week

Number of friends contacted

at least once a month

Number of business associates contacted

at least once a month

b 95% CI b 95% CI b 95% CI

How modified vehicle using (reference: no access)

sMMTsUL 0–19 (n¼815)

Own but do not drive 0.60* 0.30, 0.91 0.31* 0.08, 0.54 1.11* 0.62, 1.59

Driven on WC 2.48* 1.91, 3.05 0.66* 0.24, 1.09 2.33* 1.42, 3.24

Driven directly 1.06 �0.04, 2.16 0.69 �0.13, 1.52 2.86* 1.13, 4.58

sMMTsUL 20–39 (n¼533)

Own but do not drive 0.48* 0.07, 0.88 0.41* 0.11, 0.72 �0.13 �0.81, 0.56

Driven on WC 2.36* 1.75, 2.96 0.57* 0.11, 1.02 1.55* 0.52, 2.57

Driven directly 2.08* 1.62, 2.55 0.88* 0.53, 1.23 1.77* 0.98, 2.56

sMMTsUL 40–50 (n¼1638)

Own but do not drive 0.05 �0.29, 0.40 0.01 �0.25, 0.28 �0.27 �0.84, 0.30

Driven on WC 2.00* 1.58, 2.42 0.65* 0.32, 0.98 1.87* 1.16, 2.58

Driven directly 1.85* 1.63, 2.07 0.58* 0.41, 0.75 1.84* 1.47, 2.21

Type of wheelchair using (reference: use manual wheelchair)

sMMTsUL 0–19 (n¼815)

Power assistive 0.90* 0.00, 1.81 0.11 �0.55, 0.77 0.68 �0.72, 2.09

Electric 0.08 �0.35, 0.51 0.01 �0.30, 0.32 �0.08 �0.76, 0.59

sMMTsUL 20–39 (n¼533)

Power assistive 0.11 �0.87, 1.09 0.26 �0.43, 0.95 0.13 �1.44, 1.70

Electric 0.23 �0.17, 0.62 �0.01 �0.29, 0.27 �0.55 �1.18, 0.07

sMMTsUL 40–50 (n¼1638)

Power assistive 0.32 �0.74, 1.39 0.13 �0.64, 0.90 1.50 �0.21, 3.20

Electric �0.22 �0.52, 0.08 �0.37a �0.58, �0.15 �0.66* �1.14, �0.19

Abbreviations: CHART-t, total Craig Handicap Assessment and Reporting Technique; CI, confidence interval; sMMTsUL, sum of manual muscle test score for upper limbs; WC, wheelchair; b,
regression coefficient.
All mixed linear model were adjusted with educational level, pain, sex, current age, year post injury and were significantly different from linear regression by likelihood ratio test.
*Po0.05.
aMixed-effect linear regression model for each CHART items (days out of the house per week, number of friends contacted per month, and number of business contacts per month) with addressing
random effect of region and person.

Mobility and participation in SCI
I-H Tsai et al

214

Spinal Cord



The NSCID provided a large sample size to increase the power and
variables available to control the potential confounders. In our
analysis, studying only wheelchair users resulted in larger effect size
compared with previous studies. The three-level generalized linear
mixed-effect model for multivariate analysis allowed for the control of
random effects of regional centers and participants. However, limita-
tions exist in our study. Fifteen percent of data were the second
repeated measurements, but the cohort elements were not controlled.
The information bias may occur as CHART-SF is a self-report
questionnaire, only four out of six CHART-SF dimensions were used
to determine participation, and employment quality (for example,
full-time, part-time or intermittent) is unknown here.19,20 Cognitive
independence and financial support may enable participation,
securing employment or purchasing an MV, but we had no related
data. The coexisting medical conditions were not controlled in the
analysis due to a lack of information. The definition of wheelchair
user was arbitrary. The generalizability of this study was limited
because we only included wheelchair users who had traumatic SCI.
Causality could not be demonstrated because of the lack of a temporal
relationship between the use of mobility devices and the participation.
The interaction between the use of mobility devices and covariates
was not studied. Nonetheless, power-assistive wheelchair or MV with
driving on a wheelchair was used by few participants, so precise
estimation cannot be produced.

CONCLUSIONS

Either driving an MV directly or on a wheelchair was positively
associated with participation in wheelchair-using SCI individuals,
regardless of the strength of their upper limbs. No association
was observed between the type of wheelchair used and participation.
The inclusion of sufficient participants who use each of the particular
types of mobility devices is needed for further studies.
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