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Abstract
Study design Prospective cohort study with two times of measurement.
Objective To assess the relationship between use of assistive devices for walking (at baseline) and the number of annual fall-
related injuries (at follow-up) among a cohort of ambulatory adults with spinal cord injury (SCI).
Setting Medical University in the Southeastern United States.
Methods There were 622 ambulatory adults who met the eligibility criteria, 317 of whom completed both baseline and
follow-up assessments. The participants completed a mailed self-report assessment (SRA) that measured self-reported
number of fall-related injuries in the previous year, and the use of orthopedic equipment (assistive devices) for walking,
including cane(s), crutches, walker, and braces, was assessed at both baseline and follow-up.
Results The percentage of at least one self-reported fall-related injury decreased from 22% at baseline to 13% at the follow-
up. Walker and cane use at baseline was significantly associated with fall-related injuries at follow-up. Participants using one
walking device related to 194% greater number of fall injures, and using multiple device related to 730% greater number of
fall injures than those who used no devices. We also found walker users were associated with 214% greater number of fall
injures, while cane users were associated with 160% greater number of fall injures.
Conclusions The probability of fall-related injury remained high among persons who are ambulatory after SCI. Health care
professionals should be aware of the balance between the goal of ambulation and the potential increased risk of fall-related
injuries associated with assistive device use.

Introduction

Traumatic spinal cord injury (SCI) results in motor and
sensory impairments below the neurologic level of injury,
often significantly impacting activities such as ambulation.
Return to walking is often reported as one of the main goals
after SCI, and significant emphasis has been placed on
rehabilitation interventions to improve functional walking
outcomes [1–3]. However, while functional walking is
associated with numerous benefits, ambulatory individuals
with SCI may also be at an increased risk of experiencing
falls [4, 5]. It is important to identify the types of assistive
devices and other circumstances that relate to future falls.

According to SCI Model Systems data, the majority of
ambulatory individuals (82.2%) report using assistive
devices (e.g., cane, walker, crutches, braces, or orthotics),
and use is increased as time since injury increases [6]. Other
population-based cohorts of adults with SCI in the United
States have found that roughly 66% of ambulatory adults
use at least one assistive device, though longitudinal use has
not been assessed [7, 8]. These assistive devices, used alone
or in combination, can improve balance and mobility, but
studies also found some devices usage might be associated
with increased risk of falls [9, 10].

While studies on the relationship between assistive
devices and falls are abundant, there is paucity of research
on the effects of assistive devices on fall-related injuries,
which are severe results of falls and lead to high health care
utilization and excessive mortality. They are the most
common unintentional injuries among ambulatory indivi-
duals with SCI. A recent study indicated participants who
were independent in ambulation were 64% more likely to be
involved in a fall-related injury than nonambulatory
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participants, and those who needed assistance for ambula-
tion were 201% more likely to be injured related to a fall
[11]. Saunders et al. [12] found that self-reported use of one
crutch or cane was associated with increased risk of falls
resulting in injuries. However, the limited literature was
based on cross-sectional analysis, and evidence of fall-
related injuries changing over time was lacking.

Longitudinal research is needed to better understand the
relationships between assistive device use and fall-related
injuries controlling for demographic and injury character-
istics. Our purpose is to use data from a prospective cohort
study to identify the relationship of device utilization and
future fall-related injuries among ambulatory participants
with SCI. The prospective cohort design makes our study
unique in the research area in that it provides us the
opportunity to identify the fall-related injuries prevalence
over time by following up a cohort of chronic SCI, and it
builds the temporal order to assess the impacts of assistive
device use (walker, crutch, cane, and brace) on future fall-
related injuries. It is a necessary step in developing the basis
for future causal modeling of fall-related injuries.

Methods

Participants

After obtaining approval from the institutional review
board, participants were recruited from the South Carolina
Spinal Cord Injury Surveillance System Registry (SCISSR)
starting in 2011. The SCISSR is a population-based registry
of traumatic SCI occurring in South Carolina (SC), covering
all 62 acute care nonfederal hospitals in SC. They have a
statutory requirement to report uniform billing discharge
data to the state, and SCISSR used the billing data to select
traumatic SCI cases according to the definition of the
Centers for Disease Control and Prevention (i.e., Interna-
tional Classification of Diseases, 9th Revision codes: 806
and 952). SCISSR also randomly selected medical charts
and verified the data quality, which found the data
99% accurate and complete [13]. All participants met
the following criteria at the baseline: at least 18 years of
age, 1-year post injury, treated acutely for SCI in SC, and
traumatic SCI with residual neurologic impairment imped-
ing full recovery. A total of 1160 participants completed the
baseline self-reported assessment (SRA) between 2011 and
2018. After the initial baseline enrollment, the SC SCI
Outcomes Database performed annual follow-up through
the first 5 years post injury and then every 5 years thereafter.
We excluded 538 who reported they were not able to walk
at all or always used a wheelchair at home. The baseline
sample included 622 ambulatory participants. Among them,
317 completed at least one follow-up measure. If a

participant completed more than one follow-up measure, we
used their most recent one to maximize the sample size for
the longitudinal analyses. Their mean (SD) length of time
between baseline and the most recent follow-up was 25 (16)
months. Our longitudinal analyses used these 317 partici-
pants as the final study sample.

Procedures

At baseline, potential participants were sent introductory
letters by mail to describe the study and alert them that
materials would be forthcoming. The actual instruments of
questionnaire were sent 4–6 weeks later. For those who did
not respond to the first mailing, follow-up phone calls and
then a second mailing were sent. Participants were offered
$50 remuneration for completing the SRA. Similar proce-
dures were utilized at the annual follow-up for participants
who were within the first 5 years post injury. The follow-up
started approximately one and half years after completion of
the baseline SRA. Follow-up remuneration was $40.

Measures

The primary outcome measure was self-reported number of
fall-related injuries at participants’ most recent follow-up,
assessed by asking the following question, “In the past year,
how many falls have you had that resulted in an injury
serious enough to receive medical care in a clinic, emer-
gency room, or hospital?” All the independent variables
were measured at both baseline and follow-up by using the
same data collection method. The use of assistive devices
for walking (walker, crutch, cane(s), and brace(s)) was
assessed in relation to fall-related injuries. Participants
responded to the following questions: “(1) Do you use a
standard or rolling walker to assist you in walking? (2) Do
you use crutches to assist you in walking? (3) Do you use a
cane(s) to assist you in walking? (4) Do you use short-leg
braces when you walk? (5) Do you use long-leg braces
when you walk?” For each device variable, we dichot-
omized the response (yes and no). The injury levels were
grouped to cervical, thoracic, lumbar, and sacral levels. In
the analyses, we combined the lumbar and sacral as other
levels used for comparison reference group. Other covari-
ates included years post injury, age, gender (male and
female), race/ethnicity (non-Hispanic Black and others),
and self-perceived body weight (overweight, underweight,
and average weight).

Analyses

All analyses were conducted using SAS 9.4. Descriptive
statistics were generated for all independent variables
measured at baseline, and we also compared the
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whole baseline sample (n= 622) with the final study
sample (n= 317). Then we did bivariate comparison
between study participants with at least one fall-related
injury and those without fall-related injury using Chi-
square test. Since the number of fall-related injuries was a
nonnegative integer with highly skewed distribution, we
considered using the Poisson regression for the multi-
variate analyses. However, we found issues with over-
dispersion using the Poisson regression models. Thus, the
final multivariate analyses used the negative binomial
regression model, which is a generalization of the Poisson
model [14, 15]. We developed two negative binomial
regression models using the number of fall-related injuries
at the follow-up as the dependent variable: the first model
focused on the different types of devices, and the second
model explored the impacts of one device usage and
multiple devices usage (using two or more different types
of devices). The independent variables measured at
baseline were used in the two models.

Results

Table 1 summarizes the participant characteristics and
baseline assistive device use for 622 participants who have
completed the baseline measurement and 317 participants
study sample who completed both baseline and follow-up.
We did not find substantial differences between the two
samples at baseline. At baseline, 44% used at least one
assistive device among 622 participants (including 28.5%
using only one device, and 15.4% using multiple devices),
and 48% used at least one assistive device among the 317
participants who completed the follow-up measure
(including 30.3% using only one device, and 17.4% using
multiple devices). Table 1 also presented the device usage
for 317 participants at the follow-up (column 3). The per-
centage of walker users decreased from 22% at the baseline
to 18% at the follow-up, and the percentage of brace users
declined from 12 to 8%. The percentage of multiple assis-
tive devices usage also dropped from 17% at the baseline to
13% at the follow-up.

Among 317 participants, the mean (SD) for fall-related
injuries at baseline was 0.49 (1.41), ranging from 0 to 15
injuries. At baseline, 77 (22%) participants had at least one
fall-related injury. At their most recent follow-up, the mean
(SD) was 0.31 (1.11), ranging from 0 to 10 injuries, and
there were 41 (13%) who had at least one fall-related injury.
Table 2 compared the independent variables between those
with at least one fall-related injury and those without fall-
related injury at the follow-up. It indicated that participants
using walker, cane, brace, or using multiple devices at the
baseline were more likely to have fall-related injury at the
follow-up.

The first negative binomial regression model (Table 3)
used the baseline independent variables in temporal rela-
tionship with the fall-related injuries measured at follow-up.
This longitudinal analysis indicated the relationships of
walker and cane use with future fall-related injuries. Using a
walker at baseline was associated with 214% greater num-
ber of fall-related injuries at follow-up (RR= 3.14) com-
paring with those who did not use a walker, while using a
cane was related to 160% greater number of fall-related
injuries (RR= 2.60) at follow-up comparing with those
who did not use a cane. However, none of the other cov-
ariables was statistically significant. We did additional
analyses to compare walker users to participants who did
not use assistive device at all controlling for same demo-
graphic, injury characteristics and weight status, and the rate
ratio (RR) increased to 5.67. The similar analyses applied to
cane users and participants using no device, and the RR
increased to 4.43.

Our second negative binomial regression model (Table 4)
found one assistive device usage was associated with 194%

Table 1 Participants’ characteristics and assistive devices usage.

Characteristics All
participants
at baseline
(n = 622)

Study sample
at baseline
(n= 317)

Study sample
at follow-up
(n= 317)

Years post injury
(Mean (SD))

5.95 (9.61) 5.11 (7.57) 7.11 (8.22)

Gender (%)

Female 28.14 27.13 SB

Male 71.86 72.87 SB

Race/ethnicity (%)

Non-
Hispanic Black

32.64 36.91 SB

Others 67.36 63.09 SB

Injury level (%)

Cervical level 58.20 59.31 SB

Thoracic level 11.58 15.14 SB

Other level 30.22 25.55 SB

Self-perceived body weight (%)

Overweight 36.82 40.06 40.38

Underweight 19.29 19.56 21.45

Average weight 43.89 40.38 38.17

Use walker (%) 19.61 22.08 18.3

Use crutch (%) 3.54 3.79 3.15

Use cane (%) 30.87 32.49 31.55

Use brace (%) 9.65 12.30 7.57

Use one assistive
device (%)

28.46 30.28 29.02

Use multiple
assistive devices (%)

15.43 17.35 13.25

SB same as baseline.
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greater number of fall-related injuries at follow-up (RR=
2.94), and the multiple assistive device usage was associated
with 730% greater number of fall-related injuries (RR= 8.30)
comparing with those who did not use walking device.

Discussion

The unique contribution of this study is the identification of
the relationships between assistive device use and future
fall-related injuries among ambulatory adults with SCI. It
provides much stronger evidence of relationship between
device use and falls when compared with existing cross-
sectional studies. By establishing the association of the
baseline factors related to equipment use with future fall-

Table 2 Bivariate comparison between participants with fall-related
injury and those without.

Characteristics Without fall-
related injury
(n = 276)

With fall-
related injury
(n= 41)

p valuea

n (%) n (%)

Gender 0.14

Female 71 (25.72) 15 (36.59)

Male 205 (74.28) 26 (63.41)

Race/ethnicity 0.76

Non-
Hispanic Black

101 (36.59) 16 (39.02)

Others 175 (63.41) 25 (60.98)

Injury level 0.14

Cervical level 158 (57.25) 30 (73.17)

Thoracic level 43 (15.58) 5 (12.20)

Other level 75 (27.17) 6 (14.63)

Self-perceived
body weight

0.24

Overweight 112 (40.58) 15 (36.59)

Underweight 50 (18.12) 12 (29.27)

Average weight 114 (41.30) 14 (34.15)

Use walker <0.05

No 220 (79.71) 27 (65.85)

Yes 56 (20.29) 14 (34.15)

Use crutch 0.69

No 266 (96.38) 39 (95.12)

Yes 10 (3.62) 2 (4.88)

Use cane <0.01

No 197 (71.38) 17 (41.46)

Yes 79 (28.62) 24 (58.54)

Use brace <0.05

No 246 (89.13) 32 (78.05)

Yes 30 (10.87) 9 (21.95)

Use any
assistive device

<0.01

No 155 (56.16) 11 (26.83)

Yes 121 (43.84) 30 (73.17)

Use one
assistive device

0.19

No 196 (71.01) 25 (60.98)

Yes 80 (28.99) 16 (39.02)

Use multiple assistive
devices

<0.01

No 235 (85.14) 27 (65.85)

Yes 41 (14.86) 14 (34.15)

aChi-square test.

Table 3 Negative binomial model analyses for different assistive
devices.

Characteristics Coefficient Rate ratio p value

Male (ref= female) −0.70 0.49 0.11

Age −0.01 0.99 0.60

Years post injury 0.03 1.03 0.10

Cervical level injury (ref= other
levels)

0.04 1.04 0.93

Thoracic level injury (ref= other
levels)

−0.94 0.39 0.19

Non-Hispanic Black (ref=Non-
Hispanic White and others)

0.01 1.01 0.99

Overweight (ref= average weight) −0.22 0.80 0.64

Underweight (ref= average
weight)

0.19 1.21 0.72

Use walker (ref= do not use
walker)

1.14 3.14 <0.05

Use crutch (ref= do not use
crutch)

−1.19 0.30 0.25

Use cane (ref= do not use cane) 0.95 2.60 <0.05

Use brace (ref= do not use brace) 0.97 2.64 0.08

Table 4 Negative binomial model analyses for one or multiple
assistive devices usage.

Characteristics Coefficient Rate ratio p value

Male (ref= female) −0.72 0.49 0.09

Age −0.01 0.99 0.58

Years post injury 0.03 1.03 0.11

Cervical level injury (ref= other
levels)

−0.02 0.98 0.96

Thoracic level injury (ref= other
levels)

−1.05 0.35 0.13

Non-Hispanic Black (ref=Non-
Hispanic White and others)

−0.10 0.91 0.82

Overweight (ref= average weight) −0.23 0.79 0.62

Underweight (ref= average
weight)

0.19 1.21 0.72

Use one assistive device (ref= no
assistive device)

1.08 2.94 <0.05

Use multiple assistive devices
(ref = no assistive device)

2.12 8.30 <0.01

750 Y. Cao et al.



related injuries, this study is a prelude for building for the
development of causal models.

We found baseline walker use was associated with a
greater number of fall-related injuries at follow-up compared
to other assistive devices. This finding may be related to
higher walker use among individuals with more mobility
limitations as the walker provides the most stability of all
assistive devices. The increased number of fall-related injuries
may be associated with the individual’s physical condition
(e.g., frailty), other personal and environmental considera-
tions, or use patterns. For instance, people who use walking
devices also tend to be single, have lower income, are less
educated, and are generally in poorer health [16].

In line with earlier results suggesting cane use is associated
with a greater risk of falls among those with SCI [9, 12] and a
high number of fall-related injuries in the general population
[10, 16, 17], we found that baseline cane use was associated
with increased risk of future fall-related injuries. The cane,
which provides the least stability, may be used by individuals
with a higher level of function, but it may not provide ade-
quate stability when a loss of balance or misstep occurs.

In the first negative binomial model, the crutch usage and
brace usage were not significantly associated with fall-
related injury number, partly because smaller group of
participants used them. However, most of the crutch users
(83%) and brace users (79%) in our study were multiple
devices users. Since multiple devices usage was highly
related to fall-related injury (RR= 8.30), we should be
cautious about the risk associated with crutch usage and
brace usage as well. We also observed the percentage of
having at least one fall-related injury dropped from 22% at
baseline to 13% at the follow-up. One possible explanation
is some participants became nonambulatory or had declined
ambulatory ability at follow-up, and therefore had less fall-
related injury. In our data, there were 6 participants became
nonambulatory, and 19 participants unable to walk 10 m at
the follow-up. Meanwhile, the percentage of multiple
devices usage at the follow-up decreased to 13%, which
might also contribute to the decrease of fall-related injury.

Methodologic considerations

The study included both strengths and limitations. The
longitudinal data allow us to evaluate the relationship
between baseline assistive devices equipment use and fall-
related injuries at follow-up. However, this should not be
interpreted as cause and effect. Particular caution must be
used in interpreting the relationship between devices, such
as a walker, or other safety measures and falls. Many other
characteristics that are confounded with devices could
account for the findings, so it is important for clinicians to
be aware of the elevated risk of future falls, while not
directly attempting to draw causality from the findings.

However, the findings may be used to guide the search for
causal links between equipment use and falls by helping to
identify the minimal set of factors that may relate to future
falls. Models of causality must consider equipment use to be
both an indicator of function (i.e., certain types of function
will lead to recommended use of different supported devi-
ces) and a potential contributor to fall-related injuries.

Second, use of a state-based population cohort is a dis-
tinct strength, as it reduces the likelihood of bias related to
selective participation based on urban–rural status, ability to
pay, and even severity of injury. Clinical facilities, includ-
ing specialty hospitals, typically located in urban centers,
may be more likely to admit individuals who can pay for
services, and they are more likely to admit more severe
cases of SCI (i.e., fewer ambulatory). That said, the parti-
cipants likely were representative of people with SCI who
have less severe complications that allow them to ambulate.

On the other hand, several limitations exist. First, the
follow-up rate was 51%, which might lead to selection bias.
Second, the outcome is based on a single estimation of falls.
Future causal modeling will need to include the actual
number of events leading to falls (i.e., the fall itself) to
determine whether different devices are associated with
differential risk of falls, with some devices more likely to
lead to injuries. Third, similarly, our modeling does not
include a detailed assessment of function which may be a
more direct causative factor of fall-related injuries. It may
therefore be that the devices themselves are basically a
proxy measure for function, with a greater number of
devices use by those who are more impaired. Under this
circumstance, it would be important to note that the pre-
sence or need for multiple devices is a red flag that the
individual will be at greater risk of future falls. Fourth, all
data are self-report with unknown recall bias, which is
inherent to all self-report data collection. Lastly, many
participants were excluded because they were not ambula-
tory, which limited the statistical power to consider more
independent variables in the multivariate analyses.

Future research

The relationship between walking devices and fall-related
injuries is more complicated than what we have analyzed with
the limitations in our current data, but our study built the first
steppingstone to identify their longitudinal association. Con-
tinued research is necessary to understand better the personal
characteristics of those who sustain serious fall-related inju-
ries, as well as the circumstances in which these falls occur.
This might help to resolve the conflicting evidence from the
literature [9]. We need to work toward identification of causal
paths, rather than merely identifying temporal relationships
between variables. The current findings suggested that causal
studies would benefit from identification of assistive device
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utilization which provides tips of functional limitations that
may lead to fall-related injuries. We also need additional
prospective cohort studies which include more detailed neu-
rological (motor and sensory) and functional assessments
which may precipitate the use and need for assistive devices.
Increased education for the users on device fitting as well as
research on the development of effective fall prevention
strategies may help decrease the risk of falls and fall-related
injuries among those who use assistive devices.

Conclusions

The probability of at least one fall-related injury decreased
from 22% at baseline to 13% at the follow-up among adults
with SCI who were ambulatory at baseline. However, the
consequences of these injuries were severe, resulting in
medical care in a clinic, emergency room, or hospital.
Because walking devices usage was associated with
increased risk of fall-related injury, health care professionals
and caregivers should be aware of the balance between
promoting ambulation after SCI and taking more precau-
tions about the risks of fall-related injury for those who are
ambulatory and use assistive devices.

Data availability

The data sets generated and/or analyzed during the current
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