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Abstract
Background/Objective: To determine factors associated with falls among a sample of ambulatory
individuals with incomplete spinal cord injury (SCI).

Study Design: Cross-sectional mail survey.

Methods: A survey instrument of participant characteristics and fall-related variables was developed using
relevant items from existing measures and was mailed to 221 individuals with incomplete SCI, who were
identified from records of a large specialty hospital in the southeastern United States. Of the 221 prospective
participants, 119 completed the questionnaire (54%). Multivariable logistic regression models were used to
determine factors that were independently associated with having had a fall in the past year.

Results: After adjusting for covariates, having fallen in the past year was significantly (P , 0.05) associated
with greater numbers of medical conditions (odds ratio [OR]¼ 1.3; 95% confidence interval [CI]¼ 1.0–1.7),
having arthritis (OR¼3.4, 95% CI¼1.2–9.6), experiencing dizziness (OR¼5.6, 95% CI¼1.1–27.7), greater
numbers of days with poor physical health (OR¼ 1.1; 95% CI¼ 1.0–1.3), and the restriction of community
activities because of fear of falling (OR¼ 1.5, 95% CI¼ 1.1–2.1). The multivariable models also showed that
the odds of having fallen were significantly lower among those with better current perceived physical health
(OR¼0.5; 95% CI¼0.3–0.9), those with better perceived health compared to a year ago (OR¼0.4; 95% CI
¼ 0.2–0.8), individuals who exercised more frequently (OR¼ 0.2; 95% CI¼ 0.1–0.7), and those who used a
walker (OR ¼ 0.3; 95% CI¼ 0.1–0.9).

Conclusions: Results suggest that interventions that address exercise frequency, walker use, and dizziness
have promise for reducing falls for individuals with incomplete SCI.
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INTRODUCTION

Although traumatic spinal cord injury (SCI) generally

results in the need for a wheelchair as the sole mode of

mobility, individuals with neurologically incomplete

injuries sometimes have sufficient preserved function for

ambulation (1). However, the quality and degree of

ambulation may be affected by spasticity, muscle

weakness, and coactivation of muscle groups (2). Thus,

ambulation may be restricted to certain locations such as

the home, may be limited to shorter distances, and may

require the support of an assistive device.

The ability to ambulate may be impacted over time

by physiologic changes in body systems. Neurologic

decline, a frequent complication in the years after SCI,

may lead to new weakness, numbness, and diminished

function (3). Musculoskeletal system disorders, particu-

larly osteoporosis and osteoarthritis, are also common

and may limit overall function (4). Diseases of the

cardiovascular system such as atherosclerosis appear

earlier in life for those with SCI compared with the

able-bodied population (5,6), Atherosclerosis may affect

carotid and vertebral arteries and cause dizziness and
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visual disturbances with certain head positions. All of
these factors can contribute to an increase in falls and
related injuries.

The incidence of injuries subsequent to SCI was first
investigated in a study of 1,328 persons who were at least
1-year posttraumatic SCI (7). Individuals who were
ambulatory had a greater incidence of subsequent
injuries in the 12 months before the study because of a
variety of causes, including falls. Impaired balance or gait
associated with falls may have contributed to the greater
occurrence of injuries in this group. Although falls may
have accounted for a number of injuries, this study
considered injuries of a variety of causes and did not
address falls exclusively.

The incidence, circumstances, and consequences of
falls were recently reported for 119 ambulatory individ-
uals with incomplete SCI (8). This study revealed that
75% of participants (n¼ 89) sustained at least 1 fall over
the previous year. The majority of falls occurred in the
home during the afternoon or evening. Less severe
injuries such as bruises, scrapes, and cuts occurred most
often followed by muscle/ligament strain or sprain.
However, 18% of individuals with SCI who fell sustained
a fracture as a result of a fall. Even though most injuries
were minor, the ability to get out into the community
and engage in productive activity after the fall was
reportedly limited in almost one half of individuals (45%)
who fell.

Although limited research exists on falls among
ambulatory individuals with incomplete SCI, the inci-
dence and consequences of falls have been studied
extensively with older adults. In the United States, one
third of community-dwelling older adults fall each year
(9). Nearly one half of older adults who fall state they are
afraid of falling, and one fourth of fallers restrict their
physical and social activity because of this fear (10).
Approximately 3% to 5% of older adults who fall sustain a
fracture (11,12), and falls are the leading cause of injury
deaths among adults 65 years of age and older (13).
Although falls have not been associated with death,
recent research indicates that those with SCI have a
greater incidence of falls, more reported fractures caused
by a fall, and greater restriction in community activities
compared with older adults (8).

For healthy older adults and those with neurologic
disease, physiologic changes and environmental hazards
have been linked with falls (10,14–17). Commonly cited
physiologic risk factors include problems with muscle
activation (14–16), muscle weakness, gait and balance
disturbances (10), visual impairment, cognitive decline,
depression, functional decline, and adverse medication
response (17). In addition, environmental hazards such as
slippery or uneven walking surfaces, obstacles in the
walking path, inadequate lighting, and loose carpets or
rugs have been identified as a primary cause of imbalance
in about one half of all falls (10). Although hazards in the
environment create conditions likely to cause falls for any

individual, they pose a particular danger to those who
already have multiple risk factors for loss of balance.

To date, factors associated with falls among individ-
uals with SCI have not been studied. Because of the
increased incidence of falls and potentially serious
consequences, a better understanding of the factors
associated with falls among ambulatory individuals with
incomplete SCI may assist health care professionals to
identify individuals at risk and develop interventions to
prevent injury. The purpose of this study was twofold: (a)
to compare the demographic, SCI characteristics, health,
and physical activity data for those with and without a
history of falls over the previous year and (b) to identify
potentially modifiable factors associated with falls among
a community sample of ambulatory persons with
incomplete SCI. This study is a direct follow-up to the
previously discussed study of subsequent injuries by
Krause (7) and uses a subsample of participants who
were ambulatory.

METHODS
Participants
The sample was identified from outpatient files of a large
free-standing specialty hospital in the southeastern
United States. To participate in this study, subjects had
to meet the following criteria: (a) a traumatic incomplete
SCI; (b) ability to ambulate independently for a minimum
of 10 m with or without an assistive device; (c) a
minimum of 1-year post-SCI; and (d) 18 years of age or
older at the time of the study. Two hundred eighty-one
individuals from the initial participant pool (7) met the
inclusion criteria, 60 of whom could not be located or
were deceased, resulting in a working sample of 221.

Procedure
Prospective participants were sent a letter to explain the
purpose of the study and to alert them that a
questionnaire on falls and related injuries would be
forthcoming. A cover letter, with all of the elements of
informed consent, and a survey instrument were mailed 4
to 6 weeks later. Participants were asked to return the
questionnaire within 2 weeks. Nonrespondents received
a follow-up mailing approximately 4 weeks later. They
were offered $20 remuneration as an incentive to
complete the instrument. All procedures were approved
by the Institutional Review Boards of the collaborating
institutions.

Instrument
A questionnaire was developed to collect information on
falls history over the previous year and factors potentially
associated with falling for ambulatory individuals with
incomplete SCI. For the purpose of this study, a fall was
defined as an unplanned, unexpected contact with the
supporting surface (18) and was provided for the
participants on the questionnaire. The questionnaire
included subsets of items from several measures and
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the addition of fall-related items. The use of subsets of
several measures was necessitated by absence of
appropriate existing measures as available instruments
are performance based and include tests such as the
Timed Up and Go (19), Berg Balance Scale (20), and
Performance Oriented Mobility Assessment (21). Items
were selected from the Falls Assessment Questionnaire
(22) and the Behavioral Risk Factor Surveillance System
(BRFSS) (23), a national survey aimed at gathering
information on health behaviors of adults. Other items
elicited information on demographics, SCI characteristics,
and current health and activity.

The questionnaire was developed with the assistance
of an expert from the Survey Research Unit of a
southeastern medical university and feedback from
experts in the field of physical therapy. It was pilot tested
on a small sample of persons with SCI to determine
whether questions were unclear, incomplete, or mislead-
ing and to solicit suggestions for any additional questions
that should be included. Further revisions to the
questionnaire were made based on feedback from this
group. Closed-ended questions were used, which
required the respondent to select from among several
choices.

Data Analysis
Initially, t tests and v2 tests were used to compare
responders to nonresponders with regard to age, sex,
race, marital status, years of education, and injury level.
Unadjusted logistic regression models were used to
determine whether demographic, SCI, and health data
differed significantly between fallers and nonfallers.
Unadjusted models were models that only compared a
given variable between fallers and nonfallers without
consideration of any mediating effects from other
variables. With the exception of certain selected control
variables (age, sex, race, education, living arrangements,
and years since injury), the independent associations
between falls and each of the subject characteristics were
assessed using a series of multivariable logistic regression
models. In each of these models, the dependent variable
of interest was a dichotomous (yes/no) indicator of
whether or not the subject had fallen in the past year, and
the independent variable was the subject characteristic of
interest. Characteristics that were ordinal in nature (ie,
those such as perceived health with Likert-style respons-
es) were entered into the models as categorical variables;
however, the sample sizes within some of the categories
were occasionally too small for proper comparisons. All
models included the control variables mentioned above
as additional explanatory variables. The significance level
was set at P , 0.05 for all logistic regression modeling
procedures, and results were reported in the form of
unadjusted and adjusted odds ratios (ORs) with corre-
sponding 95% confidence intervals (CIs). Finally, one
additional multivariable model was created to examine
factors independently associated with having had a fall.

This model was developed using only the variables
identified in the earlier multivariable models as having a
statistically significant (P , 0.05) association with having
had a fall.

All statistical analyses were performed using SAS
software (SAS Institute, Cary, NC).

RESULTS
Subject Characteristics
Of 221 individuals invited to complete the questionnaire,
119 responded, for a response rate of 54%. Average age
of the participants was 52.2 years. The majority of
individuals were white (74%), most were men (69%),
and more than one half were married (54%). The average
number of years since the SCI was 13.6 years, and most
participants sustained their injury in a motor vehicle crash
(52%) or from a fall or flying object (28%). The sample
included 89 (75%) subjects who had fallen in the past
year and 30 (25%) who had not. When responders were
compared with nonresponders, there were no significant
differences by sex, race, marital status, years of educa-
tion, or injury level. Compared to responders, nonre-
sponders were significantly younger (44.3 vs 52.2 years;
P , 0.01).

Differences Between Fallers and Nonfallers:
Unadjusted and Multivariable-adjusted
Comparisons
As shown in Table 1, unadjusted analyses suggested that
few statistically significant differences in demographic
and injury characteristics existed between fallers and
nonfallers. Of the demographic variables, only level of
education differed among the groups, with the odds of
reporting a fall in the past year being significantly higher
among those with a Bachelor’s degree or higher than
those with a high school education or less; however, this
association was diminished slightly and no longer
statistically significant in the multivariable model. No
differences were found among the groups for injury
characteristics in the unadjusted or multivariable-adjust-
ed comparisons.

The data in Table 2 show that there were a number of
significant differences in health data between fallers and
nonfallers. In an unadjusted comparison, having fallen in
the past year was significantly associated with more days
of poor physical health; this finding remained significant
even after multivariable adjustment. In addition, there
were a number of characteristics that only became
significant after multivariate adjustment. In the multivar-
iable models, the odds of reporting a fall were
significantly associated with greater numbers of medical
conditions, having arthritis, experiencing dizziness, worse
perceived current health, and worse perceived health
compared to a year ago. None of the other variables in
Table 2 were statistically significant in either the
unadjusted or adjusted comparisons.
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The unadjusted and adjusted comparisons of physical

activity between fallers and nonfallers are presented in

Table 3. In one of the unadjusted comparisons, subjects

who routinely walked short distances within their

communities were significantly more likely to have

experienced a fall than subjects who rarely walked;

however, this association did not achieve significance in

the multivariable model. In another unadjusted compar-

ison, the odds of reporting a fall were significantly higher

among subjects reporting being able to climbs stairs than

those who were not able. Again, this effect was

diminished in the multivariable model.

There were several significant findings in the

multivariable models shown in Table 3, with the odds

Table 1. Demographic and Injury Characteristics: Unadjusted and Adjusted Comparisons

Variable

Nonfallers*� Fallers*� uORz aORz

(n ¼ 30) (n ¼ 89) (95% CI) (95% CI)

Age (years 6 SD) 54.5 6 16.7 49.8 6 12.9 1.0 (1.0, 1.0) 1.0 (1.0, 1.0)
Sex

Male 24 (80) 56 (63) Ref Ref
Female 6 (20) 33 (37) 2.4 (0.9, 6.4) 1.8 (0.6, 5.5)

Race
White 22 (73) 66 (74) Ref Ref
African American 8 (27) 22 (25) 1.1 (0.4, 2.8) 1.2 (0.4, 3.4)
Asian 0 (0) 1 (1) SS SS

Marital status
Single 9 (30) 18 (20) Ref Ref
Married 12 (40) 52 (58) 2.2 (0.8, 6.0) 1.9 (0.6, 6.1)
Separated/divorced 4 (13) 14 (16) 1.8 (0.4, 6.9) 1.4 (0.3, 6.5)
Widowed 5 (17) 5 (6) 0.5 (0.1, 2.2) 0.5 (0.1, 2.8)

Living arrangements
Alone 11 (37) 23 (26) Ref Ref
With others 19 (63) 65 (74) 1.6 (0.7, 4.0) 1.4 (0.5, 3.7)

Education completed
�High school 18 (60) 35 (39) Ref Ref
Some college 9 (30) 29 (33) 1.7 (0.6, 4.2) 1.2 (0.4, 3.3)
�Bachelor’s degree 3 (10) 25 (28) 4.3 (1.4, 16.1)jj 3.4 (0.8, 13.9)

Income
,$25,000 13 (45) 37 (45) Ref Ref
$25,000–$49,999 13 (45) 17 (20) 0.5 (0.2, 1.2) 0.4 (0.1, 1.0)
$50,000–$74,999 2 (7) 10 (12) 1.8 (0.3, 9.1) 1.0 (0.1, 6.8)
�$75,000 1 (3) 19 (23) 6.7 (0.8, 55.0) 2.5 (0.2, 25.1)

Years since SCI (mean 6 SD) 15.0 (8.1) 13.1 (5.2) 1.0 (0.9, 1.0) N/A
Injury level

Cervical 15 (50) 40 (46) Ref Ref
Thoracic 8 (27) 34 (39) 1.6 (0.6, 4.2) 1.6 (0.6, 4.7)
Lumbar 7 (23) 13 (15) 0.7 (0.2, 2.1) 0.7 (0.2, 2.4)

Mechanism of injury
Motor vehicle 13 (43) 41 (46) Ref Ref
Sporting injury 1 (3) 3 (4) SS SS
Fall/flying object 7 (23) 22 (25) 1.0 (0.3, 2.9) 0.7 (0.2, 2.6)
Act of violence 0 (0) 9 (10) SS SS
Medical/surgical 1 (3) 6 (7) SS SS
Other 8 (27) 8 (9) 3.2 (0.9 10.1) 3.7 (0.8, 16.6)

*Some variables have missing values; hence, the sample size (n) for some variables may be less than the number of participants.
�The values listed are numbers (with percentages in parentheses) unless otherwise indicated.
zuOR, unadjusted odds ratio from bivariate logistic regression model; CI, confidence interval; aOR, adjusted odds ratio from
multivariable logistic regression model controlling for age, sex, race, education, years since injury, and living arrangements; Ref,
reference group; N/A, not available; SS, sample size too small for odds ratio calculation.
jjOdds ratio is significantly different (P , 0.05) from 1.0.
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of falling being significantly associated with exercise
frequency, walker use, cane use, being fearful of falling,
and limiting participating in community activities be-
cause of a fear of falling, even after adjusting for the
control variables. Subjects who reported exercising more
than 8 times per month were less likely to have fallen
than subjects who exercised less than once per month.
Subjects who used a walker were less likely to have fallen
than subjects who did not use a walker, but individuals
who used a cane were more likely to have fallen than
those who did not use a cane. Those who reported being
fearful of falling were significantly more likely to have
fallen than those who reported having no fear. Last,
subjects who limited their participation in community
activities because of a fear of falling exhibited greater
odds of having fallen within the past year.

The final multivariable model that only included
factors previously found to be significantly associated
with having had a fall thus consisted of a logistic
regression model with the following explanatory vari-
ables: number of medical conditions, arthritis, dizziness,
perceived current health status, perceived health com-

pared with 1 year ago, number of days in past month of
poor physical health, exercise frequency, walker use, cane
use, being fearful of falling, and limiting community
activities because of a fear of falling. In this large
multivariable model, there were only 2 variables that
remained statistically significant. Respondents who exer-
cised more than 8 times per month were much less likely
to have had a fall compared with those who exercised less
than once per month (OR ¼ 0.15; 95% CI ¼ 0.03–0.73).
Additionally, respondents who used a walker were much
less likely to have had a fall compared with those who did
not use a walker (OR¼ 0.22; 95% CI¼ 0.06–0.85).

DISCUSSION
Ambulatory individuals with incomplete SCI have a
higher incidence of falls and more significant conse-
quences of falls compared with healthy older adults and
those with disease. Seventy-five percent of those with
incomplete SCI fell over the previous year, whereas
healthy individuals 65 years of age and older had fall rates
of approximately 30% (9,10,24). Older individuals with
conditions such as peripheral neuropathy had fall rates of

Table 2. Health Data: Unadjusted and Adjusted Comparisons

Variable

Nonfallers*� Fallers*� uORz aORz

(n ¼ 30) (n ¼ 89) (95% CI) (95% CI)

Number of medical conditions 2.3 (1.6) 3.3 (2.9) 1.2 (0.9, 1.5) 1.3 (1.0, 1.7)jj

Arthritis, number (%) 7 (23.3) 38 (42.7) 2.4 (1.0, 6.3) 3.4 (1.2, 9.6)jj

Dizziness, number (%) 2 (6.7) 21 (23.6) 4.3 (1.0, 19.7) 5.6 (1.1, 27.7)jj

Pain/burning in feet, number (%) 12 (40.0) 41 (46.7) 1.3 (0.6, 3.0) 1.9 (0.7, 4.8)
Vision problems, number (%) 7 (23.3) 16 (18.0) 0.7 (0.3, 2.0) 1.0 (0.3, 3.2)
Number of medications 1.0 (1.4) 1.2 (1.5) 1.1 (0.8, 1.5) 1.1 (0.8, 1.5)
Days of poor physical health 3.6 (5.9) 7.7 (8.7) 1.1 (1.0, 1.2)z 1.1 (1.0, 1.3)jj

Days of poor mental health 4.5 (8.6) 7.3 (9.3) 1.0 (1.0, 1.1) 1.1 (1.0, 1.1)
Hours out of bed 13.2 (2.8) 13.6 (2.9) 1.1 (0.9, 1.2) 1.0 (0.8, 1.2)
Days out of the house 5.1 (2.3) 5.1 (2.0) 1.0 (0.8, 1.2) 1.0 (0.8, 1.2)
Perceived current health, number (%)

Poor-fair 8 (27) 30 (34) Ref Ref
Good 11 (37) 36 (41) 0.9 (0.3, 2.4) 0.7 (0.2, 2.1)
Very good-excellent 11 (37) 22 (25) 0.5 (0.2, 1.5) 0.2 (0.1, 0.7)z

Perceived health compared to 1 year
ago, number (%)

Worse 2 (7) 15 (17) Ref Ref
Same 22 (73) 65 (74) 0.4 (0.1, 1.9) 0.2 (0.0, 1.1)
Better 6 (20) 8 (9) 0.2 (0.0, 1.1) 0.1 (0.0, 0.5)z

Last eye exam, number (%)
Never or .2 years ago 8 (27) 31 (35) Ref Ref
�2 years ago 22 (73) 57 (65) 0.7 (0.3, 1.7) 0.4 (0.1, 1.3)

*Some variables have missing values; hence, the sample size (n) for some variables may be less than the number of participants.
�The values listed are means (and SD) unless otherwise indicated.
zuOR, unadjusted odds ratio from bivariate logistic regression model; CI, confidence interval; aOR, adjusted odds ratio from
multivariable logistic regression model controlling for age, sex, race, education, years since injury, and living arrangements; Ref,
reference group.
jjOdds ratio is significantly different (P , 0.05) from 1.0.
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50% (25), whereas those with Parkinson’s disease had

rates of 38% (26) and 62% (27). Moreover, fracture

occurrence among persons with incomplete SCI (18%)

(8) exceeded that reported in studies of healthy older

adults (11,12). Declines in community and productive

activities provide further evidence of the of the impact of

falling for ambulatory individuals with incomplete SCI.

Differences in health were noted among the fallers

and nonfallers in this study. Overall, those who had fallen

seemed to have poorer health as evidenced by more

medical conditions, more days of reported poor physical

health, and worse perceived health compared to a year

ago. The association between falls and poor physical

health has also been found in studies of fall risk factors

with healthy older adults (24) and individuals with

diagnoses such as diabetes (28). Unlike older adults, use

of a greater number of prescription medications (17,24)

was not associated with falls in our sample. This finding

may be attributed to the younger age of the participants

in this study and use of fewer medications.

Two medical conditions found to be associated with

falls for those with SCI were dizziness and arthritis. Both

Table 3. Physical Activity Data: Unadjusted and Adjusted Comparisons

Variable

Nonfallers*� Fallers*� uORz aORz

(n ¼ 30) (n ¼ 89) (95% CI) (95% CI)

Exercise frequency
,1 time/mo 8 (27) 38 (44) Ref Ref
1–8 times/mo 10 (33) 27 (31) 0.6 (0.2, 1.6) 0.5 (0.1, 1.5)
.8 times/mo 12 (40) 22 (25) 0.4 (0.1, 1.1) 0.2 (0.1, 0.7)jj

Amount of walking
Rarely 7 (25) 10 (11) Ref Ref
Home only 5 (18) 13 (15) 1.8 (0.4, 7.5) 2.4 (0.5, 11.5)
Short community distance 9 (32) 45 (51) 3.5 (1.1, 11.6)jj 3.3 (0.9, 12.1)
Long distance (�1 mi) 7 (25) 21 (24) 2.1 (0.6, 7.6) 1.5 (0.3, 6.2)

Able to climb stairs
No 13 (43) 21 (24) Ref Ref
Yes 17 (57) 67 (76) 2.4 (1.0, 5.8)jj 1.8 (0.7, 4.8)

Walker use
No 18 (60) 72 (81) Ref Ref
Yes 12 (40) 17 (19) 0.4 (0.1, 0.9) 0.3 (0.1, 0.9)jj

Crutch use
No 28 (93) 73 (82) Ref Ref
Yes 2 (7) 16 (18) 3.1 (0.7, 14.2) 3.6 (0.7, 17.7)

Cane use
No 24 (80) 54 (61) Ref Ref
Yes 6 (20) 35 (39) 2.6 (1.0, 7.0)jj 4.6 (1.4, 15.0)jj

Fearful of falling
1 (not at all) 10 (36) 10 (11) Ref Ref
2 3 (11) 17 (19) 5.7 (1.3, 25.6)jj 10.6 (1.8, 60.6)jj

3 4 (14) 20 (23) 5.0 (1.3, 20.0)jj 7.3 (1.5, 34.5)jj

4 4 (14) 18 (20) 4.5 (1.1, 18.1)jj 6.3 (1.2, 32.2)jj

5 (definitely) 7 (25) 23 (26) 3.3 (1.0, 11.1)jj 3.9 (1.0, 15.1)jj

Limit community activities because of fear
1 (not at all) 14 (52) 24 (28) Ref Ref
2 2 (7) 12 (14) 3.5 (0.7, 18.0) 4.1 (0.7, 24.1)
3 2 (7) 13 (15) 3.8 (0.7, 19.3) 5.4 (0.9, 31.4)
4 5 (19) 16 (18) 1.9 (0.6, 6.2) 3.1 (0.8, 12.1)
5 (definitely) 4 (15) 22 (25) 3.2 (0.9, 11.2) 6.2 (1.4, 27.0)jj

*Some variables have missing values; hence, the sample size (n) for some variables may be less than the number of participants.
�The values listed are numbers (with percentages in parentheses) unless otherwise indicated.
zuOR, unadjusted odds ratio from bivariate logistic regression model; CI, confidence interval; aOR, adjusted odds ratio from
multivariable logistic regression model controlling for age, sex, race, education, years since injury, and living arrangements; Ref,
reference group.
jjOdds ratio is significantly different (P , 0.05) from 1.0.
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polyarthritis (29) and dizziness (17,30) are well-docu-
mented risk factors for falls among elderly persons. In a
review of the epidemiology of falls, dizziness was
reported as the cause of a fall in 13% of 3,628 reported
falls among both community-dwelling and institutional-
ized elderly (17). Interventions for arthritis and dizziness
may lead to control or elimination of symptoms,
reduction in falls and related injuries, and improvement
of overall health status.

Ambulatory individuals with SCI who exercised more
frequently were found to have lower odds of having a fall.
Exercise, particularly resistance training, has been linked
to reduction in fall risk for healthy older adults (31,32). In
addition to reducing fall risk, the 1996 Report of the
Surgeon General states that regular physical activity is
associated with reduced risk of developing diabetes,
hypertension, and colon cancer and reduces the risk of
dying from heart disease, helps control weight, and
reduces feelings of depression and anxiety (33). Thus,
implementation of an exercise program may lead to a
reduced number of medical conditions, fewer days for
poor physical health, and increased confidence in the
ability to engage in community activities.

Other variables related to activity that were associat-
ed with falls in those with SCI were walker use, being
fearful of falling, and limiting participation in community
activities because of a fear of falling. More of the
nonfallers used a walker, which is the most stable of all
assistive devices for ambulation. The increased stability
provided by a walker may account for the reduction in
falls with these persons. The need for a device that
provides greater stability may be evidenced by greater
cane use among those who fell. A fear of falling and
subsequent limitation in community activity has long
been recognized as a risk factor for falls in older adults
(34). Recent research indicates that a fear of falling
continues to be associated with falls (35–37). Implemen-
tation of an exercise program and/or use of a walker may
reduce the fear of falling and increase confidence in the
ability to engage in community activities for ambulatory
individuals with SCI.

In the final multivariable model, only exercise
frequency and walker use were associated with having
had a fall. Because of the small sample size, the analyses
were not powered to be able to detect multiple
significant independent effects. Although the ultimate
and final multivariable model reduces to 2 statistically
significant variables, this does not necessarily preclude
the possibility of the other omitted variables being
associated with falls. However, in models adjusting for
age, sex, race, education, years since injury, and living
arrangements, there are several variables with strong
significant associations with falls, and of these, 2 variables
(exercise frequency and walker use) seem to be
significant even after adjusting for other possibly
important subject characteristics.

There are several noteworthy limitations in this study.
First, all data are self-report. Data from observance of
actual behaviors or from diaries updated on a regular
basis may have identified somewhat different results.
Second, there was a relatively large percentage of
nonresponders, which could affect the factors associated
with falls. With only demographic and injury data
available for comparison, no differences were found in
sex, race, marital status, years of education, or injury level
between responders and nonresponders. Compared to
responders, nonresponders were significantly younger
(44.3 vs 52.2 years; P , 0.01); however, age was not a
significant risk factor for falls in this study. Based on the
limited available data, the nonresponders seem to be
similar to the responders and should be similar with
regard to their risk factors for falls. Third, the analyses
were not able to detect multiple significant independent
effects because of the small sample size. The study’s main
strength was to highlight the variables that are most
strongly associated with falls (with respect to magnitude,
not necessarily with respect to statistical significance).
Fourth, participants were selected from a specialty
hospital rather than a population-based cohort. Never-
theless, the specialty hospital captures 85% of all SCI
persons within that state where the facility is located,
suggesting that the sample would not differ substantially
from a population-based cohort. Last, because data are
cross-sectional, and because the timing of certain factors
was not fully elicited by the items in our questionnaire,
the findings do not establish causation. For example, our
analyses cannot distinguish whether a respondent’s
walker use contributed to him/her falling (ie, acting as
a causative agent).

CONCLUSIONS
Given that ambulation is a highly coveted goal after SCI,
rehabilitation professionals should consider including falls
history, clinical measures of balance and gait, and
assessment of factors associated with falls into the
examination of these individuals to identify potential
factors that may be associated with falls. Identification of
risk and protective factors can guide the design of
appropriate interventions that may be implemented to
remediate deficits and potentially reduce the incidence of
falls and subsequent injuries. Laboratory assessment of
balance and gait may provide additional objective data
that would allow an even better analysis of the factors
associated with falls among individuals with incomplete
SCI.
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