
Archives of Rehabilitation Research and Clinical Translation (2021) 3, 100096
Archives of Rehabilitation Research and Clinical Translation

Archives of Rehabilitation Research and Clinical Translation 2021;3:100096

Available online at www.sciencedirect.com
Original Research
Evaluating Intrinsic Fall Risk Factors After
Incomplete Spinal Cord Injury:
Distinguishing Fallers From Nonfallers

Kristin E. Musselman, PhD a,b, Tarun Arora, PhD c,d,
Katherine Chan, MSc a, Mohammad Alavinia, PhD. a,
Mackenzie Bone, MSc e, Janelle Unger, PhD a,e,
Joel Lanovaz, PhD e, Alison Oates, PhD e
a KITE, Toronto Rehabilitation InstituteeUniversity Health Network, Toronto, Ontario, Canada
b Department of Physical Therapy, University of Toronto, Toronto, Ontario, Canada
c School of Rehabilitation Science, College of Medicine, University of Saskatchewan, Saskatoon,
Saskatchewan, Canada
d Department of Biomedical Engineering, Lerner Research Institute, Cleveland Clinic, Cleveland,
Ohio
e College of Kinesiology, University of Saskatchewan, Saskatoon, Saskatchewan, Canada
KEYWORDS
Accidental falls;
Ambulation;
Falls;
Spinal cord injuries;
Rehabilitation;
Walking
List of abbreviations: ABC, Activities-
open; IQR, interquartile range; ML, m
Supported by the Saskatchewan Healt
Disclosures: none
Cite this article as: Arch Rehabil Res

https://doi.org/10.1016/j.arrct.2020.
2590-1095/ª 2020 The Authors. Publi
access article under the CC BY-NC-ND
Abstract Objective: To determine whether performance on measures of lower extremity
muscle strength, sensory function, postural control, gait speed, and balance self-efficacy
could distinguish fallers from nonfallers among ambulatory individuals with spinal cord injury
or disease (SCI/D).
Design: Prospective cohort study.
Setting: Community.
Participants: Individuals (NZ26; 6 female, aged 58.9�18.2y) with motor incomplete SCI/D
(American Spinal Injury Association Impairment Scale rating C [nZ5] or D [nZ21]) partici-
pated. Participants were 7.5�9.1 years post injury. Seventeen participants experienced trau-
matic causes of spinal cord injury.
Main Outcome Measures: Participants completed laboratory-based and clinical measures of
postural control, gait speed, balance self-efficacy, and lower extremity strength, as well as
proprioception and cutaneous pressure sensitivity. Participants were then followed for up to
1 year to track falls using a survey. The survey queried the circumstances and consequences
of each fall. If a participant’s number of falls equaled or exceeded the median number of falls
experience by all participants, they were classified a faller.
specific Balance Confidence; AP, anteroposterior; COP, center of pressure; EC, eyes closed; EO, eyes
ediolateral; SCI/D, spinal cord injury or disease; 10MWT, 10-m walk test.
h Research Foundation (grant no. 2915 to K.E.M. and A.O.).
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Results: Median follow-up duration was 362 days and median time to first fall was 60.5 days.
Fifteen participants were classified as fallers. Most falls occurred during the morning or after-
noon (81%), at home (75%), and while walking (47%). The following laboratory-based and clin-
ical measures distinguished fallers from nonfallers (P<.05): measures of lower extremity
strength, cutaneous pressure sensitivity, walking speed, and center of pressure velocity in
the mediolateral direction.
Conclusions: There are laboratory-based and clinical measures that can prospectively distin-
guish fallers from nonfallers among ambulatory individuals with spinal cord injury. These find-
ings may assist clinicians when evaluating their patients’ fall risk.
ª 2020 The Authors. Published by Elsevier Inc. on behalf of the American Congress of Rehabil-
itation Medicine. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
Falls are a common occurrence after spinal cord injury or
disease (SCI/D), especially among ambulatory individuals.1

A variety of biological (eg, muscle weakness, balance def-
icits, spasticity), behavioral (eg, inattention, fear of fall-
ing, risk taking), and environmental (eg, uneven ground,
low lighting) factors contribute to the fall risk of ambula-
tors with SCI/D.1 While the physical consequences of falls
(ie, injury, hospital admission) are well known, the psy-
chosocial effects of falling are less recognized.2,3 In-
dividuals living with SCI/D report that falling has a
significant, detrimental effect on their ability to work,
parent, perform self-care, and participate in leisure ac-
tivities.3 Moreover, falls and fall risk affect emotional well-
being, with feelings of frustration, vulnerability, fear, and
loss of dignity reported.2,3 Among ambulatory individuals
with chronic SCI/D, 50%-67% report a fear of falling.4,5 This
fear can lead to self-imposed restrictions in mobility and
participation in life roles,6 which may perpetuate further
decline in emotional well-being, physical function, and
quality of life.3

Because of the detrimental effect of falls, there is an
emphasis on fall prevention in SCI/D rehabilitation.7,8 A key
fall prevention initiative is the use of screening tools to
gauge fall risk8; however, tools that query the presence/
absence of general fall risk factors were reported to lack
clinical utility for the SCI/D population.7,8 Clinicians report
that almost all individuals with SCI/D score as having a high
fall risk on these tools.7,8 More sensitive, clinical measures
may be more appropriate for assessing fall risk after SCI/D.

A recent systematic review and meta-analysis examined
the ability of clinical balance measures to distinguish fallers
from nonfallers among the ambulatory population with SCI/
D.9 The Berg Balance Scale was the only clinical measure
found to have moderate discriminative ability.9 While the
meta-analysis focused on clinical balance scales,9 there are
other measures that may distinguish fallers from nonfallers.
For example, among older adults, slowed gait speed is a
marker of falls10,11 and has been suggested to predict recur-
rent falls in ambulatory individuals with SCI/D.12 Another
predictor of fall status among older adults is balance/falls
self-efficacy,13 defined as the “perceived self-confidence at
avoiding falls during essential, relatively non-hazardous
activities.”14(p36) Impairments in body structure and func-
tion, such as reduced lower extremity muscle strength and
impaired postural control, are also known to be associated
with falls in older adults15,16 and are perceived to be
contributing factors to falls among individuals with SCI/D.2

However, to date there has been little investigation into
whether these measures, many of which are routinely used in
SCI/D clinical practice, are able to differentiate individuals
with SCI/D who are likely to fall from those who are not.

Here we report the findings from a prospective cohort
study that examined the association between the occur-
rence of falls among individuals with SCI/D and these
lesser-studied measures. We aimed to identify whether
performance on measures of lower extremity muscle
strength, sensory function, postural control, gait speed,
and balance self-efficacy could distinguish fallers from
nonfallers among ambulatory individuals with SCI/D. We
hypothesized that the studied measures would differ
significantly between fallers and nonfallers.

Methods

Participants

Individuals with motor incomplete SCI/D were recruited
through flyers posted at hospitals and community-based
clinics across the province of Saskatchewan, Canada.
Interested participants completed a screening interview by
telephone. If the participant was deemed eligible, written
informed consent was obtained. Ethical approval was
granted by the University of Saskatchewan Research Ethics
Board and the local Health Region.

Individuals were included if they (1) sustained a trau-
matic or nontraumatic and nonprogressive SCI/D that
resulted in a motor incomplete injury (ie, American Spinal
Injury Association Impairment Scale grade C or D), (2) were
at least 1 year post injury (ie, chronic injury), (3) were 18
years or older, and (4) were able to walk over ground with a
gait aid and/or ankle-foot orthoses but no physical assis-
tance from another person. Participants were excluded if
they had another condition that affected their walking or
balance (eg, vestibular impairment).

Laboratory-based and clinical assessments

Assessments were completed at the Biomechanics of Bal-
ance and Movement Lab, University of Saskatchewan over 2
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consecutive days. At one session, a laboratory-based
assessment of balance control was completed. At another
session, a clinical assessment was completed by a
researcher with a background in physical therapy. De-
mographic (ie, age, sex) and injury-related (ie, neurologic
level of injury, time post injury, mechanism of injury) data
were also collected.

Center of pressure (COP) sway velocity was measured
during quiet standing in mediolateral (ML) and ante-
roposterior (AP) directions as a measure of balance control.
Participants stood on a force platea embedded in the floor
(18.25�20 inches) for 60-s trials in eyes closed (EC) and
eyes open (EO) conditions. Ground reaction forces were
collected with the force plate, from which COP movement
was calculated offline using customized software.b ML and
AP mean sway velocity in both trial conditions were used to
calculated the COP sway velocity EC:EO (ie, Romberg
ratio). The Romberg ratio was selected because individuals
with incomplete SCI/D have increased reliance on vision for
postural control.17,18 COP measures are valid and reliable
measures for the population with incomplete SCI/D.19

Clinical measures of lower extremity strength, proprio-
ception, cutaneous sensation, walking speed, and balance
self-efficacy were completed. Isometric lower extremity
strength was tested bilaterally in standardized sitting and
lying positions using manual muscle testing of the following
8 muscle groups: hip extensors, hip flexors, hip abductors,
hip adductors, knee extensors, knee flexors, ankle plantar
flexors, and ankle dorsiflexors.20 Strength was scored on an
ordinal scale with 0Zno muscle contraction and 5Znormal
muscle strength.21 Half points were adopted between
grades 1-5, as outlined in Herbison et al.21 A total score
(/80) was calculated by summing the muscle group scores.

Proprioception of the first metatarsophalangeal and
ankle joints was assessed bilaterally. Participants assumed
a supine position with their eyes closed while a researcher
moved each joint 6 times slowly through 10� of extension/
dorsiflexion (ie, up) or flexion/plantar flexion (ie, down).
Participants were instructed to state the perceived direc-
tion of movement and were assigned a score of 1 for each
correct response. Each joint could receive a maximum
score of 6 for a total possible score of 24 (ie, 4 joints�6
trials/joint).22 Cutaneous pressure sensation was assessed
using monofilamentsc with participants in supine. Six
different thicknesses were used for the plantar surface of
the first toe bilaterally. The monofilaments were applied in
order of descending thickness. The researcher applied each
monofilament 6 times while the participant’s eyes were
closed. Participants were instructed to say “yes” if they
could feel pressure being applied. A score of 1 was assigned
for each correct “yes” response for a total possible score of
72 (ie, 2 first toes�6 monofilaments�6 trials/
monofilament).

To measure walking speed, the 10-m walk test (10MWT)
was performed. Participants walked in a straight line for 14
m (middle 10m timed) with assistive devices and braces as
needed. The 10MWT is valid and reliable among individuals
with incomplete SCI/D.23 Participants performed the
10MWT at a self-selected speed and then a second time at
their fastest speed. Walking speed reserve, the difference
between fastest and self-selected walking speeds, was also
calculated.24,25
The Activities-specific Balance Confidence (ABC) Scale
was administered to assess balance self-efficacy. Partici-
pants were asked to consider 16 different tasks (ie,
sweeping, getting onto/off an escalator, walking on icy
sidewalks) and rate their confidence in their ability to
maintain balance for each task on a continuous scale from
0%-100%. The ABC Scale is a valid and reliable measure for
the population with chronic incomplete SCI/D.4

Prospective assessment of falls

After the testing sessions, participants were followed up for
1 year to document the occurrence of falls. Participants
were provided the following definition of a fall in writing:
“an event which results in a person coming to rest inad-
vertently on the ground or floor or other lower level.”26(p1)

Participants were asked to complete a survey to collect
information regarding the circumstances and consequences
of each fall. Survey questions were mostly closed ended
and queried details of the fall, such as location, time of
day, and perceived cause(s).27,28 Participants were asked to
complete the survey within 24 hours of experiencing the
fall to reduce recall bias. Participants were given the op-
tion to complete a paper and/or electronic version of the
survey. Offering a variety of response options has been
recommended for survey studies involving individuals with
SCI/D.29 The online survey was administered by a secure
system.d For participants who opted to complete the paper
version of the survey, responses were entered into the
online survey platform by a researcher during a follow-up
phone interview. Phone interviews were completed every
3 weeks to ensure the fall surveys were being completed
and to document changes in participants’ health status.

Statistical analyses

Demographics, injury-related data, and laboratory and
clinical assessments were reported as mean and SD or fre-
quency counts, as appropriate. Survey data were synthe-
sized with descriptive statistics (eg, frequency counts). For
categorical survey data (ie, time of fall, location of fall), a
1-sample chi-square test was used to determine whether
the data followed a hypothesized population distribution
(ie, no differences in frequency across categories).

At the end of the follow-up period, each participant was
classified as a faller or nonfaller based on the number of
falls experienced. If a participant’s number of falls was
equal to or greater than the median number of falls expe-
rienced by all participants, they were classified as a faller.
If a participant’s number of falls was less than the median
number of falls experienced by all participants, they were
classified as a nonfaller. These definitions of faller and
nonfaller were selected because the majority (ie, 78%; CI,
73%-83%) of ambulators with SCI/D fall at least once per
year.1 Defining a fall according to the median number of
falls ensured we focused on those individuals with a greater
fall risk. Time to first fall was reported as median and
interquartile range (IQR).

We hypothesized that the probability of the time to first
fall in the study population followed a Poisson distribution.
Therefore, a Poisson regression model was used to calculate



Table 1 Demographic and injury-related characteristics

Characteristics All
Participants
(nZ26)

Fallers
(nZ15)

Nonfallers
(nZ11)

Sex (male:female) 20:6 12:3 8:3
Age (y), mean � SD 58.9�18.2 59.5�18.4 58.0�18.8
Time since injury (y),

mean � SD
7.5�9.1 9.5�11.6 4.6�2.2

AIS (C:D) 5:21 4:11 1:9
Traumatic:nontraumatic 9:17 5:10 4:7
Paraplegia:tetraplegia 11:15 7:8 4:7

Abbreviation: AIS, American Spinal Injury Association Impair-
ment Scale.
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the incidence of a first fall in the study population. Because
a participant may experience more than 1 fall, which is not
an independent event, we decided to measure the pop-
ulation’s first fall incidence. Using this model, we investi-
gated the incidence of a first fall in the study population as
the dependent variable during the 1 year of follow-up. The
time in the model was the number of days elapsed from the
beginning of the study until either the first fall or the end of
the follow-up, whichever came first. Because of the small
sample size, we could not conduct a multiple Poisson
regression analysis and instead assessed the effect of each
variable in a univariate model. The a level was set at 0.05 for
all statistical tests, which were executed on SAS version 9.4e

or SPSS version 26.f
Results

Participants

Twenty-six individuals with SCI/D (table 1) participated
between July 2014 and May 2017. Group performance on
the laboratory-based assessment of balance control and
clinical assessment is reported in table 2. COP data were
reported for 20 participants. The reasons for missing COP
data included inability to stand independently for the
required length of time of the COP data collection (nZ4),
Table 2 Performance on laboratory and clinical assessments

Variables Mean � SD

COP velocity ML ratio EC:EO 1.71�0.56
COP velocity AP ratio EC:EO 2.01�0.76
LE strength (/80)* 61�11
LE proprioception (/24) 19�5
LE cutaneous pressure (/72) 31�15
Walking speed self-selected (m/s) 0.84�0.42
Walking speed fast (m/s) 1.16�0.59
Walking speed reserve (m/s) 0.32�0.22
ABC Scale (%) 67.5�20.2

Abbreviation: LE, lower extremity.
* Total score of 80 consisted of 40 per leg (maximum score of 5 for
equipment error (nZ1), and participant being deemed an
outlier (ie, data exceeded 3 SDs of group mean) (nZ1).

Falls data

The median follow-up duration for all participants was 362
days (IQR, 23.25d). Twenty-four participants were followed
for at least 307 days, while 2 participants were followed for
96 and 251 days. These 2 participants could not be reached
for further follow-up interviews.

Twenty-one participants (81%) experienced at least 1
fall in the follow-up period for a total of 72 falls. The me-
dian number of falls was 2. Eleven participants fell under
the median (ie, 0 or 1 fall) and 15 participants fell at least
twice. Of the 2 participants who were lost to follow-up, one
was classified as a faller and the other as a nonfaller.

Median time to first fall was 60.5 days (IQR, 68d) (fig 1).
Falls most frequently occurred in the morning (33.3%) or
afternoon (45.8%). Three-quarters of falls took place at
home, either indoors (47.2%) or outdoors (27.8%). These
distributions of responses for both time and location of fall
were likely not due to chance (P<.01). Just under half of
the falls recorded took place while walking. Falls were
commonly the result of a slip or weakness/legs giving out
(table 3). Thirty falls (42%) resulted in injury, mostly pain or
bruises. Five falls resulted in the participants requiring
medical attention, and 1 fall led to a hospital admission.

Survival analysis

The COP velocity ratio of EC:EO in the AP direction did not
affect the number of falls experienced by participants
(PZ.57); however, as the COP velocity ratio of EC:EO in the
ML direction increased, the number of falls experienced
also increased (PZ.04). As self-selected and fast walking
speeds increased, the number of falls decreased (PZ.01
and PZ.04, respectively); however, walking speed reserve
did not affect the number of falls experienced (PZ.38). As
lower extremity strength and lower extremity cutaneous
pressure sensation increased, the number of falls
decreased (P<.01). However, lower extremity propriocep-
tion did not affect the number of falls experienced
(PZ.50). Also, balance self-efficacy, as measured on the
Range Fallers, mean � SD Nonfallers,
mean � SD

0.63-2.84 1.83�0.59 1.55�0.52
0.71-4.1 2.02�0.44 2.01�1.07
36-74 57�10 66�9
6-24 19�5 20�4
0-52 26�15 39�11
0.09-1.46 0.68�0.3 1.09�0.64
0.10-2.07 0.93�0.43 1.52�0.64
0.01-0.73 0.25�0.19 0.44�0.24
21.3-95.3 60.0�16.7 78.5�20.1

each muscle group, 8 muscles per leg were tested).



Table 3 Details of falls

Variables Details Count %

Time of fall* Afternoon 33 45.8
Morning 24 33.3
Evening 13 18.1
Night 2 2.8

Location of fall* Home indoors 34 47.2
Home outdoors 20 27.8
Community outdoors 11 15.3
Community indoors 4 5.6
Work outdoors 2 2.8
Work indoors 1 1.4

Activity at time
of fall

Walking 34 47.2
Standing 8 11.1
Climbing stairs 7 9.7
Changing positions 7 9.7
Other 7 9.7
Getting into/out of bed 4 5.6
Getting into/out of
vehicle

3 4.2

Getting into/out of
shower/bath

2 2.8

Reason of fall Slipped 17 23.6
Othery 14 19.4
Legs gave out/weakness 13 18.1
Tripped 9 12.5
Spasms in legs 5 6.9
Poor balance 4 5.6
Don’t know 2 2.8
Tired 2 2.8
Moving quickly/rushing 2 2.8
Doing more than 1 thing 2 2.8
Was distracted 1 1.4
Illness 1 1.4

* Distribution of responses likely not due to chance (P<.01).
y Other reasons for falls included back spasms, misjudgment

of supports, and compromised vision.

Fig 1 Time to first fall. Participants who did not experience
any falls are noted as censored events.
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ABC Scale, did not affect the number of falls experienced
by individuals with SCI/D (PZ.60).

Discussion

Through a prospective cohort study, we examined the as-
sociation between the occurrence of falls and select
laboratory-based and clinical measures among ambulatory
individuals with SCI/D. Poorer performance on measures of
lower extremity strength, cutaneous pressure sensitivity,
walking speed, and increased Romberg ratio of COP velocity
in the ML direction were associated with the future
occurrence of falls.

Among the studied laboratory-based measures, the
Romberg ratio of COP velocity in the ML, but not AP, di-
rection distinguished fallers from nonfallers. Maintaining
postural control in the ML direction has been suggested to
require greater active contribution from supraspinal neural
centers and is considered a greater challenge than main-
taining postural control in the AP direction.30 We also found
that lower extremity strength was able to distinguish the
fallers from the nonfallers in our sample. This finding con-
flicts with that of Jørgensen et al,12 who reported no sig-
nificant differences in the lower extremity motor scores of
infrequent fallers and recurrent fallers. One possible
explanation for the conflicting results is the number of
muscles tested in each study. The lower extremity motor
scores includes 5 muscle groups: hip flexors, knee exten-
sors, ankle dorsiflexors, long toe extensors, and ankle
plantar flexors.31 In contrast, we evaluated the strength of
8 muscles, including 4 muscle groups that act at the hip
joint. Because muscles at the hip joint are important for
postural control, especially in the ML direction,32,33 it
seems reasonable that the evaluation of lower extremity
strength used in this study may be more indicative of
postural control and hence, fall risk.

Surprisingly, performance on the test of lower extremity
proprioception did not distinguish fallers from nonfallers.
Proprioceptive deficits have been shown to affect perfor-
mance on challenging mobility tasks, such as stepping over
obstacles, in ambulatory individualswith SCI/D.34 In this study
we used a simple proprioception test that, while possessing
clinical utility, may lack sensitivity. Instrumentation, such as
the Lokomat34 or Biodex system,35 havebeenused to evaluate
lower extremity proprioception and could be used in future
studies to confirm or refute our findings.

As expected, both self-selected and fast walking speeds
were able to distinguish fallers from nonfallers; however,
walking speed reserve did not. These findings align with prior
research in older adults24 and individuals with multiple
sclerosis.25 Unexpectedly, ABC Scale scores did not discrim-
inate fallers from nonfallers in our participants, despite the
2 groups scoring differently (see table 2). Scores of 67%-69%
are associated with a high likelihood of falling among other
populations.13,36 While there is some evidence that ABC
Scale scores predict fall status,13 a recent systematic review
concluded that there is limited support for the predictive
ability of the ABC Scale among community-dwelling older
adults because of a lack of research.37 Among ambulatory
individuals with SCI/D, those with fear of falling were found
to have a greater risk of falling.12 Generally less fear of
falling is associated with greater balance self-efficacy (ie,
ABC Scale scores) in older adults,38 although the relationship
between these 2 constructs has yet to be established for the
population with SCI/D.
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Identification of a single measure that can accurately
gauge fall risk among individuals with SCI/D is desired by
clinicians and health care administrators,7 yet this may
not be realistic. Falls among the population with spinal
cord injury result from multiple interacting factors span-
ning biological, behavioral, socioeconomic, and environ-
mental domains.1,2,39 A meta-analysis that aimed to
identify clinical measures that predict fall risk among
ambulatory individuals with SCI/D resulted in conflicting
findings.9 Accurate prediction of fall risk likely requires
the integration of a variety of relevant factors that are
specific to each individual, a process akin to clinical de-
cision making. One study found that clinician judgment
concerning the fall risk of geriatric inpatients was more
accurate than 2 commonly used fall risk assessment
tools.40 The findings reported here provide insight into
which intrinsic factors clinicians should consider as they
evaluate a patient’s fall risk.

In this study, most falls occurred in the daytime and at
home. These findings are consistent with previous studies
examining the circumstances of falls among ambulators and
wheelchair users with SCI/D.5,12,28,41 Individuals with SCI/D
have explained that home is a “safe space” where they are
less vigilant about preventing falls.41 Further, higher ac-
tivity levels during the daytime may explain the high fall
occurrence in the morning and afternoon.41 Consistent with
prior research,5,28 walking was the most commonly per-
formed activity at the time of a fall. This finding is not
surprising because human walking is “a particularly chal-
lenging balance task.”42(p205)
Study strengths and limitations

The small sample size and missing laboratory-based data
limited the statistical analyses that could be completed.
For example, with a greater sample size a receiver oper-
ating characteristic curve analysis could be completed to
establish cutoff scores for the measures that distinguish
fallers from nonfallers. Further, it is possible some statis-
tical tests are underpowered, increasing the risk of type II
errors. We did not perform a comprehensive assessment of
the many risk factors that may be associated with falls;
factors other than those studied here may more effectively
distinguish fallers from nonfallers. A strength of this study
was the length of fall monitoring (ie, 1y). To our knowl-
edge, only 1 other study has prospectively monitored falls
in ambulatory individuals with SCI/D for this length of
time.12 Moreover, only 2 participants (7.7%) were lost to
follow-up in our study, a similar rate to that reported by
Jørgensen et al (ie, 6.8%).12
Conclusions

Poorer performance on measures of lower extremity
strength, cutaneous pressure sensitivity, walking speed,
and ML postural control in standing were associated with
the occurrence of falls among ambulatory individuals with
SCI/D. The findings provide insight concerning factors that
may identify ambulatory individuals with SCI/D who are at a
greater risk of falling.
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Rantanen T. Force platform balance measures as predictors of
indoor and outdoor falls in community-dwelling women aged
63-76 years. J Gerontol A Biol Sci Med Sci 2008;63:171-8.

17. Lemay JF, Gagnon D, Duclos C, Grangeon M, Gauthier C,
Nadeau S. Influence of visual inputs on quasi-static standing
postural steadiness in individuals with spinal cord injury. Gait
Posture 2013;38:357-60.

18. Arora T, Musselman KE, Lanovaz J, Oates A. Effect of haptic
input on standing balance among individuals with incomplete
spinal cord injury. Neurosci Lett 2017;642:91-6.

19. Tamburella F, Scivoletto G, Iosa M, Molinari M. Reliability,
validity, and effectiveness of center of pressure parameters in
assessing stabilometric platform in subjects with incomplete
spinal cord injury: a serial cross-sectional study. J Neuroeng
Rehabil 2014;11:1-13.

20. Yang JF, Norton J, Nevett-Duchcherer J, Roy FD, Gross DP,
Gorassini MA. Volitional muscle strength in the legs predicts
changes in walking speed following locomotor training in
people with chronic spinal cord injury. Phys Ther 2011;91:
931-43.

21. Herbison GJ, Isaac Z, Cohen ME, Ditunno JF Jr. Strength post-
spinal cord injury: myometer vs manual muscle test. Spinal
Cord 1996;34:543-8.

22. Gilman S. Joint position sense and vibration sense: anatomical
organization and assessment. J Neurol Neurosurg Psychiatry
2002;73:473-7.

23. van Hedel HJ, Wirz M, Dietz V. Assessing walking ability in
subjects with spinal cord injury: validity and reliability of 3
walking tests. Arch Phys Med Rehabil 2005;86:190-6.

24. Middleton A, Fulk GD, Herter TM, Beets MW, Donley J, Fritz SL.
Self-selected and maximal walking speeds provide greater
insight into fall status than walking speed reserve among
community-dwelling older adults. Am J Phys Med Rehabil 2016;
95:475-82.

25. Kalron A, Menascu S, Dolev M, Givon U. The walking speed
reserve in low disabled people with multiple sclerosis: does it
provide greater insight in detecting mobility deficits and risk of
falling than preferred and fast walking speeds? Mult Scler Relat
Disord 2017;17:202-6.

26. World Health Organization Falls. Available at: https://www.
who.int/news-room/fact-sheets/detail/falls. Accessed June
30, 2020.

27. Unger J, Chan K, Scovil CY, et al. Intensive balance training for
adults with incomplete spinal cord injuries: protocol for an
assessor-blinded randomized clinical trial. Phys Ther 2019;99:
420-7.

28. Singh H, Shibi Rosen A, Bostick G, Kaiser A, Musselman KE.
Exploring the causes and impacts of falls among ambulators
with spinal cord injury using photovoice: a mixed methods
study. BMJ Open 2020;10:e039763.

29. Fekete C, Segerer W, Gemperli A, Brinkhof MWG; SwiSCI Study
Group. Participation rates, response bias and response behav-
iours in the community survey of the Swiss Spinal Cord Injury
Cohort Study (SwiSCI). BMC Med Res Methodol 2015;15:80.

30. Bauby CE, Kuo AD. Active control of lateral balance in human
walking. J. Biomech 2000;33:1433-40.

31. Kirshblum SC, Burns SP, Biering-Sorensen F, et al. International
standards for neurological classification of spinal cord injury
(revised 2011). J Spinal Cord Med 2011;34:535-46.

32. Kim D, Unger J, Lanovaz JL, Oates A. The relationship of
anticipatory gluteus medius activity to pelvic and knee sta-
bility in the transition to single-leg stance. Phys Med Rehabil
2016;8:138-44.

33. Gribble PA, Hertel J. Effect of lower-extremity muscle fatigue
on postural control. Arch Phys Med Rehabil 2004;85:589-92.

34. Malik RN, Cote R, Lam T. Sensorimotor integration of vision and
proprioception for obstacle crossing in ambulatory individuals
with spinal cord injury. J Neurophysiol 2017;117:36-46.

35. Sohn J, Kim S. Falls study: proprioception, postural stability
and slips. Biomed Mater Eng 2015;26(Suppl 1):S693-703.

36. Mak MK, Pang MY. Fear of falling is independently associated
with recurrent falls in patients with Parkinson’s disease: a 1-year
prospective study. J Neurol 2009;256:1689-95.

37. Stasny BM, Newton RA, LoCascio LV, et al. The ABC Scale and
fall risk: a systematic review. Phys Occup Ther Geriatr 2011;3:
233-42.

38. Li F, McAuley E, Fisher KJ, Harmer P, Chaumeton N, Wilson NL.
Self-efficacy as a mediator between fear of falling and func-
tional ability in the elderly. J Aging Health 2002;14:454-66.

39. Singh H, Scovil C, Yoshida K, et al. Factors that influence the
risk of falling after spinal cord injury: a qualitative photo-
elicitation study with individuals that use a wheelchair as
their primary means of mobility. BMJ Open 2020;10:e034279.

40. Vassallo M, Poynter L, Sharma JC, Kwan J, Allen SC. Fall risk-
assessment tools compared with clinical judgment: an evalu-
ation in a rehabilitation ward. Age Ageing 2008;37:277-81.

41. Singh H, Scovil CY, Bostick G, et al. Perspectives of wheelchair
users with spinal cord injury on fall circumstances and fall
prevention: a mixed methods approach using photovoice. PLoS
One 2020;15:e0238116.

42. Winter DA. Human balance and posture control during standing
and walking. Gait Posture 1995;3:193-214.

http://refhub.elsevier.com/S2590-1095(20)30089-6/sref11
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref11
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref11
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref12
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref12
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref12
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref12
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref13
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref13
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref13
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref13
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref13
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref14
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref14
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref15
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref15
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref15
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref16
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref16
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref16
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref16
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref17
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref17
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref17
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref17
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref18
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref18
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref18
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref19
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref19
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref19
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref19
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref19
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref20
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref20
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref20
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref20
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref20
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref21
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref21
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref21
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref22
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref22
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref22
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref23
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref23
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref23
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref24
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref24
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref24
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref24
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref24
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref25
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref25
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref25
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref25
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref25
https://www.who.int/news-room/fact-sheets/detail/falls
https://www.who.int/news-room/fact-sheets/detail/falls
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref27
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref27
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref27
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref27
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref28
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref28
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref28
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref28
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref29
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref29
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref29
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref29
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref30
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref30
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref31
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref31
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref31
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref32
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref32
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref32
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref32
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref33
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref33
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref34
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref34
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref34
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref35
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref35
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref36
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref36
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref36
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref37
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref37
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref37
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref38
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref38
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref38
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref39
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref39
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref39
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref39
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref40
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref40
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref40
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref41
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref41
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref41
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref41
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref42
http://refhub.elsevier.com/S2590-1095(20)30089-6/sref42

	Evaluating Intrinsic Fall Risk Factors After Incomplete Spinal Cord Injury: Distinguishing Fallers From Nonfallers
	Methods
	Participants
	Laboratory-based and clinical assessments
	Prospective assessment of falls
	Statistical analyses

	Results
	Participants
	Falls data
	Survival analysis

	Discussion
	Study strengths and limitations

	Conclusions
	Suppliers
	Corresponding author
	Acknowledgments
	References


