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ABSTRACT
Objectives  This study explored: (1) fall circumstances 
experienced by ambulators with spinal cord injury 
(SCI) over a 6-month period, (2) the impacts of falls-
related injuries and fall risk and (3) their preferences/
recommendations for fall prevention.
Design  A sequential explanatory mixed-methods design 
with two phases.
Setting  A Canadian SCI rehabilitation hospital and 
community setting.
Participants  Thirty-three ambulators with SCI 
participated in phase 1 and eight participants that fell in 
phase 1 participated in phase 2.
Methods  In phase 1, fall circumstances were tracked 
using a survey that was completed each time a participant 
fell during the 6-month tracking period. Phase 2 involved 
photovoice; participants took photographs of factors that 
influenced their fall risk and how their fall risk impacted 
their work/recreational activities. Participants discussed 
the photographs and topics related to fall prevention in an 
individual interview and a focus group.
Results  Of the 33 participants, 21 fell in 6 months. 
Falls commonly occurred in the home while participants 
were changing positions or walking. Most falls occurred 
in the morning or afternoon. In phase 2, interviews and 
focus group discussion revealed three themes: (1) falls 
are caused by bodily impairments (eg, impaired reactive 
response during slips and trips and weakness and altered 
sensation in legs/feet), (2) impacts of fall-related injuries 
and fall risk (eg, psychosocial effects of fall-related 
injuries, limiting community participation due to the risk 
of falling and activity-dependent concern of falling) and 
(3) approaches to fall prevention (eg, fall prevention 
strategies used, components of fall prevention and utility 
of professional fall prevention strategies/interventions).
Conclusions  Fall prevention interventions/strategies 
should focus on minimising a person’s fall risk within their 
home as most falls occurred in the home environment. 
Ambulators with SCI would benefit from education and 
awareness about common fall circumstances that they 
may encounter in their daily lives.

INTRODUCTION
Falls are a common and potentially detri-
mental complication of spinal cord injury 

(SCI). Each year, 78% (95% CI 73% to 83%) 
of community-dwelling ambulators with SCI 
experience at least one fall.1 Living with a 
high risk of falling can lead to psychological 
stress,2 and up to 62% of ambulators with SCI 
will experience a fall-related physical injury.1 
This can limit a person’s participation in self-
care and productive activities, as well as his 
or her interactions with others.1 Considering 
these negative consequences of falls for indi-
viduals with SCI, it is necessary to develop 
effective strategies to reduce their frequency.

Maintaining ambulatory function within 
home and community environments is an 
important goal for many people with SCI.3 
However, falls most commonly occur during 
standing or walking.4 5 Physical factors, 
including decreased or altered sensation, 
decreased strength in trunk and legs, and 
a loss of balance, are common contributors 
to falls.1 6 Additional contributors include 
having poor self-perceived balance and a fear 

Strengths and limitations of this study

►► A mixed-methods design allowed us to combine the 
strengths of qualitative and quantitative methods 
to generate detailed insights into factors related to 
falls and fall circumstances in ambulators with spi-
nal cord injury.

►► Photovoice allowed participants to be involved in 
the collection, analysis and development of action-
oriented solutions.

►► Falls were only tracked for a 6-month period, which 
limited quantitative analyses of season-related fac-
tors that influence falls.

►► The fall survey did not inquire where in the home or 
community participants fell, and conclusions could 
not be drawn about specific rooms or locations.

►► Different sample sizes and over-representation of 
older individuals in Phase 1 and 2 could impact the 
generalisability of the results/interpretations.
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of falling, as well as abusing prescription medication and 
alcohol.6–9

While interest in fall prevention after SCI is growing, 
there is limited research related to ambulators with SCI, 
especially compared with research for those with other 
neurological conditions such as stroke, Parkinson’s 
disease or multiple sclerosis.1 Recently, some insight was 
gained into the fall prevention strategies used by individ-
uals with incomplete SCI through qualitative research. 
For example, slowing down and being cautious, being 
aware of the environment, modifying movement patterns, 
using assistive devices and avoiding risky situations were 
all described as strategies used by individuals with SCI 
in their daily lives to prevent falls.7 Another qualitative 
study (n=15) identified similar fall prevention strategies, 
including: exercising caution in or avoiding risky situa-
tions, screening the walking surface constantly, avoiding 
alcohol, using aids and moving slowly.2 However, prior 
qualitative studies have not comprehensively explored 
perceptions of participants concerning the reasons for 
falls. Also, prior quantitative studies have not explored in 
detail the nature and consequences of falls among this 
population.1 In order to design effective fall prevention 
solutions, there is a need to understand, through quali-
tative methods, the quantitative data that summarises the 
circumstances and causes of falls (ie, a mixed-methods 
approach must be employed).

An individual’s fall prevention beliefs can influ-
ence their willingness to engage in specific preven-
tion interventions. Therefore, the perspectives of the 
target population should inform the development of 
acceptable and feasible fall prevention solutions.10 A 
mixed-methods approach that combines qualitative 
and quantitative methods can generate a comprehen-
sive dataset to further knowledge on falls in ambulators, 
and to express the fall prevention needs of the popula-
tion. In this study, a mixed-methods approach was used 
to describe: (1) fall circumstances experienced over a 
6-month period, (2) the perspectives of ambulators with 
SCI on the impacts of falls on their lives and (3) the 
perspectives of ambulators with SCI on recommenda-
tions for fall prevention.

METHODS
Design
The study employed a sequential explanatory mixed-
methods design with two phases. Phase 1 involved partic-
ipants completing quantitative surveys to document fall 
circumstances over a period of 6 months. Phase 2 involved 
qualitative photovoice methodology to explore the quan-
titative data and generate new insights into the circum-
stances, consequences and prevention of falls. The ‘Good 
Reporting of A Mixed Methods Study’ guidelines were 
followed to increase the quality of reporting (see online 
supplementary material A).11

Settings
This study is part of a larger research project conducted 
at the Lyndhurst Centre, Toronto Rehabilitation 
Institute-University Health Network (UHN), which 
explores the causes and consequences of falls among 
individuals living with chronic SCI. All participants 
provided verbal and written informed consent to partic-
ipate in this study.

Patient and public involvement
Patients or the public were not involved in the design, 
conduct, reporting or dissemination of our research.

Participants
Adults (≥18 years of age) were purposefully recruited 
for phase 1 of this study if they met the following eligi-
bility criteria: (1) had a chronic (≥one year) SCI caused 
by a traumatic event; (2) had a neurological level of SCI 
between cervical (C) 1 to lumbar (L) 1 (American SCI 
Association Impairment Scale grade C–D); (3) identified 
walking as their main means of daily mobility and (4) 
were living in the community for ≥1 month. Thirty-nine 
individuals expressed interest in the study and 33 were 
eligible and consented to participate in phase 1. Based on 
the recommended photovoice sample size of 10–12,12 14 
participants from phase 1 who had fallen were asked to 
participate in phase 2; eight participated in the individual 
interview, and five of these eight participated in the focus 
group discussion. The lead author had no established 
relationship/contact with participants prior to study 
commencement. During the screening, participants were 
informed of the study purpose and the lead researcher’s 
occupation.

Data collection
Phase 1
Phase 1 involved tracking the frequency, circumstances 
and consequences of falls experienced by participants 
during a 6-month period. Falls were tracked using a previ-
ously developed survey.13 The survey contained 11 ques-
tions in total, with four open-ended responses allowing 
participants to provide additional details. Each partici-
pant completed an initial phone or in-person interview 
to provide demographic data and review the instructions 
for the survey. During the 6-month tracking period, 
participants were instructed to complete this online or 
paper-based survey within 24 hours of experiencing a 
fall. Participants were provided, verbally and in writing, 
with the definition of a fall as ‘an event which results in 
a person coming to rest inadvertently on the ground or 
floor or other lower level.’14 A monthly phone call was 
made to each participant to keep participants engaged 
in the study, remind them of the fall survey and to offer 
assistance with its completion. HS (a female PhD candi-
date and occupational therapist with qualitative research 
experience and interest in the research topic) collected 
the data for phase 1.
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Phase 2
Phase 2 was a qualitative photovoice project. Photovoice 
was appropriate for this study since it positioned partici-
pants as the experts of the topic, and allowed them to be 
actively involved in the collection, analysis and develop-
ment of action-oriented solutions.12 This phase involved 
three in-person or telephone meetings (researchers and 
participants) at the Lyndhurst Centre. During the first 
meeting (lasting ~15 min), participants were oriented 
to the method of photovoice including the privacy and 
ethical responsibilities. HS provided participants with 
verbal and written instructions for the photo assignment, 
which consisted of the following four questions that 
participants were asked to answer using photographs: 
(1) ‘What increases your likelihood of falling’, (2) ‘What 
decreases your likelihood of falling’, (3) ‘How does the 
risk of falling affect your ability to participate in paid/
volunteer work’ and (4) ‘How does the risk of falling 
affect your ability to participate in recreational activities’. 
They were asked to capture at least two photographs for 
each question over 1 week. If participants had difficulty 
manipulating a camera, adaptations were available, or a 
caregiver was permitted to assist with photo taking.

The second meeting occurred within 1 week after 
completion of the photo assignment. It consisted of 
a semi structured interview (an hour long) with HS in 
which participants discussed the content depicted in their 
photographs. The SHOWeD framework, an acronym for 
the following five questions was used to facilitate photo-
voice interviews: “What do you see here? What is really 
happening here? How does this relate to our lives? Why 
does this problem, concern, or strength exist? What can 
we do about it?”12 This framework was integrated into the 
interview guide to facilitate discussion.

The third meeting was a 2-hour long focus group facil-
itated by HS, ASR (female undergraduate student) and 
KEM (female Scientist and Assistant Professor). The goals 
were to discuss themes raised by the participants in the 
individual interviews and to brainstorm potential solu-
tions or strategies to prevent falls. Each participant shared 
one of their photographs. The researchers then shared 
trends from the fall surveys and individual interviews with 
the participants. Participants were asked to reflect on and 
share their thoughts about the observed trends. Addition-
ally, the participants were asked how information about 
falls after SCI could be shared to educate peers, health-
care professionals and the general public (see online 
supplementary material B for the interview guides). Field 
notes were made during and after the interviews and 
focus groups.

Data analysis
Phase 1
Demographic data were reported using descriptive statis-
tics. Responses from the surveys were combined to calcu-
late the incidence proportion of falls and fall-related 
injuries and the frequency of fall attributes (eg, time of 
day of fall). The incidence proportion was defined as the 

proportion of the sample that had a fall or fall-related 
injury during the tracking period.1 15

Phase 2
An inductive thematic analysis informed this study’s 
qualitative data analysis.16 The semistructured inter-
views and focus group discussion were audio-recorded 
and transcribed verbatim by the lead author (HS). The 
transcribed dialogue was imported into NVivo V.12 
(QSR International, Burlington, Massachusetts, USA) 
for management, coding and analysis of the data. HS 
and ASR independently coded the transcripts by reading 
each multiple times and summarised key segments into 
one or a few words. Preliminary themes were developed 
independently based on the relationships and patterns 
among these codes. HS and ASR then discussed their 
interpretations of the preliminary themes, and following 
this, KEM audited the qualitative analysis to verify that 
the identified themes closely reflected the viewpoints of 
the participants. After this audit, a set of final themes was 
developed.

Trustworthiness
The following methods were integrated into this study to 
support the trustworthiness of the results.17 18 First, the key 
messages identified from the individual interviews were 
verified by participants during the focus group discussion, 
and this was used as a form of method checking. Second, 
multiple data collection methods were used to collect the 
data. This collection through varied modes allowed for 
method triangulation, which helped confirm the accu-
racy of the findings, and contributed to the generation 
of a rich understanding of the key themes. Finally, inves-
tigator triangulation was used, whereby multiple authors 
were involved in the data collection and analysis.

RESULTS
Phase 1
The demographics and injury characteristics of partici-
pants (n=33) by falls status are displayed in table 1.

Incidence proportion of falls and fall-related injury
A total of 87 falls were recorded (with a range of 1–15 
falls per participant). Over the 6-month tracking period, 
63.6% (n=21) of participants fell at least one time, and 
71.4% (n=15) of fallers experienced recurrent falls (ie, 
two or more falls).

Thirty-five fall-related injuries were reported by 15 
participants. The most commonly reported injuries were 
bruises, pain and bumped heads. Detailed descriptions 
of the impacts of fall-related injuries and fall risk were 
identified in theme 2.

Fall attributes
Most falls occurred inside the participant’s home during 
the morning or afternoon (see table 2). Falls inside and 
just outside the home commonly occurred while the 
participants were changing positions (eg, ‘bending down 

https://dx.doi.org/10.1136/bmjopen-2020-039763
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to do up my coat’, ‘bending to pick up something’, ‘on 
hands and knees moving furniture’ or ‘adjusting concrete 
into place on patio’) or walking. Two-thirds of falls in the 
community/workplace occurred while the participants 
were walking (see figure 1 eg, of fall risk during standing/
walking).

Almost half of the falls inside and just outside the 
home were caused by poor balance, legs giving out and 
weakness in the legs. The top factors contributing to falls 
experienced in the community and workplace were poor 
balance, tripping over something in the environment and 
slipping. In theme 1 below, participants provided detailed 
reflections on how their activities and the contributing 
factors caused falls in the home and community.19

Phase 2
Eight participants completed an individual interview. 
Five of these participants also participated in the focus 
group discussion; one participant was unavailable (ie, 
out of country) and two others agreed to participate via 
telephone, but were unreachable on the day of the focus 
group. Participant demographics and injury character-
istics for those that completed phase 2 are displayed in 
table 3.

The analysis of the qualitative data revealed three 
themes: (1) Falls are caused by bodily impairments, 
(2) Impacts of fall-related injuries and fall risk and (3) 
Approaches to fall prevention (see table 4 for a summary 
of the themes and subthemes).

Theme 1: falls are caused by bodily impairments
Theme 1 reflects discussion about fall trends from the 
surveys as well as other factors that contributed to partic-
ipants’ previous falls.

Subtheme 1a: impaired reactive response during slips and trips
Surveys revealed that poor balance was a top perceived 
contributor to falls that occurred in the home and 

Table 1  Phase 1 participant demographics and injury 
characteristics

Characteristics
Total sample 
(n=33)

Fallers 
(n=21)

Non-fallers 
(n=12)

Mean age (SD) 
(years)

61.6±12.6 60.9±11.3 62.8±15.1

Biological sex (n)

 � Male 23 16 7

 � Female 10 5 5

Mean (SD) time 
post-SCI (years)

11.3±12.1 15.3±13.5 4.3±3.7

Neurological level of injury (n)

 � Cervical 24 14 10

 � Thoracic 7 5 2

 � Lumbar 2 2 0

SCI, spinal cord injury.

Table 2  Fall circumstances

Fall circumstance Falls (87 falls in total)

Time of fall (%, nfalls*)

 � Morning 35 (40.2)

 � Afternoon 28 (32.2)

 � Evening 16 (18.4)

 � Night 8 (9.2)

Location of fall (%, nfalls*)

 � Home indoors 43 (49.4)

 � Community outdoors 22 (25.3)

 � Home outdoors 11 (12.6)

 � Community indoors 8 (9.2)

 � Workplace 3 (3.4)

Activity by location

 � Inside or just outside the home (%, nA.H*)

 � �  Changing positions 19 (35.2)

 � �  Walking 16 (29.6)

 � �  Standing 5 (9.3)

 � �  Getting into/out of bed 4 (7.4)

 � �  Walking up or down the stairs 4 (7.4)

 � �  Getting into/out of a vehicle 2 (3.7)

 � �  Dressing 2 (3.)

 � �  Other 1 (1.9)

 � �  Opening/closing a door 1 (1.9)

 � Community or workplace (%, nA.C*)

 � �  Walking 22 (66.7)

 � �  Standing 4 (12.1)

 � �  Changing positions 3 (9.1)

 � �  Getting into or out of a vehicle 2 (6.1)

 � �  Sports/exercise 1 (3.0)

 � �  Other 1 (3.0)

Causes of falls (could select ≥1 for each fall)

 � Inside or just outside the home (%, nC.H*)

 � �  Poor balance 23 (15.3)

 � �  Legs gave out 22 (14.7)

 � �  Weakness in legs 21 (14.0)

 � �  Other 18 (12.0)

 � �  Doing more than one thing 12 (8.0)

 � �  Tired 12 (8.0)

 � �  Tripped 9 (6.0)

 � �  Slipped 8 (5.3)

 � �  Distracted 7 (4.7)

 � �  Moving too quickly/rushing 6 (4.0)

 � �  Dark/poorly lit environment 3 (2.0)

 � �  Dizzy 3 (2.0)

 � �  Spasm in leg(s) 3 (2.0)

 � �  Not using mobility aid 1 (0.7)

Continued
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community. Several participants described impaired reac-
tive responses when experiencing decreased balance, 
which increased their risk of falling. Participants explained 
that it was difficult for them to adjust the position of their 
feet to compensate for uneven walking surfaces, as altered 
sensation prevented reactive responses and adjustments. 
In addition, because some participants were unable to use 
their arms to maintain stability when unbalanced, they 
were more likely to fall. In her words, P5 compared her 
reactive responses to those of someone without SCI:

Your foot would adjust and comfortably slide or slip 
or partially fall, but you would be able to break your 
fall because your hands go in front of you. But unfor-
tunately, I can’t break a fall because my arms don’t go 
out in front of me anymore to break a fall like they 
used to because of the injury…That’s just an automat-
ic thing when you’re able-bodied…With me, I’m go-
ing to do a face plant because my arms just don’t go 
out anymore since the injury.

Subtheme 1b: weakness and altered sensation in legs/feet
Many participants spoke of altered gait patterns due 
to persistent weakness in their legs, and this increased 
their susceptibility to falls. Since some participants had 
difficulty dorsiflexing and plantarflexing their feet, they 
frequently tripped while walking over uneven surfaces. 
For instance, P2 described her unstable gait pattern as 
a tripping hazard: ‘I should be going heel-toe, heel-toe, 
but sometimes it’s more like shuffle-step-shuffle. And 
it’s the shuffle that trips you.’ Based on the surveys, falls 
due to ‘tripping’ were more common in the commu-
nity compared with the home. Also, a few participants 
constantly dragged one or both of their feet while walking, 
and the others had a tendency to drag their feet when 
they were tired. This increased participants’ likelihood of 
tripping.

When walking barefoot, the contact of the soles of 
participants’ feet with objects frequently caused spasms. 
In addition, for many participants, stepping on or off 
curbs presented a high chance of falling due to weakness 
in their legs. For example, P1 explained that his knee 
would sometimes ‘give out’ when he stepped up onto a 
curb. The frequency of reported falls during standing 
and walking was corroborated by the survey responses.

Subtheme 1c: altered body response caused by external factors
Several participants explained that external factors 
caused altered and often unpredictable body responses, 
which increased their risk of falling. When the tempera-
ture was too hot or cold, some participants experienced 
altered sensation and/or uncontrollable movements 
in their legs. For example, P2 found that hot weather 
altered the sensation in her feet, explaining, ‘Because of 
the heat [my feet] feel like they are made out of cement.’ 
However, survey data revealed that ‘weather’ accounted 
for less than 4% of the total factors perceived to contribute 
to falls in the home and community. A few participants 
explained that when the weather was too cold, they expe-
rienced body sensitivity, spasms, and muscle stiffness that 
led to falls. P2 stated, ‘When the temperature is cold my 
legs get really stiff and they just don’t work properly. [My 
legs] give out on me.’ P4 experienced chronic pain that 
became worse with specific environmental conditions. 
He explained that being outside on a cold day ‘just for a 
couple of minutes’ caused ‘all these situations [to] arise 
that are unpredictable to how my body reacts’. On days 
that were humid, P6 compared walking to ‘pushing your 
body through deep water…to propel your legs forward, 

Fall circumstance Falls (87 falls in total)

  �  Weather 1 (0.7)

  �  ‘Don’t know’ 1 (0.7)

 � Community or workplace (%, nC.C*)

  �  Poor balance 13 (15.9)

  �  Tripped 12 (14.6)

  �  Slipped 9 (11.0)

  �  Legs gave out 8 (9.8)

  �  Other 7 (8.5)

  �  Moving too quickly/rushing 7 (8.5)

  �  Weather 7 (8.5)

  �  Tired 5 (6.1)

  �  Weakness in legs 5 (6.1)

  �  Doing more than one thing 2 (2.4)

  �  Dark/poorly lit environment 2 (2.4)

  �  Not using mobility aid 2 (2.4)

  �  Distracted 2 (2.4)

  �  Don’t know 1 (1.2)

Type of injury (%, ninjuries*)

 � Bruises 19 (40.4)

 � Pain 9 (19.1)

 � Cuts/scrapes 8 (17.0)

 � Bumped head 8 (17.0)

 � Other 3 (6.4)

Medical attention required (%, nfalls*)

 � No 84 (95.5)

 � Yes 4 (4.5)

*Changing positions: ‘Getting into and out of a body position 
and moving from one location to another, such as rolling from 
one side to the other, sitting, standing, getting up out of a chair 
to lie down on a bed, and getting into and out of positions of 
kneeling or squatting’19; falls*denominator is total number of falls; 
A.H*denominator is total number of activities during falls inside or 
just outside the home; A.C*denominator is total number of activities 
during falls that occurred in the indoor/outdoor community; 
C.H*denominator is total number of causes of falls that occurred 
inside or just outside the home; C.C*denominator is total number 
of causes of falls that occurred in the indoor/outdoor community; 
injuries*denominator is total number of injuries.

Table 2  Continued
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it’s like you’re walking in…water up to your chest.’ These 
three factors (ie, ‘weather’, ‘spasms’ and ‘legs giving out’) 
accounted for nearly one-fifth of total contributors to falls 
cited by participants in the surveys.

For P1, altered body response was caused by external 
factors such as stress. P1 explained that his body’s reac-
tion to any form of stress resulted in an increased risk of 
falling: ‘It’s the central cord. My body wants to go into 
the fetal position. So any stress…let’s say we were having 
this huge argument right, immediately you would see…
my body wants to go into the fetal position.’

Alcohol was another factor that altered participants’ 
perceived body responses and increased their risk of 
falling. Despite a higher risk of falling, one participant 
continued to consume alcohol to reduce his constant 
neuropathic pain. Although alcohol was discussed in the 
interviews as a common factor perceived to increase fall 
risk, it was not cited in the surveys as a common factor 
contributing to falls.

Subtheme 1d: ‘I was tired; that’s why I was falling’
Fatigue accounted for 7.3% of the falls that were reported 
on the surveys. Participants explained that fatigue 
increased their chances of falls because it increased their 
likelihood to overlook environmental fall hazards. P2 

Figure 1  Factors that increase fall risk.

Table 3  Participant demographics and injury 
characteristics in phase 2

Participant 
code Sex

5-year 
age 
category

5-year 
time since 
injury 
category

Neurological 
level of 
injury

P1* Male 50–54 1–4 Cervical

P2* Female 55–59 10–14 Cervical

P3 Male 50–54 40–44 Thoracic

P4 Male 65–69 45–49 Thoracic

P5 Female 55–59 10–14 Cervical

P6 Male 45–49 5–9 Cervical

P7* Male 50–54 1–4 Cervical

P8 Male 65–69 20–24 Cervical

*Participated in the individual interview only.

Table 4  Themes and subthemes

Theme 1: Falls are 
caused by bodily 
impairments

Subtheme 1a: Impaired reactive 
response during slips and trips

Subtheme 1b: Weakness and 
altered sensation in legs/feet

Subtheme 1c: Altered body 
response caused by external 
factors

Subtheme 1d: ‘I was tired; that’s 
why I was falling’

Subtheme 1e: Pain affecting 
balance

Subtheme 1f: Optimal level of 
caution

Theme 2: Impacts of 
fall-related injuries and 
fall risk

Subtheme 2a: Psychosocial 
effects of fall-related injuries

Subtheme 2b: Limiting community 
participation due to the risk of 
falling

Subtheme 2c: Activity-dependent 
concern of falling

Subtheme 2d: ‘I get to fall’

Theme 3: Approaches to 
fall prevention

Subtheme 3a: Fall prevention 
strategies used

Subtheme 3b: Components of fall 
prevention

Subtheme 3c: Utility of 
professional fall prevention 
strategies/interventions

Subtheme 3d: Peer vs 
professional fall prevention training

Subtheme 3e: Priorities for fall risk 
reduction and fall prevention
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recounted a period where she had several falls because 
she did not get enough rest. She stated that fatigue caused 
muscle weakness, which made her more susceptible to 
falling. Similarly, P8 explained that his cognitive aware-
ness of the environment and reaction time were reduced 
when he was tired: ‘Your balance is not just as physically 
adept when you are tired.’

Subtheme 1e: pain affecting balance
Many participants described the effect of pain, a common 
complication of SCI, on their gait patterns. Pain often 
reduced their balance and mobility, and for P6, pain in 
his legs caused him to ‘start to limp more.’ Also, pain in 
his upper extremity impacted his risk of falls as it reduced 
his ability to ‘hold a cane.’ When the pain was only expe-
rienced unilaterally, it caused participants to ‘feel unbal-
anced’ and increased their likelihood of falling.

Subtheme 1f: optimal level of caution
Participants believed that there was an optimal level of 
caution that ensured a lower risk of falling. Falls were 
perceived as more probable when participants were less 
cautious, since they were more likely to overlook specific 
fall risk factors. Participants explained that after having 
SCI, they had to direct more attention to their phys-
ical movements in order to prevent falls. Multitasking 
accounted for 6% of the falls reported on the surveys. If 
participants were preoccupied with one or multiple tasks 
and simultaneously walking or performing a transfer, 
they could no longer fully concentrate on their move-
ments and were at a heightened risk for falls. Based on 
her experiences, P5 explained that she would likely fall 
if she did not direct her full attention to her movements: 
‘When my mind is off of [falls] and I’m not looking down, 
I’m gonna go down…my attention needs to be where my 
legs are, especially if there’s uneven ground or incline, 
decline, pebbles, rock, ice.’

Distraction (representing 3.9% of contributing factors 
reported on the surveys) interfered with a participant’s 
ability to use visual and cognitive strategies to compen-
sate for decreased balance and reduced sensation. For 
instance, P1 explained that when he was distracted and 
unable to use his vision to compensate for the decreased 
strength and sensation in his legs, his risk of tripping 
increased.

I have no real feeling in my left leg…if I walk down the 
road, I physically have to tell my brain to lift my leg…
if I am walking and I get distracted…I am stumbling.

On the other hand, when participants were overly 
cautious, they were also at a higher risk of falling, but this 
factor was not captured on the surveys. Based on his expe-
riences, P4 explained that anticipating a fall could trigger 
one: ‘If I…walk normal, I tend to overcome [the fall 
risk]. But, if I’m focusing, ‘Oh this place is treacherous, 
something’s gonna happen’ and that’s when I notice a 
fall happens.’ Thinking about a fall induced a physical 
response: ‘because you’re thinking that you’re gonna fall, 

the body stiffens up’ (P4). When P4’s body stiffened, his 
balance and gait pattern were impacted, and he believed 
he was at a higher risk of falling.

Theme 2: impacts of fall-related injuries and fall risk
Participants described multiple effects of fall-related inju-
ries and fall risk. The potential of falling and sustaining an 
injury led some ambulators with SCI to limit their commu-
nity participation and develop an activity-dependent 
concern of falling. It is important to note that despite 
having had falls in the past, there were some participants 
who felt fortunate to be able to ambulate and to have the 
subsequent ability to fall.

Subtheme 2a: psychosocial effects of fall-related injuries
In addition to physical injuries, falls had psychosocial 
effects. As described by P3, the recovery from a physical 
injury could potentially limit the participants’ ability to 
function for an extended period of time. P5 described a 
situation where she sustained an ankle sprain and visible 
cuts, scrapes and bruises on her face from a fall, and she 
avoided going into the community due to a feeling of 
embarrassment about the visible injuries. She explained, 
‘I was bruised you know my face was black and blue. It 
looked like someone punched me. It didn’t look like I 
fell. I had an ankle sprain or foot sprain…I was kind of 
isolated in the house for a few weeks because makeup 
wouldn’t cover it.’

Subtheme 2b: limiting community participation due to the risk of 
falling
A few participants voluntarily limited their community 
participation to avoid situations that increased their 
risk of falling. Crowded places, including amusement 
parks, cultural dances, and other social events included 
an elevated risk for falls and were commonly avoided. 
P5 spoke about temporarily limiting her community 
participation during bad winter weather: ‘I won’t leave 
the house if it’s a [snowy] day like that because of the 
risk of falling and the recovery from an injury is just so 
long.’

Subtheme 2c: activity-dependent concern of falling
Participants felt fearful of falling when they performed 
activities during which they had previously fallen. For 
example, P7 outlines the potential fear associated with 
environments where previous falls have occurred: ‘These 
stairs, I fell once but I’m always concerned anytime I'm on 
the stairs. I’m scared.’

While living with a high risk of falling was universally 
stressful, the fear of falling did not limit all participants. 
For example, P5 experienced stress each time she was 
on an escalator but continued to go on escalators. She 
stated, ‘Going down an escalator is a problem. First of all, 
because it’s something moving…I walk slow. Also, if I get 
on, I could go fall forward. Even though I’m holding onto 
the handrail. It stresses the living life out of me.’
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Subtheme 2d: ‘I get to fall’
Not all participants viewed falls in an entirely negative 
light. P1 explained that he was ‘lucky’ to regain walking 
function after his SCI, as he was not expected to walk 
again. He felt fortunate to have the ability to walk and 
he acknowledged that falls were an associated risk that 
he was willing to accept. Despite having had seven falls, 
three fall-related hospitalisations, and being placed on a 
concussion protocol in the last year, P1 explained: ‘I get 
to fall…if I fall, I fall.’ He elaborated: ‘I feel that [falls are] 
part of my injury…I know there’s a risk to participating 
in activities but [I] push through it.’ This participant was 
willing to accept the risk of falling without allowing it to 
limit his participation in day-to-day activities.

Theme 3: approaches to fall prevention
This theme reflects the perspectives of participants on 
various aspects of fall prevention, including: (1) Fall 
prevention strategies used, (2) Components of fall preven-
tion, (3) Utility of professional fall prevention strategies/
interventions, (4) Peer versus professional training for 
fall prevention and (5) Priorities for fall risk reduction 
and fall prevention.

Subtheme 3a: fall prevention strategies used
Figure 2 depicts images captured by participants of factors 
that reduced their fall risk.

Scan the environment and be cognitively aware
Participants outlined several strategies they employed to 
improve their balance when standing and walking. These 
strategies compensated for reduced sensation in their 
lower extremities, and largely involved visually scanning 
the environment and directing increased cognitive aware-
ness to their gait pattern and floor transitions or uneven-
ness in order to avoid tripping.

P8 made a conscious effort to walk with a ‘wider stance’ 
because it ‘creates a little more stability.’ P1 had to be 
constantly aware of his body’s responses so that he could 
prepare to stretch his legs to stop them from giving out. 
When walking outside, P1 explained that he compensated 
for reduced sensation in his leg by consciously reminding 
himself to lift his leg while walking. Similarly, P8 shared 
his strategy to plan his movements in his mind to avoid 
potential fall risks where he had previously fallen. Many 
participants indicated that slowing down gave them an 
opportunity to plan movements, as well as anticipate and 
react to unexpected body responses. By slowing down and 

exhibiting increased levels of caution, participants were 
able to decrease their risk of falling.

Getting to know one’s environment
Participants explained that familiarising themselves with 
their environments was an important strategy to prevent 
falls. P3 explained that falls were more prevalent during 
the first few years post-injury, but after he adjusted to 
his surroundings and living with SCI, he experienced 
fewer falls. ‘In my case, I think in spaces of familiarity, 
like my home, I know it so well. I mean the first couple 
of years when I first moved there after my injury, it was 
about getting to know it.’ Although this was considered a 
strategy to reduce fall risk, survey data revealed that most 
falls occurred in the home, an environment all partici-
pants were familiar with.

Using or not using a mobility aid
Although all participants agreed that a mobility aid could 
reduce their risk of falls, not all participants consistently 
used a mobility aid in their home or the community. In 
their home, several participants did not use a mobility 
aid (eg, walker) because it was not ‘practical’; rather, 
they preferred to rely on objects in their environment for 
balance and support (figure 2A). Participants explained 
that relying on the environment for support was conve-
nient and useful: ‘Touching walls kind of helps me. If I 
lose balance, then I lean into the wall and the wall keeps 
me up’ (P3). Other participants avoided mobility aids 
simply because they had limited space in their home.

Participants also described the situational possibility 
for a mobility aid to increase their fall risk. For instance, 
using a cane on a slippery surface presented a challenge 
for P6: ‘The tip of the cane can even slip on the ice.’ Other 
participants described instances in the community when 
they felt holding on to a caregiver or family member’s 
arm for balance support was sufficient and they did not 
use their mobility aid (see figure 2B). In order to reduce 
falls, it was important to make an appropriate judgement 
call about when to use a mobility aid. For instance, P1 
compensated for poor balance by using a power wheel-
chair within his home when he was under the influence 
of alcohol.

Modified activities
To prevent falls, participants often altered the way 
they participated in specific activities. For example, P3 
explained that when his legs felt particularly weak, he 
would modify the way he went up a flight of stairs: ‘almost 
like crawling up the stairs…going up in a crouched posi-
tion with your hands.’ Other participants spoke about 
modifying their participation in daily activities and 
sports/recreation to increase their safety and reduce the 
risk of falling.

Footwear
Appropriate footwear was important to reduce fall risks 
as shoes could compensate for reduced sensation and 
foot drop. Walking barefoot or in socks was generally 

Figure 2  Strategies perceived to reduce fall risk.
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understood to increase the risk of falling. For P5, it was 
necessary for a shoe to have a sole that had an upwards 
curved tip. She explained, ‘Because of the foot drag, what 
I find with this shoe when you’re walking…there’s less 
catching…I’m wearing a running shoe…the toe curves 
upward, so when you’re walking, it helps you create that 
natural like heel, ball, toe business.’ For many, closed toe 
shoes reduced the risk of spasms caused by temperature 
sensitivity or wet floors. Thus, many participants wore 
shoes inside their homes, including in the shower. Winter 
boots with good grip were also a necessity in the winter 
months (see figure 2C).

Asking for assistance
Asking for assistance was identified as another strategy to 
reduce the risk of falling. However, asking for help from 
strangers could be difficult. P5 explained that taking 
someone (eg, a personal support worker (PSW), friend 
or family member) along to use for balance support on 
community outings was helpful, especially in a crowded 
place. Climbing steps with a gait aid was difficult for a few 
participants, and some only ascended or descended stairs 
while supervised by a caregiver. P1 found that when he 
gently touched someone’s arm, it significantly increased 
his confidence in his balance.

Getting up from a fall
Participants used specific individual strategies to get up 
from a fall when they were alone in their homes. For 
instance, P1 recalled, ‘I can remember specifically lying 
in the middle of my living room floor and panicking…I 
calmed down…I crawled over to the couch. I used my 
shoulder…I pushed my foot up on my TV stand and 
pushed back, and was able to get my back onto the 
couch…It took me an hour.’

Technology to reduce fall risk
Technological aids such as stair glides, automatic door 
openers, and power mobility aids were believed to reduce 
the risk of falls. For instance, a stair glide was used by 
those who perceived a high risk of falling on stairs, and 
an automatic door opener was suggested by a participant 
who had difficulty maintaining his balance while opening 
or closing a door.

Subtheme 3b: components of fall prevention
Participants recognised that a flexible programme 
would be necessary to accommodate everyone’s needs, 
and participants considered education to be a vital 
part of fall prevention. They believed education should 
centre around recognising fall hazards in each person’s 
home in order to provide individuals with the skills to 
reduce their daily fall risks. P4 explained that therapists 
should ‘educate you about space in your home, espe-
cially because you will spend 90% of the time in your 
home, right?’ A home safety assessment was believed to 
be a helpful way to recognise and mitigate the risk of 
falls within the home environment. P6 explained, ‘If [a 
healthcare professional] could come home and help you 

sort out your surrounding…we are new to this, we don’t 
see the danger.’ A variety of formats were suggested to 
accommodate the diverse learning needs of individuals 
with SCI. For instance, P1 proposed ‘Aside from giving 
the information in text, I think maybe if we give examples 
of scenarios in a video format’

Subtheme 3c: utility of professional fall prevention strategies/
interventions
Participants had varying opinions regarding the value 
of professional fall prevention strategies and interven-
tions. While several participants believed that fall preven-
tion strategies/interventions would be helpful, others 
were sceptical that it could prevent falls or reduce their 
frequency. P1 believed that training could not possibly 
address all the potential risk factors since the causes 
of falls were complex and variable. He explained, ‘Fall 
prevention, I don’t think it would hurt. As far as help-
ful—I don’t know, there’s so many scenarios involved in 
any fall that anybody faces…You don’t plan to fall…it 
happens so quick.’ Similarly, P3 felt that fall prevention 
was an application of ‘common sense,’ and he believed 
that formal training was not needed. Conversely, P2 
and P5 believed individuals with SCI should ‘definitely’ 
receive fall prevention education, as it would be helpful 
to reduce the frequency of falls.

Subtheme 3d: peer versus professional fall prevention training
Participants regarded healthcare professionals as the 
experts on fall prevention. P2 believed that therapists 
were particularly important shortly after SCI ‘to get the 
guidance going in the right direction.’ The fall preven-
tion training provided by therapists could be reinforced 
by peer trainers, as indicated by some participants. 
However, some participants felt peers would not have 
sufficient training to discuss/advise ambulators about fall 
prevention.

Subtheme 3e: priorities for fall risk reduction and fall prevention
Participants believed that public awareness about invis-
ible disabilities was important to improve accessibility 
and consequently reduce their risk of falls in the commu-
nity. For instance, it is necessary to educate bus drivers to 
consider the needs of passengers with invisible disabili-
ties. P1 shared his experience of falling after the transit 
driver accelerated too quickly: ‘The driver just floored it. 
And I fell forward and I remember I hit my head.’ With 
awareness of the potentially imperceptible needs of some 
passengers on public transport, situations like this one 
could be avoided.

In addition, participants believed PSWs should be 
educated on fall prevention as they work closely with 
individuals with SCI. The increased awareness and 
understanding by PSWs as well as by the public could 
greatly mitigate the risk of falling for participants with 
SCI.
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DISCUSSION
This is the first study to use a mixed-methods approach 
of quantitative surveys and qualitative photovoice meth-
odology to investigate the perspectives of ambulators with 
SCI. This research provides insights into circumstances 
causing falls, the impacts of falls, and essential consid-
erations for fall prevention initiatives. Over a 6-month 
period, nearly two-thirds of ambulators with SCI fell at 
least one time, and the majority of these participants 
fell multiple times. Given this high incidence rate, fall 
prevention interventions that can successfully reduce 
the frequency of falls while maintaining an individual’s 
mobility and participation in meaningful activities are 
necessary.

Consistent with previous literature,20 most falls occurred 
inside or just outside the home. One possible explanation 
for the fewer observed number of falls in the community 
is that participants may be more aware of fall risk factors in 
the community, allowing them to focus on avoiding these 
factors to proactively avoid falling.21 In contrast, within the 
home, participants may have limited ‘risk awareness’2 of 
fall risk factors, as the home environment is very familiar.7 
This was demonstrated in the photographs depicting risk 
factors, as many participants captured photographs of 
obvious community fall risk factors such as icy sidewalks. 
They described the importance of cognitive awareness to 
compensate for impaired bodily functions; however, this 
strategy requires a great deal of effort and concentration 
that may not always be possible.2

In the home environment, most falls occurred while 
participants were changing positions or walking, whereas 
in the community, falls tended to occur while partic-
ipants were standing or walking.4 5 The influence of 
intrinsic factors such as poor balance and leg weakness 
were believed by participants to contribute to nearly two-
thirds of falls that occurred in the home. Conversely, poor 
balance, tripping and slipping were more heavily associ-
ated with falls in the community. These differences in risk 
factors suggest the necessity for distinct fall prevention 
strategies in the home compared with the community.

In the qualitative discussions, less obvious contributors 
including pain and fatigue were revealed as underlying 
causes of poor balance and leg weakness. More than half 
of people with SCI experience such high levels of fatigue 
that it interferes with their daily functioning.22 Individ-
uals with SCI may experience excessive levels of fatigue 
after a task of 2–3 hours,23 which may explain partici-
pants’ falls during physical activities. Furthermore, since 
most falls experienced by ambulators with SCI occurred 
in the morning and afternoon, it is possible that falls 
during physically/complex demanding morning activi-
ties (showering, dressing, etc) were triggered by fatigue 
and/or morning stiffness. However, more research is 
needed to understand how fatigue can impact fall risk, 
and to explore some strategies to counteract fatigue. 
When investigating fall circumstances, clinicians should 
ask individuals with SCI whether excessive fatigue is a 
concern. If so, fatigue management strategies, such as 

recognising the symptoms, activity modifications, and rest 
breaks should be explored.24

Pain was previously identified as a risk factor for falls 
by wheelchair users.25 This study found that when pain 
was experienced in only one leg, it caused gait imbalance. 
Further, upper extremity pain interfered with partici-
pants’ grasp of a gait or mobility aid. This is one possible 
reason for participants’ inconsistent use of gait aids. Some 
participants consumed alcohol to reduce neuropathic 
pain, but since alcohol reduces balance and coordination 
this behaviour is problematic.26 This study highlights that 
in some cases, poor pain management can put a person 
at a higher risk of falling, and proper pain management 
should be explored in future fall prevention initiatives.

As expected, most falls occurred while participants 
were ambulating. Sixty-six per cent of people with SCI 
use at least one mobility aid, and many use multiple gait 
aids.27 The participants who used multiple mobility aids 
had to judge which aid was suitable for a given situation, 
and their judgements were sometimes incorrect. The 
qualitative results also revealed that participants did not 
consistently use a gait aid in their homes. To reduce the 
risk of falling, it is important for clinicians to re-assess the 
suitability of gait aids and the consistency with which they 
are used by ambulators. Specific barriers to using a gait 
aid in the home should also be explored. For instance, 
walking with a gait aid (eg, a cane or walker) improves 
balance and mobility, however, long-term use of a gait aid 
can cause shoulder pain and fatigue.28 29 As well, walking 
devices can interfere with clearing obstacles which could 
lead to more falls.30 Another barrier to using a gait aid, 
such as a cane, walker, crutches is that it makes it difficult, 
even impossible, to perform daily activities that require 
carrying objects.31 These reasons may also contribute to 
participants’ decisions not to use a gait aid consistently, 
particularly in their homes. Future research should inves-
tigate whether people who fell were using appropriate 
mobility aids and should provide ambulators with knowl-
edge on how to recognise their changing mobility needs.

Another consideration is the gap in follow-up care of 
people with SCI—a person’s mobility needs may change 
over time, but their mobility may not be adequately reas-
sessed by a healthcare professional.32 Therefore, it is also 
possible that ambulators living with chronic SCI are using 
mobility aids that are not appropriate for their needs 
which could increase their risk of falling.

Similarly to wheelchair users with SCI,33 ambulators 
with SCI had varying levels of concern about falling. All 
participants believed that winter conditions increased 
their fall risk, and it was unsurprising that some ambu-
lators with SCI limited their community participation in 
these conditions due to concerns that they might fall.2 6 In 
addition to the obvious fall risks in winter including slip-
pery surfaces, cold weather triggered unpredictable body 
responses that increased an ambulator’s risk of falling. 
Ambulators, clinicians and caregivers should exercise 
additional precautions to reduce the fall risk caused by 
these conditions. As some people may be fearful of going 
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outdoors in harsh winter weather, if possible, telehealth 
consultations for medication appointments or accommo-
dations at work33 should be explored.

A comprehensive approach to fall prevention will 
involve multiple layers of interventions at the individual 
level to target potentially modifiable contributors to falls. 
For instance, interventions/strategies can be explored to 
target ‘poor balance’13 34 ‘weakness in legs’,35 ‘fatigue’24 
and ‘pain’.36 Fall risk factors, such as doing more than 
one thing, moving too quickly/rushing, not using 
mobility aids and being distracted, can be addressed using 
behavioural strategies.2 7 9 Furthermore, environmental 
factors that contribute to falls, such as tripping over items 
in the environment or slipping can be addressed by envi-
ronmental modifications.2 Unfortunately, even with inter-
ventions some falls are inevitable. Therefore, it is valuable 
for fall prevention interventions to teach individuals how 
to safely get up from a fall.

Many fall prevention strategies highlighted by ambula-
tors with SCI were similar to the strategies used by wheel-
chair users with SCI.37 Also, other articulated strategies 
from this study are related to proper footwear, fatigue, 
and pain management. This study reinforces the notion 
that numerous factors can contribute to falls, and fall 
prevention must be a joined effort among physicians, 
therapists, ambulators, caregivers and employers.37 As 
some participants were sceptical of the utility of a fall 
prevention programme, a potential buy-in to fall preven-
tion programmes should be further explored. This would 
allow interested ambulators to participate but would 
not compel anyone to receive training. In contrast to 
wheelchair users with SCI,37 many ambulators believe fall 
prevention efforts should be led by clinicians since they 
are the experts on fall prevention.

Participants spoke about an optimal level of caution, as 
both being overly cautious and under-cautious increased 
the risk of falling. For example, when people with SCI are 
over-cautious and have a fear of falling, it can adversely 
affect postural control and increase the risk of falls.9 As 
part of fall prevention, strategies to manage anxiety should 
be explored to reduce this risk. Achieving this optimal 
level of caution was a crucial and dynamic task, and 
participants appeared to increase their level of caution 
in situations that had obvious hazards (eg, in places they 
had previously fallen or in the community), and exhibit 
decreased cautiousness in situations perceived as ‘low 
risk’ for falls (eg, during transfers and mobility within 
their home).

Regardless, there are several limitations that must 
be considered when interpreting these findings. First, 
falls were tracked for a period of only 6 months. Partic-
ipants commonly identified winter weather as a fall risk 
factor; however, since participants enrolled in this study 
at different times of the calendar year, the study did not 
quantitatively explore whether participants fell more 
during the winter compared with other seasons. Another 
limitation is that this study did not ask specifically where 
in the home or community participants had fallen, so 

conclusions could not be drawn about specific rooms or 
locations. In addition, a sequential exploratory design 
allowed us to integrate the quantitative and qualitative 
data; however, different sample sizes in phases 1 and 2 
could impact the generalisability of the results/interpre-
tations. Lastly, it is important to acknowledge that older 
individuals are over-represented in this study; the average 
age of the total sample in phase 1 is 61.6 years and most 
of the participants in phase 2 were aged mid to late 50. 
Considering that older and younger individuals engage 
in different activities, the results of this study may not be 
generalisable to a younger population.38

Overall, this mixed-methods approach allowed for the 
identification of factors related to fall circumstances in 
ambulators, and these new findings should be considered 
in future fall prevention initiatives. Creating effective and 
comprehensive fall prevention interventions for ambu-
lators with SCI will not be an easy feat. Multiple factors 
must be considered, including the unique needs of the 
individual and the multiple factors that put them at an 
increased risk.

CONCLUSION
Although the home was a familiar environment, most falls 
occurred in the home. As such, fall prevention interven-
tions/strategies for ambulators with SCI should consider 
the fall risk factors in a person’s home and in all their 
day-to-day activities.
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