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OBJECTIVES: To investigate the priorities, needs and willingness to adopt nerve stimulation devices for managing neurogenic
bladder and bowel function in people with spinal cord injury (SCI) living in Australia.

SETTING: Online survey of people living with SCI in Australia.

METHODS: This anonymous online survey used Qualtrics and was advertised via standard communication channels, such as
advocacy groups representing the SCI community in Australia, social media, attending SCI sporting events and by word-of-mouth.
RESULTS: Responses from 62 individuals (32% female, 68% male) were included. Bladder emptying through urethra without
catheter was the highest priority for bladder function. Reducing time required for bowel routines and constipation were the top
priorities regarding bowel function. The highest concern for internal/implanted devices was the 4% chance of device surgical
removal, while wearing wires under the clothes was the main concern for external devices. 53% of respondents were willing to trial
an implanted nerve stimulation device, while 70% would trial an external device to improve and gain independence in bladder and

bowel function.

CONCLUSION: The findings of this study highlighted the potential role in which nerve stimulation can have in addressing bladder
and bowel dysfunction in people with SCI, and have also identified that there was a need for Australian physiotherapists to evaluate
their role in bladder and bowel dysfunction. Results from this study can help guide further research in nerve stimulation devices for

bladder and bowel dysfunction in people with SCI.
SPONSORSHIP: n/a
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INTRODUCTION

Approximately 20,800 people are living with a spinal cord injury
(SCI) in Australia [1, 2]. People living with SCI experience a number
of health impairments, such as paralysis and secondary complica-
tions, such as spasticity, pressure sores and bladder and bowel
dysfunction [3]. Bladder and bowel dysfunction affects 80% of
people with SCI further resulting in medical complications, social
isolation and adversely affecting quality of life [3], whilst
depreciating the person with SCI's dignity and privacy [4]. Some
of the current methods to address this dysfunction, such as
indwelling catheters, increases the risk of developing urinary tract
infections (UTI), which can lead to re-hospitalisation and further
health complications in people with SCI [4]. Despite the reduction
in mortality secondary to urological dysfunction in previous
decades, there is still a 13% mortality rate [5]. Regaining bladder
and bowel function are consistently rated as top priorities in

people with SCI and emerging person-centred and knowledge
translational research approaches indicate neurogenic bladder
and bowel dysfunction is still a substantially unmet clinical
requirement in this population [6, 7].

Current bladder and bowel management in people with SCI
includes a range of techniques [8, 9]. However, these methods
usually result in many medical complications and also require
adequate hand dexterity or the help of a caregiver, further
reducing their independence and impacting their physical and
mental health [10, 11]. Therefore, new methods to reduce bladder
and bowel dysfunction in people with SCI are extremely needed.
One solution to address neurogenic bladder and bowel dysfunc-
tion in people with SCI is the use of nerve stimulation devices,
which aim to stimulate or modulate the reflexes that control
bladder, bowels, and musculature of the pelvic floor [12]. External
nerve stimulation is a non-invasive novel form of peripheral nerve
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stimulation that involves an external device attached to the skin
[12]. Internal nerve stimulation consists of a small device which is
surgically implanted in the body to stimulate targeted nerves with
mild electrical impulses [13]. The use of Transcutaneous Electrical
Stimulation (TES) has been demonstrated to be effective at
improving bladder and bowel dysfunction in people with SCI [12].
However, most of these studies have not used a person-centred
approach and have not asked people with SCl about their
willingness to use these types of nerve stimulation.

An understanding of the needs and priorities for bladder and
bowel dysfunction and willingness to use nerve stimulation
devices to address these dysfunctions in people with SCI have
already been investigated within North America [6]. However, this
evidence has not been gathered in people living with SCI in
Australia. This evidence is important, as healthcare access,
standards of care, access to technology and cost barriers may
differ based on where individuals live (e.g. USA or Australia) and
identifying some of these differences can inform potential
solutions for individuals with SCI living in different parts of the
world. For example, the proportion of health insurance in the USA
is lower than other highest-income countries (i.e. Australia) [14],
and this may need to be considered in the management of
bladder and bowel in people with SClI living in different
geographical locations. Considering that the need for a person-
centred approach in SCI research has strongly been recom-
mended to improve the chances of finding the right solutions to
their main concerns [15], it is crucial to gather a person-centred
understanding of Australians living with SCI. This will inform local
stakeholders, clinicians and government organisations, so they
can develop relevant solutions for bladder and bowel dysfunction
in people with SCI living in Australia.

Therefore, the main aim of this study is to identify the priorities
and needs voiced by people with SCI living with bladder and
bowel dysfunction in Australia. The second aim of this study is to
identify their potential willingness to adopt a nerve stimulation
intervention for management of their bladder and bowel function.

METHODS
Trial design
Anonymous online survey.

Setting
Online survey of people living with spinal cord injury in Australia.

Ethical approval

This study was approved by the Human Research Ethics Committee
Research Division of Central Queensland University, reference 0000022316.
We certify that all applicable institutional and governmental regulations
concerning the ethical use of human volunteers were followed during this
research.

Participants

Inclusion criteria required for participants to be over 18 years of age and
living in Australia with spinal cord injury (SCl).The target audience was
reached by contacting spinal cord associations and other relevant
Australian entities. Participants completed this online survey between
22nd June, 2020 and 21st August 2022.

Survey design

A previously developed survey created by the North American Spinal Cord
Consortium consumer advisory board was adapted to Australian-based
individuals with SCI, obtaining authorisation from the original authors [6].
This survey was disseminated through Qualtrics (Qualtrics XM, Provo, USA,
2022, available at https://www.qualtrics.com) and was advertised via standard
communication channels, such as advocacy groups representing people
living with SCl in the community, social media and by word of mouth all
across Australia and attending wheelchair sporting events in Queensland.
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Snowball sampling was used to engage hard-to-reach communities,
such as people with SCI [16].

The full survey is included as part of the supplement to this manuscript.

Survey data processing and statistical analysis were performed on SPSS
Statistics software (Version 22.0, IBM, New York). A summary of statistics
was provided numerically and graphically.

RESULTS

Demographics

This study collected 62 responses from participants who indicated
they were living with SCl in Australia and were over 18 years of
age. All clinical data was self-referred. Table 1 summarises the
demographic data of the survey respondents.

The majority of respondents were male (68%). A majority of
respondents lived in metropolitan areas (56%). Most (86%)
respondents were aged 31-75 years, whilst 11% were aged
18-30 years.

This survey results indicated that 77% of respondents com-
monly consulted with general practitioners, urologists, and nurses
to assist with bladder and bowel management. Additionally,
generalised information regarding bladder and bowel manage-
ment was received through their healthcare providers and the
internet, with other important resources consisting of social
support and advocacy organisations. In comparison, it was evident
that within our study that there was minimal access to bowel
specialists, with only 2% of respondents being reviewed by
gastroenterologists.

The main severity of impairment reported by respondents was a
complete lack of motor and sensory function below the level of
injury, including the anal area (which correlates to what is defined
as a complete SCI) (refer toTable 1).

Bladder function

Most respondents (93%) required some form of bladder manage-
ment and 13% used more than one method for such purpose
(refer to Table 2). Intermittent catheterisation via urethra was the
most common method (47%) used to manage bladder function.
Daily medication was the most common treatment used in
combination with other methods (63%). Some or complete
disruption to daily routines due to their bladder was reported
by 73% repondents, whilst interruption to participation in
education and/or employment was reported by 64%, and activity
interference with family, neighbours and social groups by 76% of
respondents. Just under half of respondents emptied their bladder
between five and six times per day, with approximately one
quarter of respondents emptying their bladder more than six
times per day. Urinary tract infections (UTI) were the most
common complication (67%) reported in the past 12 months,
followed by urinary incontinence and autonomic dysreflexia (AD).
Of the respondents reporting complications, 62% have experi-
enced two or more complications and 36% have experienced
three or more complications (Table 2). Emptying their bladder
through the urethra without catheters was the highest reported
priority, followed by independently managing their bladder and
improving urinary incontinence (Fig. 1).

Bowel function

This study’s results showed that 74% of respondents required at
least 30 min or more to effectively complete their bowel routine.
70% of all respondents used multilple forms of bowel manage-
ment strategies. Assistance with bowel management, digital
stimulation, enemas, and laxatives accounted for 62% of reported
management strategies, with 57% using medication (Table 3). Of
those reporting to experience faecal incontinence (68%), only 32%
required either some or full assistance. Just over half (53%) of
respondents stated that their body gives them a conscious
indication of bowel fullness indicating that a bowel movement
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Table 1. Respondent demographics.
Gender Male

Female
Age 18-30

31-45

46-60

61-75

76+
Geographical Metropolitan
location

Non- Metropolitan
Injury type Traumatic

Non-traumatic

Not Sure
Years since SCI Less than 1 year
1-5 years
6-10 years
11-15 years
16-20 years
Over 20 years
Cervical - C1-4
Cervical - C5-8

Thoracic OR Lumbar OR
Sacral - T1-S5

Complete

Level of injury

Severity of
impairment

Some Sensation

<50% antigravity
strength

>50% antigravity
strength

Unsure

Performing Full Assistance

transfers

Some Assistance

No Assistance
Hand function Complete Hand Function
Some Hand Function
No Hand Function
Leaving the house Daily

Weekly

Fortnightly

Monthly

Never

Transportation Yes
barriers

No
Financial barriers Yes
No
Would rather not say
Sources of healthcare information
Health care providers
Educational organisation
Support groups
Internet

Spinal Cord Series and Cases (2024)10:15

68%
32%
11%
35%
35%
16%
2%

56%

44%
79%
19%
2%

6%

34%
10%
13%
8%

29%
20%
28%
52%

34%

32%
15%

15%

3%
56%

26%
18%
63%
31%
6%
54%
31%
5%
7%
3%
11%

89%
16%
76%
8%

84%
10%
26%
34%
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Table 1. continued

Friends 15% N=9
Information sessions 10% N=6
Other 3% N=2
Healthcare professionals Consulted
Physiatrist 2% N=1
Neurologist 11% N=7
Neurosurgeon 5% N=3
Urologist 45% N=28
Gastroenterologist 3% N=2
Primary Care Physician 44% N=27
(GP)
Nurse 45% N=28
No access to a health 6% N=4
professional
Other 15% N=9

was required, however only half (25%) of these respondents
reported sufficient time to avoid an episode of incontinence.

Almost all (99%) of respondents reported experiencing compli-
cations with their bowel in the last 12 months because of their
current management. Faecal incontinence was the most common
complication followed by loose stools and constipation (Table 3).
Figure 2A shows that 80% of respondents stated that they
experienced some or complete disruption to their daily routine
because of their bowels. Over a third of respondents (34%) rated
reducing the time required for their bowel routine and reducing
constipation as their top priority, followed by independence in
bowel management (20%) (Fig. 2B).

Willingness of use of nerve stimulation devices for bladder
and bowel management

Over half of the respondents (53%) stated that they would be
willing to trial internal stimulation devices when knowing the risks
and benefits, and if it meant a reduction in medical complications
related to bladder and bowel function. Similarly, when questioned
about the likelihood of utilising an external nerve stimulation
device, over 70% stated that they would be willing to trial the
device if it resulted in improvement of overall independence of
bladder and/or bowel management.

When respondents were asked about the use of an external
nerve stimulation device, the two greatest concerns were (1)
wearing a device with wires connecting to electrodes on the skin
under the clothes and (2) the inconvenience of having to learn
how to use the device with their current management strategies
(Fig. 3B). The highest concern (32%) regarding the use of an
internal stimulation device, was the 4% chance of requiring
surgical removal of the whole system and the second greatest
concern was not being able to have Magnetic Resonance Imaging
(MRI) for life (Fig. 3A).

DISCUSSION

This study summarised the information gathered in a person-
centred online survey related to the management and challenges
of bladder and bowel functions in people with SCI in Australia.
Nurses and urologists were the most consulted health care
professionals to help with management of bladder and bowel
function in people with SCI. However, when compared to a similar
survey conducted in North America, respondents were referred to
urologists (70%), primary care physicians (60%) and nurses (22%)
[6], while this study’s respondents showed an even distribution of
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Table 2.

Bladder emptying
frequency

Daily bladder
medications

Assistance with
bladder

Assistance if
incontinent

Sense when bladder
is full

If bladder sense,
avoid incontinence

Bladder management.

Not applicable

1-2 times/day
3-4 times/day
5-6 times/day
6 + times/day
Yes

No
Full assistance

Some assistance
No assistance

| do not experience
urinary incontinence

No assistance
Some assistance
Full assistance

Yes

No

Not Applicable - No
sense of Fullness

Yes
No

Bladder management methods

| do not use any
equipment

Indwelling (Foley)
catheter via urethra

Condom catheter
Suprapubic catheter
Electrical stimulation

Intermittent
catheterisation via
urethra
Intermittent
catheterisation via
abdomen

Bag on abdomen
Absorbent pads or
diapers

Other

10% N=6
3% N=2
17% N=10
46% N=27
24% N=14
63% N=38
37% N=22
10% N=6
5% N=3
85% N=51
18% N=11
42% N=25
22% N=13
18% N=11

73% N=44

27% N=16
28% N=17

48% N=29
23% N=14

8% N=5
7% N=4
7% N=4
25% N=15
0% N=0
53% N=32
0% N=0
2% N=1
10% N=6
2% N=1

Complications associated with bladder management in last 12

months

SPRINGER NATURE

| do not experience
complications

Clogged catheter
Urinary tract infection
Urinary incontinence

Bladder or kidney
stones

Kidney disease, kidney

failure or both

Autonomic Dysreflexia

(AD)
Other

18% N=11
25% N=15
67% N =40
43% N=26
13% N=8
0% N=0
32% N=19
5% N=3

these three professionals (urologists 45%, GPs 44% and nurses
45%). There were other similarities between this previous study, as
the main sources of information for bladder and bowel manage-
ment were received by health care providers and via the internet.
However, the main difference in our study’s results was that
repondents were referred primarily to nurses for their bladder and
bowel management. This highlights the difference in the
healthcare systems in the USA and Australia, with the primary
care physician being the entry point of all care in the USA [14],
while Australians receive treatment from professional nurses,
specially in rural and remote areas to mitigate long waiting times
to consult medical doctors [17]. This result implied that healthcare
professionals, especially nurses and online social support groups
would be the main providers of information to people with SCI
living in Australia, especially related to new information on nerve
stimulation devices for bladder and bowel management.

Results from this study and a previous study completed in North
America indicated that respondents did or could not frequently
consult bowel care specialists, especially gastroenterologists for
their bowel dysfunction [4]. Within Australia, gastrointestinal
problems are responsible for a disproportionate amount of
morbidity in people with SCI [18]. Results from this study indicated
that having access to a gastroenterologist and educating about the
importance of accessing these services during acute and chronic
stages would allow implementation of tailored evidence-based
treatments and effectively reduce the high morbidity rate related
to these gastrointestinal problems in people with SCI [18, 19].

Considering that bowel management is part of the basic
training for Physical Medicine and Rehabilitation Physicians (PM&R
or physiatrist), our data of only one person consulting to a
physiatrist also suggested an inadequate number of specialised
staff, such as PM&R available to be consulted by people with SCI
living in Australia. Our study showed physiotherapists were not a
primary source of information for people with SClI living in
Australia for bladder and bowel management. However, a study
performed in Germany showed different results, showing that
general practitioners and physiotherapists were the first point of
contact after discharge, for providing useful resources for
management of secondary complications, such as bladder and
bowel dysfunction [20]. The difference between this current
study’s results and results from the German study may suggest
that Australian’s living with SCl in regional and rural areas may not
get information for their bladder and bowel management due to
difficulties accessing not only PM&R physicians, but also allied
health professionals, such as specialised physiotherapists [21].

Most people with SCI living in Australia have access to
healthcare and regular and free consultations with their General
Practitioners (GPs) through government funding (i.e. NDIS) [22],
however this access is different for people living in regional,
remote and rural areas of Australia [23], and as such, outreach SCI-
specialised clinics are often available in most states, such as
Queensland, New South Wales, Victoria and South Australia.
However, these outreach clinics have certain selection criteria,
which excludes most people living outside of 200 km around the
main metropolitan hospitals. Thus, one solution could be that
Australian physiotherapists and other allied health professionals,
who live and work in regional areas, should re-consider their role
and seek further specialised training from nurses to be capable of
providing up-to-date information on management of bladder and
bowel in people with SCI. Another solution could also be that
more SCl-speciliased allied health professionals were to be
deployed to regional, remote and rural areas of Australia,
considering its widespread geography and difficulties in health-
care access in those areas [23].

Bladder function

The majority of this study’s respondents reported at least one
complication resulting from their current bladder management in
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Fig. 1 Bladder management. A Interference from Bladder Management: Respondents rated interference from bladder management on
everyday activities as either, “no interference’ “some interference” or “complete interference” B Ranked Priorities for Bladder Function
Restoration: Respondents ranked from 1st to 6th, their priorities for the benefits of restoring bladder function. For each bladder function

priority, the distribution of the rank scores that it received are shown.

the past 12 months. Complications included UTI, urinary incon- previous study reported that UTI and urological reasons because
tinence, autonomic dysreflexia (AD), clogged catheters and/or of complications of catheterisation were two of the top five most
bladder or kidney stones. Comparatively, a previous study [24] common causes of rehospitalisation in people with SCI [18]. This
indicated that urinary incontinence and UTI were upon the most indicates that if an alternate treatment method such as nerve
commonly report comorbidities in people with SCI. Another stimulation were to be used, the prevalence of urinary
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Table 3.

Bowel routine
duration

Daily bowel
medication

Assistance with
bowel

Assistance if
incontinent of stool

Sense when bowel
is full

If bowel sense,
avoid incontinence

Bowel management.

Not applicable

Less than 30 min
30-60 min

1-2h

Greater than 2 h

Yes

No
Full assistance

Some assistance
No assistance

| do not experience
faecal incontinence

No Assistance
Some Assistance
Full Assistance

Yes

No

Not applicable—I use a
colostomy bag

N/A—no sense of
fullness

Yes
No

Bowel management methods

Special diet
Laxatives

Enemas
Suppositories
Digital stimulation

Manual evacuation
(including transanal
irrigation)

External adaptive
devices

Implanted devices
Colostomy bag
Other

Complications associated with bowel management in last 12 months

SPRINGER NATURE

| do not experience
complications with my
bowel

Faecal incontinence
Constipation

Autonomic dysreflexia
(AD)

Haemorrhoids
Bleeding
Loose stool

Complications with
colostomy stoma

Other

2% N=1
25% N=15
53% N=31
14% N=8
7% N=4
57% N=34
43% N=26
20% N=12
12% N=7
68% N=41
8% N=5
28% N=17
32% N=19
32% N=19
53% N=32
45% N=27
2% N=1
35% N=21
33% N=20
32% N=19
18% N=11
43% N=26
47% N=28
22% N=13
60% N=36
33% N=20
3% N=2
0% N=0
3% N=2
12% N=7
2% N=1
68% N=41
62% N=37
23% N=14
57% N=34
47% N=28
64% N=38
2% N=1
0% N=0

complications due to catheterisation may be reduced, therefore,
resulting in fewer re-hospitalisations.

This study’s results indicated that having control over bladder
and avoiding episodes of urinary incontinence may reduce the
frequency of bladder emptying. Thus, reducing hyperactivity of
the bladder using electrical stimulation of sacral afferent nerves
(an internal nerve stimulation device) may help reduce these
episodes of urinary incontinence. This could contribute to an
improved social engagement in people with SCI [25], seen to be
affecting a large percentage of this study’s respondents. If nerve
stimulation were to be used at home, the rate of leakage may
decrease between catheterisations and the catheterised volume
may increase significantly, which would reduce the need for
assistance and the risk of UTI.

Considering that emptying the bladder without a catheter,
independence with bladder management and improving the level
of incontinence were ranked the three highest priorities by
respondents in this study, a solution to these problems seems
imperative. This was demonstrated in a previous study [24] where
dorsal penile stimulation (a type of external stimulation) was
successfully trialled in people with SCI. Thus, if nerve stimulation
were to be used, fewer episodes of incontinence may have been
experienced, reducing the level of assistance required and
resulting in increased independence in people with SCI experien-
cing bladder dysfunction. However, based on this study’s survey,
improving the donning and doffing and reducing the cumber-
someness of the wired devices would be essential components to
be addressed in future design of external stimulation devices.

Bowel function

Results about disruption to daily routine and participation in
education/employment and interference with social activities as a
result of bowel dysfunction were similar to a previous study [19],
which showed a reduction in social engagement in people with
SCl, which reduced access to social support and relationship
development, potentially compromising physical and mental
health and well-being.

Most of this study’s respondents required at least 30 min to
complete their bowel routine, thus less time spent completing
bowel routines would allow for more time socialising within the
community as well as more willingness to access the community,
promoting an increase in social engagement and relationship
development, which is crucial to the well-being and quality of life
of people with SCI [25]. A previous study showed evidence that
external nerve stimulation can improve bowel management for
individuals with tetraplegia and reduce the overall time spent
completing a bowel routine [26]. Thus, if nerve stimulation was to
be utilised, more time could be spent in participating in social
community activities.

Based on this study’s results, the adverse impacts neurogenic
bowel dysfunction has on people with SCI was evident, with
numerous challenges and dependency on family members or carers
for assistance to manage. This was consistent with Bourbeau et al.’s
study [6], which reported that the lack of available treatment
options for improving bowel function and bowel care duration after
SCl interferes with their quality of life and independence.

This study’s results suggested faecal incontinence to be the
most common complication, closely followed by loose stool and
constipation. Additionally, this study’s results showed that
reducing the time required for their bowel routine may also be
impacting their ability to participate in social events within the
wider community. Thus, these results showed that an alternative
method for managing faecal incontinence would improve quality
of life and participation in social activities in people with SCI
suffering from bowel dysfunction [25]. An alternative method to
address bowel incontinence can be a wearable implantable
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Fig.2 Bowel management A Interference from Bowel Management: Respondents rated interference from bowel management on everyday
activities as either, “no interference; “some interference” or “complete interference” B Ranked Priorities for Bowel Function Restoration:
Respondents ranked from 1st to 6th, their priorities for the benefits of restoring bowel function. For each bowel function priority, the
distribution of the rank scores that it received are shown.

stimulation device, such as sacral nerve stimulation implantable respondents who received the permanent implant 12 and
device. This device has been reported a marked improvement in 24 months after the surgery [27].

complete recovery of bowel incontinence 35-months following This study’s respondents reported the use of medication, but no
the implantation of sacral nerve stimulation and showed a use of nerve stimulation devices for bladder and bowel manage-
significant improvement in quality of life on all scales among ment. These results were different from Bourbeau et al.'s study [6],
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Fig. 3 Concerns, risks and benefits associated with use of nerve stimulation devices for bladder and bowel management. A Ranked
Concerns Associated with Implanted Device. B Ranked Concerns Associated with External Device: Respondents ranked their concerns
associated with implanted device (A) and external device (B). Concerns were ranked from 1 to 6 for internal device and 1 -12 for implanted
device with 1 representing most concerning and 6 (A) or 12 (B) representing least concern. The average rank for each concern is shown in Fig.
3A, B. C Likelihood of Accepting Implanted Device. D Likelihood of Accepting External Device. For each of the 7 potential benefits,
respondents rated their likelihood of accepting an implanted device (C) after knowing the risks and benefits or an external device (D). The
likelihood based on each benefit was rated from 1 to 5, where 1 represents “not likely; and 5 represents “very likely”
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which identified participants used external and implanted devices
along with colostomy bags for bowel management. However, in
that previous study these were reported to be the least common
used method. These combined responses can be attributed to the
lack of information and promotion of nerve stimulation devices for
bladder and bowel management, which may be the very promising
results of these devices shown in research, but its clinical application
stage being in its infancy stage [28].

Willingness of use of nerve stimulation devices for bladder
and bowel management

Given the potential benefits, nerve stimulation devices can
improve bladder and bowel outcomes and respondents were
willing to adopt both internal and external nerve stimulation
devices. Among the concerns in adopting the internal devices,
surgical removal of the implanted nerve stimulation device was
the main one. However, due to the ability to achieve greater
independence, there was a significant percentage of respondents
willing to use the internal device. These findings were similar
when comparing the responses from another similar previous
study, in which respondents were willing to accept nerve
stimulation devices to improve independence in management
of their bladder and bowel [6]. One of the main differences with
this study’s results were that Australians who indicated willingness
to use an internal device would prefer avoiding repeated surgical
interventions and would prefer to retain the ability to have an
Magnetic Resonance Imagining (MRI). This suggests that the
potential health consequences of repeated surgeries and not
being able to have an MRI if needed are considered significant
negative factors for people with SCI living in Australia.

However, in Bourbeau et al.’s study there was a more favourable
trend towards external nerve stimulation devices, especially if they
were designed with minimal visibility and not many electrodes
attached to their skin [6, 29]. Therefore, further research should
investigate the design of external devices, focusing on minimal
visibility and improving usability (i.e easier donning and doffing
and wireless devices).

Additionally, based on this study and previous study’s results,
the ideal design for internal devices should consider building MRI-
compatible internal/implantable devices. This is due to the high
reliance on this imaging method for a myriad of secondary
complications that people with SCI may experience across their
lifespan [30].

Finally, this study has provided valuable insights into under-
standing bladder and bowel management in Australia and opens
up several new pathways for potential future research to develop
external and internal nerve stimulation devices to improve their
bladder and bowel function in people with SCI. Further research
would need to focus on consumer's perspectives of specific
devices as they become available, so that further modifications
can meet consumer needs and priorities and be adopted
successfully by people with SCI.

Study limitations

This study’s limitations included the difficulty to evaluate the
wider geographical representation of people with SCI across
Australia, which may limit the comparison of results to the general
SCI population. However, the study’'s responses provided an
indication of the willingness of people surveyed to accept and
consider the use of nerve stimulation devices.This study’s
limitations also include the small number of participants, a non-
randomised selection of individuals with SCI to be included, and a
lack of validated measures used.

CONCLUSION
People with SCI living in Australia reported about their current
bladder and bowel routine, needs, priorities as well as willingness
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to adopt nerve stimulation devices. Almost all of respondent’s
stated that they would be willing to adopt both internal and
external nerve stimulation devices if it meant improvement in
overall independence in bladder and/or bowel management.
Furthermore, implementing nerve stimulation devices may reduce
medical complications related to bladder and/or bowel function.
This survey has highlighted the importance of tailoring research
specifically to identify the needs, priorities and goals of people
with SCl in Australia. The findings highlighted the potential role in
which nerve stimulation can have in addressing bladder and
bowel dysfunction in people with SCl, and have also identified
that there was a need for Australian physiotherapists evaluate
their role in bladder and bowel dysfunction.
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The datasets generated during and/or analysed during the current study are not
publicly available due the data being part of a university research assignment only
but are available from the corresponding authors on reasonable request.

REFERENCES

1. AIHW: Harrison J, O'Brien D, Pointer S. 2021 Spinal cord injury, Australia, 2017-18.
Injury research and statistics series no. 136. Cat. no. INJCAT 219. Canberra: AIHW.

2. The Australian Spinal Cord Injury Research Collaborative. Spinal Cord Injury in
Australia. The case for investing in new treatments; NSW (AU) 2020.

3. Taweel WA, Seyam R. Neurogenic bladder in spinal cord injury patients. Res Rep
Urol. 2015;7:85-99.

4. Savic G, Frankel HL, Jamous MA, Soni BM, Charlifue S. Long-term bladder and
bowel management after spinal cord injury: a 20-year longitudinal study. Spinal
Cord. 2018;56:575-81.

5. Pavese C, Schneider MP, Schubert M, Curt A, Scivoletto G, Finazzi-Agro E, et al.
Prediction of bladder outcomes after traumatic Spinal Cord Injury: a longitudinal
cohort study. PLoS Med. 2016;13:21002041.

6. Bourbeau D, Bolon A, Creasey G, Dai W, Fertig B, French J, et al. Needs, priorities,
and attitudes of individuals with spinal cord injury toward nerve stimulation
devices for bladder and bowel function: a survey. Spinal Cord. 2020;58:1216-26.

7. Anderson KD. Targeting recovery: priorities of the spinal cord-injured population.
J Neurotrauma. 2004;21:1371-83.

8. Steadman CJ, Grill WM. Spinal cord stimulation for the restoration of bladder
function after spinal cord injury. Health Technol Lett. 2020;7:87-92.

9. Kurze |, Geng V, Bothig R. Guideline for the management of neurogenic bowel
dysfunction in spinal cord injury/disease. Spinal Cord. 2022;60:435-43.

10. Salameh A, Mohajer MA, Daroucihe RO. Prevention of urinary tract infections in
patients with spinal cord injury. Can Med Assoc J. 2015;187:807-11.

11. Park SE, Elliott S, Noonan VK, Thorogood NP, Fallah N, Aludino A, et al. Impact of
bladder, bowel and sexual dysfunction on health status of people with thor-
acolumbar spinal cord injuries living in the community. J Spinal Cord Med.
2017;40:548-59.

12. Parittotokkaporn S, Varghese C, O'Grady G, Svirskis D, Subramanian S, O'Carroll SJ.
Non-invasive neuromodulation for bowel, bladder and sexual restoration following
spinal cord injury: A systematic review. Clin Neurol Neurosurg. 2020;194:105822.

13. Blok BF. Sacral neuromodulation for the treatment of urinary bladder dysfunc-
tion: mechanism of action and future directions. Bioelectron Med. 2018;1:85-94.

14. Berchick ER, Barnett JC, and Upton RD Current Population Reports, P60-267(RV),
Health Insurance Coverage in the United States: 2018, U.S. Government Printing
Office, Washington, DC, 2019.

15. Bochkezanian V, Anderson KD. Comprehensive and person-centred approach in
research: what is missing? Spinal Cord. 2022;60:187-9.

16. Valerio MA, Rodriguez N, Winkler P, Lopez J, Dennison M, Liang Y, et al. Com-
paring two sampling methods to engage hard-to-reach communities in research
priority setting. BMC Med Res Methodol. 2016;16:146.

17. Muirhead S, Birks M. Roles of rural and remote registered nurses in Australia: An
integrative review. Aust J Adv Nurs. 2019;37:21-33.

18. Middleton JW, Lim K, Taylor L, Soden R, Rutkowski S. Patterns of morbidity and
rehospitalisation following spinal cord injury. Spinal Cord. 2004;42:359-67.

19. Stone JM, Nino-Murcia M, Wolfe VA, Perkash I. Chronic gastrointestinal problems
in spinal cord injury patients: a prospective analysis. Am J Gastroenterol.
1990;85:1114-9.

20. Thietje R, Giese R, Pouw M, Kaphengst C, Hosman A, Kienast B, et al. How does
knowledge about spinal cord injury-related complications develop in subjects
with spinal cord injury? A descriptive analysis in 214 patients. Spinal Cord.
2011;49:43-8.

SPRINGER NATURE



V. Bochkezanian et al.

10

21. Lennox A, Gabbe B, Nunn A, Braaf S. Experiences With Navigating and Managing
Information in the Community Following Spinal Cord Injury. Top Spinal Cord Inj
Rehabil. 2018;24:315-24.

22. National Disability Insurance Scheme (NDIS). Understanding the NDIS 2023. Last
accessed on 27th October, 2023. Website: https://www.ndis.gov.au/understanding.

23. Bourke L, Humphreys JS, Wakerman J, Taylor J. Understanding rural and remote
health: a framework for analysis in Australia. Health Place. 2012;18:496-503.

24. Wheeler TL, Bowel and Bladder Workshop Participants, de Groat W, Eisner K,
Emmanuel A, French J, et al. Translating promising strategies for bowel and
bladder management in spinal cord injury. Exp Neurol. 2018;306:169-76.

25. Braaf S, Lennox A, Nunn A, Gabbe B. Social activity and relationship changes
experienced by people with bowel and bladder dysfunction following spinal cord
injury. Spinal Cord. 2017;55:679-86.

26. Krassioukov AV, Karlsson AK, Wecht JM, Wuermser LA, Mathias CJ, Joint Com-
mittee of American Spinal Injury Association and International Spinal Cord
Society et al. Assessment of autonomic dysfunction following spinal cord injury:
rationale for additions to International Standards for Neurological Assessment. J
Rehabil Res Dev. 2007;44:103-12.

27. Holzer B, Rosen HR, Novi G, Ausch C, Holbling N, Schiessel R. Sacral nerve sti-
mulation for neurogenic faecal incontinence. Br J Surg. 2007;94:749-53.

28. Shah M, Peterson C, Yilmaz E, Halalmeh DR, Moisi M. Current advancements in
the management of spinal cord injury: A comprehensive review of literature. Surg
Neurol Int. 2020;11:2.

29. Anderson KD. Consideration of user priorities when developing neural prosthe-
tics. J Neural Eng. 2009;6:055003.

30. Desai MJ, Hargens LM, Breitenfeldt MD, Doth AH, Ryan MP, Gunnarsson C, et al.
The rate of magnetic resonance imaging in patients with spinal cord stimulation.
Spine (Philos Pa 1976). 2015;40:E531-7.

ACKNOWLEDGEMENTS

This work was supported by CQUniversity Rockhampton campus. Special thanks to Dr
Sean Ledger for his assistance with the SPSS program for data analysis. We
aknowledge the contribution of some of the survey design and data collection in
2020 from the following CQUniversity Physiotherapy students, as part of their
Research Project unit (PSIO14006): Yasmin T. Scappin, Tai A. Wakelin-Gray, Crystal-ann
Rodier, Bonnie J. Dornom. We also acknowledge the contribution of Gabrielle Galea
for contacting SCI associations and dissemination of the survey.

AUTHOR CONTRIBUTIONS

Each author contributed equally to the production of the manuscript. VB was
responsible for the selection of the research topic, survey design, supervision of the
research project from its inception and dissemination of the survey to previous contacts
established within the SCI community and conducting the search, interpreting results
and writing the report. LM interpreting results, writing the report and referencing. BL
was responsible for analysing the data, editing the report and creating tables and
figures. KL were responsible for data collection, contacting SCI associations, dissemina-
tion of the survey, interpreting results and writing this manuscript. KA and DB were
responsible for the original survey and provided support all throughout the research
project. They also contributed to interpreting results and writing this manuscript.

SPRINGER NATURE

FUNDING
Open Access funding enabled and organized by CAUL and its Member Institutions.

COMPETING INTERESTS

The authors declare no competing interests.

ETHICAL APPROVAL

This study was approved by the Human Research Ethics Committee Research Division
of Central Queensland University, reference 0000022316. We certify that all
applicable institutional and governmental regulations concerning the ethical use of
human volunteers were followed during this research.

CONSENT FOR PUBLICATION
All participants have given informed consent to publish results from this anonymous
online survey.

ADDITIONAL INFORMATION

Supplementary information The online version contains supplementary material
available at https://doi.org/10.1038/541394-024-00628-3.

Correspondence and requests for materials should be addressed to
Vanesa Bochkezanian.

Reprints and permission information is available at http://www.nature.com/
reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons

BY Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons licence, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this licence, visit http://
creativecommons.org/licenses/by/4.0/.

© The Author(s) 2024

Spinal Cord Series and Cases (2024)10:15


https://www.ndis.gov.au/understanding
https://doi.org/10.1038/s41394-024-00628-3
http://www.nature.com/reprints
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Priorities, needs and willingness of use of nerve stimulation devices for bladder and bowel function in people with spinal cord injury (SCI): an Australian�survey
	Introduction
	Methods
	Trial�design
	Setting
	Ethical approval
	Participants
	Survey�design

	Results
	Demographics
	Bladder function
	Bowel function
	Willingness of use of nerve stimulation devices for bladder and bowel management

	Discussion
	Bladder function
	Bowel function
	Willingness of use of nerve stimulation devices for bladder and bowel management
	Study limitations

	Conclusion
	References
	Acknowledgements
	Author contributions
	Funding
	Competing interests
	Ethical approval
	Consent for publication
	ADDITIONAL INFORMATION




