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STUDY DESIGN: Cohort study.
OBJECTIVES: To evaluate the association between residential living location and health outcomes, environmental barriers, quality
of life, and healthcare utilization patterns after traumatic spinal cord injury (tSCI).
SETTING: Community setting, Atlantic Canada.
METHODS: An ambispective study of data collected on a subset of individuals enrolled in the Rick Hansen Spinal Cord Injury
Registry (RHSCIR) from 2012 to 2018. Outcomes were analyzed using two measures of rurality: postal codes at community follow-up
(rural versus urban) and residential travel distance to the nearest RHSCIR facility (>100 km versus ≤100 km). Outcomes studied
included the Craig Hospital Inventory of Environmental Factors-Short Form (CHIEF-SF), Short Form-36 Version 2 (SF36v2), Life
Satisfaction Questionnaire (LISAT-11), Spinal Cord Independence Measure (SCIM), secondary health complications and healthcare
utilization patterns. Outcomes were assessed 9 to 24 months post-discharge from initial hospitalization.
RESULTS: 104 participants were studied, 21 rural and 83 urban based on postal codes at community follow-up. 59 participants lived
more than 100 km away from the nearest RHSCIR facility, while 45 participants lived within 100 km. Individuals from urban area
codes reported a greater magnitude of perceived barriers on the policies and work/school subscales of the CHIEF-SF. No differences
in function, quality of life, and healthcare utilization patterns according to the measures of rurality were observed. Individuals living
>100 km from the nearest RHSCIR facility reported greater rates of sexual dysfunction.
CONCLUSIONS: Despite differences in environmental barriers, individuals from urban and rural locations in Eastern Canada
reported similar health outcomes and quality of life after tSCI.
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INTRODUCTION
The International Classification of Function framework from the
World Health Organization (WHO) emphasizes how function and
health are a dynamic interplay between impairments, environ-
mental factors and personal factors [1]. The impairments that
result from traumatic spinal cord injury (tSCI) may have different
effects on individuals, depending on their geographic area of
residence.
Individuals with tSCI have multi-system impairments, which can

include spasticity, neuropathic pain, heterotopic ossification,
muscle weakness and immobility, neurogenic bowel and bladder,
autonomic instability, pressure ulcers, sublesional osteoporosis,
and impaired cough and ventilatory function [2]. As a result of
these impairments, individuals with tSCI report a greater use of
inpatient and outpatient healthcare services compared to persons
without tSCI [3]. Individuals with tSCI also have unique activity

limitations and participation restrictions that require a compre-
hensive, collaborative healthcare approach. The ability to access
these services may vary according to geographic setting.
Utilization of inpatient and outpatient services has been noted
to be inversely correlated with travel distance to healthcare
facilities [4]. Despite this correlation, there is little research
evaluating the impact of rurality and healthcare utilization
patterns on overall health outcomes after tSCI. Research to date
on health outcomes after SCI has primarily focused on the effect of
age, gender and injury-related factors, rather than on environ-
mental markers such as rurality and distance to nearest healthcare
facility [5].
In addition, there has been a paucity of research evaluating the

influence of rural versus urban living location on perceived
environmental barriers in patients with tSCI, and how that relates
to health outcomes, healthcare utilization patterns and life
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satisfaction [6]. The ability to participate in meaningful life roles
and activities after tSCI is affected by environmental factors,
including the accessibility of the natural and built environment,
social support networks (e.g., personal care assistance, peer
mentors), public transportation systems, governmental policies
and community attitudes towards disability and reintegration
[6–9]. A greater magnitude of environmental barriers has been
shown to be predictive of physical and mental health after SCI
[10]. Although environmental barriers have been correlated with
injury characteristics and sociodemographic variables such as
household income and income inequality, there is little research
examining the correlation between rurality and environmental
barriers after tSCI [11].
Given these issues, the purpose of this study was to determine

whether there is a difference in environmental barriers and health
outcomes between rural and urban individuals with tSCI from
Atlantic Canada. This is a region of Eastern Canada, which
compromises four provinces and has a population of approxi-
mately 2.3 million people. As the region primarily consists of
sparsely populated communities with a limited number of tertiary
medical centers and thus, residents have varied access to
specialized tSCI care, we would expect environmental barriers to
be greatest for individuals from rural locations. The primary
outcome of the study is to evaluate whether environmental
barriers, health, and quality of life outcomes differ based on rural
versus urban location, in addition to distance from RHSCIR centers.
The secondary objectives are to evaluate if persons with tSCI are
moving closer to regions with densely populated areas, and to
determine if longer travel distances to tertiary SCI healthcare
facilities are associated with reduced healthcare utilization.

METHODS
Data sources and study population
This study utilized data from the Rick Hansen Spinal Cord Injury Registry
(RHSCIR) from patients admitted to one of three acute SCI hospitals or to
one of three SCI rehabilitation centers within Atlantic Canada between
2012 and 2018 [12]. RHSCIR is a national prospective registry of adult
persons with a new tSCI admitted to one of eighteen acute and twelve
rehabilitation facilities across Canada [11]. All participating facilities have
local ethics approval prior to enrolling patients. The registry maintains a
minimal data set on all individuals with tSCI, in addition to an expanded
data set and community follow-up (CFU) for those who provide informed
consent [12, 13]. Individuals were included in this study if they provided
consent to CFU, had CFU data collected between 9- and 24-months post-
discharge from inpatient care, survived their initial hospitalization, lived
within Atlantic Canada at CFU, and provided their postal code at discharge.

Rural and urban setting
The definition of rural and urban varies in the literature, however, it is
generally accepted that rural refers to both population density and
distance from a densely populated area [14]. Statistics Canada defines an
urban population center as an area with a population of at least 1,000
persons and a density of 400 or more people per square kilometer [6].
Across the country regions not satisfying the urban criteria are defined as
rural and are uniformly identified by the number “0” in the second digit of
the postal code. Using this definition, study participants were grouped into
rural and urban cohorts based on the residential postal code at CFU.

Distance from specialized SCI center
Outcomes were evaluated according to travel distance from residential
address to the nearest RHSCIR facility. These data were obtained by
calculating the driving distance for each participant from their residential
postal code at CFU to the nearest RHSCIR facility. The distance was
calculated by inputting this information into Google Maps and selecting
the option of departing at 12:00 am using the shortest calculated distance.
There is limited research to define a cut-off travel distance that is known to
affect patient health outcomes or healthcare utilization patterns. This value
was chosen based on research by Canale et al. that investigated cancer-

related outcomes in British Columbia [14]. The hypothesis is that patients,
family members or caregivers are willing to travel 100 km or less to receive
medical care, as it represents a manageable driving time of 60min or less.
Participants were divided into two groups: those living >100 km from the
nearest RHSCIR facility, and those living ≤100 km from the nearest RHSCIR
facility. Primary outcomes and healthcare utilization patterns were
compared between these two groups.

Demographic and injury characteristics
Information that was included from the RHSCIR dataset for the purpose of
this study included: sex, age at injury, comorbidities (based on the
Charlston Comorbidity Index), education level, employment status, marital
status, living setting, compensation status (disability insurance/workers
compensation/none), mechanism of injury, neurological injury severity by
the American Spinal Injury Association (ASIA) Impairment Scale (AIS) (AIS A,
B, C, D, E), and neurological injury level (cervical, C1–C8; thoracolumbar, T1
and below) derived from the International Standards for Neurological
Classification of SCI examination [15].

Primary outcome
The primary outcome was to evaluate environmental barriers, health
outcomes, and secondary health complications according to rurality and
travel distance to the nearest RHSCIR facility. Outcome data were evaluated
using several validated questionnaires from the extended RHSCIR dataset at
CFU. Environmental barriers were assessed using the Craig Hospital
Inventory of Environmental Factors-Short Form (CHIEF-SF). The CHIEF-SF
assesses the impact of physical, social, and political barriers on activity
participation [16]. The mean CHIEF-SF score was calculated in addition to the
mean scores of the five subscales, which include policy, physical/structural,
work/school, attitudes/support and services/assistance barriers. Scores are
the product of the frequency score (from never = 0 to daily = 4) and the
magnitude of impact score (little problem = 1, big problem = 2). A greater
score indicates greater severity of environmental barriers. Health outcomes
were explored by using the Medical Outcomes Study 36-Item Short Form-36
Version 2 (SF36v2), the Life Satisfaction Questionnaire 11 (LISAT-11), the
Functional Independence Measure (FIM), and the Spinal Cord Independence
Measure (SCIM). The SF36v2 assesses health status and can be reported as a
profile of eight health domains: physical functioning, role limitations due to
physical health problems, bodily pain, general health, vitality, social
functioning, role limitations related to emotional problem and mental
health [17]. It can also be reported as two summary scores, the Physical and
Mental Component Scores (PCS and MCS), which were done in this study. A
lower score is associated with more disability. The LISAT-11 is an eleven-item
measure of quality of life and satisfaction regarding important life domains:
vocational, financial and leisure situations, contacts with friends, sexual life,
self-care management, family life, partner relationships and physical and
psychological health [18]. Higher scores indicate greater life satisfaction. The
FIM assesses independence with 13 motor and 5 cognitive tasks, with each
task graded on a scale from 1 (total assistance) to 7 (complete
independence) [19]. The SCIM evaluates independence with self-care,
respiration and sphincter management and mobility [20]. Higher FIM and
SCIM scores are associated with greater independence. RHSCIR also tracks
secondary health complications related to SCI. The complications that were
compared between groups with respect to the secondary outcomes were:
autonomic dysreflexia, deep vein thrombosis, depression, pressure injury,
sexual dysfunction, spasticity, and urinary tract infections (UTI). These
conditions were chosen based on the study by Glennie et al., as these
complications could require specialized care that may not be available in
rural locations [6].

Secondary outcomes
The secondary outcomes were to evaluate if persons with tSCI are moving
closer to regions with densely populated areas, and to determine the
relationship between travel distances to RHSCIR facilities and healthcare
utilization patterns. The postal codes at discharge and CFU were compared
to determine if any participant moved from one living setting to another
between discharge and CFU. The expanded RHSCIR dataset was used to
evaluate healthcare utilization patterns. The patterns that were compared
between groups based on distance to nearest RHSCIR facility included re-
hospitalization, types of healthcare visits (e.g., family physician, physical
medicine and rehabilitation specialist, spine surgeon, allied health
professionals), and patient-reported access and barriers to healthcare.
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Statistical analysis
Descriptive statistics were generated for all baseline demographic and
injury variables. Student t-tests (normal) or Wilcoxon two–sample tests
(non-normal) were used to compare continuous variables and chi-square
tests for categorical variables. Unadjusted bivariate analysis was performed
to compare participants living in rural vs urban settings post-discharge,
and to compare participants according to distance to nearest RHSCIR
facility. All analyses were carried out using SAS STAT 12.1 version 9.4 (SAS
Institute, Cary NC.). A p-value of less than 0.05 was considered statistically
significant. Sensitivity analysis was performed to compare the study cohort
with the participants who had no CFU to determine if there is any potential
bias in the cohort.

RESULTS
Demographic data according to rural versus urban population
density
From 2012-2018, 340 patients were admitted to Atlantic Canada
RHSCIR sites (Fig. 1). In total, 104 participants with CFU at
9–24 months were included in the study. 21 participants lived in
rural postal codes at CFU, and 83 lived in urban postal codes. 59
participants lived more than 100 km away from the nearest
RHSCIR facility, while 45 participants lived within 100 km. There
were no significant differences in age at injury, sex, comorbidity
count, employment status, education level, marital status, living
setting, living set-up (i.e., home alone versus with home with

family/friends), and compensation type when comparing partici-
pants according to rural and urban postal codes, and according to
distance to the nearest tertiary care facility (Table 1). Individuals
who lived more than 100 km away from the nearest RHSCIR facility
were less likely to be discharged home, as compared to those who
lived within 100 km. Nearly 20% of participants in the “>100 km”
group were discharged to another hospital after leaving the
RHSCIR facility. This is consistent with patients who live far from
the treating facility being repatriated to their local hospital where
final discharge destination is arranged. There was no association
between discharge destination and postal codes.
There were no significant differences in mechanism of injury or

neurological injury severity (AIS) at admission and discharge
according to postal code and travel distance (Table 2). There were
no differences in neurological level of injury at admission and
discharge according to urban versus rural postal codes. Neurolo-
gical level of injury at admission and discharge were significantly
different according to travel distance. Neurological diagnosis at
discharge was significantly different according to travel distance,
but not according to postal codes.
Sensitivity analysis comparing the study cohort with the

participants with no CFU showed that the group with no CFU
had significantly more females (35% vs 15%, p= 0.004), fewer
were employed (46% vs 70%, p= 0.003), and fewer were married
or in common law (40% vs. 61%, p= 0.01).

Fig. 1 Flow chart indicating the selection process for the study cohort. The study cohort was dichotomized according to postal code and
travel distance.
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Primary and secondary outcomes according to rural versus
urban population density
Participants living in urban settings after 9–24 months of CFU
reported greater environmental barriers than those residing in
rural locations in the policies (0.34 ± 0.69 vs. 0.05 ± 0.22) and work/
school subscales (0.28 ± 0.79 vs 0 ± 0) of the CHIEF-SF (Table 3).
There were no significant differences in the SF36v2, FIM, SCIM, or
LISAT-11 scores when comparing patient groups during CFU
(Table 3). There were no significant differences between groups
when comparing the secondary health complications of auto-
nomic dysreflexia, deep vein thrombosis, depression, pressure
injuries, spasticity, sexual dysfunction, or urinary tract infections
(Table 3). There were no differences in healthcare utilization
patterns between groups, including re-hospitalization, and visits
to family physicians, spine surgeons, physiatrists, and allied health
professionals (Table 4, Fig. 2a). Barriers to healthcare utilization
were similar between groups, with the main issue being related to
waiting time and lack of available services (Table 4).

Primary and secondary outcomes according to distance to
closest RHSCIR facility
The outcomes at CFU, including CHIEF-SF, LISAT-11, SF36, FIM,
SCIM, and secondary health complications, were not significantly

different according to travel distance to the nearest RHSCIR facility
(Table 3). Individuals living >100 km from the nearest RHSCIR
facility were more likely to report sexual dysfunction after injury.
There were no differences in healthcare utilization patterns
between groups, including re-hospitalization, access and barriers
to healthcare and visits to family physicians, spine surgeons,
physiatrists, and allied health professionals (Table 4, Fig. 2b).
Barriers to healthcare utilization were similar between groups,
with the main issue being related to waiting time and lack of
available services (Table 4).

Patient migration
No participants migrated from an urban to rural setting or from a
rural to urban setting between time of discharge and CFU.

DISCUSSION
In this study, two measures of rurality—postal code at CFU and
travel distance to the nearest RHSCIR facility—were used to
evaluate environmental barriers, health outcomes and healthcare
utilization patterns after tSCI. There were similar health outcomes
between individuals from rural and urban postal codes and
between individuals who lived >100 km or ≤100 km from the

Table 1. Demographic characteristics of the study cohort according to travel distance and postal codes at community follow-up.

>100 km (n= 59) ≤100 km (n= 45) Rural postal code (n= 21) Urban postal code (n= 83)

Age at injury (years, mean ± SD) 49 ± 16 50 ± 18 49 ± 16 49 ± 18

Male (%) 85 84 86 84

Comorbidity count (%)

0 35 36 31 37

1–2 55 48 56 51

3 10 15 12 12

Employed (%) 76 61 67 71

Education (%)

High school level 45 56 71 45

College or above 55 44 29 55

Married/common law (%) 64 58 61 61

Living setting pre-admission (%)

Private residence 100 95.1 100 97.4

Assisted living 0 4.9 0 2.6

Living set-up pre-admission (%)

Partner/spouse/family 76 78 67 79

Alone 24 22 33 21

Living set-up at discharge (%)

Partner/spouse/family 85 89 85 88

Alone 15 11 15 12

Compensation type (%)

Disability 54 47 57 50

Worker/vehicle 27 17 14 24

None 19 36 29 26

Discharge destination (%) *

Private residence 80 95.6 76 89

Nursing home/LTCa 0 2.2 0 1.2

Hospital 19 0 24 7.2

Group living arrangement 0 2.2 0 1.2

Other 1.7 0 0 1.2

All categories of a variable were compared together and analyzed according to travel distance and postal codes separately. Significant differences in variables
between >100 km and ≤100 km travel distances, and between rural and postal codes are denoted with *(p < 0.05).
aLTC long-term care.
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nearest RHSCIR facility, based on measurements of function (FIM,
SCIM), quality of life (LISAT-11), health status (SF36), medical
complications and healthcare utilization patterns. The only
difference was those individuals living more than 100 km away
from the nearest tertiary care facility were more likely to report
sexual dysfunction after tSCI. This may reflect the neurological
level of injury and not the impact of rurality, as individuals in this
group were more likely to have complete paraplegia.
Goodridge et al. reported that most SCI participants from rural

areas in the province of Saskatchewan, Canada, valued the
benefits of living in rural settings and described that their decision
to remain in a rural location post-discharge was often not
supported by their healthcare provider. It was perceived that
individuals with disabilities from rural areas could have worse
health outcomes, as there may be limited access to recreational
activities, medical care providers and work/school opportunities.
There appears to be a growing amount of evidence to suggest
that SCI patients from rural areas can have similar—and some-
times better health outcomes—as compared to their urban
counterparts. This may be related to the protective effects of a
tight-knit community and to the accessibility of open rather than
built-up environments [21]. Glennie et al. found that mental health

outcomes were better in individuals with tSCI from rural areas in
British Columbia, as compared to those living in urban settings
and those who migrated from rural to urban settings [6]. A large
study of 1454 individuals with tSCI in New Jersey and Alabama
reported that life satisfaction was greatest in rural communities
[22]. These trends may not be unique to the SCI population: an
evaluation of 1200 Canadian neighborhoods and communities
found that populations exceeding 50,000 people reported less life
satisfaction than smaller communities, despite having lower rates
of unemployment and higher incomes [23].
A strong foundation of social support is essential for promoting

mental and physical health, community re-integration and
functional independence after tSCI [7]. Social relationships with
friends, colleagues, and family members are an important
motivating factor to participate in community life following SCI
[7]. The protective effect of social relationships could explain the
benefits of remaining in one’s community after injury. Glennie
et al. found that patients who migrated from rural to urban
settings after discharge reported worse health outcomes [6]. The
transition of moving is disruptive and can interfere with support
networks. This may explain the benefits of living in either rural or
urban locations in Atlantic Canada, and why patients did

Table 2. Injury characteristics of the cohort according to travel distance and postal codes at community follow-up.

>100 km (n= 59) ≤100 km (n= 45) Rural postal code (n= 21) Urban postal code (n= 83)

Mechanism of injury (%)

Transport 46 31 29 42

Fall 34 47 43 39

Sports 12 13 19 11

Others 8.5 8.9 9.5 8.4

AIS at first admissiona (%)

AIS A 35 26 41 29

AIS B 13 10 12 12

AIS C 13 15 5.9 16

AIS D 39 49 42 43

NLI at first admissionb (%) *

Cervical 49 78 50 63

Thoracolumbar 51 22 50 37

Attended inpatient rehab (%)

Yes 85 90 86 87

No 15 11 14 13

AIS at discharge (%)

AIS A 32 15 39 21

AIS B 5.7 7.5 11 5.3

AIS C 11 15 0 16

AIS D 51 62 50 57

NLI at discharge (%) *

Cervical 45 76 44 61

Thoracolumbar 55 24 56 39

Neurology Dxc at discharge (%) *

Complete tetraplegia 6.3 11 6.3 8.8

Complete paraplegia 29 5.6 38 15

Incomplete tetraplegia 38 67 31 54

Incomplete paraplegia 27 17 25 22

All categories of a variable were compared together and analyzed according to travel distance and postal codes separately. Significant differences in variables
between >100 km and ≤100 km travel distances, and between rural and postal codes are denoted with *(p < 0.05).
aAIS ASIA Impairment Scale.
bNLI Neurological level of injury.
cDx Diagnosis.
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not migrate between urban and rural settings after community
follow-up.
The similarities in outcomes of health and function according to

measures of rurality may also have been related to comparable

access to outpatient care. There were no differences in healthcare
visitations to physicians and allied health professionals during CFU
when participants were stratified according to postal code or
travel distance after discharge. There have been a limited number

Table 3. Environmental barriers and health outcomes at community follow-up according to travel distance and postal codes.

>100 km (n= 59) ≤100 km (n= 45) Rural postal code (n= 21) Urban postal code (n= 83)

CHIEF-SFa (mean ± SDb)

Policies 0.31 ± 0.69 0.26 ± 0.57 0.05 ± 0.22* 0.34 ± 0.69*

Physical/structural 1.85 ± 1.83 1.97 ± 2.20 1.79 ± 2.15 1.93 ± 1.96

Work/school 0.25 ± 0.76 0.19 ± 0.65 0i,* 0.28 ± 0.79*

Attitudes/support 0.34 ± 0.84 0.54 ± 1.4 0.57 ± 1.28 0.39 ± 1.07

Services/assistance 0.63 ± 0.84 0.75 ± 1.07 0.53 ± 0.57 0.72 ± 1.01

Total score 0.66 ± 0.57 0.75 ± 0.93 0.56 ± 0.58 0.73 ± 0.77

LISAT11c (mean ± SD) 3.99 ± 0.85 3.97 ± 1.02 3.89 ± 0.98 4.01 ± 0.91

SF36d (mean ± SD)

PCSe 34.73 ± 11.45 36.16 ± 10.67 33.26 ± 12.34 35.89 ± 10.76

MCSf 50.91 ± 13.53 50.37 ± 13.59 50.42 ± 15.01 50.74 ± 13.19

FIMg (mean ± SD)

FIM motor score 77.13 ± 26.31 78.27 ± 19.32 61 ± 41.68 80.94 ± 16.55

FIM cognitive score 34.63 ± 0.74 34.64 ± 0.67 35j 34.56 ± 0.73

FIM total 111.75 ± 26.22 112.91 ± 19.52 96 ± 41.68 115.5 ± 16.72

SCIMh (mean ± SD) 67.89 ± 28.37 71.03 ± 28.92 72.65 ± 25.95 68.34 ± 29.21

Autonomic dysreflexia (%)

Yes 30 16 29 23

No 58 76 62 66

Don’t know 12 8.9 9.5 11

Deep vein thrombosis (%)

Yes 1.7 2.2 4.8 1.2

No 91.5 87 90.5 89

Don’t know 6.8 11 4.8 9.6

Pressure injury (%)

Yes 11 11 10 12

No 83 87 90 83

Don’t know 5.7 2.2 0 5.1

Spasticity (%)

Yes 81 73 81 77

No 19 27 19 23

Sexual dysfunction (%) *

Yes 60 37 44 52

No 40 63 56 48

Urinary tract infection (%)

Yes 44 34 33 42

No 56 64 67 57

Don’t know 0 2.3 0 1.2

All categories of a variable were compared together and analyzed according to travel distance and postal codes separately. Significant differences in variables
between >100 km and ≤100 km travel distances, and between rural and postal codes are denoted with *(p < 0.05).
aCHIEF-SF Craig Hospital Inventory of Environmental Factors-Short Form.
bSD Standard Deviation.
cLISAT11 Life Satisfaction Questionnaire 11.
dSF36 Medical Outcomes Study 36-Item Short Form-36 Version 2.
ePCS Physical Component Score.
fMCS Mental Component Score.
gFIM Functional Independence Measure.
hSCIM Spinal Cord Independence Measure.
iNo participants from rural postal codes reported any work/school barriers, so the standard deviation was zero.
jAll participants from rural postal codes reported a maximum score of 35 on the FIM cognitive score, so the standard deviation was zero.
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of studies that have looked at healthcare utilization patterns
according to travel distances. Bell et al. found that longer travel
distances were inversely related with physician and physiothera-
pist visits [24]. In our study, there were no differences between the
“≤100 km” and “>100 km” groups with respect to physician and
allied health professional visits during community follow-up.
However, travel distance was to the nearest RHSCIR facility, so it
may not necessarily reflect the location of care. Ronca et al. found
that individuals who had to travel more than 69min to a tertiary
SCI center were more likely to forgo specialist care in exchange for
more generalist local care [25]. In our study, there were similar
rates of specialist care (e.g., spine surgeon, physical medicine and
rehabilitation specialist, urologist) with a cut-off travel distance of
100 km, which corresponds to a travel time of ~60 min. However, a
limitation of our study was that we did not record the number of
visits for each provider. Individuals from rural settings may have
achieved similar health outcomes by visiting physicians and allied
health professionals a different number of times. Guilcher et al.
reported a mean number of physician visits of 29.7 for traumatic
SCI during the first year after inpatient rehabilitation [26]. There
were different patterns of utilization according to rurality, with
those living in an urban setting more likely to have 30 or more
physician visits and 20 or more specialist visits, while those living
in a rural environment were more likely to have two or more ED
visits. Munce et al. also found that patients from rural locations
were more likely to visit the emergency department for their
healthcare needs [27]. As a result, there may have been
differences in healthcare utilization patterns that were not
captured with the RHSCIR dataset used in this study. In addition,
we only looked at healthcare visitations within the first
9–24 months post-discharge; it is possible that the demand for
healthcare may have changed and diverged between groups the
longer individuals lived in their communities.
We also demonstrated that participants with tSCI in Atlantic

Canada experience relatively similar environmental barriers and
difficulties accessing care according to geographical area of

residence, which may have contributed to similar health and
functional outcomes. The main challenges for obtaining care
included a lack of available services, lack of information to access
these services, and lengthy waiting times. The issue of waiting
times has been previously identified as a major concern in SCI-
related care in a qualitative study by Goodridge et al. [21].
Although there were some services that were well-accessed by
participants, there were some services that appear to be under-
utilized. Less than 5% of participants had access to a vocational
counselor, despite 65% being employed prior to their injury. Only
one person visited a peer support person, which is discouraging as
the availability of peer support after SCI discharge has been
highlighted as an important resource for maintaining health and
wellness [21]. Only one person visited a sexual health clinician in
the first year of community follow-up, despite approximately half
of participants reporting sexual dysfunction in the last 12 months.
Individuals from rural and urban living locations perceived the

most environmental barriers within the physical/structural sub-
scale of the CHIEF-SF. This finding has been recognized in three
previous studies on tSCI [6, 8, 10]. Participants from rural and
urban postal codes reported scores of 1.79 and 1.93, respectively
on the physical/structural subscale. These scores are higher than
those reported in non-disabled populations (0.39 ± 0.60) by
Whiteneck et al., suggesting a common barrier to individuals with
tSCI [16]. Holliday and Kurl identified an accessibility gap within
Canada, which respondents attributed to older buildings which
are harder to renovate, the expensive costs of creating accessible
environments, the lack of general understanding about what
accessibility entails, the lack of importance given to accessible
designs during construction, and the lack of governmental
enforcement [28]. These factors are most related to the built
environment and may explain the magnitude of barriers identified
within the physical/structural subscale of the CHIEF-SF. Cao et al.
reported that the physical/structural and services/assistance
subscales of the CHIEF-SF were most predictive of mental and
physical health after SCI [10]. This may explain the health

Table 4. Healthcare utilization patterns at community follow-up according to travel distance and postal codes.

>100 km
(n= 49)a

≤100 km
(n= 35)

Rural postal
codes (n= 17)

Urban postal
codes (n= 67)

Rehospitalization (%) 33 37 53 30

Number of nights in hospital in the first 12 months after
discharge, median (IQR)

9.5 (28) 7 (11) 8 (7) 8 (33)

Number of individuals who felt they needed healthcare
but did not receive it in the last 12 months (%)

20 26 35 19

Number of times the above statement happened, median
(IQR)

4 (13) 2 (1) 3.5 (4) 2 (2)

Of those who felt they needed healthcare, why was care not received, n (%)

1. Not available/didn’t know where to go 3 (30) 2 (22) 1 (17) 4 (31)

2. Waiting time too long/not available at the time 5 (50) 8 (72) 3 (50) 10 (77)

3. Cost 1 (10) 1 (11) 0 2 (15)

4. Didn’t get around to it/didn’t bother/too busy 1 (10) 1 (11) 1 (17) 1 (7.7)

5. Transportation problems 0 1 (11) 0 1 (7.7)

6. Personal or family responsibilities 0 0 0 0

7. Felt it would be inadequate/dislike doctor/afraid 2 (20) 1 (11) 0 3 (23)

8. Decided not to see care 2 (20) 0 0 2 (15)

9. Facilities inaccessible 0 0 0 0

10. Language problems 0 0 0 0

11. Other 2 (20) 4 (44) 2 (33) 4 (31)

All categories of a variable were compared together and analyzed according to travel distance and postal codes separately. Significant differences in variables
between >100 km and ≤100 km travel distances, and between rural and postal codes are denoted with *(p < 0.05).
aNot all participants provided CFU with respect to healthcare utilization patterns (84 of the 104 participants completed this section).
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outcomes in our study, as these subscales were similar between
urban and rural cohorts and between those living “≤100 km” and
“>100 km” from the nearest RHSCIR facility. As well, previous
research has suggested that scores on the CHIEF-SF may account
for only 4% and 10% of the variation in participation and life
satisfaction measures [8].
Individuals with tSCI from urban postal codes in Atlantic Canada

experienced more environmental barriers than those from rural
locations with respect to the CHIEF-SF subscales of work/school
and policies. These same findings were not replicated using travel
distance as a marker of rurality. High population density, outdated
infrastructure, poor urban planning and a built-up environment
with obstacles such as stairs, curbs, and sidewalks may pose
unique challenges to individuals with tSCI from urban areas [28].
These factors may have contributed to the differences in the
policies subscale scores, as the policy barriers may have been
more apparent in a built-up, urban environment. In addition,
individuals from rural postal codes reported no barriers within the
work/school subscale. It is unclear why this was the case. There
were no differences in rates of employment pre- and post-injury
according to postal codes at discharge.

Glennie et al. compared environmental barriers and health
outcomes between rural and urban participants in British
Columbia [6]. They concluded that urban participants reported
fewer perceived environmental barriers, particularly with respect
to the physical/structural and services/assistance subscales. It is
unclear why there may be differences in perceived barriers
between rural and urban patients from Atlantic Canada and British
Columbia, but this may relate to differences in climate and injury
characteristics. In our study, individuals from urban areas were
more likely to have a cervical neurological level of injury at
discharge, which was not the case in the study by Glennie et al. It
has been shown that individuals with disability reduce their
community participation when exposed to snowy and cold
weather [29]. This may be less of a factor in British Columbia, as
the province has a much milder climate during the winter months
than Atlantic Canada, particularly in major cities such as
Vancouver and Victoria.

Limitations
There are several limitations to this study. As the RHSCIR data set
depends on participant recall, there is the possibility of recall bias
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Fig. 2 Comparative health care visits during the first 21 months since hospital discharge. The bar values correspond to the percentage of
individuals who had seen a specific care provider (A) according to rural and urban postal codes and (B) according to travel distance (≤100 km,
>100 km) to the nearest RHSCIR facility at CFU. Significant differences (p < 0.05) are denoted with *.
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and incompleteness of the information gathered. There were
some incomplete data fields on the CFU related to demographics
and health outcomes for some participants. In addition to the
incomplete data fields, missing postal codes contributed to a high
number of patients from the RHSCIR data set that were not
eligible for the study, which could have contributed to non-
response bias. The use of any existing data set such as RHSCIR
limits the number of potential outcome variables. For example,
healthcare utilization is only documented according to whether a
person has seen a healthcare specialist or not, and does not record
the number of visits. In addition, we did not explore whether
healthcare visits were conducted by telehealth or through in-
person assessments. It is possible that telehealth services may
have had an impact on the ability of rural individuals to access
specialized care. Although this is a multi-center study, it is based
on a regional data set, so the results may not be generalizable to
other populations. The lack of qualitative data and open-ended
responses may have limited our ability to fully understand the
details of the barriers perceived.
In addition, a rural location was defined according to postal

code, as this is how rurality is defined through Statistics Canada.
Any location with a population less than 1000 persons and a
density of less than 400 or more people per square kilometre is
considered rural and is identified by a zero as the second digit of
the postal code. There are limitations to this definition, as an
urban postal code in this study included any population center
above 1000 people. In Canada, any area that is not rural can be
classified as either a small population center (1000–29,999
people), medium population center (30,000–99,999 people) or
large population center (100,000 or more people). This distinction
was not made in this study, in line with previous work by Glennie
et al. [6] in British Columbia, Canada. This does represent a
limitation, as small to medium population centers could have
different economic, demographic, and living conditions than
those experienced in larger centers. It is for these limitations that
outcomes and barriers were explored according to travel distance.
The results were analyzed using a travel distance cut-off of

100 km, based on research by Canales et al. [14]. The manuscript
used a cut-off value, rather than an interval scale measure, to have
two dichotomous measures of geography (travel distance and
postal codes). This represents a limitation of the study, as
environmental barriers, health outcomes and healthcare utilization
patterns may have differed over a range of travel distances, rather
than over a set cut-off point.
This research involved several statistical comparisons. Less than

5% of all the statistical tests met criteria for statistical significance.
It is possible that those tests which met statistical significance
were incidental rather than clinically meaningful findings, as it is
expected that around 5 percent of findings are incidental when an
alpha value of 0.05 is used.

CONCLUSION
Individuals from urban area codes in Atlantic Canada reported a
greater magnitude of perceived barriers on the policies and work/
school subscales of the CHIEF-SF. No differences in function,
quality of life, and healthcare utilization patterns were seen when
analyzing individuals according to rural versus urban area codes,
and according to travel distance to the nearest RHSCIR facility.
Individuals living >100 km from the nearest RHSCIR facility
reported greater rates of sexual dysfunction. Although this
suggests that living location may not have an impact on outcomes
after tSCI in Atlantic Canada, it is possible that different measures
of geography may have yielded different results. As this study only
explored outcomes within a 9-to-24-month community follow-up
period, future research should explore longer time periods after
tSCI. Travel distance and rurality may have a greater influence
on life satisfaction, community participation, and healthcare

utilization patterns as individuals age with tSCI. In addition, future
research should explore how the availability of independent
transportation affects health outcomes after tSCI, as this may have
a greater impact on accessing health services than travel distance
or rurality. With the emphasis on telerehabilitation stronger than
ever during the COVID-19 pandemic, future research on health-
care utilization should explore differences in telerehabilitation
services, and whether these are being optimized for both rural
and urban individuals.

DATA AVAILABILITY
The data analyzed during this study is available for access from the corresponding
author upon appropriate request. Data sharing will be regulated via the RHSCIR Data
Use and Disclosure Policy.
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