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Abstract
There is considerable variation in rehabilitation outcomes within the population of spinal cord–
injured individuals across racial and socioeconomic groups. This suggests that the long-term
health following spinal cord injury (SCI) is determined, at least in part, by group differences in
exposure to advantages and disadvantages among persons living in the community. This article
conceptualizes the nature of vulnerability and how increased vulnerability leads to disparities in
SCI outcomes. Demographic, socioeconomic, and geographic determinants of adverse outcomes
among vulnerable groups are discussed. Finally, a research model that outlines potential processes
that elicit vulnerability following SCI and clinical implications is reviewed.
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Although advances in rehabilitation medicine have improved the mortality and morbidity
rates for the population of spinal cord–injured individuals as a whole, evidence shows that
significant disparities occur in rehabilitation outcomes according to differences in individual
background and sociodemographic characteristics.1-3 These “uneven” health outcomes can
impose a supplemental burden on the rehabilitation and reintegration of underserved groups
into the community. Vulnerable populations are groups who have historically experienced
marginalization in American society—the poor, racial and ethnic minorities, women, and
older adults—and, therefore, experience a disproportionate amount of exposure to the
disadvantages that increase the risk for poorer health and diminished well-being.4 In other
words, the concept of vulnerability suggests that individuals' experiences, and not their
intrinsic qualities, create disparities in health outcomes.5-7

Spinal cord injury (SCI) creates a state of vulnerability, in that this sudden and debilitating
injury most often results in chronic disability and an increased risk for secondary health
complications that reframe an individual's entire life.5 Living with an SCI exposes an
individual to increased risk of “poor physical, psychological and/or social health”6(p487) that
may be associated with increased morbidity and premature mortality.8 Furthermore, there is
evidence that some groups are at a disproportionate risk for poor outcomes than others
following injury. The goal of this paper is to provide a descriptive review of disparate
outcomes for vulnerable groups living with SCI. The review is not exhaustive but highlights
current findings that best illustrate the individual and social circumstances that contribute to
health disparities among vulnerable groups following SCI. Specifically, the review will
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focus on the 2 salient circumstances that increase the risk of vulnerability for individuals
with SCI: sociodemographic (ie, socioeconomic status and race/ethnicity) and resource
factors (ie, assistive technology and geography). Finally, the paper will propose a conceptual
framework that has research and clinical implications to address disparities observed in
vulnerable groups living with SCI.

Socioeconomic Vulnerabilities
Socioeconomic status is the most commonly cited vulnerability characteristic that is
associated with variations in mortality and morbidity both in the general population and
among disabled groups.9,10 Among the social and demographic disparities noted in the
distribution of health and illness, socioeconomic status (SES) – typically assessed by
differences in income, educational attainment, and occupational status – is consistently
associated with differences in rehabilitation outcomes following SCI. Low income and
educational attainment, as well as lack of health insurance, have been shown to increase the
risk of mortality among persons with SCI.11-15 Low SES also increases the risk for
secondary health complications following SCI. Persons from socioeconomically
disadvantaged backgrounds are more likely to report chronic pain16 and emotional
distress.17 The relationship between SES and substance abuse is less clear, with reports of
higher rates of alcohol and drug abuse among persons of low SES backgrounds18 versus an
increased risk for heavy drinking post injury among persons with high educational
attainment and income.19 Elsewhere in the literature, high SES is reported to confer
advantages post injury. Persons with high levels of educational attainment are more likely to
use customized wheelchairs20 and drive modified vehicles,21 which in turn improves their
psychological and social outcomes following injury. Access to assistive technology (AT)
reinforces and maintains SES attainment, as persons who report AT use also report
employment success.22

The association between SES disadvantage and health raises concern that persons with SCI
are vulnerable to poorer health because of increased exposure to the financial hardship and
material deprivation that frequently accompanies chronic physical disability.23 SCI is an
expensive condition; the estimated cost for health care and living expenses for a person with
high level tetraplegia is $170,000 annually.24 Persons with chronic disability due to
traumatic injuries are more likely to experience reduced income from un- or
underemployment and disruptions in insurance coverage due to job loss, while incurring the
high costs of ongoing medical care and accommodations necessary to adapt to community
living.25 A recent study reported that the incidence of bankruptcy was 3.5% at 5 years post
injury among braininjured and spinal cord–injured patients.26 This situation is compounded
by the fact that only a fraction of persons with SCI are gainfully employed post injury.
Estimates vary, but only about 35% of persons with SCI report working part-time or full-
time for pay.24 Education, income, and occupational status preinjury predict employment
status after injury, such that persons with low levels of education and low status occupations
are less likely to be gainfully employed post injury.27-31 Highly educated individuals (ie,
those with a college degree) are also more likely to report a higher rate of earnings.32 Meade
et al observed that lower employment rates among persons from minority groups before
injury also translated to a larger gap in employment rates post injury between African
Americans and Whites.28

Racial and Ethnic Group Vulnerabilities
The US Census defines race and ethnicity according to self-identification of the racial
background based on several groups (eg, Caucasian or White, Black or African American,
Asian, Native American) and whether or not an individual is of Hispanic or Latino origin
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(ethnicity).33 This definition is frequently used by researchers to compare differences in
morbidity and mortality across racial and ethnic groups. A thorough discussion of the
concepts of race and ethnicity, which have been complicated by social, historical, and
political origins, is beyond the scope of this article. However, the persistent associations of
self-reported race and/or ethnicity with various health indicators continue to make the use of
these concepts prevalent in health-related research. There is substantial evidence, for
example, that self-reported racial group differences exist in types of treatment received,
quality of care, and availability of care, even after controlling for other factors such as
income, education, or insurance status.34 Further, as many public health researchers
advocate, identifying groups based on some standardized groupings is necessary and
beneficial if specialized and targeted interventions are to be designed for groups that are
either at high risk for a particular health condition or subject to a health-related
disparity.34,35

Racial and/or ethnic minorities living with an SCI are at increased risk of secondary
complications,36,37 psychological distress,38,39 and poorer wheelchair quality.20 Several
studies have suggested that the occurrence40,41 and severity42 of secondary complications
such as pain and pressure ulcers are elevated among persons from minority backgrounds.
Cardenas et al reported that among individuals who reported pain post injury, the level of
pain severity was higher among minorities in comparison to Whites.43 Fuhrer et al reported
that a higher percentage of African Americans with SCI reported severe pressure ulcers (ie,
stage III and IV) in comparison to Whites.42 These results are consistent with current
research.40 Minority groups are more likely to report problems with access to care to address
secondary complications in comparison to Whites.40

Persons from racial and ethnic minority backgrounds are also vulnerable to poorer outcomes
in psychological functioning and quality of life following a traumatic SCI. Previous studies
have found elevated rates of depressive symptomatology among persons from minority
group backgrounds relative to Whites.17,44 Few investigations have attempted to disentangle
the covariation between SES and race/ethnicity, although many studies have observed group
differences by race among SES factors in persons with SCI. For instance, Krause et al
reported that Whites generally reported better subjective well-being (SWB) outcomes,
particularly concerning their finances and employment opportunities, relative to the other
racial/ethnic groups (ie, African Americans, Hispanics, and Native Americans).39,45 Native
Americans reported the poorest SWB on all but one of the subscale (ie, participation), in
comparison to the other racial/ethnic groups. Similar findings were reported in a 6-year
follow-up study; however, the relative amount of disparities in SWB did not change over
time.39

Assistive Technology Vulnerabilities
Recently, disparities in wheelchair prescription have been the focus of attention by
rehabilitation researchers as an explanatory factor in race and SES disparities following SCI.
Procedures for wheelchair prescription vary greatly depending on the type of insurance
coverage and Veteran status. For example, Veterans Administration (VA) guidelines require
that chair prescriptions adhere to a standard contracted cost list that includes both
customizable and non-customizable manual and power wheelchairs and scooters.46

Although non-contracted chairs may be prescribed to a veteran if necessary, the additional
documentation that is required is prohibitive. In contrast, persons with SCI who obtain
wheelchairs from a non-VA facility must receive their coverage either through private
insurance or through Medicare. In both cases, customizable chairs may be obtained,
however both private insurance and Medicare require documentation with substantial
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justification.47 These differences in prescription practices may lead to racial as well as
veteran status disparities that are being explored in our ongoing research.48

For example, research has shown that veterans with SCI from minority group backgrounds
were less likely than non-Hispanic Whites to receive customizable wheelchairs and
scooters.49 Although this study did not control for SES, participants included persons for
whom chairs were fully funded by the Veterans Health Administration. Among non-veterans
with SCI, research had shown that minorities, those with less than a high school education,
those with public insurance, and people with low incomes were more likely to have standard
manual and standard programmable power wheelchairs rather than customizable ones and
were less likely to have back-up wheelchairs.50 These disparities are important because the
customizability of wheelchairs is an indicator of wheelchair quality. Improved and
alternative design and customizable wheelchairs can provide reasonable preventive
measures against deleterious conditions like upper limb injuries while improving quality of
life (QOL).51-54 Other studies found customizable manual wheelchairs to be more durable,51

cost-effective,55 and comfortable.56

Geographic Vulnerability
Vulnerability for poorer health outcomes is also infuenced by differences in the places
where people live. Motivated by a large body of work demonstrating that geographic
location is an important social determinant of health,57 several recent rehabilitation studies
have suggested that the uneven distribution of resources and infrastructure across geographic
areas contributes to differences among vulnerable groups in health and well-being for
persons with SCI. For instance, an analysis of a subsample of the Spinal Cord Injury Model
Systems (SCIMS) database found that the likelihood of reporting poor health following SCI
was higher in socioeconomically disadvantaged areas based on an index derived from US
Census measures of household income, wealth, home values, educational attainment, and
employment in high status occupations.58 The same investigation also found that the
likelihood of reporting dissatisfaction with life was positively associated with SES
advantage as well as with living in an urban area. Conversely, other research has reported a
negative relationship between area-level SES disadvantage (as measured by the percentage
of Census tract residents living below the poverty level) and satisfaction with life following
SCI.59 Although the pattern of results reported across these studies varies and is partially
attributable to methodological differences in the study samples, level of analysis, and
measurement of area-level SES, collectively this work suggests that long-term rehabilitation
outcomes reported by persons living in the community varies, at least in part, by the places
in which people live.

Rural versus urban differences in rehabilitation outcomes have also been the subject of
empirical attention in medical rehabilitation. Adkins and colleagues concluded that living in
high crime urban areas was associated with restricted mobility among persons with SCI,
which is detrimental to long-term health and functioning.60 Liang and colleagues found that
among persons with SCI living in urban areas, self-reported physical activity was lower
among individuals living in neighborhoods with higher crime rates.61 However, others have
asserted that living in urban versus rural areas is more beneficial to persons with SCI, as
rural communities have fewer options for employment, recreation, transportation, and either
unavailable or inaccessible health care.62 A recent analysis of the role of area-level
economic conditions and urbanicity on employment also suggests that living in a suburban
(compared to urban) area increases the odds of working for pay following SCI,63 suggesting
that geographic location may also contribute to social participation for persons with chronic
SCI. Although it is acknowledged that the quality of a person's environment is necessary to
increase independence and functioning,64 research addressing the relationship between
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community characteristics and outcomes for persons with SCI is only in its nascent stages.
In particular, investigations assessing the role of ecological factors such as infrastructure (ie,
the distribution of health care facilities, rehabilitation services, transportation, and accessible
neighborhoods) and social conditions on long-term outcomes are needed to advance our
understanding of geographic vulnerability among persons with SCI.

Implications for Research
This review indicates that not all people adjust well after SCI rehabilitation, and much of
this is determined by differences in background, access to technology, and the environment,
as well as medical factors. However, explanatory studies of health disparities in SCI
outcomes are rare and are needed in order to advance our ability to address health disparities
in vulnerable groups. We propose a comprehensive model to assist rehabilitation researchers
in advancing our understanding of why health disparities occur so that they may be
addressed in clinical practice and public policy.

This conceptual model (Figure 1)47 of the associations among exogenous variables (ie,
individual, provider, and health care system-level factors), processes of care, and health
outcomes is based on a model developed by the Center for Health Equity Research and
Promotion (CHERP).4 The model defines how individual, provider, and system factors, as
well as the context of a rehabilitation encounter, may contribute to disparities in health care
and health outcomes. It posits that individual factors (eg, culture, SES), provider factors (eg,
attitudes, practice patterns, training), and health care system/policy factors (eg, organization,
availability of expertise, and distribution of resources) interact to affect both health care
delivery (processes of care) and health outcomes. The individual, provider, and system
factors, processes of care, and health outcomes interact and are influenced by geographic
differences in resources and infrastructure as well as other environmental factors (depicted
at the bottom of the diagram).

An application of this model considers that persons with SCI represent an at-risk group for
health complications due to the chronic nature and complexities of SCI. However, this risk
is not deterministic but rather varies based on differences in individual background factors,
access, and experiences within the health care system. For example, an uninsured African
American male living with an SCI who has a stage II pressure ulcer may be more vulnerable
to disparities in health care and health outcomes because he may face more barriers to
obtaining treatment. These barriers may include individual factors such as low SES as well
as cultural factors such as experiences of discrimination and perceived racism in health
care.65 Further, racial minorities and individuals with low SES may be more likely to live in
a neighborhood with access to community medical clinics with providers who have limited
expertise in SCI (provider factors) rather than outpatient rehabilitation services. Community
medical clinics tend to have high patient volume and limited rehabilitation equipment
(health care system factors). Providers' care for racial and ethnic minority groups living with
an SCI may also be biased by their stereotypes and assumptions (eg, lack of cultural
competency).66 Cultural competence requires a health provider to understand the
complexities of “social and cultural infuences on patients' beliefs and behaviors and how
these factors interact at multiple levels of the healthcare system.”67(p297) Thus, observed
disparities in rehabilitation outcomes (eg, secondary health complications, QOL, AT use,
and social participation) may occur because individual, provider, and system factors
combine to contribute to inadequate health care service delivery.

The application of this model also suggests that methodological changes are necessary for
understanding the complex processes that create disparities in rehabilitation outcomes. For
example, measures of vulnerability factors, such as self-reported access to care and quality
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of care, are important aspects of the health care process that are understudied in SCI
research. Much of the disparities research in SCI is cross-sectional and therefore limits our
ability to draw conclusions on the direction of the associations between vulnerability factors
and outcomes, as well as the role of intervening factors. Longitudinal studies will increase
our understanding of how the relationship between these factors and outcomes change over
time. Finally, research is also needed to examine the infuence of provider factors, such as
cultural competence in caring for vulnerable groups, on disparities in health care processes
and rehabilitation outcomes.66

Clinical Implications
Clinicians have a responsibility to reduce the risk of individual, provider, and environmental
vulnerabilities that may impact a patient's functioning. Additionally, clinicians can offer
assistance to clients to mitigate the consequences that result from their vulnerabilities. For
example, the location of service delivery (eg, supplier's facility, general practitioner's office,
or specialized rehabilitation or assistive technology center) is hypothesized to have a
significant infuence on the role of providers on individual outcomes. Similarly, the expertise
of the clinician who is treating the person with SCI and making the prescribing
recommendation is critical. Clinicians infuence every component of the health care service
process through their knowledge and understanding regarding the client's functional,
structural, health, and safety needs as well as treatment options. The individual's knowledge
about his/her SCI needs and issues is also critical to better health care. Prior experience with
wheelchairs as well as self-awareness of functional needs, information-seeking, and the
degree to which the individual's perceptions of need are shaped by their interpersonal
network, cultural beliefs and experiences, and psychosocial resources are also important
implications for clinical care. Finally, cost and insurance factors (eg, insurance
requirements, complexity of the payment process, and other funding sources) affect every
component of their clinical care even more so than with other disorders.47

Conclusion
Persons with chronic SCI are a vulnerable population due to the increased risk of health
complications following injury. This risk is elevated among persons with SCI from racially
and socioeconomically disadvantaged backgrounds. Although rehabilitation research has
made considerable progress in the past decade in describing at-risk groups, more work in
health disparities among rehabilitation populations is needed. In particular, this review
suggests that research investigating the processes and the mechanisms that elicit
vulnerability to poor health would be instrumental in advancing our understanding of health
disparities. In particular, work that describes the complex interaction between individual,
provider, and health care system factors that contribute to disparities in health outcomes is
needed to improve health care delivery among vulnerable groups living with SCI.
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Figure 1.
Conceptual model.
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