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Preface

The purpose of this book is to provide public health, disability, and rehabilitation 
professionals/practitioners evidence-based science and advocacy perspectives 
with respect to health disparities faced by people with disabilities, especially peo-
ple with mobility limitations, alternative methods of rehabilitation and exercise 
science for this population, assistive device technology, and improved access to 
health care, employment, and social participation. The book should be of interest 
to a broad audience, including but not limited to public health practitioners and 
educators, disability and rehabilitation researchers, clinicians and sports medicine 
practitioners, and disability advocates.

According to the National Institute on Disability, Independent Living, and 
Rehabilitation Research (NIDILRR), approximately 57 million Americans live 
with a disability. Disability severity and types vary considerably, such that each 
individual with a disability faces unique physical, social, and environmental barri-
ers in order to enjoy quality of life and full participation in society. A large research 
literature shows that people with disabilities face substantial employment and 
health disparities compared to people without disabilities. People with mobility 
limitations often experience secondary conditions to compound their primary dis-
ability. Several studies have shown that people living with mobility limitations are 
significantly more likely to experience obesity and lack of access to physical exer-
cise. Other studies have shown that access to proper physical examination facili-
ties and equipment remains a substantial barrier in many clinics and hospitals 
despite the enactment of the Americans with Disabilities Act 25  years ago. 
Research on alternative exercise programs and new assistive device technologies 
offers promise to improve physical functioning and exercise for people with 
mobility limitations. Furthermore, increased focus on biopsychosocial over tradi-
tional medical models for disability will help policymakers and the public to rec-
ognize the complex, contextual issues (e.g., personal, social, environmental) that 
impact the lives of people with disabilities. Moreover, educating the public, health 
providers, educators, and other professionals on the need and variety of accom-
modations to improve exercise access plus opportunity continues to constitute 
both a challenge and an area of increased focus.
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The book begins with Chap. 1, a personal testimony by Lee Groce, an individual 
living with a disability who has been successful, actively exercises, and advocates 
for increased access and the rights of people with disabilities. With Chap. 2, David 
Hollar provides an overview of both the United States and global prevalence of 
disability, which illustrates that most people know someone with a disability. In 
Chap. 3, Linda Haymes, Debra Cote, and Keith Storey outline a major emphasis of 
disability movements that is central to increasing exercise and access to health 
facilities: community integration.

Lynda Lahti Anderson, Sarah MapelLentz, and Sheryl Larson follow with Chap. 
4, where they discuss the widespread health and other disparities faced by people 
living with disabilities. In Chap. 5, David Hollar covers the major aspects of mus-
culoskeletal physiology that are pertinent to mobility limitations, rehabilitation, and 
the design of assistive device technologies to improve performance for people living 
with mobility limitations. Hollar continues with Chap. 6, which logically follows 
with an overview of major technological devices, especially focusing on the new 
exoskeletons and various limb prosthetics that are improving physical functioning 
and exercise opportunities that can impact anyone with or without disabilities.

With Chap. 7, Sherry Adams addresses exercise and physical therapeutic 
approaches to rehabilitation and the improvement of functioning for various types 
of disabilities. In Chap. 8, Nur Onvural discusses the economic aspects of assistive 
device technologies and how the growth of these technologies will impact the 
health-care industry while simultaneously benefitting consumers with disabilities. 
In Chap. 9, Meredith Gammons describe radiological and other imaging technolo-
gies that provide improved diagnostics for musculoskeletal physiology in rehabili-
tation and sports medicine.

Beginning with Chap. 10, Jennifer Lewis addresses major social, legal, and cul-
tural barriers faced by people with disabilities to obtain equal access to education, 
employment, health and exercise, basic participation in society that is the primary 
focus of the modern disability movement. David Hollar follows with Chap. 11 with 
a perspective on social selectionist models of human behavior that create these bar-
riers, and he posits research-based deficiencies in human thinking that might con-
tribute to these barriers and too many false perceptions of disability.

Chapters 12, 13, and 14 by Katerina Ivanov and David Hollar deal with improved 
exercise and health access programs that can benefit people living with mobility 
limitations. Hollar’s concluding Chaps. 13 and 14 focus on lifespan educational 
interventions starting from early ages that build sport and exercise self-concepts that 
can promote inclusive sports modifications and greater participation in physical fit-
ness programs by people with disabilities.

The chapters are by no means conclusive in describing efforts towards improving 
exercise and health for people with mobility limitations and other disabilities. The 
convergence of technology, improved public attitudes, and effective policies to pro-
mote health and access for this population is gradually gaining momentum. We defi-
nitely need schools and institutions to promote health and exercise for this vast 
population of human diversity that can include any of us at any time.

Misenheimer, NC, USA David Hollar 
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Chapter 1
A Testimony

Lee Groce

1.1  Early Years and School

I was born with a disability. I grew up in the 1960s and 1970s as a child. I was 
enrolled into a handicapped school at a young age where I was taught reading, writ-
ing, and arithmetic as well as physical therapy and speech therapy. I wore braces 
from my hips to my heels and later from below my knees to my heels. I started 
walking using parallel bars and other physical therapies. I was also introduced to 
various speech therapies.

I guess that my disability is about average. I have known people who have more 
severe problems than I do and some that are hardly noticeable. What I have learned 
is that all people have some type of problem; mine is just more noticeable than 
theirs.

We were taught a lot of what I would think was taught in grade school at the time. 
I enjoyed a lot of reading in our library with subjects that interested me. I realized 
that I had trouble walking, a little trouble with one arm, and a slight bit of speech 
problems.

I owe my walking and speech abilities that I have today to my wonderful thera-
pists for my abilities. At the age of 12, I graduated from the school for children with 
disabilities, was then called “handicapped,” and entered public school in the sixth 
grade. My new friends welcomed and accepted me into the school. I still had some 
trouble walking, so I had a friend assigned to help me with certain tasks.

There were fire drills and certain events during which we needed to exit the 
school quickly, so someone came up with a three-man carry. Some of the larger 
boys would interlock their hands; I would sit on their arms and be carried outside.

Like my previous school, the middle school teachers were friendly and support-
ive. I had some new challenges to meet and overcame them. My new classmates and 
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I learned a lot from each other. One thing that I enjoyed was our arm wrestling 
matches, where I am pretty good. I performed well academically with several favor-
ite subjects.

1.2  Wrestling

Then we graduated to high school and were introduced to kids from other schools 
our age. It was an interesting experience. During my freshman year, the coach of the 
wrestling team asked me to be the team manager, and I accepted the position. I 
learned a lot from this experience. When we were at away matches, I would keep the 
wrestlers’ personal property in a bag for which I was responsible. I never lost any-
thing. I was in charge of various other tasks at home matches. This was an important 
responsibility, and I value the trust that the coach and my teammates placed in me. 
People with disabilities have no limitations when you see just what we can do.

During my high school freshman through senior years, my friends and I contin-
ued to arm wrestle. The more that I wrestled, the stronger I got. I was taking on all 
comers. I had big guys who were wrestlers, football players, etc. My record was 
pretty good, and during my senior year I retired as arm wrestling champion of our 
high school!

One day while the wrestlers were out running laps, I started working on the weights. 
I began bench-pressing more weight than I should have when I got into trouble. I only 
had a short time before I got tired, so I chose the only option I had to escape.
Rule: Never lift free weights without someone to spot you. This goes for 

everybody!
I was allowed to wrestle with the other wrestlers in practice but not in competi-

tion. I earned my letter jacket after 2 years of intramural competition.

1.3  Explaining Disability

During my freshman year, I had a tutor for one subject. She was several years ahead 
of me and was studying business. She also taught me a bit of shorthand that proved 
to be very helpful. I explained my disability when she asked about it. My sophomore 
classes went well, and I enjoyed driver’s education and later got my driver’s license.

One day after school, several of us were sitting in the lobby after school. There 
were five girls sitting on the benches with me. Some were waiting for rides home, 
and others had finished after-school tests. We enjoyed talking about television shows.

Some of the shows were humorous, such as the damsel-in-distress where one 
was tied up and attempted to escape. The girls talked about it then made a bet on 
who could get loose first. Two girls tied up the other three girls, and they began 
working on the rope. Two of the girls escaped in a few minutes, but one girl never 
did. One by one the other girls left. The last girl offered to take her home, but she 

L. Groce
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wanted me to take her home, and I agreed to do so. Her wrists were tied securely 
behind her, and her ankles were tied about 6 inches apart. When we were ready to 
leave, I started to untie the knot, but she asked to remain that way. She began walk-
ing toward the door, so I picked up her purse and walked beside her. A teacher held 
the door for us. I helped her into my car and put her purse in the back seat. When I 
got into the driver’s seat, she told me that she was beginning to understand what it 
was like to have a disability. I told her that not many people understand that and that 
it was not contagious. She smiled, “Do people really think that?” “Some people do,” 
I replied.

Once home, her mother was baking cookies and offered us some. She served us 
on the deck outside. She asked if her daughter had been naughty, and I replied that 
she lost the bet on the game that they had played. We sat there drinking milk through 
straws, and I fed her cookies. She asked about having a disability and various other 
types of disabilities. She stood just over 5  feet tall and reminded me of one of 
Charlie’s Angels! I appreciated and adored her for these efforts to understand my 
problem.

She asked me about another girl who was a mutual friend. I explained that this 
friend intrigued me by wearing her wristwatch on her ankle. She asked why, so I 
removed the rope from her wrists and ankles and asked her to stand up and cross her 
leg as if she were looking at a watch on her ankle, and she did! I told her that on my 
best day I could not do that. She smiled at me because she understood my interest.

These types of events were good examples where I could really describe my 
experience to others so that they could understand, and many did.

I used to play with a friend in our neighbor’s front yard. Knowing that our games 
were good-natured and safe, her mother once gave me a wonderful complement: 
“He is her friend and protector; as long as she is with him, I know that she is safe.” 
That was the proudest moment of my life!

After graduation I went to a community college. I enjoyed making new friends 
but lost track of part of my high school friends, something that often happens. 
During college, I kept active through various activities. I arm-wrestled a few times, 
but it was not a sport that was as popular there as it had been in high school. I earned 
my associate degree after 3 years of study.

1.4  Staying Active and Overcoming Misperceptions

Exercise is important to everyone and especially to those of us who have disabili-
ties. Overcoming some mobility limitations, I have rode bicycles for as long as I can 
remember and met a lot of people along the way. In my late 30s, I had to have a 
surgery that ended my bicycle riding.

Some people like to help others, and I have had people take my arm or elbow to 
assist me in walking. I have watched other people get helped this way. What these 
people do not understand is that we have become used to our walk, and when they 
help they throw our balance off. My advice is to ask how you can help. Most people 
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will ask when they need help. Like most people with disabilities, we are quite able 
and know best what the barriers are that we encounter.

I have dealt with people who think that the “physically handicapped” means that 
we are mentality handicapped or retarded, and this is not so. Nothing could be fur-
ther from the truth.

I have been discriminated against by well-meaning, “educated” people like doc-
tors and lawyers and people who don’t understand that physically handicapped does 
not mean that we are mentally handicapped or disabled. Disability comes in all 
types, and everybody has some disability, however big or small. I (and my friends 
with disabilities) am far more able than some people think. The discrimination has 
even extended to one situation where I did nothing wrong but was unable to obtain 
legal assistance. The golden rule: do unto others as you would have them do unto 
you. In the United States, you are presumed to be innocent until you are proven 
guilty. Sadly, many “educated” people do not understand this, and I have lost close 
friends because of this and misunderstandings related to disability.

1.5  Ham Radio

I am an amateur “ham” radio operator and have earned the highest level of license 
available. I am also a volunteer examiner and have helped give amateur radio exams 
for decades now. Prior to getting my amateur radio license, I was a citizen’s band 
radio operator talking to people locally. I am grateful for the teacher and friend who 
encouraged me to pursue this wonderful hobby.

With my ham radio license and my equipment, I can talk to people all over the 
world. I primarily use voice and telegraphy (Morse code) although there are several 
other modes of communication possible with computers. This further demonstrates 
just how far you can go with a “disability.” There are no boundaries, except perhaps 
in other people’s minds. But that can change.

1.6  Final Recommendations

I would like to make some suggestions for dealing with a physically handicapped 
person: Never assume anything! If you are in doubt, then ask. People with disabili-
ties have the same wants, needs, and desires that everyone has. Treat us with respect. 
Respect and trust are earned, not given. Once they are gone, it is almost impossible 
to restore these values.

If a person with a disability is sitting down, then if possible sit down with them 
and make eye contact while talking with them. Be kind. Like children and adults, 
we do not like to be mistreated – the golden rule applies again.

L. Groce
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Be patient. If you are with a person with a disability, walk beside them instead of 
in front of or behind them. If someone is working on something and being slow, let 
them finish what they are doing unless they ask you for help. Nothing makes me 
more angry than to have someone take something out of my hands and finish what 
I started to do.

If they have slurred speech, do not assume that they are drunk or mentally chal-
lenged. Too often, people jump to the wrong conclusions, usually because they have 
not bothered to evaluate and think through a situation. Get to know people and know 
where they are coming from. There is plenty of science that shows that people do 
not slow down enough to think things through correctly.

1.7  Moving Forward

There is a widely quoted proverb in various forms that goes: “Never judge someone 
unless you have walked a mile in their shoes,” and I would bet that you have heard 
it too. The world has become full of rules and regulations that the people who put 
them there do not understand the full scope of their rules. Despite their good inten-
tions, these organizations, the Internet, etc. have changed things from common 
sense to idiotic rules. Many of these rules put more barriers in the way of people 
with disabilities.

The negative attitudes of some people toward people with disabilities are in all 
parts of our world. Besides what I have mentioned earlier, I was once called for jury 
duty on an important trial, but after one attorney approved my selection, the other 
attorney attacked my character and reputation. As a result, I was not selected for the 
jury. Later, I needed help on another legal issue, but the attorney I asked for help 
completely belittled me. With respect to my disability, another person told me to 
“just live with it.” Nobody should ever say those four words to another person, espe-
cially if they have a disability. We are more than able to do things that many people 
without disabilities cannot or will not do.

What a world it would be if people would stop being so serious about everything. 
Just loosen up and be able to laugh at yourself and the funny things that happen 
around us. The changes that have happened over the years have made people too 
self-centered and unwilling to see the good and beauty in other people. I think this 
situation is where so many of our society’s problems come from and where we need 
to start paying more attention to each other.

As a person with many abilities, I have been successful. I have many friends, and 
I have overcome obstacles that have been needlessly placed in the way of people 
with disabilities. Sports, regular exercise, arm wrestling, ham radio, and spending 
time with family and friends keep me active. The important things for all people, 
including people with disabilities, are freedom and independence. I hope that others 
join us to respect and value the many things that each of us have to give the world. 
Thank you.

1 A Testimony
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2.1  Introduction

The International Classification of Functioning, Disability, and Health (ICF; World 
Health Organization 2001) identifies hundreds of different body structures and 
functions plus related environmental and activities/participation factors to which 
any person could experience a range of few problems (i.e., zero functional barriers) 
to complete problems (i.e., nonactivity with 100% barriers), either acutely or chron-
ically. This approach contradicts the typical broad categories of blindness/low 
vision, deafness/low hearing (or sensory disabilities), intellectual disabilities, devel-
opmental disabilities, and mobility limitations that generically and incorrectly/inap-
propriately label so many people with disabilities. Even the over 300 categories of 
disability in the Longitudinal Study of Vocational Rehabilitation Services Programs 
(LSVRSP) do not adequately address the experience of each person with a disability 
(Hollar et  al. 2008). Disability represents a situation of varying degrees that is 
unique to each affected individual, and the ICF model serves to clarify the dynamic 
variation of this health and social phenomenon, as we here apply with respect to 
demographic variation.

Furthermore, the experience of disability is a fluid dynamic because every indi-
vidual experiences some type of disability, acute and temporary or chronic, at some 
point in their lives. The ICF model fits well with this fact because it provides levels 
of functioning that complement traditional medical International Classification of 
Diseases 10 (ICD-10; World Health Organization 1990; http://www.who.int/classi-
fications/icd/en/) and that can be utilized for any person with any health condition. 
Its extra advantage is the recognition that health conditions translate and are affected 
by factors well beyond simply body structures and functions (i.e., personal, social, 
environmental, institutional factors). The upshot is that this approach helps us to 
gain a much clearer of the unique experience of disability and ability for each indi-
vidual so that we can provide better services to this population in addition to better 
health for everyone. This includes more innovative approaches to understanding the 
comprehensive epidemiology of health and functioning (Hollar 2017a).

2.2  Demographics of Disability in the United States

The National Institute on Disability, Independent Living, and Rehabilitation 
Research (NIDILRR 2017) estimates that approximately 57 million Americans 
(17.3%) are living with a disability. Working with the nationally representative 
National Education Longitudinal Study (NELS) 1988–2000 data on approximately 
26,000 people who started high school in 1988, Hollar and Moore (2004) and Hollar 
(2005) identified 10.5% of the sample to have parent and student combined identi-
fication of disability, although the NELS data was limited by the exclusion of cer-
tain people with disabilities at the base-year data collection and although the sample 
was “freshened” with a small, subsample entry into the overall sample during the 
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first follow-up data collection. Several US state Youth Risk Behavior Surveillance 
Surveys (YRBSS) estimated the population of youth with disabilities at between 15 
and 30% (Hollar 2005). A similar range of estimates come from the Longitudinal 
Study of Vocational Rehabilitation Services Programs (LSVRSP; Hollar et al. 2007, 
2008), although the LSVRSP is limited by missing data and several hundred general 
categories of disability. Of vocational rehabilitation (VR) participants, Hollar et al. 
(2007) estimated that about 10.8% LSVRSP participants and 14.0% of Rehabilitation 
Services Administration RSA-911 database participants have a co-occurring sub-
stance abuse condition. Based upon patient interview questions in the US Centers 
for Disease Control and Prevention (CDC) National Health and Nutrition 
Examination Survey (NHANES), approximately 26% of the 50% of participants 
older than age 20 who were measured on American Heart Association cardiac risk 
factors reported considerable difficulty with vision, hearing, physical/mental/emo-
tional, lifting/carrying, or mobility tasks (Hollar 2013, Hollar and Lewis 2015).

Of the 52,195 people who were surveyed and clinically examined during the five 
consecutive 2-year data collection periods (i.e., approximately 10,000 people per 
2-year data collection period: 2001–2002, 2003–2004, 2005–2006, 2007–2008, and 
2009–2010) of NHANES, approximately 2.3% had substantial difficulty hearing 
(even with a hearing aid), 14% had vision-related disabilities, 4.6% had memory/
cognitive disabilities, 1.5% had physical/mental/emotional disabilities, 10.7% 
reported substantial difficulty in mobility (e.g., walking up ten steps, lifting, and 
carrying), and 5.3% used assistive devices (Hollar 2013). Across this same 10-year 
Healthy People 2010 period, Hollar and Lewis (2015) identified approximately 
60–65% of people living with mobility limitations as being female and 35–51% 
being members of ethnic minority groups, depending upon the 2-year data collec-
tion period. Likewise, 53–55% of people who use assistive devices were female, 
and 36–50% were ethnic minorities (Hollar and Lewis 2015).

Whereas NIDILRR (2017) estimated 57 million Americans who live with dis-
abilities, Houtenville et al. (2013) examined American Community Survey (ACS) 
and other nationally representative data sources to estimate the number of people 
living with disabilities to be about 38,397,863, or 12.3% of the 2012 US total popu-
lation of 312,538,222 people. Narrowing this total population to those people 
between the ages of 18 and 64 years (195,697,202 people), they estimated that 2.1% 
had a hearing disability, 1.8% had a vision disability, 4.3% had a cognitive disabil-
ity, 5.2% had a mobility disability, and 3.6% had an independent living disability 
(Houtenville et al. 2013). The states of Virginia and Utah, respectively, had the high-
est and lowest prevalence rates at 19% and 9.2%. For ages 5–17, the prevalence rate 
was 5.4% nationwide, whereas for ages 65 and up, the prevalence rate (36.1%) was 
much higher due to cumulative and age-related disabilities (Houtenville et al. 2013).

Therefore, in the United States, roughly 5–10% of the population has a mobility 
limitation, which is one-third of all Americans with disabilities (15–17% of the 
population), based upon these fairly consistent and varied estimates. The demo-
graphic statistics demonstrate that many Americans, plus their families, are directly 
impacted by disability. All of our communities have the responsibility to provide 
safety nets and opportunities for people living with disabilities. These social 
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 constructs include recreational, exercise, health, nutrition, and employment  
opportunities to engage every person in normal social and work-related activities.

The wide variation on estimates of the numbers of people living with disabilities 
in the United States stems from very few or inconsistent questionnaire items for 
survey respondents to provide self-reports. The self-report aspect further compli-
cates interpretation with respect to self-presentation bias as a threat to study internal 
validity (Crocker and Algina 1986; Messick 1988). The triangulation of multiple 
disability measures/sources in NELS (Hollar 2005; Hollar and Moore 2004) con-
tributed to some credence on those estimates, even given the limitations on disabil-
ity inclusion with the original study design. Still, nationally “representative” surveys 
have too few assessments for disability given the wide variation in levels of func-
tioning that are unique to each individual. Therefore, estimates of disability con-
tinue to be unreliable given fewer than six disability indicator questions in most 
current and foreseen upcoming national surveys. The ambitious National Institutes 
of Health (NIH) All of Us study (https://allofus.nih.gov/) of approximately one mil-
lion Americans is being planned for the next decade, roughly in conjunction with 
the ongoing US CDC Healthy People 2010, 2020, and 2030 (https://www.healthy-
people.gov/2020/About-Healthy-People/Development-Healthy-People-2030) 
decadal estimates of national health trends that relies on national data sources such 
as NHANES. Hopefully, the All of Us study will use some type of disability matrix 
evaluation of functioning using the straightforward ICF coding format.

2.3  Global Estimates

The World Health Organization (2011, p. 30) estimated that 2.9% of the world’s 
population lives with a severe disability, including approximately 10.2% of people 
older than 60 years of age, slightly higher for longer-lived females than for males. 
Across global regions, the percentage of severe disability ranged from a low of 
2.6% in Latin America to a high of 3.2% in high-income countries. Combining 
moderate and severe disabilities, the World Health Organization (2011, p. 30) esti-
mated 15.3% of the world’s population, with 46.1% of those older than 60 years. 
These estimates ranged from a low of 14.0% for the Eastern Mediterranean coun-
tries to highs of 16.4% and 16.0% for Europe and Southeast Asia, respectively. The 
United Nations (2017) estimates that about 80% of people living with disabilities 
live in developing nations that have less health services and socioeconomic 
infrastructure.

Globally, the burden of disability is greatest in sub-Saharan Africa, where there 
is a preponderance of poverty, poor health conditions, and gradual containment of 
devastating HIV and malaria epidemics. The prevalence of disability is approxi-
mately 25–30% higher in Africa across ages compared to Europe and the Americas 
(World Health Organization 2011). The report places substantial emphasis on infec-
tious diseases associated with disabilities, and Africa faces the emerging threat of 
antibiotic-resistant bacterial pathogens, much like many world regions.
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Here, severe disability was defined for “conditions such as quadriplegia, severe 
depression, or blindness” (World Health Organization 2011, p. 29) using the “can-
not perform this activity” ICF score. Moderate disability represented ICF scores of 
“some difficulty” or greater on a 0–100 scale, with 40 representing the threshold for 
moderate disability and 50 representing severe disability in the World Health 
Organization (2011, Technical Appendix C) item response theory (IRT) model.

Sampling various nations by age, the World Health Organization (2011) found 
that disability prevalence was higher for people less than 65 years of age in poorer 
nations compared to wealthier nations, even with increasingly older populations 
worldwide and trends for age-related disability. Consistent with higher prevalences 
of disability among the global poor, with people with disabilities being more than 
twice as likely to be unemployed compared to people without disabilities. This last 
finding also occurs in wealthier nations such as the United States (Houtenville et al. 
2013). Thus, the trends for increased disability are associated with lower socioeco-
nomic status, further accompanied by the correlating variables lack of access to 
healthcare, poor nutrition, and less exercise. These patterns occur not only between 
wealthier and poorer nations but also between wealthier and poor regions within 
nations. The World Health Organization (2011) further notes these trends exist 
despite relatively minor differences in immunization rates between most nations. 
They further note the recognized need for increased numbers of clinicians, health 
clinics, exercise facilities, and accommodations for people living with disabilities, 
who number close to one billion globally. With a rapidly expanding global popula-
tion, the numbers of people living with disabilities will increase unless greater 
healthcare is provided to avoid preventable disabilities (e.g., genetic, injury-related, 
violence-related, infection-related). Likewise, there is a dramatic need for assistive 
devices, specialized healthcare and social supports, exercise, and nutrition to help 
people living with disabilities to improve their lives and to minimize the occurrence 
of secondary conditions.

In 2001, the United Nations (UN) Statistical Commission established an interna-
tional panel of experts called the Washington Group on Disability Statistics. This 
panel uses the ICF functioning codes as a model for assessing disability in various 
national surveys worldwide. They utilize a core set of six questions (World Health 
Organization 2011, p. 26) that includes “Do you have difficulty…” for “seeing even 
with glasses, hearing even with a hearing aid, walking or climbing steps, remember-
ing or concentrating, communicating (using one’s own language), and self care 
activities.” While generic in nature and not even approaching the full scope and 
complex patterns of disability and secondary conditions for each individual situa-
tion, the six questions provide researchers, clinicians, and policy makers a frame-
work for evaluating the prevalence of disability.

Still, the use of the six questions has been sporadic such that we have only a 
patchwork collection of more accurate, less accurate, and inconsistent measures 
from country to country. The move to greater standardization and adoption of these 
six questions (and perhaps more) will be a long-term process. Even within the 
United States, the Interagency Committee on Disability Research (ICDR), a panel 
of disability research representatives from all major federal agencies, has advocated 
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the use of the Washington Group six questions in all nationally representative  
surveys on health and health behaviors. To date, there has been increased but still 
incomplete adoption of these six disability questions, with pushback often coming 
from questionnaire compression due to large numbers of questionnaire items. US 
national surveys such as NHANES and NELS have been more successful at provid-
ing a stronger determination of disability prevalence, as described in the previous 
section.

With greater statistical tools, the use of Geographic Information Systems (GIS) 
offers further power to the analysis and determination of disability prevalence. 
Again here, the more substantial work has been done in the United States with 
extensive, county-level or zip code-level estimates of disability prevalence for 
small, political units. For instance, the County Health Rankings of 3221 US county 
units have been collected and posted annually in Excel format by the University of 
Wisconsin Population Health Institute (http://www.countyhealthrankings.org) with 
funding by the Robert Wood Johnson Foundation. These data are compiled from 
county health departments and from nationally representative surveys. The European 
Union and other national consortia that have large population health infrastructures 
are developing similar GIS-based data repositories. However, these systems rarely 
have disability data at the geographic level. Hollar (2017b) linked Social Security 
Disability Insurance (SSDI) data with the County Health Rankings to evaluate geo-
spatial associations between disability prevalence and health outcomes, finding that 
US counties high in disability prevalence were more likely to have negative health 
outcomes as well as lower socioeconomic status, consistent with World Health 
Organization (2011) and other research studies showing this general association.

2.4  Rural Health

People living with disabilities, including mobility disabilities, are overrepresented 
in rural US populations. As a result, this population is at risk for higher morbidity, 
mortality, and secondary conditions due to lowered access to high-technology med-
ical facilities and transportation and time issues for reaching adequate medical care 
on a regular or urgent care basis. This situation is further compounded by the lower 
socioeconomic conditions in many rural areas. The US Health Resources and 
Services Administration (HRSA 2018; see also US Department of Health and 
Human Services, DHHS 2017) has identified 7176 primary medical, 5866 dental, 
and 5042 mental health Health Professional Shortage Areas (HPSAs) spanning 
every US state and impacting overlapping populations of 84 million, 63 million, 
and 124 million people, respectively. The large mental health disparity is of par-
ticular concern given rising insurance costs, lack of treatment, and prevalence 
(Rowan et al. 2013). The breakdown of HPSAs is estimated to be 59% rural and 7% 
partially rural for both primary medical and dental HPSAs, and it is 53% rural and 
9% partially rural for mental health HPSAs (Health Resources Services 
Administration 2018).
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Rural health conditions are of major concern due to several studies showing 
increased despair and death rates for US rural populations (Case and Deaton 2015; 
Erwin 2017; Roux 2017; Stein et al. 2017). Isaacs and Schroeder (2004) correctly 
identified the large role of social and socioeconomic class in health disparities, with 
these healthcare access and treatment inequities largely correlating with race and 
education. The tendency of societies to organize populations around metropolitan 
areas of wealth and prosperity has been a trend for human societies for the past 
10,000 years following the agricultural revolution, and it has accelerated with the 
late nineteenth century industrialization (currently occurring in many third world 
nations) and the late twentieth−/early twenty-first century technology revolution. 
Medical and other healthcare likewise has gravitated to the major university and 
industrial centers in cities, this process occurring in spite of several decades of 
attempts to attract primary caregivers and specialists to rural areas.

Case and Deaton (2015) discovered that mortality rates across race and ethnicity 
declined at about 2% per year from 1978 to 1998, consistent with other wealthy 
nations. However, American non-Hispanic Caucasian mortality began to increase 
by about 0.5% per year from 1999 to 2013. Much of this unexpected increase is 
occurring during middle age and is primarily attributable to increased suicides, drug 
overdoses, and alcohol-related disease.

Stein et al. (2017) extended this work, finding that mortality by cancer and car-
diovascular disease significantly declined for all races and ethnicities, rural and 
urban, ages 35–54. However, while poisoning and suicide rates did increase across 
races for ages 25–34 and 55–64, poisoning and suicide were consistently and sig-
nificantly higher across all age groups for Caucasians and especially so for rural and 
suburban Caucasians aged 25–44. Stein et  al. (2017) attributed the increased 
Caucasian mortality in these non-urban areas to “despair” resulting from negatively 
changing socioeconomic changes in these areas.

These findings are consistent with geospatial regression analyses (Hollar 2017b) 
showing heightened morbidity, mortality, and disability in rural, low socioeco-
nomic US counties. Nationally and globally, people with disabilities and their 
heightened risk for secondary conditions and poor health outcomes tend to live in 
poorer regions that do not have access to adequate health, exercise, nutrition, and 
other safety-net support mechanisms. There also is evidence that disability also is 
more strongly correlated with minority race and ethnicity, probably a correlate of 
lower socioeconomic status. This observation is not necessarily inconsistent with 
the findings of Case and Deaton (2015) or Stein et al. (2017). Both Erwin (2017) 
and Roux (2017) argued that while mortality rates are reversed for Caucasians and 
African Americans in the United States since 1999, African Americans still have 
higher overall mortality rates associated with socioeconomic and health disparities. 
All of these researchers are in agreement that greater public health attention needs 
to be placed on improved health infrastructures in rural American communities to 
address these health disparities in mortality rates for all races and disability-related 
conditions. Bor (2017) used a geospatial regression analysis of these trends to 
argue that the health disparities might have impacted voting patterns in the 2016 US 
presidential election. If true, the impact of public demand for improved health  
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policies can occur via the engagement of people with disabilities and other under-
served populations to vote in democratic societies.

Case and Deaton (2015) did observe that there were significant differences in 
activities of daily living (ADLs) such as standing and walking for non-Hispanic 
Caucasians from 1997–1999 (lower mean) to 2011–2013 (higher mean). These 
findings further support the association between rural poor health outcomes and 
heightened disabilities and secondary conditions in these communities. This is a 
phenomenon that occurs not only in the United States but also worldwide (Hosain 
et al. 2002).

2.5  Despair, Population, and Physiological Health

Stein et al. (2017) illustrated the plight of a dynamically changing economic envi-
ronment and its detrimental effects on population health. For people with disabili-
ties, Houtenville et al. (2013) found that 39.1% of people with disabilities in the 
United States are obese, compared to 24.5% of people without disabilities. Hollar 
(2013) found that 60% of people living with certain mobility limitations in NHANES 
were obese. Furthermore, Hollar and Lewis (2015) found that people with mobility 
limitations tended to have significantly increased heart disease risk and negative 
heart age differentials (i.e., hearts older than chronological age) compared to people 
without disabilities and people living with non-mobility disabilities.

Houtenville et al. (2013) also found that people with disabilities were signifi-
cantly more likely to smoke than people without disabilities, although they were 
less inclined to engage in binge drinking. At least on this last point, people with 
disabilities might not resort to alcohol in response to the despair that was cited by 
Stein et al. (2017) and that has been discussed for people with disabilities, espe-
cially when associated with other negative environmental conditions.

Seeman et al. (2001, 2002, 2010) identified ten physiological thresholds (e.g., 
upper systolic and diastolic blood pressures, low high-density lipoprotein (HDL), 
and high low-density lipoprotein (LDL) cholesterol levels) as indicators of allostatic 
load, the body’s “cumulative biological risk” from internal and external stressors. 
With respect to social supports, of particular note was their finding that people with 
fewer than three friends were significantly more likely to experience morbidity and 
mortality. Hollar (2013) found that people living with mobility limitations were 
significantly more likely to have fewer than three friends, compared to people with-
out disabilities and people living with non-mobility limitations. Similarly, people 
living with mobility limitations were significantly more likely to exceed various 
allostatic thresholds, including systolic and diastolic blood pressures and body mass 
index (BMI) compared to people without disabilities. These findings likely also 
contribute to the significantly greater negative heart age differentials for people liv-
ing with mobility limitations (Hollar and Lewis 2015).

Whereas the recent findings of increased drug overdose and suicide rates in rural 
America have not been directly examined for people with disabilities who live in 
rural areas, Heinemann, Corrigan, and Moore (2004) discussed increased risks for 
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substance abuse among people living with traumatic brain injury (TBI). People with 
TBI and other traumatically acquired disabilities often experience lifelong pain that 
is not fully addressed by pain medications, hence sometimes leading to their use of 
illicit drugs. Hollar (2017b) did show geospatial patterns that associated counties 
with higher prevalence rates of disabilities with increased negative health outcomes 
plus lower socioeconomic conditions, including high rates of people who are physi-
cally inactive, who experience preventable hospital stays, higher percentage diabet-
ics, increased injury death rates, and worse food environment indices. It is probable 
that these combinations of factors create negative overall environments that repre-
sent substantial barriers for the health and well-being of people with and without 
disabilities who live in low socioeconomic, rural areas.

The role of stress in personal and population health was established long ago by 
Selye’s (1950) general adaptation syndrome and by Christian and Davis’ (1956, 
1964) studies of population collapse in response to stress. Allostatic load (Seeman 
et al. 2001, 2002) represents a further extension of this work, illustrating the close 
linkages between environmental stressors, mind, body, behaviors, and health out-
comes. Kotas and Medzhitov (2015) provided an extensive summary of the relation-
ships between the mind, stress, physiological balance or homeostasis, and immunity. 
The principal connections within exercise, mind, and stress are molecules called 
cytokines that balance pro- and anti-inflammatory responses by the immune system. 
In fact, these molecules are responsible for much of proper body functioning at 
multiple levels. Disturbances to health and mental well-being can disrupt this deli-
cate balance. This concept has been little studied for people living with disabilities, 
but the research literature has generated the ICF biopsychosocial model that high-
lights many of these factors in relation to the health of people living with disabili-
ties. For people living with and without disabilities, we should pay heed to the 
complex interplay between body systems and the external environment. Population 
demography and dynamics are but the most visible level of this process, which goes 
much deeper within every individual person and their unique health 
circumstances.

Therefore, the pervasiveness of disabilities across societies and the demonstrated 
connections with poor access to health, exercise, and nutrition warrant the need for 
intensified research, policy development, and knowledge translation into improved 
health and exercise entities to benefit this population. Societies cannot ignore this 
large population. Furthermore, our hubris should be controlled by the realization 
that each of us will have a disability, great or small, at some point in our lives.

2.6  The ICF and Its Role for Improved Demography 
and Health Policies

The International Classification of Functioning, Disability, and Health (ICF; World 
Health Organization 2001) divides health and ability/disability into several concep-
tual components: (a) body functions and structures, (b) activities and participation, 
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(c) environmental factors, and (d) personal factors. Within the many subcategories 
of variables across these four components, each variable or factor can be viewed 
from two perspectives: facilitators or barriers. Facilitators contribute to optimal 
health outcomes. Barriers block successful outcomes. Therefore, for each of the 
almost one billion people on earth with disabilities, we must optimize facilitators 
and minimize barriers.

The ICF codes for each condition (e.g., s120 – spinal cord and related structures) 
follow a 0–4 Likert-style ranking for both barriers and facilitators. The 0–4 first 
decimal qualifiers go from no impairment (0) through mild (1), moderate (2), severe 
(3), and complete (4), each of which covers a certain perceived percentage level of 
limitation with respect to the body structure, function, activity, or environmental 
variable. As such, s120.2 would be a mild (25–49%) spinal cord injury limitation. 
Conversely, facilitators are likewise numbered 0–4 with a positive sign. For s120.+2, 
we have a spinal cord injury with a moderate facilitator that contributes up to 49% 
assistance to the injury, perhaps representing a motorized wheelchair. Further sec-
ondary and tertiary decimal qualifiers specify affected regions and characteristics 
for body structures. For activities and participation, secondary and tertiary qualifiers 
reflect levels of functioning with and without assistance, respectively.

This ICF coding mechanism represents a coherent approach to evaluating and 
quantifying levels of functioning for any condition or situation related to disability 
or ability in general. As a result, the ICF represents a straightforward diagnostic and 
population health measurement tool for everyone. Its use would greatly enhance 
identification of levels of functioning and changes thereof for both patient and phy-
sician so that proper health interventions can be provided. Moreover, with wide-
spread adoption of the ICF model, researchers, policy makers, and clinicians could 
have a better understanding of the distribution and types of disability worldwide. 
Ethically conducted, we could evaluate health intervention needs and target specific 
geographic areas where services and opportunities are limited.

The ICF embodies the current public health view of disability as a complex inter-
action between condition and environment. This replaces the traditional medical 
model of body structures with a comprehensive, biopsychosocial model of health 
and functioning for every person. The ICF has a health outcome emphasis in accor-
dance with our strategic health objectives of improving human health, reducing 
morbidity and mortality, and expanding quality longevity. As with any condition 
and its correlating variables, it brings into play developmental and contextual con-
siderations such as family, peer, and social supports plus personal behaviors.

Whereas the precise coding mechanism of the ICF can be too specific for popula-
tion- and demographic-based statistics, an abbreviated use of the ICF measures in 
national surveys of health conditions and behaviors or public access to de-identified 
patient data can help researchers and other health professionals to improve popula-
tion assessments of disability prevalence and needs for social safety net improve-
ments. We recommend at least a cursory use of the ICF for levels of functioning in 
nationally representative surveys and population assessments of disability.
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2.7  Next Steps

We now have rough estimates of the prevalence of disability worldwide, roughly 
15–17% with variations in the types of disability based upon geographic and soci-
etally specific population health characteristics. This knowledge enables the US 
Centers for Disease Control and Prevention and the World Health Organization to 
work with national and international health programs to improve the lives of dis-
abilities everywhere.

Most importantly, we have very little genuine information on the lives of people 
living with disabilities. Obviously, this can be more difficult data to obtain. 
Nevertheless, the voices of people with disabilities have been heard only on occa-
sion. As researchers, we often see numbers, conditions, and variables in a statistical 
sense when the true lives of people with disabilities are far more meaningful. 
Therefore, the qualitative analysis of the lived experience of disability represents a 
population-based research component that offers a more valid picture of the needs 
for this population.

Furthermore, research studies and policy-making processes on disability, reha-
bilitation, exercise, and independent living rarely involve input from actual consum-
ers of disability services. The inclusion of people with disabilities on advisory 
consumer boards has been a priority of many disability advocacy organizations and 
agencies such as NIDILRR. The insight and guidance of people with disabilities 
demonstrate that they are the ultimate authority in our efforts to improve health and 
functioning via exercise, health, and nutrition programming. Such qualitative mea-
sures will support stronger quantitative population health measures such as those 
collected with NHANES, further being expanded with genomic and improved clini-
cal data.

2.8  Summary

In the United States, roughly 5–10% of the population has a mobility limitation, 
which is one-third of all Americans with disabilities (15–17% or 57 million people), 
based upon these fairly consistent and varied estimates. Globally, almost one billion 
people have some level of disability. These estimates ranged from a low of 14.0% 
for the Eastern Mediterranean countries to highs of 16.4% and 16.0% for Europe 
and Southeast Asia. Eighty percent of people living with disabilities live in develop-
ing nations that have less health services and socioeconomic infrastructure, a phe-
nomenon that also is mirrored within both wealthy and poor nations across Health 
Professional Shortage Areas (HPSAs). The burden of disability is greatest in sub-
Saharan Africa, where there is a preponderance of poverty and poor health 
conditions.

Improved data collection procedures are needed to better estimate the varied types 
of disability worldwide. Individual experiences of disability need documentation so 
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that health researchers can place a genuine human face on the factors that impact so 
many people. The ultimate goal is to improve health, functioning, exercise, and qual-
ity of living for all people with and without disabilities.
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Abbreviations

CDC US Centers for Disease Control and Prevention
ICF International Classification of Functioning, Disability and Health
SCI Spinal cord injury
UDL Universal Design for Learning

3.1  Introduction

Despite proven benefits of moderate physical activity upon health and psycho-
logical well-being, the majority of Americans do not engage in regular exercise 
(CDC 2015). Often cited barriers to exercise for the majority of adults are not 
enough time; lack of self-motivation; lack of self-management skills; fear of 
injury; no access to parks, sidewalks, or trails convenient to home or office; and 
lack of transportation to activities for children (Sallis et al. 1992; Sallis and Hovell 
1990). For people with disabilities, exercise is of equal importance to prevent 
secondary conditions and promote health. The barriers for those with limited 
mobility include the usual ones cited for nondisabled as well as a list of additional 
barriers such as physical and attitudinal barriers like a negative social response to 
disabilities (Fine and Asch 1988). It is important for healthcare professionals to 
understand the relationship between barriers, benefits, and facilitators for leisure 
time physical activity (Williams et al. 2014).
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Exercise alone is important for improving quality-of-life measures and health 
promotion, but it is also a means to improve community inclusion and participation, 
which are critical for living well. Community integration and participation is essen-
tial for all people. Having access to choice and full range of opportunities in the 
community from social and civic participation to recreation and leisure is a compo-
nent of quality of life. Community integration for those with limited mobility should 
occur across the lifespan. The community roles and activities for recreation, leisure, 
and exercise will vary depending on whether they are a child, youth, or adult and 
vary based upon interest and degree of limitation.

3.2  Benefits of Exercise, Leisure, and Recreation

3.2.1  Physical and Psychological

For people with disabilities, moderate- to high-level physical activity has been asso-
ciated with many benefits including increased strength, mobility, endurance, weight 
control, increased immunity, and improved circulation (Bowden et  al. 2008; 
Guttmann 1976; Jackson and Davis 1983; Kehn and Kroll 2009). Physical activity 
for those with disabilities includes reduced body fat (Cowell et al. 1986), greater 
HDL cholesterol (LaPorte et  al. 1983), and reduced smoking (Shephard 1991). 
Curtis et al. (1986) found that disabled athletes had fewer physician visits and fewer 
medical complications.

Muraki et al. (2000) analyzed the psychological benefits of activity for males 
with spinal cord injuries (SCI) through categorizing the males into groups based on 
activity level. High active groups were defined as physical activity three or more 
times per week, middle active was once to twice per week, low active was once to 
three times per month, and inactive had no physical activity. The men were admin-
istered tests for depression and anxiety. Muraki et  al. (2000) concluded that the 
males in the high active group had the lowest rating of depression and highest rat-
ings of vigor. Similarly, Valliant et  al. (1985) compared athletes and nonathletes 
with disabilities and found that the athletes reported higher self-esteem and more 
satisfaction with life and were in general better educated. Geron (1976) notes that 
people with mobility limitations engaged in sports demonstrated decreased rates of 
anxiety and depression.

3.2.2  Social

People engaged in inclusive community leisure programs have access to other peo-
ple that are more reflective of the general society. Participation in competitive and 
recreational sports embeds people with disabilities into the greater community. 
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Sports can be a tool to the development of social skills (Stewart 1981). However, as 
noted by Bedini and Henderson (1994), women with disabilities who experienced 
more stigmatization and stereotyping from nondisabled peers were less satisfied 
with their leisure activities. In fact women with disabilities engage in less frequent 
physical activity than nondisabled women (Brown et al. 2005; Sharts-Hopko and 
Sullivan 2003). Thus it is imperative that women have access to leisure and physical 
activities that promote social acceptance. Bedini and Henderson (1994) suggested 
that it is up to leisure service providers to engage in “socially responsive initiatives” 
to make the environment more socially comfortable for females and males with dis-
abilities. Social acceptance is a core factor in participation in integrated leisure 
activities for adults and youths with disabilities. Wilhite et  al. (1999) noted that 
youth with mobility impairments had fewer negative reactions from peers without 
disabilities than youth with intellectual disabilities. As disheartening as that is, 
when there was more frequent contact between youths with disabilities and without 
disabilities with prior preparation for the youth without disabilities, accommoda-
tions were provided naturally, and the youths were seen as competent and of equal 
status; the inclusive participation was enhanced for all of the youths.

In general youth with disabilities participate in fewer social and recreational 
activities than their nondisabled peers (Solish et  al. 2010). Additionally, it was 
determined that they more often engage in sedentary leisure activities such as 
watching television. There are many social and emotional benefits of engaging in 
leisure and recreational activities with peers (Cannella-Malone et al. 2016). Williams 
and Dattilo (1997) found that young adults with disabilities who participated in a 
leisure education program reported a more positive affect following the training 
program. In a study conducted by Jerome et al. (2007), adults with developmental 
disabilities increased the social interactions with typical peers following a leisure 
skills training intervention. Carter et  al. (2013) explored methods for fostering 
friendships and noted that true friendships come from participation in shared inter-
ests and activities such as afterschool programs and community teams and recre-
ation. The friendships that are developed are an important determinant of quality of 
life for people with and without disabilities. Friendships provide companionship, 
social support, and a buffer for handling stressful life events (Solish et al. 2010). 
Devine (2013) interviewed 16 undergraduate students with disabilities which cen-
tered upon access to an engagement in leisure time physical activities. Some of the 
themes that emerged from these interviews were right fit, quality of life, and con-
nectedness. The students all emphasized that the physical activity had to be the right 
fit for their interests, energy level, and access. Most of the respondents stated their 
quality of life was enhanced through physical activity within the college commu-
nity, but for some of the respondents, they were reminded of what they used to be 
able to do and now found difficult. Leisure time physical activity promoted social 
connectedness for the individuals. All noted the stress reduction benefits but also the 
development of friendships with other college students with and without disabili-
ties. Some enjoyed showing those without disabilities just what they could do. 
Others reported that it gave them something to talk to peers about and provided 
confidence to try other things.

3 Improving Community Integration and Participation
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While there is research on the benefits of sports with a focus on athletes versus 
nonathletes, for the average person with mobility limitations, it is also about access 
to leisure and recreation integration and participation. Leisure can be considered a 
nonwork activity, and recreation similarly is an activity engaged for enjoyment. 
According to Anderson and Kress (2003), the personal benefits of leisure and recre-
ation include management of stress, gain of life satisfaction, and participation in 
other aspects of life learned during leisure. Social benefits include building of com-
munities; gaining access to relationships, friendships, and community development; 
and promoting diversity in the community.

3.3  Impact on Secondary Health Effects

Individuals with spinal cord injuries are at a higher risk for secondary health con-
cerns (SHC) such as respiratory issues, obesity, and pressure ulcers. Secondary con-
ditions from limitations in mobility include joint and muscle pain, sleep disturbances, 
weight problems, arthritis, circulatory problems, sexual dysfunction, isolation, and 
depression (Kinne et al. 2004). They are also at risk for chronic diseases and lower 
life expectancy (Wilroy and Knowlden 2016). Ravesloot et al. (2007) conducted an 
extensive analysis of secondary conditions for participants with mobility impair-
ments participating in the Living Well with a Disability program. Those that partici-
pated in the Living Well program reported fewer limitations from secondary 
conditions. The US Department of Health and Human Services published guide-
lines for increasing physical activity with targets for individuals with disabilities. 
Under Healthy People 2020, they have guidelines to reduce barriers to health pro-
grams and increase physical activity (U.S.  Department of Health and Human 
Services 2008). Van der Ploeg et  al. (2004) promoted a conceptual model for a 
physically active lifestyle to prevent secondary health problems and improve every-
day life functioning. The Active Lifestyle Rehabilitation Interventions in aging 
Spinal Cord injury (ALLRISC) is a multicenter multidisciplinary research program 
designed to research the impact of an active lifestyle upon the secondary health 
conditions of people aging with SCI (Van Der Woude et al. 2013).

3.4  Defining Community Integration and Participation 
for Adults and School-Aged Children

According to the International Classification of Functioning, Disability and Health 
(ICF), participation is involvement in a life situation. Activity limitations are diffi-
culties an individual may have in executing activities. Participation restrictions are 
problems an individual may experience in involvement in life situations (ICF 2001, 
WHO). In defining participation in leisure, recreation, and sports, we are looking at 
more than just a life situation. Participation in leisure and physical activities is 
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more closely related to quality of life than either level of impairment or functional 
performance. Therefore, participation outcomes are significant in their relationship 
to overall life satisfaction and quality of life of people with SCI.

Integration typically is defined as the person with the disability has access and 
opportunities to participate with nondisabled in settings with some adaptations and 
resources. Inclusion is the goal where inclusion is defined as participation alongside 
nondisabled peers, where there is a commitment to remove all barriers to the full 
participation of everyone as equally valued and unique individuals (Anderson and 
Kress 2003). When people with disabilities are not fully integrated into their com-
munity with able-bodied athletes, Shephard (1991) warns that we risk creating 
“ghettos” for disabled athletes. The impressive wheelchair marathon racer may aid 
in the perception of disabled athletes as competent, athletic, and valued. However, 
that same athlete can be seen with those attributes when competing with nondis-
abled athletes and participating in the same competition, albeit with some modifica-
tions and accommodations.

Social integration means that the person with disability is seen as having a value 
to society and to their community (Lemay 2006). Inclusion and social integration is 
influenced by social acceptance (Devine and Dattilo 2000). Longmore (1995) 
described the lack of social acceptance of people with disabilities in our society 
where the emphasis has been on remediation, cure, or correction of the functional 
aspects of the disability. Inclusion is possible when we drop stereotypes and treat 
people with disabilities as equal to those without disabilities. Disability is a socially 
constructed role defined by those that are nondisabled.

Traditional rehabilitation a policy defined accommodations such as architectural modifica-
tions, adaptive devices (wheelchairs, optical readers) and services (sign-language interpret-
ers) as special benefits to those who are fundamentally dependent. Disability-rights 
ideology redefined them as merely different modes of functioning, and not inherently infe-
rior. (Longmore 1995)

Lemay (2006) lays out “roles of thumb” for achieving social integration that are 
relevant here for people with mobility limitations: (a) consider one person at a time 
within one setting, (b) ensure that the setting and role fit with preparations of part-
ners in the setting, (c) choose smaller undermanned settings, and (d) seek the assis-
tance of family members and friends.

Inclusion can enhance and lead to friendships and social support networks. These 
networks can be established through participation in athletics and leisure activities 
as well as through employment and school. Curtis et al. (1986) looked at the bene-
fits of sports participation for people with spinal cord injuries (SCI) beyond social 
networks from the sports activities and the impact of sports participation upon 
health, vocational rehabilitation, and functional status. Wheelchair athletes had a 
higher functional status than nonathletes and had more hours of employment and 
education participation. However, employment and education differences were not 
at the significant level. Importantly, 72% of the SCI participated in sports at least 
one time per week; the sports included basketball, swimming, weight lifting, tennis, 
sailing, and pool/billiards. Only 28% were participating at the competitive level, 
and even the nonathletes showed an interest in participation in sports as a leisure 
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time activity. Another important consideration was the involvement with sports did 
not limit vocational pursuits, thus providing access to communities through sports 
and through employment.

Inclusive leisure and recreation access for youths can lead to participation in 
recreational activities across the lifespan (Hoge et al. 1999). Inclusive recreational 
activities provide an outlet for people with disabilities to participate in activities of 
their choice, based upon interest and not restricted by availability of tailored pro-
grams. Exposure results in greater acceptance of people with varying levels of skill, 
needs, and backgrounds which benefits all participants (Schleien and Green 1992). 
When looking at integrated recreation, it is recreation services provided by the com-
munity for all people in the community as opposed to therapeutic recreation 
designed for those with disabilities.

3.5  Barriers to Community Integration and Participation 
and Methods for Addressing These Barriers

3.5.1  Physical

Researchers studied the physical benefits and positive impact of exercise for those 
with and without disabilities (Anderson and Kress 2003; Stroud et  al. 2009). 
Potential physical benefits included increased strength/energy, sense of one’s own 
accomplishment, improved muscle tone, psychological improvements, reduced 
health costs, decreased injuries, increased social interactions, and improved health 
(Lazarus 2016; Pfaffenbach 2016; Stroud et al. 2009). However, researchers identi-
fied physical barriers to exercise for persons with disabilities. They include (a) 
exhaustion from exercise, (b) poor facilities, (c) limited hours of operation, (d) 
worsening of symptoms, (e) health, (f) poor transportation, and (g) level of diffi-
culty (Jaarsma et al. 2014; Stroud et al. 2009). Persons become frustrated when they 
cannot perform a sport, interact with healthcare professionals who know about their 
needs/disability, or want to exercise but have limited access to relevant activities 
(Devine 2012; Williams et al. 2014).

For some persons, in spite of knowing the physical benefits, environmental bar-
riers prevent participation (e.g., lack of possibilities, lack of accessibility); however, 
facilitators (i.e., support to replace the barrier) can be put in place (Jaarsma et al. 
2014). Cultural beliefs may place an undue burden on one’s psychological health 
suggesting that a person’s strength, able-bodiedness, or physical abilities is congru-
ent with one’s manliness (Kleiber and Hutchinson 1999). Thus, undue pressure can 
negatively impact the health of a person with disability (Williams et al. 2014). It is 
important to recognize the relationships these barriers play when promoting the 
possible positive results of physical activities for people with disabilities. When 
addressing physical barriers for persons with disabilities, collaboration with com-
munity organizations is key to increasing accessibility. Equally important is to pro-
vide staff with professional development on accommodations and methods for 
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arranging equipment (Devine 2012; Wahman et al. 2006). Recreational programs 
and activities should fully integrate a person with disability (Schleien et al. 2009). 
Positive social connections (i.e., family, friends) are environmental facilitators that 
certainly influence the physical activity and health of people with disabilities (van 
der Ploeg et al. 2004).

3.5.2  Income and Economics

Interestingly, persons, whose income exceeded $50,000 annually, identified finan-
cial funding and time as barriers to their participation in exercise (Cowan et  al. 
2012). Persons with lowered annual incomes may find income/economics nega-
tively impact their participation in recreational activities of choice. Stephens et al. 
(2012) found the economic costs associated with participating in recreational activi-
ties prohibitive for those with disabilities (e.g., specialized chairs, cost of travel/
preparation, expensive equipment). Researchers assert people with disabilities 
experience both health and economic inequalities when compared to the general 
population (Drum et al. 2009). Equipment is often old or poorly maintained in rec-
reational facilities that promote health; health promotion programs for persons with 
disabilities are at an economic disadvantage, as many do not meet the American 
with Disabilities Act of 1990 requirements (Drum et al. 2009).

Drum et al. (2009, p. 98) advocated that “Health promotion programs should be 
affordable to people with disabilities and their families or caregivers.” They stressed 
keeping costs reasonable for participants since many are economically at a disad-
vantage. Despite the economic costs associated with recreational facilities (e.g., 
state run, local public), researchers recommend organizations to take the lead in 
providing facilities that are accessible and in funding specialized equipment 
(Stephens et al. 2012). Persons with disabilities, families/caregivers, program pro-
viders, service providers, administrators, staff, and policy makers can advocate for 
changes in local, state, and government funding of health programs and support bills 
that include funding for programs that target exercise, quality of life, and self- 
determination (Ravesloot et al. 2007). One suggestion (i.e., facilitator) to negate cost 
is for people with disabilities to access recreational activities that are free. Examples 
include (a) neighborhood walk, (b) exercise at the public park, (c) swimming, and/
or (d) engaging with a friend in a physical activity (van der Ploeg et al. 2004).

3.5.3  Attitudinal

For someone whose life circumstance resulted in acquiring a disability, he/she 
requires a period of time to grieve and adapt mentally (i.e., attitudinal) to the fact 
that there are new limitations that previously never existed (van der Ploeg et  al. 
2004). This mental process could serve as an internal barrier. While there is an 
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emphasis on community participation and integration, negative attitudes directed 
toward persons with physical disabilities can serve as significant external barriers 
(Shikako-Thomas et al. 2008). Sadly, literature has emerged showing lack of accep-
tance, bullying, unnecessary rules, and ignorance and bias in societal views, driving 
persons with disabilities to withdraw to segregated environments when engaging in 
physical activities (Mihaylov et al. 2004; Shikako-Thomas et al. 2008). Researchers 
have also found that parents identified their children’s limited mobility as obstacles 
to their involvement in physical activities (Welsh et al. 2006). Additional obstacles 
included social and cultural attitudes, lowered socioeconomic status, and the educa-
tional level of caregivers (Shikako-Thomas et al. 2008). When family units are not 
united, it compounds the stress level, resulting in decreased levels of participation 
and community integration (Shikako-Thomas et al. 2008).

As we continue to recognize that participation and integration are essential to 
the well-being of a person with a disability, it is important that those individuals 
who deliver assistance display positive supportive attitudes and become advocates 
for policy change (Wahman et al. 2006; Shikako-Thomas et al. 2008). Stephens 
et al. (2012) suggested a multidisciplinary approach be used to support people with 
disabilities. Included in the approach would be methods to increase a person’s self- 
determination and confidence (i.e., goal setting, cognitive behavioral strategies, 
learning new information). People with physical disabilities often benefit from 
associating with someone with the same impairment who can serve as a role model, 
as the relationship may encourage a positive shift in one’s attitude (Wahman et al. 
2006). According to Devine and Dattilo (2000), recreational settings can/do pro-
mote persons with disabilities perceived social acceptance and satisfaction as a 
consequence of the friendships that develop between those with and without dis-
abilities. Surely, a person’s self-efficacy is enhanced when those with and without 
disabilities engage in recreation, leisure, and sports activities together (van der 
Ploeg et al. 2004).

3.5.4  Administrative

While the emphasis has been on providing inclusive recreational activities to people 
with disabilities, the types of appropriate administrative supports are varied. Parents 
expressed that policy makers and administrators failed to provide recreational 
access and accommodations to people with disabilities, resulting in lost trust 
(Schleien et al. 2014) . Noteworthy was one policy maker’s comment that funds 
were limited since access to community activities was problematic for a few per-
sons with disabilities, while other issues predominated concerns of the general pop-
ulation (Schleien et al. 2014). These barriers imply there is a need for organizational 
changes to be made in the way that recreational inclusive practices are provided for 
people with disabilities (Schleien and Miller 2010).
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Critical for the success of inclusive recreation activities is the hiring of licensed 
qualified staff and programming specialists to support people with disabilities and 
to work with families (Schleien and Miller 2010). Recreational providers should 
collect data with an understanding that data (a) drive decisions, (b) indicate what 
practices should be implemented, and (c) reveal what practices should be main-
tained and/or what reforms should be made to the current model (Miller et al. 2009). 
Administrators, agencies, and recreational organizations must work to bridge rela-
tionships with families fully respectful of the knowledge that parents have of their 
children and what supports are needed for accessing recreational facilities (Schleien 
et al. 2014).

3.5.5  Skills for People with Disabilities (PWD)

Some people with disabilities struggle psychologically (i.e., mental health issues) 
and socially, thus creating barriers in the community (Stumbo et al. 2015). Others 
(such as those who are deaf, hard of hearing, have sensory issues, or have an intel-
lectual disability) may have difficulty in communication (Drum et al. 2009). As a 
result, some researchers have focused on the severity (i.e., mild, moderate, severe) 
of impairment (e.g., use of a wheelchair, assistive technology device), skill level, 
education, primary disability, and participation in physical activities (Froehlich- 
Grobe et al. 2008). Other researchers found a person’s participation in a physical 
activity is not so much about the disability and other factors, but more importantly, 
the interactions within the environment influence (e.g., increase, decrease) capacity 
(Drum et al. 2009; Gray et al. 2006).

For those who struggle with mental health issues, facilitators include environ-
ments that stress choice and provide rich social interactions and opportunities for 
inclusive recreation activities (Stumbo et al. 2015). This involves active engagement 
with needed supports that encourage an individual’s interdependence and indepen-
dence while impacting the community at large (Stumbo et al. 2015). It is important 
to examine the role of parents in teaching specific skills that would increase a child’s 
participation in recreational activities (Wuang et  al. 2013). Wuang et  al. (2013) 
stressed that skills need to be valuable and applicable to the daily lives of people 
with disabilities plus fit the routines of their environments. Setting goals for specific 
skills (e.g., strength training, jumping jacks, running) can be mutually established 
by the person and family; recreational activities should be appropriate to the culture 
and dynamics of the individual/family, consistent with norms, values, and signifi-
cance (Wuang et al. 2013). Communication barriers might be overcome with large 
font, legible and simple text, pictures, alternative methods of communication, or 
accessible documents/formats to encourage and facilitate an individual’s physical 
activity (Drum et al. 2009). It is important to note that interactions are fluid as peo-
ple experience changes due to age, technology (e.g., something inaccessible 
becomes accessible), preference, or community accessibility (Gray et al. 2006).
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3.5.6  Skills for Professionals in Recreation Settings

Data suggest professionals in inclusive recreational settings may be unaware of the 
needs and supports required for people with disabilities and that professionals may 
fail to demonstrate appropriate sensitivity or to offer desirable choices (Devine and 
Kotowski 1999). For example, professionals may expect a person with a disability 
to participate in an activity without choice. However, a person’s participation does 
not mean his/her choice was intentional or autonomous (Seekins et  al. 2012). 
Professionals who are skillful look for signs that the person with a disability had a 
choice in the context (e.g., available of facility, type of equipment, assistance from 
others) and form of participation (Seekins et al. 2012; van der Ploeg et al. 2004).

Professionals who work in recreational settings and support people with disabili-
ties must address both personal (e.g., age, gender, health, injury, disease, mental 
attitude, race) and environmental factors (e.g., transportation, family, friends, social 
network), as they are important to the health of the individuals and influence their 
ability to successfully participate (van der Ploeg et al. 2004). Those who support 
people with disabilities should know the ability levels of the person they are work-
ing with and be aware of the existing supports in place (e.g., family, friends, com-
munity providers) (Stumbo et  al. 2015). Jaarsma et  al. (2014) suggested that 
professionals present possible barriers prior to participation in a sport, as the knowl-
edge better prepares a person with a disability should obstacles occur. Of equal 
importance is to design programs that are individualized, culturally relevant, and 
specifically targeted to a person’s age and disability (Jaarsma et al. 2014). Graham 
et al. (2009) emphasized the importance of professionals coaching parents/caregiv-
ers in an effort to increase the person’s quality of relationships and involvement. 
However, for this to happen, it seems the person with a disability, professionals, 
parents, and the social influences must work together to increase skill levels and 
participation in valued recreational activities within the community.

3.6  Improving Community Integration and Participation

3.6.1  Evidence-Based Programs and Best Practices

Scientifically based research results in replicable and applicable findings from 
empirical research that used appropriate methods to generate persuasive, empirical 
conclusions. The use of the best available research results (evidence) allows service 
providers, as well as decision-makers (recreational administrators), to make 
informed decisions based upon empirical evidence. The National Autism Center’s 
National Standards Report (2009) stated that evidence-based practice involves the 
integration of research findings with (a) professional judgment and data-based clini-
cal decision-making, (b) values and preferences of families, and (c) assessing and 
improving the capacity of the system to implement the intervention with a high 
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degree of accuracy. This report is very useful as it provides guidelines for evaluating 
whether or not an intervention is an evidence-based practice or not.

3.6.2  Universal Design

The National Universal Design for Learning Task Force (2011) defines UDL as

a framework that provides all students equal opportunities to learn [by encouraging] teach-
ers to design flexible curricula that meets the needs of all learners.

The advantage to using Universal Design for Learning strategies is that doing so 
creates access for all participants to the recreational environment curriculum, elimi-
nates barriers to learning, and provides alternatives for methods of instruction, 
delivery of instruction materials, and participant responses (Lieberman et al. 2008). 
Sherlock-Shangraw (2013) recommends analyzing Universal Design for Learning 
into three categories. These are multiple means of representation (to how content is 
delivered to recreational participants such as telling, modeling, providing written 
instructions), multiple means of action and expression (how learners demonstrate 
skill level such as explaining to a peer or demonstrating skill), and multiple means 
of engagement (varying the ways in which individuals participate in activities such 
as providing opportunities for group as well as individual involvement).

3.6.3  Accommodations and Modifications

Making changes or modifications to instruction and supports can be a key compo-
nent of recreational services. It is not always necessary that the individual do the 
recreational activity in exactly the same way as others or to the same criterion. The 
terms accommodations and modifications are often used interchangeably, but they 
represent two different changes. Accommodations provide different ways for indi-
viduals to take in (access) information or to display their knowledge or skill in the 
recreational setting. These changes do not alter or lower the standards or expecta-
tions for a task. Accommodations do not substantially change the instructional level, 
the content, or the performance criteria for the individual. Using a chair in a stretch-
ing class would represent an accommodation in a recreational setting.

Modifications are changes in the delivery, content, or completion level of tasks. 
They result in changing or lowering expectations and create a different standard for 
some individuals. Modifications do change the expected performance level for an 
individual. Having a basketball player being able to dribble, stop, and then dribble 
again without a foul being called (when other players are not) is an example of a 
modification.
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3.6.4  Behavioral Intervention Strategies

 Goal Setting

Goal setting involves the individual setting specific recreational goals he or she will 
meet and the specific reinforcement he or she will receive for meeting that goal 
(Lassman et al. 1999). It is important to have a goal that is realistic, achievable, and 
requires effort on the part of the individual. It is recommended that the goal/contract 
includes:

 1. A task or activity the individual plans to learn or the behavior that they will 
engage in.

 2. Specified activities and/or specific behaviors the person will engage in (defined 
and positively worded).

 3. The degree of proficiency the individual will attain.
 4. How the person will demonstrate that the learning has occurred.
 5. What are the time dimensions for the goal.
 6. How the goal will be measured and evaluated.
 7. The role and responsibilities for each person.
 8. A written contract that is signed by all parties involved.
 9. Short-term goals should be initially used for quick reinforcement.
 10. The goal intervention ties into self-management strategies.

 Creating Routines

In order to increase physical activity and/or participation in recreational activities, 
the use of routines can often be very important. Routines facilitate participation if it 
is part of a daily routine such as meeting a group of friends for early morning walks, 
playing basketball after work, or joining a workout group at the recreational center. 
The use of self-management strategies can help the individual to establish and fol-
low through on routines for recreation. The routines that are created can reflect the 
“new normal” of life following the acquisition of a disability, but also these should 
reflect the individual’s lifestyle, routines, and choices prior to an injury. If the per-
son was active, non-active, competitive, and areas of interest need to be reflected 
and taken into consideration when developing routines.

 Self-Management

Self-management broadly refers to specific procedures used by an individual to 
influence his/her own behavior. Self-management procedures are effective because 
in part that they create independent performance and reduce the need for support 
from others during recreational activities. Self-management strategies can involve 
contracts, antecedent cue regulation, self-monitoring, self-evaluation, self-recruited 
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feedback, and self-reinforcement. It is recommended that self-management strate-
gies be an integral part of recreational support staff’s instructional “tool kit.” It is 
also important to carefully assess the person’s learning needs, preferences, and the 
recreational environment before developing a self-management strategy to deter-
mine the appropriateness of a particular strategy.

 Motivation

Every person has factors that motivate him or her to participate in recreational activ-
ities. Kerstin et al. (2006) found that for individuals with spinal cord injuries, there 
were a variety of motives for pursuing physical activity such as independence, 
improving health, physical appearance, becoming a role model for others, becom-
ing part of a social network, and being needed. Motivation factors will match to the 
individual and their lifestyle but can be explored through education and mentoring.

 Self-Determination

Self-determination can perhaps simply be defined as having control in one’s life and 
as empowerment and control over one’s life such as where and with whom to recre-
ate. While the concept is simple, the implementation can be complex (Wehmeyer 
1999). Self-determination involves choosing and then acting on the basis of those 
choices (Wehmeyer et al. 2002).

 Person-Centered Planning

Person-centered planning encourages a positive view of the future based on strengths 
and preferences rather than focusing on eliminating deficits that the person may 
have. Person-centered planning consists of four components: (1) a personal profile 
that promotes a positive view of the individual, (2) a positive vision of the future, (3) 
action steps leading to the attainment of the desirable future lifestyle, and (4) any 
necessary changes to the current support system (Storey and Miner 2017).

 Role of Choice

Choice making is perhaps the central element of self-determination. Promoting 
choice making has become an important focus of recreational services for people 
with disabilities and is a basic component in service delivery. The more opportuni-
ties an individual has to make meaningful choices, the more control he/she will 
experience in his/her life. However, as Agran et al. (2010) and Storey (2005) have 
noted, many people with disabilities are restricted to limited or meaningless choices 
in their lives.
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3.7  Systematic Instructional Methodologies

By systematic instruction we mean instructional procedures that involve antecedent 
and consequence manipulations, frequent assistance to the learner (e.g., cues), correc-
tion procedures, and direct and ongoing measurement that is designed to increase spe-
cific skills (e.g., behaviors) for the learner. We would also like to emphasize here that 
systematic instruction is “evidence-based” and there is an extensive empirical base for 
the effectiveness of these procedures for teaching new skills (Iovannone et al. 2003).

The purpose of instruction is to develop competence for individuals (Gold 1980). 
This competence may be thought of as recreational skills or behaviors that the per-
son can perform in specific circumstances. People may learn skills in a variety of 
ways, but for many individuals with disabilities, they will only learn skills with 
systematic instruction. Independence, competent performance, and social integra-
tion are all based upon having skills necessary to be competent in specific situations 
such as being a member of a club, playing on a sports team, or taking an aerobics 
class. Participation and integration in recreational settings are all based upon indi-
viduals having the skills necessary to be competent in specific situations (e.g., par-
ticipating in workout group, going to a movie, etc.). For many individuals, such 
competence is not acquired incidentally. In other words, the emphasis of instruction 
must be to develop competence to function successfully in recreational settings. 
Systematic instruction provides evidence-based methods to teach those skills 
(Storey and Miner 2017).

3.7.1  Partial Participation

Partial participation means that individuals who might not have or be able to acquire 
all of the skills needed to completely participate in activities are still capable of 
partially participating in the activity (Baumgart et al. 1982; Ferguson and Baumgart 
1991). In other words, partial participation means that everyone can be involved, 
even if they can’t do all of the task or activity. Partial participation helps individuals 
to go beyond more than just being present in a situation and can increase their 
“membership.”

Baumgart et al. (1982) stated that partial participation requires the consideration 
of adaptations that enhance the performance of existing skills, compensate for miss-
ing skills that will not likely be acquired, and allowing for the acquisition and utili-
zation of alternative skills. There are four types of individualized adaptations:

 Utilizing/Creating Materials and Devices

These adaptations refer to portable objects, equipment, or materials that enhance or 
allow partial participation. For example, for an individual that cannot hit a pitched 
ball when playing softball, hitting a ball off of a batting tee would allow that indi-
vidual to participate.
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 Utilizing Personal Assistance

This refers to cues or supervisory assistance provided by another person. For exam-
ple, an individual could have someone help them swing a bat at a pitched ball or 
push their chair around the bases.

 Adapting Skills Sequences

This involves using a sequence that is different from that used by most individuals 
without disabilities. Most players put on their fielding glove by holding it in the air 
and sliding their opposite hand into the glove. A different sequence would be a 
player putting the glove on the bench and holding it down with one hand and sliding 
their opposite hand into the glove.

 Adapting Rules

Rules are prescribed guidelines, procedures, or customs for engaging in activities. 
An example of adapting rules is provided by Bernabe and Block (1994) who helped 
to include a 12-year-old female with moderate/severe disabilities in a softball 
league. One adaptation that was made for her was that if she caught a ball on a 
bounce when fielding that, it was considered a “catch,” and the batter was out.

A possible misuse of partial participation is where it is too easy to decide that an 
individual cannot add new skills and that they are then only allowed to partially 
participate in activities. Ferguson and Baumgart (1991) also stress the importance 
of achieving active instead of passive partial participation. This involves increasing 
opportunities for individuals to practice their recreational skills multiple times in a 
situation or to partially participate at different times during a day.

3.8  Summary

Improving community integration and participation in recreational, physical fitness, 
and sports is important for the physical and mental health of individuals with lim-
ited mobility. People with disabilities experience barriers to full integration in their 
community with able-bodied friends, teammates, and athletes. These barriers can be 
addressed with consideration of facilitators and evidence-based practices.
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4.1  Introduction

Healthy People 2020 describes the nation’s health goals for the coming decade. One 
of the overarching goals is to eliminate health disparities. The Office of Disease 
Prevention and Health Promotion (ODPHP) (2014) defines health disparities as:

A particular type of health difference that is closely linked with social, economic, and/or 
environmental disadvantage. Health disparities adversely affect groups of people who have 
systematically experienced greater obstacles to health based on their racial or ethnic group; 
religion; socioeconomic status; gender; age; mental health; cognitive, sensory, or physical 
disability; sexual orientation or gender identity; geographic location; or other characteris-
tics historically linked to discrimination or exclusion. (Disparities section, paragraph 4)

Determinants of health play a powerful role in health disparities. Determinants 
of health include individual behavior and genetics as well as environmental factors 
such as socioeconomic status, literacy, poverty, discrimination, and public policy 
(ODPHP 2014). Disparities often stem from a lack of access to resources needed by 
members of a group to manage risk stemming from biology or other factors 
(Warnecke et al. 2008). Health disparities may also result from an accumulation of 
experiences that lead to poor health (Krahn and Fox 2014). Population-level health 
determinants such as poverty, educational levels, gender, and race/ethnicity affect 
health outcomes independently from individual risk factors (Warnecke et al. 2008).
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While people with disabilities also experience health disparities due to poverty 
or discrimination, disability is a risk factor for health disparities in and of itself 
(Krahn and Fox 2014). As a group, people with disabilities are much more likely to 
experience chronic conditions and at an earlier age than individuals without dis-
abilities (Krahn et  al. 2015). However, their needs are often not considered or 
accommodated in population-based efforts to address public health concerns such 
as smoking or obesity (Krahn et al. 2015). Thirty adults with spinal cord injuries, 
cerebral palsy, or multiple sclerosis reported that lack of access to healthcare 
affected their lives in five areas. Those areas included social (strained relationships, 
limitations in social role, and participation), psychological (depression, frustration, 
stress, and feeling devalued as a person), physical (deterioration in health and 
increased activity limitations), economic (financial strain due to missed work/
inability to work, additional healthcare expenses), and loss of independence (Neri 
and Kroll 2003).

4.2  Prevalence of Physical Disabilities

Estimates of the prevalence of physical disabilities in the United States vary depend-
ing on the date of the estimate, the source, and the operational definition of disabil-
ity. In the 2015 National Health Interview Survey, an estimated 15.2% of adults 
reported it was very difficult or not possible to walk a quarter of a mile; climb up ten 
steps without resting; stand for 2 h; sit for 2 h; stoop, bend, or kneel; reach over-
head; grasp or handle small objects; lift or carry 10 pounds; or push or pull large 
objects (Blackwell and Villarroel 2015). The proportion with one or more of these 
limitations increased from 5.4% among adults 18–44 years to 48.0% among adults 
75 years or older.

In the 2014 American Community Survey (ACS), an estimated 12.3% of people 
had one or more of six types of disabilities (hearing, vision, cognitive, ambulatory, 
self-care, and independent living). An estimated 7.0% of people ages 5  years or 
older had ambulatory disabilities (see Table 4.1; United States Census Bureau 2017).

Physical disabilities may be acquired (e.g., spinal cord injury) or congenital 
(e.g., cerebral palsy). Common causes of acquired disabilities include spinal cord 
injuries (SCI), traumatic brain injuries (TBI), back pain, osteoarthritis (OA), rheu-
matoid arthritis (RA), multiple sclerosis (MS), stroke, and limb loss (Ma et  al. 
2014). The prevalence of disability among people with these conditions varies 
depending on the severity of the condition. Strokes are the leading cause of long-
term disability in the United States with 2.8% of the population having a long-term 
disability related to stroke (Ma et al. 2014). Estimates of the prevalence of back pain 
range from 5 to 22% for adults. Based on the Survey of Program Participation 
(SIPP), 7.6 million adults were estimated to have back pain as the primary cause of 
their disability (Ma et al. 2014).

Relatively few adults (0.6%) report rheumatoid arthritis as their primary cause of 
disabilities (Ma et al. 2014). However, as many as 21.6% of adults report having 
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osteoarthritis, with 8.6 million identifying it as the primary cause of their disability. 
In addition, an estimated 400,000 people with multiple sclerosis and between 
238,000 and 337,000 adults with a spinal cord injury have a physical disability (Ma 
et al. 2014).

Limb loss affects approximately two million individuals in the United States 
(Ma et al. 2014). Diabetes is a risk factor for limb loss and for several other poten-
tially disabling conditions such as cardiovascular disease, stroke, peripheral vascu-
lar disease, renal disease, peripheral neuropathy, and retinopathy (Wong et  al. 
2013). People with diabetes were 1.71 times more likely to have mobility limita-
tions, 1.92 times more likely to have limitations in activities of daily living, and 
1.65 times more likely to have limitations in instrumental activities of daily living 
(Wong et al. 2013).

Developmental disabilities often associated with physical disabilities include 
spina bifida and cerebral palsy. In the United States, the birth prevalence of spina 
bifida is 2 per 10,000 live births, a decline since the introduction of folic acid forti-
fied foods (Au et al. 2010). An estimated 166,000 people had spina bifida. The birth 
prevalence of cerebral palsy is 2.11 per 1000 live births (Oskoui et al. 2013). An 
estimated 734,000 adults and children have cerebral palsy.

4.3  Health Disparities for People with Disabilities

People with disabilities are more likely than the general population to report fair or 
poor health. Physical disability is sometimes associated with a chronic condition 
such as diabetes. However, individuals with physical disabilities are also at greater 
risk for a number of health disparities stemming from lack of access to medical 
resources (Havercamp et al. 2004; Chevarley et al. 2006; Nosek et al. 2006; Iezzoni 
2011; Reichard et al. 2001; Mahmoudi and Meade 2015). People with disabilities 
are more likely to rate their health as poor compared to those without a disability 
(National Healthcare Disparities Report 2015).

Table 4.1 Disability prevalence in the 2014 American Community Survey

Disability type Definition
Ages 
(years)

% with 
disability

Hearing Deaf or serious difficulty hearing All 3.5
Vision Blind or serious difficulty seeing even with glasses All 2.2
Cognitive Difficulty remembering, concentrating, or making 

decisions because of a physical, mental, or emotional 
problem

5+ 4.9

Ambulatory Serious difficulty walking or climbing stairs 5+ 7.0
Self-care Difficulty bathing or dressing 5+ 2.7
Independent 
living

Difficulty doing errands such as shopping alone 
because of a physical, mental, or emotional problem

18+ 2.7

Any One or more of the six types of disabilities All 12.3

Source: U.S. Census Bureau (2017), 2010–2014 American Community Survey 5-Year Estimates
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Havercamp et al. (2004) compared the health outcomes of people with no dis-
abilities and people with disabilities in North Carolina using the 2001 North 
Carolina Behavioral Risk Factor Surveillance System (BRFSS) to health outcomes 
for a group of adults with intellectual or developmental disabilities (IDD) using the 
2001 National Core Indicators (NCI). Adults with IDD in the NCI experienced 
greater health disparities than people with or without disability in the BRFSS. On 
the BRFSS, people with disabilities were more likely than those without disabilities 
to have chronic conditions such as hypertension, cardiovascular disease, arthritis, 
diabetes, and chronic pain and were less likely to have exercised in the previous 
month or to have seen a dentist or had their teeth cleaned in the prior 5 years.

In the 2001–2005 National Health Interview Surveys, people with disabilities 
were more likely to smoke or to be obese and less likely to be physically active, all 
factors associated with increased risk of heart disease and certain cancers (Iezzoni 
2011). Despite the presence of these risk factors, they were less likely to report that 
their healthcare providers had discussed issues such as smoking history during 
office visits.

The 2006 Medical Expenditure Panel Survey (MEPS) data show the same pattern 
of lack of access and poorer health outcomes. After controlling for age, sex, race, 
income, education level, health insurance status, and obesity status, people with dis-
abilities had higher rates of arthritis, asthma, cardiovascular disease, diabetes, 
hypertension, high cholesterol, and stroke than people without disabilities (Reichard 
et al. 2011). Medical expenses for people with disabilities ($10,288 per year) were 
4.3 times higher than for people without disabilities (Reichard et al. 2011).

The 2002 through 2011 MEPS data showed that people with disabilities are more 
likely to have unmet medical (75%), dental (57%), and prescription medication 
needs (85%) than people without disabilities (Mahmoudi and Meade 2015). Being 
female, lacking insurance, and being at or near the poverty level also increased the 
risk of having unmet medical needs.

Some subgroups such as women or those from underserved populations such as 
people of color experience higher rates of poor health outcomes (Chevarley et al. 
2006; Nosek et al. 2006; Iezzoni 2011). In the 1994–1995 National Health Interview 
Disability Supplement, women with one or more functional limitations were more 
likely to report fair to poor health (Chevarley et al. 2006). They also reported greater 
prevalence of smoking, hypertension, being overweight, and having mental health 
problems. Women with functional limitations were also more likely to report not hav-
ing had a Pap smear. Women with three or more functional limitations reported less 
access to general healthcare, dental care, mammograms, prescription medications, or 
eyeglasses (Chevalry et al. 2006). Other researchers have also reported that women 
with disabilities were more likely to die from breast cancer and less likely to report 
having mammograms or Pap tests (Iezzoni 2011). Women with more significant 
movement impairments were least likely to have had these screenings (Iezzoni 2011).

In a survey of 443 of women with physical disabilities (due to SCI, stroke, MS, 
polio, or other conditions) from diverse race and ethnic backgrounds, participants 
reported an average of 14.6 secondary conditions (range 1–42), of which an average 
of 5.7 was significant or chronic (range 0–20; Nosek et al. 2006). Three-quarters of 
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the sample reported being overweight or obese. Other common conditions included 
pain, fatigue, visual impairments, weakness, circulatory problems, sleep problems, 
spasticity, blood pressure problems, and memory impairments.

Failure to recognize people with disabilities as an underserved population or to 
address their health needs is costly to both the individual and to society. Poor health 
outcomes may lead to increased functional limitations and further disability. Lack 
of access to medical care increases the risk of deterioration or development of addi-
tional chronic conditions. Having a disability is a risk factor for acquiring a chronic 
condition (Dixon-Ibarra and Horner-Johnson 2014). In the 2006–2012 NHIS, peo-
ple with disabilities had increased odds of having cardiovascular disease (adjusted 
odds ratio (AOR) = 2.92), cancer (AOR = 1.61), diabetes (AOR = 2.57), obesity 
(AOR = 1.81), and hypertension (AOR = 2.18; Dixon-Ibarra and Horner-Johnson 
2014).

Multiple chronic conditions complicate care and increase the burden for the indi-
vidual and for the healthcare system. Among people dually eligible for Medicaid 
and Medicare, 53% of those ages 18–64 years had multiple chronic conditions, as 
did 73.5% of those 65 and older (Fox and Reichard 2013). Multiple chronic condi-
tions are also associated with increased financial burdens. For example, one study 
found that having more chronic conditions was linearly associated with higher out- 
of- pocket expenses (Hwang et al. 2001). Individuals with three or more conditions 
had out-of-pocket healthcare expenses averaging $1334 compared to an overall 
average of $427. A similar relationship was reported in the 2009 MEPS sample of 
whom 18.3% had two to three chronic conditions and 7% had four or more. People 
with four or more chronic conditions were more likely to have had a hospital stay 
(27.7%) or emergency department visit (29.7%) than people with no chronic condi-
tions (5.3% and 11.1%, respectively; Machlin and Soni 2013). People with multiple 
chronic conditions also took more prescription medications and had more ambula-
tory care visits. Average annual medical expenses were $2367 for people with no 
chronic conditions compared to $8478 for people with two or three chronic condi-
tions and $16,257 for people with four or more chronic conditions (Machlin and 
Soni 2013). Addressing the causes of health disparities may help reduce medical 
expenditures for individuals and the healthcare system.

4.4  Health Disparity Models

4.4.1  The Stress Process Model

Pearlin’s stress process model (1989) describes the causal mechanism of social 
inequalities on health outcomes and health disparities. Physical, mental, and general 
health are influenced by the extent to which social and personal resources mediate 
stress exposure experienced by individuals (Pearlin 1989; Turner 2009). Social 
resources include concepts such as social connections, while personal resources 
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include concepts such as mattering (the extent to which an individual believes they 
are important to others) or mastery. For example, in a study of depression in 967 
adults with physical disabilities, the effect of life events and chronic stress was 
mediated by social support and mastery (Turner and Noh 1988).

4.4.2  Center for Interdisciplinary Health Disparities Research 
(CIHDR) Model

The CIHDR model is a health promotion model for addressing health disparities in 
particular populations. This model, developed at the University of Chicago’s Center 
for Interdisciplinary Health Disparities Research, describes distal (upstream) fac-
tors such as socioeconomic status and stigma, intermediate factors such as social 
relationships and physical context, and proximal (downstream) factors such as indi-
vidual risk behaviors and previous illnesses that contribute to disparate health out-
comes (Gehlert et al. 2008). It highlights the importance of upstream (distal) factors 
that may influence an individual’s health status even at the cellular level. For exam-
ple, a study of why more black women die of breast cancer than white women even 
though more white women are diagnosed with the disease found that cellular 
changes associated with increased levels of stress explained differences in mortality 
rates. A similar association was found in rat models. This model acknowledges that 
while downstream factors such as access to appropriate healthcare and access to 
transportation affect health outcomes, upstream socio-environmental factors such 
as stigma and poverty can have serious, deleterious consequences on cell function 
and may trigger health disparities (Gehlert et al. 2008). It posits that upstream fac-
tors such as poverty need to be addressed as part of public health interventions 
(Gehlert et al. 2008).

Both the stress process model and CIHDR model offer insight into the determi-
nants of health disparities among people with disabilities as well as potential inter-
ventions. Understanding upstream causes of health disparities as well as potential 
mediators on an individual and societal level can inform models for effective 
interventions.

4.5  Downstream Causes of Health Disparities

Individuals with disabilities experience proximal (downstream) in addition to distal 
(upstream) causes of health disparities. Downstream causes include extrinsic or 
intrinsic factors that inherently overlap and frequently mutually reinforce one 
another. Similar to a feedback loop, individual causes of health disparities can have 
a net negative, positive, or neutral (balancing) impact on the health outcomes of an 
individual with a physical disability (Diez Roux 2011). For example, if an individual 
has a physical disability that significantly impairs functional capacity (intrinsic 
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factor) which in turn limits employment options, the individual is likely to have 
lower income-earning potential than if able-bodied (extrinsic factor). This lower 
income-earning potential in turn makes transportation (extrinsic factor) to provider 
appointments more difficult than if financial resources were readily available. In this 
way, the intrinsic and extrinsic factors that cause health disparities are closely related.

4.5.1  Health Behavior

Individual health behaviors such as exercising regularly and eating a balanced diet 
are key intrinsic factors contributing to health disparities. Defined as “an action 
taken by a person to maintain, attain, or regain good health and to prevent illness,” 
health behaviors reflect a person’s health beliefs (Anderson et al. 2002). While 
externally influenced, health behaviors directly affect health outcomes. For exam-
ple, if an individual with a disability believes that he is able to lose weight through 
healthy eating and activity, he is more likely to select healthy foods and to maintain 
a regime of regular physical activity. However, individuals with physical disabilities 
face stigmatized challenges as they try to actuate healthy living in accord with their 
positive health beliefs. Presumptions are made that those with physical disabilities 
cannot be physically active or chose healthy foods (Seburg et al. 2015).

The lack of positive health beliefs contributes to poorer health outcomes. For 
example, a person with a family history of coronary heart disease who habitually 
eats high-cholesterol foods is more likely to develop atherosclerosis than one who 
routinely eats heart-healthy foods. Similarly, an individual who tends toward inac-
tivity is more likely to become overweight, leading to an increased risk of develop-
ing several types of cancer (National Cancer Institute 2017).

Individuals with physical disabilities face unique challenges, heavily rooted in 
external factors, to actualize positive health behaviors (Rimmer et al. 2008). For 
example, a relatively inactive individual in a wheelchair has less potential to become 
active than a fully able-bodied counterpart if the area in which he lives lacks acces-
sible recreational areas. Given this, it is not surprising that rates of obesity among a 
study sample of adults with physical disabilities were nearly 40% as compared to 
approximately 24% among those without a physical disability (Reichard et al. 2011). 
Similarly high cholesterol levels, a condition correlated with unhealthy dietary intake, 
were found in over two-thirds of the sample of individuals with physical disabilities 
but in less than 20% of those without physical disabilities (Reichard et al. 2011). 
Stroke rates were twice as high, and high blood pressure (correlated with higher 
weight status) was four times more common in those with a physical disability com-
pared to those without (Reichard et al. 2011). Each of these physical states correlates 
with underlying health behaviors and is a consequence of specific health behaviors. 
Higher rates of obesity-related health conditions among those with physical disabili-
ties may be attributable to a lack of individual positive health beliefs or to a lack of 
accessible recreational exercise facilities or areas or both. Evidence and sound policy 
suggests that increasing the availability of accessible active areas for those with 
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 physical disabilities may have a positive impact on health beliefs and may increase 
healthy activity levels (Rimmer et al. 2005).

4.5.2  Accessibility of Healthcare

Barriers to healthcare accessibility include extrinsic factors that create health dis-
parities in direct and indirect manners. Individuals with physical disabilities experi-
ence multiple barriers to accessing care such as medical provider biases and 
capacities, difficulty arranging accessible transportation, lack of physically acces-
sible healthcare environments, or lack of affordable healthcare.

4.6  Provider Knowledge, Skills, and Abilities

The standard Western perception of healthcare views disability from the medical 
model, which considers disability to be any impairment that interferes with perfor-
mance rather than a variant of human experience that requires physical adaptation 
to enable participation (Sharby et al. 2015). Medical providers in the United States 
are often educated to view disability as a negative health outcome that requires 
intervention to cure the impairment (Sharby et al. 2015). In this view, the negative 
impact of disability is considered to reside solely in the patient. The role of the 
medical provider is to fix the disability to the degree possible to improve the patient’s 
quality of life. While this model enables amelioration of impairment when possible, 
it creates implicit provider biases and ignores social determinants of health out-
comes described in the stress process model and CIHDR model. When viewed 
through the medical model, disability is seen as a tragedy. Social and integrative 
models, on the other hand, describe disability as part of normal variation within 
diverse communities (WHO 2002). Social and integrative models encourage medi-
cal providers to view physical disability not as an absolute impairment to a high 
quality of life but instead as an event of diversity unique to the individual patient. 
This view enables providers to recognize desired levels of participation, and not 
functional capacity, as the desired goal of treatment (Roush and Sharby 2011).

A conceptualization of physical disability as a patient deficit makes effective 
provider-patient communication difficult particularly when the patient does not 
view their physical disability as an impairment (Sharby et al. 2015). While a patient 
may request a consultation to discuss an acute illness, reproductive health, or another 
non-disability-specific topic, their requests may be overshadowed by a provider’s 
preoccupation with fixing the patient’s impairment. Both subtle biases and overt 
emphasis on a patient’s disability cause ineffective provider-patient communication, 
causing people with physical disabilities to feel they have been unheard with regard 
to their self-perceived needs and to feel devalued and disrespected (Iezzoni 2006).

Provider communication style affects how individuals with disabilities experi-
ence healthcare encounters and can cause individuals to feel more or less willing to 
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return for follow-up care or seek preventative services. A 2015 review of a decade’s 
worth of literature on barriers to care for individuals with disabilities reported that 
individuals with disabilities frequently perceive providers as either not interested in 
or insensitive to their unique needs (Sharby et al. 2015).

Other barriers are created by specific in-clinic routine exams and treatment prac-
tices that convey a sense of disrespect to patients with disabilities. The National 
Healthcare Disparities Report noted that disability severity and patient satisfaction 
are inversely related. Those with disabilities are ten times more likely to report low 
satisfaction with their healthcare (2010, 2015). Individuals with more complex limi-
tations were more likely to report a provider-patient encounter over the past 
12 months during which the provider had not listened carefully to them, failed to 
explain things in an understandable manner, did not spend adequate time with them 
listening to their concerns, and did not show respect for their statements (Sharby 
et al. 2015). In one qualitative study, a woman with a disability described that during 
a radiographic procedure, masking tape was used to secure her arm to a table when 
the provided Velcro straps proved inadequate (Yee 2014).

Professionals and medical students acknowledge their lack of training in how to 
appropriately and effectively interact with or treat individuals with disabilities 
(Iezzoni et al. 2005). For example, medical students admitted to negative views of 
patients with disabilities (Iezzoni et al. 2005). In an analysis of medical student’s 
clinical skills, students were less proficient in interpersonal and physical examina-
tion skills with patients with disabilities as compared to interactions and examina-
tions of those without (Brown et al. 2010).

While physical disability is an intrinsic cause of health disparities, lack of access 
to preventative care at pivotal life points is a contributing external factor. Individuals 
with disabilities are offered fewer preventative measures such as flu vaccinations, 
gynecological examinations, or mammograms (Sharby et  al. 2015). This lack of 
emphasis on preventive healthcare is seen across the lifespan for those with disabili-
ties. A 2013 study analyzed the relationship between mobility status and likelihood 
of discussion of health-related behaviors with a primary care provider among a 
sample of youth and young adults ages 16–24 years (Seburg et al. 2015). Compared 
to their non-mobility-restricted counterparts, youth and young adults with mobility 
limitations were less likely to report discussions with their providers on important, 
health- impacting topics like substance abuse, and sexual and reproductive health, 
but were more likely to discuss healthy eating, weight, and physical activity.

4.7  Transportation

The lack of transportation options for getting to and from medical appointments is 
often a healthcare access barrier for people with physical disabilities. Being able to 
drive or having a caregiver who is able to provide transportation is associated with 
increased likelihood of visits to healthcare providers (Lishner et al. 1996; Arcury 
et al. 2005a, b).
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For individuals in areas with poor public transportation, travel to and from medi-
cal appointments is particularly challenging (Peacock et al. 2015). The individual 
might have to travel long distances between home and a fixed route stop or between 
a fixed route stop and an appointment location. Public transportation may also run 
less frequently, which may require leaving home much sooner than would be neces-
sary if door-to-door transportation was available. People with disabilites in rural 
areas report even greater difficulties finding transportation to access healthcare due 
to increased distances to reach a provider or limited or no availability of accessible 
transportation (Iezzoni et al. 2006).

Even in areas with frequent and reliable public transport, challenges include dif-
ficulties caused by harsh weather conditions or poorly maintained sidewalks or 
roads. Although significant advances have been made that enable personal transpor-
tation (curb ramps and cutouts for wheelchair access; street lights with audible and 
visual pedestrian crosswalk signals for those with low vision or who are hard of 
hearing; automatic door opening entryways), improvements are still needed 
(Peacock et al. 2015). Residents in rural areas often have fewer choices of medical 
providers, poorer access to specialty care, and less access to expensive technologies 
near where they live. They often travel greater distances to receive care and as a 
result have fewer healthcare visits (Arcury et al. 2005a, b).

When a provider’s appointment schedule falls behind, patients who rely upon 
public transportation may miss their ride home. Taxis are infrequently equipped to 
transport individuals with certain assistive equipment, including wheelchairs. An 
appointment that might take a non-disabled counterpart a couple hours can easily 
occupy the entire day for an individual with a disability who is reliant on public 
transportation.

When considered through a “transportation equity” lens (analysis of which ser-
vices and activities are considered basic, alongside the quality of the services con-
sidered adequate to satisfy basic access needs; Rawls 1971), the transportation 
burden experienced disproportionately by those with disabilities, as well as those 
with limited incomes, creates an unjustified access inequity.

4.8  Physically Accessible Environments

While more than 25 years have passed since the Americans with Disabilities Act 
was signed into law, many healthcare environments are still not fully accessible. 
Barriers to physical accessibility include but are not limited to:

• Lack of parking to accommodate people using a wheelchair lift
• Building and office entrances with steps or doors that are difficult to open
• Waiting rooms, exam rooms, and hallways that are too small or too narrow to 

navigate with assistive equipment
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• Chairs, wheelchairs, exam tables, scales, and imaging equipment that are not 
adjustable or do not accommodate people of various sizes or those needing posi-
tioning assistance

• Lack of equipment to assist with transfers to and from exam tables
• Lack of appropriately trained staff and providers or specific specialists such as 

sign language interpreters

4.9  Upstream Causes of Health Disparities

Individuals with physical disabilities also experience external, or upstream, causes 
of health disparities such as socioeconomic factors and barriers related to the inter-
action between internal and external causes of health disparities.

4.9.1  Socioeconomic Factors

Socioeconomic status (SES) directly and indirectly affects the health of all vulner-
able populations, particularly individuals with physical disabilities. Socioeconomic 
status, commonly conceptualized as the social standing or class of an individual or 
group, is frequently considered the most fundamental cause of health disparities 
(Link and Phelan 1995). Level of education, income, and occupation are distinct 
components of socioeconomic status that influence multiple health outcomes (Adler 
and Newman 2002). However, each component also influences the others. For 
example, lower educational attainment is correlated with fewer occupational pros-
pects, which is in turn correlated with lower income-earning potential (Fry 2013).

Compared to those without physical disabilities, individuals with physical dis-
abilities are less likely to graduate from high school (Reichard et al. 2011). Lower 
educational attainment is both a causal and a compounding factor within the socio-
economic status construct. Taken alone, lower educational attainment causes a 
decrease in the measure of one’s socioeconomic status, which in turn increases like-
lihood of health disparities compared to those with higher educational attainment 
(Link and Phelan 1995). Because lower academic attainment decreases individual 
employment options and income-earning potential, its impact compounds the 
income and occupation components of socioeconomic status, which then further 
lower one’s socioeconomic status and increase the likelihood of poor health out-
comes (Reichard et al. 2011).

Cumulatively, policies that result in low educational attainment for individuals 
with disabilities create negative health disparities. People age 16 to 64 years with a 
disability who are interested in employment are more than twice as likely to be 
unemployed as those in the same age group without a disability (Bureau of Labor 
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2018). Youth and young adults with disabilities also experience large educational 
outcome disparities relative to youth without disabilities. While nearly half of youth 
with disabilities enroll in college, only 15% graduate (Bureau of Labor Statistics 
2018). Roughly, a quarter of adults with disabilities are employed, compared to 
nearly two-thirds of those without disabilities (Bureau of Labor Statistics 2018). 
Many adults with physical disabilities rely on Social Security, Medicare, and/or 
Medicaid to supplement their income or to access healthcare. However, these pro-
grams have eligibility income limits, effectively diminishing earning capacity of 
enrollees. Individuals with disabilities utilize more healthcare resources (Yee 2011), 
are more likely to become dependent on public support programs, experience 
increased personal or familial healthcare costs, and spend a great deal of time and 
attention managing the healthcare system that would otherwise be devoted to 
employment or family obligations. Many adults with disabilities live in poverty, 
while children with disabilities disproportionately live in homes with lower than 
average incomes.

SES influences health outcomes in other direct and indirect ways, including the 
ability to access quality healthcare, level of exposure to environmental toxins, and 
exposure to stress (Diez Roux and Mair 2010). Neighborhoods also influence health 
inequities indirectly. People with disabilities are more likely to experience poverty 
and often have less access to safe public spaces, transportation, recreation, healthy 
foods, and social connections, factors associated with conditions such as hyperten-
sion, diabetes, and obesity (Diez Roux and Mair 2010). Higher incomes are corre-
lated with lower likelihood of disease and premature death (National Center for 
Health Statistics 2012). At all income levels, people with more financial resources 
are healthier than people with fewer financial resources (Braveman et al. 2010). The 
relationship between “income and health is a gradient: connected step-wise at every 
level of the economic ladder” (Wolf et al. 2015).

Among subpopulations of individuals with disabilities, those from racial and eth-
nic minorities experience the greatest health disparities attributable to lower socio-
economic status. While blacks and Hispanics experience higher rates of disease than 
non-Hispanic whites, health disparities within each racial and ethnic group are mag-
nified by income and disability status (Dubay & Lebrun 2012). Those low- income 
minorities with physical disabilities face a “double burden,” with increased health 
disparities attributable to prejudice, discrimination, economic barriers, and barriers 
to adequate healthcare access (US Dept. of Health and Human Services 2011; 
National Center for Health Statistics 2016).

Stigma is closely related to socioeconomic status and can reduce attainment of 
higher socioeconomic status. Stigma is an important social determinant for health 
outcomes (Hatzenbuehler et  al. 2013). Stigma is “the co-occurrence of labeling, 
stereotyping, separation, status loss, and discrimination in a context in which power 
is exercised.” Stigma is a significant stressor for many marginalized populations and 
conveys social disadvantages. Stigma negatively affects the availability of resources, 
social relationships, and psychological and behavioral responses and induces stress 
that can lead to adverse health outcomes (Hatzenbuehler et al. 2013).
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4.10  Addressing Health Disparities

4.10.1  Access to Care

One strategy states are pursuing to improve the costly, uncoordinated, and, conse-
quently, ineffective care received by persons with disabilities is managed healthcare 
which can increase access to care coordination for enrollees. Enrollment in a man-
aged care program has been shown to improve clinical outcomes, provide greater 
access to health and long-term care services, increase consumer satisfaction, and 
decrease the use of expensive healthcare services for individuals with physical dis-
abilities (Palsbo et al. 2006; Surpin 2007; Quinn et al. 1999; Palsbo 2004).

The Affordable Care Act (ACA) of 2010 addressed many healthcare access bar-
riers by mandating minimum criteria for ensuring the accessibility of medical 
equipment be established, including exam tables and chairs, weight scales, mam-
mography equipment, and other equipment used in healthcare facilities (Iezzoni 
2011; Krahn et  al. 2015). However, adoption of these standards is voluntary. 
Ongoing advocacy is needed to encourage healthcare facilities to comply with the 
standards. Efforts to repeal all or some aspects of the ACA may limit the effect of 
these provisions.

4.10.2  Policy Interventions

Research is needed to evaluate the effectiveness of policies implemented to address 
health inequities and to examine the scalability of multidisciplinary community- 
based interventions (Koh et al. 2010).

Krahn et al. (2015) described four changes to the healthcare and public health 
infrastructure needed to ameliorate healthcare disparities for people with disabili-
ties. The first is to ensure access to healthcare and human services by enforcing 
Americans with Disability Act and Affordable Healthcare Act. This change might 
include, for example, ensuring that screening equipment such as mammogram 
machines or exam tables in clinics were accessible to people with disabilities (Drum 
et al. 2005).

The second change is to improve data about the health of people with disabilities 
in order to inform evidence-based decision-making about healthcare policies and 
practices (Krahn et  al. 2015; Rimmer 2011). An example of change in this area 
would be inclusion of items in all national healthcare survey programs using a stan-
dard definition to identify people with disabilities and to compare their outcomes to 
those of other people surveyed (Drum et al. 2005).

The third change is to improve training of the health and human service work-
force regarding the needs of people with disabilities (Krahn et al. 2015). This would 
include providing training to improve the effectiveness of communication between 
providers and people with disabilities by encouraging providers not to make 
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assumptions about what an individual may want but to instead ask the person 
directly about their condition, symptoms, and healthcare goals and needs (Sharby 
et  al. 2015). It would also include instructing students in healthcare professions 
about the life experiences of people with disability to combat negative attitudes and 
inaccurate assumptions (Sharby et al. 2015). When asked students express a desire 
to deepen their understanding of how to effectively interact with and treat people 
with disabilities (Iezzoni et al. 2005).

The fourth change is to include people with disabilities in the development and 
delivery of public health programs and services and as a key target audience for 
public health initiatives (Krahn et al. 2015). Despite increased prevalence of behav-
iors that increase risk for chronic conditions (e.g., smoking; Agaku et  al. 2014), 
public health efforts aimed at changing health risk behavior in the general popula-
tion seldom consider the needs of people with disabilities and do little to make 
public health campaigns accessible or people with disabilities.

4.11  Addressing Upstream Determinants

Addressing upstream determinants of health disparities such as poverty, stigma, and 
access requires comprehensive structural changes in the healthcare system.

4.11.1  Poverty

Poverty limits access to appropriate healthcare and other resources and can be a 
source of ongoing stress, which increases the risk for developing chronic condi-
tions. Poverty increases one’s exposure to environmental risk factors. Addressing 
chronic un- and underemployment of people with disabilities will require the com-
bined efforts of federal and state agencies and private employers.

While Medicaid buy-in programs such as Ticket to Work and Work Incentives 
Improvement Act of 1999 (TWWIIA) (P.L. 106–179) encourage people with dis-
abilities using public benefit programs to work, current estimates reflect lower 
workforce participation rates (18.% vs. 65.7%) and higher unemployment rates 
(9.2% vs. 4.2%) for people with disabilities than for the general population (Bureau 
of Labor 2018). In a study of 810 working-age Kansans with disabilities, partici-
pants reported being discouraged from working by federal policies and by their 
medical professionals (Hall et al. 2013).

States need to be encouraged to take advantage of federal policies that promote 
employment (and ultimately reduce costs) for people with disabilities, educate peo-
ple with disabilities about employment options that allow them to maintain access 
to healthcare coverage, and educate employers about employing individuals with 
disabilities. States that opted to expand eligibility for Medicaid-funded healthcare 
under the ACA have higher employment rates for people with disabilities than states 
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that did not (38% versus 31.9%; Hall et al. 2017). In Medicaid expansion states, 
recipients can seek employment and increase their earnings while maintaining 
healthcare coverage (Hall et al. 2017).

Employers should be encouraged to employ people with disabilities. In a survey 
of 132 human resource managers, participants were more likely to consider hiring a 
person with a physical disability if they felt knowledgeable about the ADA and job 
accommodations and if the employer included disability in diversity programs 
(Chan et al. 2010).

4.11.2  Future Directions

Further research is needed into the role of stigma and chronic stress and their asso-
ciation with health disparities in people with physical disabilities. Research on the 
factors that mediate upstream factors related to health disparities (e.g., social sup-
port) is also needed. People with disabilities should be included in medical research 
on biological factors associated with health disparities and on the effectiveness of 
public health interventions to reduce those disparities. Continued research is also 
needed on the impact of Medicaid expansion and other provisions of provisions in 
the ACA on employment of people with physical disabilities and on health 
disparities.

4.12  Conclusion

Individuals with physical disabilities experience a number of health disparities 
including higher rates of chronic conditions and poor health outcomes. Policy inter-
ventions that improve access to care and provider training are needed to address the 
health disparities experienced by people with physical disabilities. Effective inter-
ventions to reduce those disparities will only be effective when they recognize peo-
ple with disabilities as an underserved population and incorporate health disparities 
models that recognize the biological effects of upstream social determinants of 
health.
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BMP Bone morphogenetic proteins
BRU Bone remodeling unit
CD Cluster of differentiation (many types of immune cell membrane 

glycoproteins)
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FGF Fibroblast growth factor
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IGF Insulin-like growth factor
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MHC Major histocompatibility complex
MIP Macrophage inflammatory protein
MMP Matrix metalloproteinase
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TBI Traumatic brain injury
TGF Transforming growth factor
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Th1 Cell-mediated (pro-inflammatory) immunity
Th2 Humoral- or antibody-mediated immunity
TNF Tumor necrosis factor
Wnt Wingless integration proto-oncogene

5.1  Introduction: Ecological Systems Analysis in Health

The physiological environment represents a system consisting of systems with vast 
complexities. Our biology is a natural extension of the living environments that are 
all about us. Each of us inherits an incredibly elaborate and unique genome that 
undergoes an even more complex series of genetic regulatory and epigenetic con-
trols that interact with external environmental forces to produce differing levels of 
ability or disability. Disability merely refers to limitations and barriers to function-
ing within a given environment. In one environment, functioning is limited, hence a 
disability, further compounded by societal attitudes and lack of supports. In another 
environment, functioning is not limited, further advanced by positive societal atti-
tudes and supports.

The analysis of physiological systems mirrors ecological analyses of complex 
environments, as the events within living organisms are just as intricate and myriad 
as the interactions between the individuals comprising hundreds of millions of spe-
cies that compose the many ecosystems of planet earth. Naturalists describe the won-
der of these environments and emphasize just how little we understand of the positive 
environmental contributions made by many of these species, even as they face 
endangered status and extinction in many instances. Efforts are made to save these 
species through relocation to protected areas or by habitat protections and environ-
mental modifications. The common feature here is the alteration/modification of 
environments to accommodate disabilities or, from our perspective, abilities that are 
in an unaccommodating environment. This represents the essence of ecological sys-
tem analysis, interactions of molecules, differentiated cells, and tissues just as there 
are intra- and interspecies interactions at multiple layers of ecosystems.

Before moving to physiological systems that impact exercise and health, we con-
clude this analogy with several pertinent examples. Leopold (1949) lamented the 
loss of wildlife and natural environments in the face of progress, as many people 
pursue progress and have little use for the simple things such as a flock of migrating 
Canadian geese, a book pigeon, or a stand of birch. Using the months and seasons 
of the year, the past 150 years of human settlement on the American Great Plains, 
tree rings, and past geological epochs, he wove an intriguing appreciation for the 
quality of nature and its benefits to us when we conserve it and take only what is 
needed. Along similar lines, Wilson (2016) stressed the importance of setting aside 
land and water ecosystems comprising approximately half of the earth’s surface to 
slow down and halt the biosphere’s “sixth major extinction” event.

Leopold (1949) and Wilson (2016) made the case for preserving environments, 
just as researchers, advocates, and policy makers for people with disabilities seek to 
modify environments, both natural and human-made. The ultimate goal is to create 
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accommodating human-made environments and to create technologies that enable 
people living with mobility and sensory limitations plus other disabilities to move 
and to enjoy the natural world as well. Therefore, the preservation of the natural 
world includes our capabilities to make all life sustainable, whether it is a species 
endangered by human activity or a person who “does not fit in” from the false per-
spectives of society.

5.2  The Holistic Approach to Disability and Health

The American Osteopathic Association’s House of Delegates’ Four Tenets of 
Osteopathic Medicine (www.osteopathic.org) maintains four central principles: (a) 
the body is integrated “body, mind, and spirit,”; (b) the body relies on feedback for 
“self-regulation”; (c) body “structures relate to function” and vice versa; and (d) 
“rational treatment” relies on these preceding three principles. These principles are 
consistent with the World Health Organization’s (2001) International Classification 
of Functioning, Disability and Health (ICF), a biopsychosocial model that stresses 
the integrated roles of body structures, body functions, environment, social supports 
and attitudes, and activities and participation related to any disabling condition, 
however major or minor. The osteopathic medicine principles and the ICF represent 
a welcome, holistic approach to understanding systems that goes well beyond the 
traditional medical models of treating structures and functions alone.

The biopsychosocial approach to health and medicine is hardly new. The founder 
of osteopathic medicine, Andrew Taylor Still, MD, developed the “whole patient” 
concept and the four osteopathic principles, during the late 1800s. However, it has 
only been since the advances in molecular medicine, the growth of osteopathic 
schools during the early twenty-first century, and extensive public health program-
ming that the holistic, biopsychosocial approach has regained an emphasis in patient 
care and the prevention of poor health conditions.

We know that disability is impacted well beyond mere body structures and physi-
ology. The following sections focus primarily on physiology in relation to ability 
and disability, bearing in mind that these processes are essential with respect to the 
development of accommodations and assistive device technologies, plus general 
health practices, exercise, and nutrition that can drive improved health and 
functioning.

5.3  Challenges of Form and Function

The mathematician René Thom (1972) described fundamental problems of mor-
phogenesis as “successions of forms,” and he attempted to model these processes in 
cellular and organismal development. Human development from conception through 
early infancy, adolescence, adult development, and physiological decline with age 
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represents a continuous process with specific inflection points (leading to greater 
stability or instability) in various aspects of physical functioning. Some major phys-
ical functioning events include the neurological, bone, and muscle growth and coor-
dination between the muscle and bone that leads to upright walking around 1 year 
of age. Certainly this event varies in timing depending upon a variety of individual-
ized conditions, but the age of occurrence generally occurs along a Gaussian curve 
around specific time points in early development.

The occurrence of disability in the musculoskeletal system may occur early due 
to inherited genetic conditions or birth defects (e.g., spina bifida) related to combi-
nations of factors such as low maternal folic acid nutrition, genetics, etc. Disabilities 
related to childhood overweight and obesity conditions also can alter normal mus-
cular and bone development due to poor nutrition and lack of outdoor recreation as 
primary causes. Santos et  al. (2017) stressed that for long-term musculoskeletal 
health, physical activity must begin at prepubertal ages given that bone density 
peaks during the late 20s and early 30s, followed by gradual decline that is more 
steep for women who have lower bone densities.

Injuries represent a substantial contribution to the burden of disability at all ages. 
With respect to the neuromuscular system, such injuries can occur at any age but 
can include brain damage from shaken baby syndrome, appendicular fractures, and 
spinal injuries, plus knee and ankle injuries, the latter becoming more prevalent 
with increased skeletal ossification during adolescence. Of particular but often over-
looked note is the Gompertz curve (Ricklefs and Finch 1995), which shows that the 
greatest increase in the probability of dying across the life span occurs between ages 
14 and 24 (doubling for females, quadrupling for males), much of the morbidity and 
mortality being due to accidents and violence. This difficult period of life is well 
noted in public discourse, but it has been poorly researched as a major transition 
point with respect to the onset of acquired disability. Many accidents across the life 
span are needless, usually due to unexpected factors but also sometimes due to poor 
decision-making, overexertion, lack of protective equipment, mechanical/device 
failures and entropy, and other conditions such as aging, just to mention a few.

There are at least 1.7 million new incidences of traumatic brain injury (TBI) each 
year in the United States, with a long-term TBI disability prevalence rate of at least 
3.2 million people (Ma et  al. 2014; Waxweiler et  al. 1995). The World Health 
Organization estimates a minimum of ten million new cases of TBI annually, with 
higher incidence rates in sub-Saharan Africa (150–170 cases per 100,000 total pop-
ulation) compared to a global incidence rate of 106 cases per 100,000 total popula-
tion (Hyder et al. 2007). Lee et al. (2014) estimated the global incidence of spinal 
cord injury (SCI) at about 180,000 (i.e., 2.3 cases per 100,000 total population), 
albeit with the highest incidence rate (4.0) in North America. The incidence of new, 
traumatic spinal cord injuries in the United States has remained steady at about 
5.3–5.4 cases per 100,000 total population (Jain et al. 2015). Many of these cases 
likely are due to higher motor vehicle usage and corresponding collisions in North 
America, although it is probable that rates in other global regions might be higher 
due to greater difficulties and underreporting collected data.
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Therefore, bone and muscle receive the brunt of injuries that substantially impact 
mobility for people, with millions affected each year. Thom’s (1972) succession of 
forms represents a mathematical model of biological organization, but we use it 
here to illustrate the physiological complexities and challenges for improving health 
and functioning. The challenges include addressing not just the overall physical 
aspects of exercise, basic functioning, and overall performance but also the genetic 
and molecular aspects associated with these conditions. The ecological system 
complex illustrates as well as we can how to attack the biological barriers that are 
unique to each person living with a disability.

Secondary conditions represent a major issue confronted by people living with 
mobility limitations, especially for spinal cord and traumatic brain injuries due to 
chronic pain and lack of access to exercise and adequate neurorehabilitation. Sun 
et al. (2016) emphasized that severe neurological injury that impacts mobility has 
long-term, deleterious inflammatory effects across multiple organ systems, includ-
ing the heart, lungs, liver, and kidneys, sometimes with life-threatening impacts on 
health. Infection also is a major risk due to neuroinflammatory effects across the 
body, in these cases usually involving pro-inflammatory cytokines that will be 
described below. Besides the morphogenesis of forms, Thom (1972) outlined sev-
eral basic “catastrophes” that occur when systems collapse, a concept of central 
concern to physical functioning as well as to environmental supports, both of which 
need to be maintained and reinforced to help people with disabilities.

5.4  Bone

Within vertebrate animal skeletons, bone is a living tissue with bone cells called 
osteocytes secreting a tough extracellular matrix that principally consists of calcium 
phosphate crystals (i.e., hydroxyapatite). The construction of bone is facilitated by 
specialized cells called osteoblasts that are activated by the thyroid hormone calci-
tonin, whereas the breakdown of bone matrix is facilitated by parathyroid hormone 
(PTH). The construction and breakdown of bone are antiparallel, antagonistic pro-
cesses that continuously are occurring throughout the skeletal system depending 
upon overall and localized physiological conditions (Hollar 2000). These conditions 
can include thyroid/parathyroid hormone levels, thymic hormone activity, immune 
system leukocyte and cytokine levels, and especially blood serum levels of the min-
erals calcium and phosphorus plus the fat-soluble vitamins A, D, E, and K (Arron 
and Choi 2000; Cyster 1999; Dustin and Chan 2000; Gravallese 2003; Eriksen et al. 
1994; Hollar 2000, 2017a; Powell 2005; Werlen et al. 2003). Furthermore, nutri-
tional supplementation of folic acid helps with skeletal development and the preven-
tion of various birth defects such as spina bifida by promoting erythrocyte production 
in the red bone marrow as well as DNA purine and pyrimidine nucleotide biosyn-
thesis in cells.

Human bones consist of two principal types: (a) higher-density cortical bone, 
making up approximately 80% of the skeleton, mostly in movement-related long 
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bone shafts of the arms and legs, and (b) lower-density spongy or cancellous (also 
called trabecular) bone that makes up the remaining 20% in more protective areas 
such as the vertebrae, the pelvic bones, the ribs, and even the ends of the arm and 
leg long bones (Eriksen et al. 1994). Both types of bone are involved in movement, 
as the ribs with elastic cartilage to the sternum are pulled by intercostal muscles to 
increase and decrease the chest cavity for inhalation and exhalation, respectively. 
Likewise, the pelvic bones articulate with the respective femurs to support the body 
and to enable walking.

Whereas the developing child inside the mother’s uterus has a skeleton com-
posed mostly of cartilage, some bone development does occur prior to birth. 
Nevertheless, the human skeleton remains over 70% cartilage at birth, thus requir-
ing substantial nutritive support via breastfeeding to obtain the human-specific vita-
mins A, D, E, and K, folic acid, calcium, phosphate, and immune system antibodies 
and cytokines to stimulate musculoskeletal, brain, and other organ system develop-
ment. Even so, cartilage remains an essential connection between bones to enable 
slight movements as well as lubrication and shock absorption at critical joints as 
individuals grow and develop throughout life. Of particular note, knee and ankle 
joints as well as sternum to collarbone articulations remain heavily cartilaginous 
into late adolescence. However, decreasing knee and ankle cartilage in late adoles-
cence predicates an onset of injuries to those joints in athletics and work, situations 
that tend to be worse with age.

Exercise and nutrition help to maintain the integrity of bone and the flexibility of 
joints throughout life. This situation represents a major challenge for people living 
with mobility limitations, as many do not have access to exercise facilities or to 
facilities that have modified assistive exercise equipment. The result is a high per-
centage (e.g., over 50–60%) of people with mobility limitations who are severely 
overweight or obese (Hollar 2013). Furthermore, women have approximately 30% 
less bone density than men, especially in the scaffolding support of cancellous 
spongy bone at the ends of the long bones. Consequently, women are at heightened 
risk of serious bone fractures as they age, leading to falls and additional injuries, 
accelerating after menopause with the reduced estrogen production that contributes 
to bone and muscular development. Of course, both women and men vary geneti-
cally in their susceptibility to such cancellous bone loss with age. Nevertheless, 
individuals, especially women, need to supplement their diets with folic acid, cal-
cium, phosphate, and fat-soluble vitamins A, D, E, and K as they age. It is empha-
sized that such dietary supplementation, coupled with exercise, should start at an 
early age, even the late 20s because bone loss can gradually start early in life with-
out showing visible effects until too late to reverse later in life. The situation is more 
urgent for women and other vulnerable people living with mobility limitations due 
to inequitable access to exercise and good nutrition.

In bone remodeling, Eriksen, Axelrod, and Melsen (1994) report that the total 
bone volume in a typical adult human skeleton is approximately 1.75 × 106 mm3 and 
that the cumulative bone remodeling unit (BRU) through this massive volume is 
roughly 400 mm long and 200 mm wide. The BRU consists of a sequence of osteo-
clasts tunneling through and breaking down bone, followed by reabsorption of the 
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mineralized matrix and cellular components by the bloodstream and subsequent 
invasion by osteoblasts to rebuild the bone. This cyclic process occurs continuously 
throughout bone tissue in tens of thousands of circular Haversian units with concen-
trically arranged cell networks secreting bone matrix with a capillary blood supply 
to each unit. Therefore, bone remodeling is an extremely dynamic process that is 
sensitive to slight changes in many factors. Decreased serum calcium levels would 
lead to greater bone breakdown, whereas too much calcium would lead to increased 
bone formation, coupled with a multitude of other calcium-triggered cellular events. 
Injuries, thyroid gland disorders, and other conditions can lead to wide swings in the 
balance of the cumulative BRU and overall bone health. Consequently, age, diet, 
and exercise play critical roles in maintaining this balance.

The intricate roles of cell-to-cell signaling and immune system functioning have 
been underestimated in bone and overall tissue functioning (Cyster 1999; Hollar 
2017a; Powell 2005). Furthermore, these researchers stress the ecological systems 
approach to understanding physiology. Nutrition and exercise drive neuroendocrine 
functioning, which triggers complex cascades of cellular enzymes and biochemical 
pathways that regulate DNA transcription, the activation or suppression of gene 
expression, and that regulate other aspects of cell and tissue development. Another 
overlooked aspect of bone and muscle cell functioning is the energy-generating 
mitochondrion, of which several hundred exist in each bone cell and up to several 
thousand exist in muscle cells (Hollar 2017b; Romanello et al. 2010).

Among the extensive intercellular biochemical pathways that are involved in 
osteocyte growth, bone matrix secretion, and osteoblast/osteoclast differentiation 
and control of bone growth are myokines. Myokines are a type of cytokine protein 
(see cytokines discussed below) that regulate glucose metabolism, blood vessel vas-
cularization, and bone growth (Kaji 2016). Cytokines are prominently involved in 
pro- and anti-inflammatory immune responses, as described below, although we 
will focus on a few of numerous myokines in this section. Myokines include trans-
forming growth factor beta (TGF-β), bone morphogenetic proteins (BMPs), fibro-
blast growth factor 2 (FGF-2), myostatin, matrix metalloproteinase 2 (MMP-2), and 
interleukins 6, 7, and 15, among others (Kaji 2016). The various members of the 
extensive TGF-β myokine family plus myostatin play a major role in muscle growth 
as described below.

Myokines including MMP-2, interleukins 7 and 15 (IL-7 and IL-15), FGF-2, 
osteoglycin, follistatin, osteonectin, irisin, insulin-like growth factor 1 (IGF-1), and 
FAM5C are released from the muscle and promote bone growth (Kaji 2016). In 
contrast, the muscle-released myokines TGF-β, myostatin, activin, ciliary neuro-
trophic factor (CNTF), monocyte chemoattractant protein 1 (MCP-1), Il-6, and 
 others inhibit bone growth (Kaji 2016). Myostatin likewise inhibits muscular growth 
via TGF-β-stimulated pathways, as described below. The complex interaction 
between these regulatory proteins and the control of cellular processes in both 
osteocytes and other bone cells as well as in myocytes and other specialized muscle 
tissue cells illustrates the close developmental relationship between muscle and 
bone. This is further elaborated by the roles of many of these specialized cytokine 
molecules throughout the body in virtually every tissue. Therefore, a major empha-
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sis here is that health, exercise, and nutrition for people living with and without 
disabilities transcend every molecular aspect of being at every level in one’s body at 
all times throughout life. The careful balance between activating and inactivating 
gene regulatory proteins and biochemical pathways can be altered in so many dif-
ferent ways by how we take care of our bodies. While the body is extraordinarily 
resilient to change for most of life until age-related entropy takes hold, even unpre-
dictable environmental and social factors can disrupt the tenuous balance of these 
control molecules within our hundreds of trillions of cells, including muscle and 
bone (Besedovsky and Del Rey 1996; Cohen 2002; Hotamisligil 2006; Joyce and 
Pollard 2009; Richards et al. 2013; Sun et al. 2016; Turnbull and Rivier 1999; Zhang 
et al. 2010).

Kaji (2016) pays particular focus on the myokine irisin, which is produced by 
muscle tissue in response to exercise and the mechanical stimulation of the muscle. 
In turn, irisin stimulates biochemical pathways (e.g., Wnt/β-catenin) in mesenchy-
mal stem cells to differentiate into osteoblasts for the construction of bone, plus it 
stimulates the differentiation of brown fat adipose tissue. These two critical cellular 
formations are critical not only for bone growth but also healthy aging, since brown 
fat is associated with lowered inflammation and cellular production of free radicals 
(Franceshi and Campisi 2014). Irisin simultaneously reduces insulin resistance and 
blocks monocytes from differentiating into bone-destroying osteocytes (Kaji 2016).

Therefore, physical health and functioning operates at multiple physiological 
layers from molecule to organelle to cell to tissue to body structure and functioning 
for the entire organism. Because of these molecular pathways and the central role of 
the myokines such as irisin, exercise is essential to muscle and bone development as 
well as to all of health. This fact demonstrates why exercise, activity, and good 
nutrition are even more critical for people living with mobility limitations. This 
population needs assistive motion devices and access to usable exercise equipment 
at health facilities in order to obtain needed exercise for health and the prevention of 
secondary conditions that can arise from stroke, spinal cord injury, traumatic brain 
injury, genetic diseases on muscle and bone, and other injuries and infections that 
damage muscle, bone, and the nervous system.

5.5  Muscle

For exercise, primary focus is placed upon the approximately 600 or so antagonisti-
cally arranged skeletal muscles that overlay and interconnect the bones as well as 
protecting the internal muscles of the abdominal cavity. Additionally, the single 
cardiac muscle is similar in structure, albeit with interconnected cytoplasm between 
myocytes to enhance electrochemical messaging and mitochondrial energy trans-
mission that lead to reliable, consistent heartbeats for billions of times during a 
person’s life span. Furthermore, the third muscle type, smooth muscle, consists of 
tens of thousands of muscles that layer the skin, organs, every hair follicle, and the 
tens of thousands of miles of blood vessels throughout the body.
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All muscles respond to physical activity, the skeletal muscles and the heart more 
directly with the buildup of new muscle and maintenance of strong tone for contin-
ued contractility. The smooth muscle response to exercise is much more subtle. For 
instance, the degree of relaxation of smooth muscle surrounding arteries can be 
measured using the diastolic blood pressure, the blood pressure in a person’s arter-
ies in between heartbeats when the heart is relaxed. Nevertheless, even during heart 
relaxation, the arterial smooth muscle layers constrict and relax to a degree that 
forces the blood out to the trillions of body cells. A healthy diastolic pressure should 
not be too high (overconstriction or forcing due to blockage and/or physiological 
stress), nor should it be too low (excessive relaxation with suboptimal blood forc-
ing). A standard healthy diastolic blood pressure range should be approximately 
50–90 mmHg for an adult, depending upon other physiological considerations.

In skeletal muscle, hundreds of thousands of long muscle fibers/cells, each some-
times on the order of a few cm, overlay and connect to form a muscle such as the 
deltoid or trapezius. Within each fiber, repeating blocks of actin and myosin protein 
filaments are arranged parallel to each other to enable contractility. When a stimu-
lating, ion channel electrical impulse moves down the axon of a motor neuron to the 
myofiber, chemical neurotransmitters and ions trigger a depolarization of the myo-
fiber membrane to allow an influx of calcium. This influx of calcium coordinates 
with adenosine triphosphate recycled from the myocyte mitochondria and the pro-
tein troponin to swivel the actin and myosin filaments together all along the skeletal 
muscle myofibers, leading to shortening of the muscle. Upon inhibition of stimula-
tory neurotransmitters and the motor neuron, the process reverses and the filaments 
relax, with the cumulative effects across thousands of myofibers causing the muscle 
to shorten/relax. Most muscle systems are antagonistic so that the contraction of one 
muscle will move a body structure in one direction, whereas the paired muscle con-
traction will move the body structure in the opposite direction (e.g., think of the 
biceps and triceps brachii). This simplistic neurotransmission and protein contrac-
tion model is simplistic, but it addresses most of the factors that are involved in 
muscle contraction. Still, the gene regulatory and additional enzyme regulatory 
machinery is even more fascinating and complex.

Dr. Se-Jin Lee’s research team at Johns Hopkins University has demonstrated 
that the protein myostatin binds to a receptor on muscle cells to inhibit further 
 muscle growth, increasingly so for older people and for people who suffer from 
certain inherited or acute musculoskeletal diseases, including cachexia (Zimmers 
et al. 2002). Myostatin, also called growth differentiation factor 8 (GDF-8), is one 
of the many direct and indirect gene regulatory enzymes of the extensive TGF-β 
(transforming growth factor beta) system or family. By itself, TGF-beta binds to cell 
membrane receptors that trigger a cascade of enzymatic reactions, most notably 
involving various SMAD enzymes that maintain cells in a stable G1 cell cycle stage. 
However, acidic conditions such as hypoxia with elevated carbon dioxide levels can 
cause TGF-beta to overexpress, leading to cell proliferation and immune cell sup-
pression that together lead to cancer. Consistent with TGF-beta’s growth arrest role, 
myostatin inhibits muscle cell growth. Lee et al. (2005) constructed modified myo-
statin receptors that would not bind to myostatin as well as competitive inhibitors of 
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myostatin that block myostatin receptors on cell membranes so that the cascade of 
growth arrest signals would not occur, thereby increased both muscular and skeletal 
mass in animal tests. Such molecular modifications are beginning to show similar 
positive results for people participating in early clinical trial tests of these pharma-
ceuticals. Furthermore, Bloch et al. (2014) noted that neuromuscular electrical stim-
ulation (NMES), an effective muscular rehabilitation procedure, seems to promote 
myostatin (GDF-8) and another TGF-beta molecule GDF-15, thereby suggesting 
caution that NMES could damage muscles.

The cardiac myocytes are quite elaborate with their interconnected cytoplasms 
and especially with their voluminous, numerous mitochondria for energy transduc-
tion. Myocytes may contain up to 7000 mitochondria per cell, albeit shared along 
the extensive endoplasmic reticulum that spans across the many connected myo-
cytes. Smooth muscle cells are more independent but structured with more of a 
wavelike shape to overlap with companion smooth muscle cells connected via struc-
tural glycoprotein connections that hold the tissue together. This arrangement envi-
ronmentally is more important for the layered squeezing of vessels and organs as 
with blood flow and digestion, respectively.

As discussed earlier with bone, exercise and nutrition positively activate the 
common molecular pathways of muscle and bone development while inhibiting the 
breakdown of these tissues. The availability of alternative exercises and especially 
modified assistive mobility plus exercise equipment stimulate growth and proper 
functioning for every muscle type, even if the muscle tissue has been damaged or is 
atrophied from lack of use or from other conditions or disease processes. Moreover, 
these common molecular pathways extend to neurological and other body tissue 
functioning, such that exercise benefits every cell and tissue across the body.

5.6  The ICF, Exercise, and Musculoskeletal Physiology

ICF codes related to bone and muscle include s710-s799, structures that are related 
to movement, and s410-499, structures of the cardiovascular, immunological, and 
respiratory systems (World Health Organization 2001). For functioning, the codes 
include b730-b749 for muscle power, tone, and endurance functions; b750-b799 for 
muscle gait patterns in walking, reflexes, and control over these functions; and 
b410-b429 plus b440-b449 for cardiothoracic functioning. Activities and participa-
tion codes include d410-d429 for “changing and maintaining body position”; 
d430-d449 for moving, lifting, and carrying items; d450-d469 for walking and/or 
moving with/without assistive devices; d470-d499 for using transportation for 
movement; d510-d599 for taking care of oneself; and d630-d649 for performance 
of household tasks, among many other relevant codes (e.g., obtaining employment). 
Ultimately, the musculature enablement of movement translates into practically 
every type of functioning for every purpose in one’s life.

As discussed elsewhere in this book, people living with mobility limitations are 
at increased risk for obesity (Hollar 2013) and for having a negative heart age dif-
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ferential (i.e., heart age that is “older” than chronological age, according to an 
American Heart Association algorithm; Hollar and Lewis 2015). Rimmer, Schiller, 
and Chen (2012) observed that people living with neuromuscular disabilities tend to 
have deconditioning related to their primary and secondary conditions that place 
them at increased risk for additional health problems if they attempt exercise. They 
recommended a light, progressive buildup exercise regimen, a practical guideline 
that is applicable even to people without disabilities who have had no or limited 
exercise experience.

5.7  Neuroendocrine and Immune Function: Linking 
Everything

Neural, endocrine, and immune functions are linked together by the overlapping 
cell types and chemical neurotransmitters/hormones that directly and indirectly (via 
cell membrane receptor cascades) control gene regulation within cells across the 
body. Of particular note are the cytokines, molecules that are involved in gene and 
other molecular regulation within cells, particularly with respect to stress responses 
and immune function. Turnbull and Rivier (1999) identified six principal types of 
cytokines:

 1. Pro-inflammatory cytokines, including interleukins IL-1α, IL-1β, IL-8, and IL-9 
that promote inflammation in tissues, particularly with immune attacks on for-
eign antigens (see also Dinarello 2000).

 2. Anti-inflammatory cytokines, including interleukins IL-1ra, Il-4, IL-10, and 
IL13 that reduce inflammation during healing processes (see also Opal and 
DePalo 2000).

 3. Tumor necrosis factors TNF-α and TNF-β that destroy tumor cells.
 4. Interferons IFN-α, IFN-β, and IFN-γ that inhibit virus replication within infected 

cells.
 5. Chemokines such as IL-8, NAP-1, MIP-1α MIP-1β, and RANTES that attract 

macrophages and other leukocytes to infected sites.
 6. Hematopoietins IL-6, IL-11, CNTF, and others that stimulate both B lympho-

cytes for infection response, immune “memory,” as well as neuron survival.

These molecules illustrate the ecological systems approach to understanding 
functioning in relationship to body structure physiology down to the cellular and 
molecular levels. Disruption of these molecular pathways can lead to further neural, 
muscular, and bone disorders, as well as uncontrolled sepsis, a major cause of mor-
tality for people with severe disabilities as well as for older adults and infants. 
Physiological stressors impact multiple organ systems, relationships that were 
mapped very accurately by Selye (1950) with his stress general adaptation syn-
drome. As a visionary, Hans Selye (1950) mapped physiological correlates of stress 
that impacted health and disease, specifically identifying the adrenal cortex and its 
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production of glucocorticoid steroid hormones to downregulate the immune system. 
It was only much later when Besedovsky and Del Rey (1996), Turnbull and Rivier 
(1999), and others more thoroughly elucidated the positive and negative feedback 
mechanisms between the adrenal gland, pituitary, thymus, and nervous system and 
the hypothalamic-pituitary-adrenal (HPA) axis that also involves not only endocrine 
hormones but also a staggering array of cellular cytokine (and myokine) protein 
messengers that are produced by tissues throughout the body.

A substantial body of research has demonstrated that stress and poor physiologi-
cal health conditions, both counteracted by exercise and nutrition, can trigger cel-
lular and tissue disruptions of normal chemical cytokine levels that lead to atrophy, 
mitochondrial energy-producing disruption within cells, cellular transformations of 
cells into cancer, and microbial opportunism coupled with immune system dysfunc-
tion leading to life-threatening sepsis (Ademowo et al. 2017; Besedovsky and Del 
Rey 1996; Cohen 2002; Hotamisligil 2006; Joyce and Pollard 2009; Richards et al. 
2013; Sun et  al. 2016; Turnbull and Rivier 1999; Zhang et  al. 2010). Sun et  al. 
(2016) stressed cytokine balance as an important therapeutic target to prevent sec-
ondary conditions in people living with spinal cord and traumatic brain injuries.

Leukocytes differentiate from stem cells located in the red marrow of flat bones 
via the feedback of hormonal signaling mechanisms. Dendritic cells formed in the 
bone marrow accumulate antigens and mature through the influence of exposed 
pathogens, T lymphocytes, and pro-inflammatory cytokines such as TNF-alpha, 
interleukin-1-alpha (IL-1α), interleukin 1-beta (IL-1β), interleukin 8 (IL-8), and 
interleukin 9 (IL-9). The dendritic cells migrate to lymphoid organs such as the 
spleen and lymph nodes where they complete maturation, a process that involves 
intracellular increases in intracellular major histocompatibility complex or human 
leukocyte antigen (MHC/HLA) type II glycoproteins and their movement to the 
cellular membrane surface; increased chemokines (i.e., CD54, CD58, CD80, CD86, 
CD40, CD25, CD83), interleukin 12, and the protein p55; as well as decreased pro-
tein actin cables. Anti-inflammatory cytokines such as interleukin 10 can delay the 
maturation of dendritic cells (Banchereau and Steinman 1998; Cyster 1999; 
Dorshkind and Horseman 2000; Sternberg 1997).

Within the lymphoid tissues, dendritic cells, and other maturing leukocytes, 
including thymocytes in the thymus, there is positive selection for thymocytes 
 having low-affinity T cell receptors that do not strongly bind MHC I or II “self” 
peptides, thus not having the tendency to reject “self” somatic cells. Thymocytes 
with high-affinity T cell receptors are likely to reject self MHC antigens, receive no 
survival signal, and undergo apoptosis (Werlen et al. 2003). Surviving thymocytes, 
dendritic cells, macrophages, and other antigen-presenting cells present endoge-
nous antigens to CD8+ cytotoxic T cells or exogenous antigens to CD4+ helper T 
cells, thereby triggering an immune cascade. Furthermore, interleukin 12 stimulates 
T helper cells to develop into inflammatory interferon-gamma (IFN-γ)-producing 
Th1 cells and then to activated natural killer cells (via Th1 cell-mediated immunity), 
whereas interleukins 4, 10, and 13 (plus virally produced mimics of interleukin 10) 
induce T helper cells to stimulate Th2 (humoral- or antibody-mediated immunity) 
immunoglobulin production and clonal selection of B lymphocytes as “memory 
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cells” directed at a specific antigen (Cyster 1999; Dorshkind and Horseman 2000; 
Sternberg 1997; Werlen et al. 2003). Interleukin 1 interacts closely with TNF and 
IFN-γ to promote inflammation (Dinarello 2000).

The emergent fact from these psychoneuroimmunity studies (Besedovsky and 
Del Rey 1996) is that exercise, nutrition, and positive well-being promote immune 
system function that fights disease and contains cancer, that promotes muscle and 
skeletal growth, and that enables healthy aging. Stem cells in bone marrow of flat 
bones differentiate into red blood cells as well as leukocytes that are involved in all 
aspects of immunity. Hormones and cytokines from the nervous and endocrine sys-
tems plus other tissues play important regulatory roles for the differentiation of 
these cells. Nerves innervate muscle to trigger the contraction of muscles to move 
bones at joints. All body systems are connected via feedback mechanisms, further 
driving a clear argument that exercise has profound, holistic positive benefits to 
every cell, tissue, and organ of the body.

5.8  Applications to Exercise Equipment and Facilities

Rimmer, Schiller, and Chen (2012) demonstrated the need for careful exercise prep-
aration and structured protocols to guide exercise and health for people living with 
mobility limitations. The National Center for Health, Physical Activity, and 
Disability (NCHPAD; www.nchpad.org) provides multiple guidebooks for effective 
exercise. Rosenberg et al. (2011) further argued the need for substantial research to 
improve exercise programs and the most effective disability-specific physiological 
measures to promote these programs.

Francis et  al. (2017a, b) demonstrated that a 12-week exercise program with 
nutritional supplements can improve muscle mass for older women. This finding is 
particularly important given greater risk for declines in bone mineral density among 
women. For people living with spinal cord injury, Krassioukov et al. (2009) noted 
that orthostatic hypotension is common and that supervised exercise can help to 
reduce the effects of this secondary condition. Likewise, Huang et al. (2013) found 
that people living with SCI tend to have heightened risk for arterial stiffening 
 coupled with vascular resistance, further implicating the importance of exercise to 
counteract these negative conditions.

Furthermore, C-reactive protein (CRP), an indicator of cardiovascular problems 
as well as inflammation), is increased for people living with SCI. Morse et al. (2008) 
found that high CRP is associated with obesity and reduced activity, both of which 
are higher for people living with mobility limitations and with lack of exercise 
opportunities. Exercise programs can reverse these trends.

Lastly, exercise and nutrition promote improved quality of life self-perceptions 
as well as body self-image, both of which are important for psychological well- 
being and motivation to participate in society, even with the barriers faced by lack 
of acceptance in some areas (Hammell 2004; Luongo and Pazzaglia 2016). Selye’s 
(1950) psychoneuroimmune model clearly resonates with these findings as well as 
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with the overall interconnections between mindfulness, exercise, nutrition, and 
health. To date, few efforts have been made to bring these concepts into rehabilita-
tion for people living with mobility limitations, even more compounded by their 
lack of access to adequate, accessible exercise equipment and facilities. Organizations 
such as NCHPAD as well as Special Olympics (www.specialolympics.org) have 
attempted to promote health and exercise opportunities for people living with dis-
abilities, but much progress must be made for full inclusion of people with disabili-
ties in sports and other healthy activities.

5.9  Summary: Ecological Models, Physiology, and Health

The human body behaves as a complex, interconnected system of over 100 trillion 
cells that have differentiated to form varying cell types, tissues, and structures, 
beginning from very early embryonic development. The complex changes in genetic 
and epigenetic regulation lead to amazing cooperativity and functioning at the over-
all organismic level that most of us take for granted. For physical activity related to 
mobility limitations, the principal body structures of concern are the skeleton and 
joints, skeletal muscles that move the skeleton, and cardiac muscle that delivers 
oxygenated blood to all body tissues via tens of thousands of miles of blood vessels, 
all of which is surrounded by smooth muscle.

These body systems connect and move the entire body. Yet it is the microscopic 
molecular cytokines and myokines that further connect the cellular metabolism of 
these critical movement body systems but also the immune, neural, and endocrine 
control centers of the body. Disruption of these biochemical pathways can lead to 
muscle and skeletal atrophy as well as disease and other secondary conditions. 
Therefore, not only do we need to provide accessible exercise equipment and facili-
ties for people living with mobility limitations, we must provide nutrition and mind-
fulness wellness programs for overall holistic health. Exercise programs should be 
structured with preconditioning activities for a smooth transition to regular, buildup 
exercise routines.

The organization of the body emphasizes a system perspective at the microscopic 
and macroscopic levels, as exercise, nutrition, and psychological well-being all 
impact multiple levels of body function. Moreover, the interactions of these levels 
can be synergistic as well as antagonistic, invoking an ecological systems perspec-
tive that mirrors the interactions between species in the natural world. As with any 
system, balance is critical, and changes of morphology and form must be carefully 
maintained.

People living with mobility limitations and other disabilities need to be active 
and involved in inclusive environments, the latter of which depend upon the willing-
ness of each society to provide reasonable accommodations and respect for people 
with disabilities. There needs to be constructive guidance from health and rehabili-
tation professionals to guide each individual’s unique exercise program and to fol-
low up with meaningful progress in each program. Currently, many people living 
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with mobility limitations are overweight or obese due to the effects of their primary 
disability plus secondary disabilities that develop but even more so from not having 
equal access to exercise and nutrition. Every person needs exercise, and no disabil-
ity precludes them from this basic life need. Other chapters in this book address the 
various technologies and exercise equipment that are available to help all people 
achieve good health and physical performance.
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Acronymns

ADA Americans with Disabilities Act
ADL Activity of daily living
ANSI American National Standards Institute
CE Conformité Européene
EMG Electromyographic (impulse)
FDA US Food and Drug Administration
FES Functional electrical stimulation
FNS Functional neuromuscular stimulation
HCI Human-computer interaction (or interface)
iBOT Powered wheelchair that uses gyroscopes to balance and climb steps/

terrain
IADL Instrumental activity of daily living
ICF International Classification of Functioning, Disability and Health
IMS Inertial measurement system
ISO International Organization for Standardization
LDS Local dynamic stability
MOD Mechatronic Orthotic Design
NCHPAD National Center for Health, Physical Activity, and Disability
NIDILRR National Institute on Disability, Independent Living, and Rehabilitation 

Research
RERC Rehabilitation Engineering Research Center
RESNA Rehabilitation Engineering Society of North America
RRTC Rehabilitation Research and Training Center
RSP Running-specific prosthesis
SCI Spinal cord injury
TBI Traumatic brain injury
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6.1  Introduction: The Concept of Universal Exercise Access

The major advances in the development of assistive technology for people with dis-
abilities have included rehabilitation research and engineering programs that are 
located at universities across the United States. Many of these programs receive 
federal funding from the National Institute on Disability, Independent Living, and 
Rehabilitation Research (NIDILRR). NIDILRR, a division of the US Department of 
Health and Human Services, periodically offers peer-reviewed grant competitions 
for 5-year Rehabilitation Engineering Research Centers (i.e., RERCs) and 
Rehabilitation Research and Training Centers (RRTCs) as well as annual 
competitions for research and development projects. All centers and projects have 
the twin goals of supporting the NIDILRR Long-Range Plan and the Rehabilitation 
Act of 1973 (Public Law 93–112, 87 Statute 344, 29 U.S.C. § 701) to promote 
research that advances the health, civil rights, community integration, and 
independent living for people with disabilities. NIDILRR-funded research projects 
at universities and rehabilitation hospitals across the United States are working to 
advance the technologies to support people living with mobility limitations and 
other disabilities.

The major areas of technological development for assistive devices include the 
following foci:

 1. Wheelchairs that are specifically tailored to each user’s unique needs, specific 
terrains and surfaces, and motion functions (e.g., specific sports)

 2. Prostheses of varying capacities that replace upper or lower limbs
 3. Advanced gait mechanisms and orthotics for people who can walk but face dif-

ficulties due to physiological barriers, anatomical anomalies, and/or terrain
 4. Battery-operated exoskeleton devices for people living with spinal cord injury so 

that they can walk and experience mobility for performing daily tasks beyond the 
limitations of wheelchairs

 5. Sensory-assisted technologies with eye motion and voice computer applications 
to perform tasks that may be limited by combinations of upper limb disabilities 
and/or vocal limitations brought about by traumatic brain injury (TBI), spinal 
cord injury (SCI), birth defects, or other events

These areas represent the foci of this chapter and the major research areas for 
rehabilitation assistive device technologies, although other areas exist as well. The 
principle of universal access derives from the well-developed and advocated 
architectural principles of universal design for buildings, transportation, and other 
structure access for people with disabilities (see Chap. 1 and https://www.cdc.gov/
ncbddd/disabilityandhealth/disability-strategies.html). These principles promote 
independent living and community integration for people with disabilities in 
accordance with the Americans with Disabilities Act (ADA) and the Rehabilitation 
Act of 1973 and its amendments.
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6.2  Advances in Technology

Technological developments have been driven by advances in the understanding of 
human performance, human factors, the mechanics of moving bodies, computer 
advances and miniaturization, human-computer interaction, and energy source (i.e., 
battery) maximization. Besides important issues involved in assessing the best, 
most appropriate, and economical assistive device, providers must work with 
consumers to plan the appropriate human factors and ergonomics mapping that best 
evaluates the consumers’ environment, which also promotes product research and 
continuous process improvement (Fuhrer et al. 2003; Lenker and Paquet 2003). One 
of the most influential tools is the International Classification of Functioning, 
Disability and Health (ICF; World Health Organization 2000).

With all of these efforts, the objective is to maximize functioning in a variety of 
environments. Just as a biker will switch from a racing bicycle to a trail/mountain 
bike for off-road use or as an astronaut uses a highly complicated spacesuit that can 
withstand the near vacuum of outer space plus certain levels of cosmic radiation, we 
modify devices and machines to improve our access and functioning in diverse 
environments. The individual who lives with mobility limitations needs exercise 
and desires to participate in the environment. The environment extends beyond the 
workplace and city to natural environments that are even less accessible. 
Nevertheless, people have a natural affinity for the outdoors, for recreation, and for 
the living world (Wilson 1988). While often neglected, there is growing research 
that demonstrates the positive benefits of nature and the outdoors on human health 
(Hartig et al. 2014). Thus, we focus on devices to maximize functioning for people 
living with mobility limitations.

6.3  Wheelchairs

The standard tool for many people who live with mobility limitations is the wheel-
chair, a machine based upon the simple principle of placing a chair on wheels, with 
the wheels appropriately engineered for balance around the user/machine center of 
mass, smooth movement over relatively smooth surfaces, and the dual capacities for 
independent operation by the user or by a caregiver. There is historical evidence of 
at least some variation of the wheelchair being used by ancient cultures, including 
China, although the first specific development of wheelchairs to address mobility 
disabilities did not occur until a few 100  years ago (Woods and Watson 2004). 
Herbert Everest and Harry Jennings patented the first practical wheelchair during 
the 1930s, a model that has remained mostly intact for wheelchair design to the 
present day. The Everest/Jennings model was widely adopted by hospitals and ulti-
mately for individual use at home and in public. Individual use models that are 
lower cost and lightweight structurally meet durability standards (e.g., Rehabilitation 
Engineering Society of North America – RESNA) that are comparable to heavy 
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duty hospital wheelchairs (Gebrosky et al. 2013). Individual use wheelchairs are 
widely available from major retail and pharmaceutical stores.

Cooper et al. (2008) reported that wheelchairs represent approximately 1% of 
Medicare spending and are a $1.3 billion dollar industry in the United States with 
170 wheelchair manufacturing companies. Regardless, they argue the need for 
advancements in wheelchair technologies and reduced costs to provide greater 
access and options for different environments and unique, individual situations.

A variety of rehabilitation hospitals and research centers (e.g., Craig Hospital, 
Denver, Colorado; Shepherd Center, Atlanta, Georgia; National Center for Health, 
Physical Activity, and Disability – NCHPAD; Shriners Hospitals for Children) have 
developed and provide to users many different wheelchair styles that are adapted for 
specific environments. For example, there are wheelchair designs for different 
Paralympic sports, including basketball, softball, soccer/football, rugby, and 
hunting/fishing. For direct contact competition, wheelchairs often have angled 
wheels and accessories for appropriate ball handling. For outdoor environments 
with rough terrain, wheelchairs may have modified tread on the wheels or even 
caterpillar tracking treads for electric wheelchairs that can maneuver over extremely 
rough terrain. Hunting and fishing wheelchairs also can include mounts for fly- 
fishing or for bow/rifle firing. Handcycles represent a synthesis of bicycles and 
wheelchairs for effective exercise.

With these modifications, we move to electric wheelchairs and even more 
advanced robotic/smart wheelchairs (Woods and Watson 2010). Electric wheelchairs, 
including scooters, provide motorized motion without the requirement of hand 
propulsion of the wheels. The iBOT is a motorized power chair that uses balance 
and spatial orientation for motion over difficult terrain, most notably its capacity to 
climb stairs. With the addition of a user-interactive computer system, the iBOT and 
similar power wheelchairs can be transformed into even more effective smart 
wheelchairs (Woods and Watson 2003). Such smart power wheelchairs are under 
continuous development and receive considerable investment from federal grant 
agencies (e.g., National Institute on Disability, Independent Living, and 
Rehabilitation Research  – NIDILRR) and major transportation technologies that 
invest considerable research and development funding for customer accommodation 
needs.

Among the major obstacles to widespread use of smart wheelchairs is cost. 
Current research is focused on these more advanced technology wheelchairs so that 
they are more economical and will be covered by Medicare, Medicaid, and other 
insurance providers. With advances in neuroscience and computer interface, some 
experimentation with brain implants and virtual reality applications may make 
wheelchairs more easily operable over even greater physical obstacles and terrain, 
although such efforts are in the early stages and also face cost issues for widespread 
distribution (Pazzaglia and Molinari 2016). However, some preliminary studies 
question the added benefit of these more advanced wheelchair modifications 
(Harrand and Bannigan 2014; Simpson et  al. 2008). Regardless of this debate, 
people with disabilities and disability researchers will continue to innovate with 
new ideas to advance capabilities of wheelchairs and other mobility devices.
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Given the long history of wheelchair development and use, substantial research 
continues to further advance this technology. Much of this work focuses on the 
biomechanics of wheelchair use to optimize performance, to reduce physical stress, 
and to promote the health of the individual wheelchair user. Goosey-Tolfrey (2010) 
examined Paralympic training methods in Great Britain for wheelchair basketball, 
racing, rugby, and tennis. The research found that wheelchair biomechanics needs 
to be assessed at the individual level to promote optimum performance.

Faupin et al. (2013) examined synchronous versus asynchronous propulsion of 
wheelchairs among wheelchair basketball players. They found that synchronous 
propulsion was more efficient in terms of velocity and wheelchair performance 
during sprints. Nevertheless, asynchronous propulsion was superior for user 
applications of hand-to-rim forcing during sprints. Bergamini et  al. (2015) 
recommended biomechanic evaluations of wheelchair athletes to reduce injury risk 
and to maximize performance. Munaretto et al. (2013) collected kinematic data on 
a wheelchair user, finding through data-based simulations that upper extremity 
injuries can occur due to excess mechanical load based upon type of use, forcing, 
seating position during locomotion, and other individual factors.

The individualized approach to the analysis of assistive devices can be further 
augmented by how these devices work well or contribute to additional physical 
problems due to the altered biophysical environment. For people living with spinal 
cord injury and long-term standard wheelchair use, Asheghan et al. (2016) found 
heightened risk for carpel tunnel syndrome as a secondary condition due to wrist 
motions. Findings such as these illustrate the need for more comprehensive 
biophysical studies as well as the further development of smart, robotic wheelchairs. 
At the same time, standard wheelchairs enable physical activity and upper body 
exercise. The risk for carpel tunnel syndrome and other secondary conditions can be 
prevented by careful exercise physiological and human factors assessments of 
functional form in wheelchair and other assistive device usage. Jain et al. (2010) 
observed that people living with spinal cord injury (SCI) are prone to shoulder pain, 
even with standard, manually prepared wheelchairs and with motorized wheelchairs. 
Assistive technologies offer advantages to the user, but they can contribute to injury 
if improperly used. Biomechanical assessments are important to improve human 
performance with assistive devices while minimizing risks. Russell et  al. (2015) 
demonstrated that modified wheelchair usage with considerations for body position, 
propulsion, and reaction forces can reduce shoulder and other upper extremity 
injuries.

An expert trainer can identify potential form/pattern problems and train the user 
on biomechanic adjustments to reduce risk. Similarly for wheelchairs and certain 
prosthetics, the issue of pressure ulcers can be prevented by proper supports and 
repositioning activities exercise to avoid these sedentary risks. Requejo et al. (2015) 
argued that these evaluations need to be applied to age-related disability, as older 
adults who use wheelchairs are at increased risk to experience pain and mobility 
limitations. They strongly recommended individually based ergonomic assessments 
to reduce these risks as wheelchair user’s age.
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6.4  Prostheses

Artificial limbs, or prostheses, represent a major type of assistive technology for 
people living with mobility limitations. Prosthetics include artificial hands, feet, 
digits for either hands or feet, forearms and complete arms, and lower legs and full 
legs. Obviously, the greater area affected, the more substantial difficulty in producing 
and providing a functional device with few barriers. Prosthetics often are used for 
aesthetic purposes to hide the limb loss. However, device innovation is improving 
the functionality of these devices so that there are prosthetics with increasing 
capabilities that offer the user improved functioning and the performance of many 
desired activities of daily living (ADLs) and instrumental activities of daily living 
(IADLS) independently, a major goal of our efforts to improve devices for 
functioning and exercise. Even novel prosthetics such as running blades utilize 
innovative designs that are based upon physical principles, not on appearance, in 
order to provide superior mobility to users. Thus, the opportunities for innovation 
should incorporate aesthetic comparability to the affected limb as much as possible 
and as needed by the individual while simultaneously aiming for high functioning 
and unique designs.

Prosthetic limbs are needed for a variety of conditions, ranging from congenital 
birth defects to diabetic foot/limb neuropathic limb loss to cancer to limb loss from 
accidents/warfare. Aging-related loss of functioning can represent an additional 
factor. Recent historical events and global health as well as aging demographic 
trends have increased the need for prosthetics. Wounded warriors and civilians 
affected by the worldwide use of land mines and other explosives numbered over 
8600 (42% children of the 78% civilian victims) in 2016, a sharp increase over 
previous years and likely a conservative estimate (International Campaign to Ban 
Landmines 2017). Furthermore, they have documented approximately 110,000 
victims (approximately 80,000 surviving) since 1999.

Currently in the United States, approximately 1.6 million people live with limb 
loss, with an expected increase to 3.6 million by the year 2050, albeit with projected 
trends of decreased loss related to diabetes and peripheral neuropathy and projected 
increased loss due to dysvascular amputations (Varma et al. 2014). The projected 
increase may be attributable to many factors, most notably the long-term effects of 
diabetic and nondiabetic health declines related to the obesity epidemic and lack of 
exercise as well as other health conditions (e.g., aging, drug use/abuse). Also in the 
United States, Barmparas et al. (2010) found that limb and digit losses occurred 
primarily from motor vehicle accidents (51%) and equipment/machinery accidents 
(19.4%), with pedestrians and motorcyclists experiencing a greater degree of lower 
limb amputations.

Transplantation of organs for limb loss has improved and remains one option for 
treatment, although the primary limitations are the lack of organ/limb donors and 
HLA tissue matching to reduce transplant immune rejections. As a result, the 
number of limb transplants has remained very low, especially so for allogeneic 
transplants compared to autologous (self) digit transplants. Weissenbacher et  al. 
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(2014) estimated slightly over 100 single or double hand transplants since 1998. 
Weissenbacher et  al. (2014) followed up five hand transplant recipients for 
8–14 years, finding that all of them experienced at least one tissue rejection event, 
although every event was successfully treated. Hand transplant recipients 
demonstrated increased sensory and grip strength functionalities during the years 
following the transplant, although one patient showed a slight decline in grip 
strength. Ziegler-Graham et al. (2008, see also Flaubert et al. 2017) reported over 
41,000 cases of above-the-wrist limb lost in the United States during 2005. Durban 
et al. (2015) reported a successful above-the-knee reimplantation of a severed leg 
for a child with few long-term complications at 24 years postsurgery. Despite these 
demonstrated successes, limb transplantation remains a complex, extremely limited 
procedure that requires regular monitoring and follow-up procedures. For the 
foreseeable future in the absence or limited (ethically) development of self-cloned 
tissues and organs, prosthetic devices remain the best assistive device for limb loss.

Flaubert et al. (2017) described four principal types of prosthetic devices:

 1. Passive
 2. Body-powered
 3. Externally powered
 4. Hybrid

These four prosthetic types have progressively increasing functionality for the user. 
All of them attach to a joint or remaining limb or partial limb. The passive prosthetic 
device provides only cosmetic/aesthetic replacement of the lost limb and has no 
functionality. The body-powered prosthetic device is moved along with another 
body part via some type of anchoring device, usually a strap and/or harness to 
position and manually operated cables to move the prosthesis in a limited fashion.

The externally powered prosthetic device receives an energy supply for motion 
from a battery connected to a small motor within the device that is coupled with 
neurological sensors linked to several of the user’s antagonistic muscles for the 
affected region of the body. For example, the two primary antagonistic muscles for 
lifting versus extending the forearm are the upper arm biceps brachii and the triceps 
brachii, respectively. A prosthetic forearm would contain a motor for movement 
with a battery supply and sensors driven by contraction of the appropriate upper arm 
muscle.

Lower limb prosthetic devices operate on similar principles. Windrich et  al. 
(2016) described advantages and disadvantages of 21 lower limb prostheses, 3 of 
which were being marketed. Lower limb devices may be for the entire leg (above 
the knee), lower leg and/or ankle, or combined knee-lower leg-ankle units. Some 
models provide a prosthesis that enables passive motion that is consistent with the 
attached limb/limb portion. Overwhelmingly, the newer models utilize external 
power (motor and battery) and are driven by electromyographic (EMG) muscle 
sensors, as described with the upper limb prosthetics. A few models utilized either 
pneumatic (i.e., air pressure forcing) or hydraulic mechanisms, although these 
devices have been problematic compared to the EMG models. Experiments with the 
EMG stimulation have focused on echo or resonance control by matching the 
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prosthetic limb motion with the corresponding gait of the healthy leg. Alternatively, 
gait modeling can be recorded into the small computer for EMG signaling of 
prosthetic leg motion. Both approaches require computer control within the device 
and have required considerable work given the greater parameters involved for 
walking upright compared to upper limb motions.

With respect to prosthetic devices, many individuals receive surgery with tita-
nium rods and other implantable bone replacement or joint support devices. Such 
implantable structures are prosthetic in their own right, but they generally operate 
efficiently with an intact limb such that substantial ranges of motion and functional-
ity are maintained, thereby reducing disability. Nevertheless, implantable devices 
may limit certain types of physical activity such as high-impact sports and walking 
or running over rough terrain. Additionally, secondary conditions such as obesity or 
other conditions can be limiting factors. With respect to lower leg rods, aging can be 
a factor, as the rods have a given length and can cause pain with weakened muscle 
and slightly reduced stature as part of the aging process.

Returning to true prosthetic devices and specifically lower limbs, running blades 
have been popular with Paralympic runners. Running blades, termed running- 
specific prostheses (RSPs), are carbon-fiber passive devices that attach to the 
unaffected portion of the limb and enable the user to run using the force of their 
thigh muscles and the elastic spring-mass physical properties of the RSP and its 
shape. Beck et al. (2016) evaluated 55 different RSP models for running performance 
by female and male transtibial amputees working on treadmills. They found that 
manufacturer RSP models significantly differed in product stiffness relative to 
muscle stiffness. Most interestingly, they found that athletes could increase or 
decrease the stiffness during running by changing the angle of their RSP. Overall, 
the RSPs provided running performance approaching that of a nondisabled athlete, 
although biological ankles return over twice the power of the RSPs (Beck et  al. 
2016). Further advances with RSP technology look promising for people living with 
lower limb amputations to engage in running for health and for competition.

Hybrid prosthetic systems involve a mixture of body- and externally powered 
movement. Such devices may have less range of motion compared to the purely 
external power prosthetics, although the hybrid devices can be less expensive. Many 
such devices are available from various manufacturers, and more are in testing and 
development. Both Flaubert et al. (2017) and Windrich et al. (2016) provide a strong 
discussion of major researchers and distributors for externally powered prosthetic 
limbs, both upper and lower body in nature. The Amputee Coalition (www.amputee-
coalition.org) provides numerous resources to assist people who are living with 
limb loss.

Motion sensors typically involve electromyographic (EMG) impulse inputs to 
the motor that drives the externally powered prosthetic device. Resnik et al. (2017) 
tested the new DEKA arm with patients having brachial plexus injury and who 
wanted to shift from a passive upper limb device. The DEKA device provides 
transhumeral and shoulder configurations, plus it operates with an array of inertial 
measurement unit (IMU) commands for ERG sensory control of the unit’s motions. 
Participants demonstrated significant improvement in writing, grasping, opening 
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cans, and other ADLs/IADLs, and they reported high satisfaction with the device 
along with a desire to ultimately have such a device for personal use.

Caputo and Collins (2014) addressed one critical issue involved with lower limb 
prostheses: increased required energy exertion leading to overall physical fatigue 
and damage to the remaining limb, upper limb joints, and muscle tissue. This is 
particularly a problem for ankle-foot prostheses. They modified such a prosthesis 
with an emulator, a device that can vary joint torque and angle. They measured 
variations on these two parameters for non-amputee participants walking on a 
treadmill to effectively test and reduce the push-off work exerted by the ankle-foot 
prosthesis during each step. They discovered that these exertion/work reductions 
primarily helped lower metabolic rate involved with leg swing and that further 
biomechanics research needs to be conducted to better understand the dynamics of 
walking with prosthetic lower limbs (Caputo and Collins 2014).

These findings clearly show that a substantial body of work remains to be con-
ducted to more completely understand the biomechanics of walking and the transla-
tion of this research into more precise, maneuverable prosthetic limbs that more 
realistically reproduce the movements of healthy limbs with minimal effort, fewer 
secondary effects on the body, and, hopefully, low cost for widespread distribution. 
Flaubert et al. (2017) and Caputo and Collins (2014) stressed this need as well as the 
synergy of robotics and human-computer interfaces (e.g., artificial intelligence appli-
cations) to continue device innovation. As described above, there are variations in the 
technologies such that the type of exercise to improve health will be different for each 
situation (e.g., wheelchairs for TBI, SCI, and lower limb loss versus lower limb pros-
thetics for lower limb loss alone). Quite succinctly, there is more work to be done!

6.5  Gait/Orthotics

Related to Caputo and Collins’ (2014) gait work for walking with lower limb pros-
thetic devices, we move to the closely related orthotics, which also play an impor-
tant role in the gait walking research that is so important for efficient walking with 
assistive devices. Many people experience foot, ankle, or lower leg injuries that 
require orthopedic shoes. Additionally, people who are overweight, diabetic, or 
aging are more likely to require additional foot support for walking, a basic task 
essential to health and wellness. The most critical feature of orthopedic shoe and 
foot orthotic design is individualized tailoring for the shoe to enable balance, 
comfort, and reduced energy expenditure for walking. Availability, access, and 
individual design represent some of the major barriers in this area, as too many 
providers of foot orthotics provide a “one size fits all” approach when an 
individualized, universal design approach is needed.

Terrier et al. (2013) examined gait and balance for study participants recovering 
from foot and ankle injuries at a rehabilitation clinic. Participant walking gait using 
orthopedic shoes or ankle boots was measured with piezoelectric skin sensors to 
evaluate local dynamic stability (LDS). The researchers found that the use of 
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orthopedic shoes significantly stabilized walking gait and reduced walking−/injury- 
related pain. LDS is particularly important for prevention of falls with people 
recovering from ankle injuries, lower limb neuropathy, and older adults (Reynard 
et al. 2014).

Riskowski et al. (2011) reviewed studies of orthopedic shoe and orthotic inter-
ventions. Rigorous research studies are limited, but the researchers found that prop-
erly designed orthotics represent a preventative approach to foot health, walking, 
and exercise, especially for aging populations and the associated increased risk for 
mobility limitations. They cited 24% of adults who experience some type of foot 
ailment, often including arthritis, and these ailments increase with age. The expan-
sion of orthotic foot supports can benefit from crossover exercise science and ath-
letic training research so that a wider range of people with and without disabilities 
can benefit.

Orthotic insoles have been researched to maintain balance for people living with 
multiple sclerosis, lower limb neuropathy, and foot-ankle injuries. Dixon et  al. 
(2014) found that insoles did not significantly benefit balance, but they do improve 
walking gait. For people living with diabetic foot neuropathy, Paton et al. (2016) 
found that memory fitting insoles maintained balance and improve pressure velocity, 
but they identified a need for the development of offloading insoles that offer both 
performance and balance while addressing the potential complications of diabetic 
foot ulcers. Shin et  al. (2016) likewise found that full and partial insoles both 
improved anterior-posterior and medial-lateral balance while stabilizing the walking 
velocity of participants.

Few studies have addressed the individualized design of orthopedic shoes, ankle 
boots, and orthotic insoles. Infrared pressure contact assessments of foot support 
have become more widespread in the footwear industry. Furthermore, competitive 
athletic footwear involves the construction of each shoe that is specific to the 
athlete’s feet. Advances in footwear technology should similarly move in this 
direction for people who face balance and walking stability issues. These issues 
indicate another strong opportunity area for further research and innovation for 
assistive footwear. One particular low-cost opportunity is the use of adaptive 
manufacturing, better known as 3D printing, for novice entrepreneurs and people 
with disabilities to design and produce functioning orthotics with a wide variety of 
3D-printable resins that have become available, even with hobbyist 3D printers.

Effective walking gait assessments represent a central component for evaluating 
orthopedic shoes and foot orthotics. Kluge et al. (2017) described the validity of 
inertial measurement system (IMS) in the evaluation of gait movements. Sensors 
can be applied to study participants in order to measure posture, balance (e.g., LDS), 
specific motions, velocity, musculoskeletal exertion, and lower limb pressure per 
unit area of foot contact. Typically, participants walk or run over a flat surface, 
although treadmills or elliptical stepping devices usually are used to control for 
speed and ramp angle across participants. Kluge et al. (2017) found that IMS gait 
assessment systems are accurate and exhibit high test-retest reliability. Other 
exercise researchers combine such assessments with VO2 max and other measures 
of biophysical stress and metabolism. Gait analysis has also played a central role in 
the analysis of lower limb prosthetic devices.
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6.6  Exoskeletons

One of the most exciting, but still limited, types of advanced assistive device is the 
exoskeleton, a battery or corded electronic robot that fits around the torso and legs 
to physically support the body and uses muscular sensors to drive lower limb 
movements. The device is designed for people living with severe spinal cord injuries, 
including thoracic 4 vertebra (T4) injuries and below on the spinal column, although 
home use currently is limited for less severe spinal injuries. The marketed 
exoskeletons require extensive training for the user in order to operate independently. 
In the United States, FDA restrictions (US Code of Federal Regulations Title 21, 
Volume 8, Part 890 – Physical Medicine Devices) require the user to have a fully 
trained companion to assist the user with the robotic suit. In the European Union, no 
such restriction exists.

The primary exoskeleton robots on the market include the following products:

 1. The Indego™ (www.indego.com), manufactured by Parker Hannifin, a technol-
ogy company spin-off from device invention and development at Vanderbilt 
University’s Center for Intelligent Mechatronics

 2. The ReWalk™ (www.rewalk.com), invented by Amit Goffer in Israel and mar-
keted by Argo Medical Technologies, Ltd.

 3. The Ekso™ (www.eksobionics.com), invented and marketed by Ekso Bionics, a 
technology spin-off company of the University of California at Berkeley Robotics 
and Human Engineering Laboratory.

 4. The Hybrid Assistive Limb (HAL 5™; www.cyberdyne.jp), invented and mar-
keted by Professor Yoshiyuki Sankai of Japan’s Tsukuba University and the 
company Cyberdyne

 5. Fortis™ (www.lockheedmartin.com), invented and marketed by the aerospace 
corporation Lockheed Martin, initially for industrial workers but now available 
for people with disabilities

Other companies (e.g., U.S. Bionics, Panasonic) are developing exoskeleton models 
as well, but four of the above companies (ReWalk, Ekso, Cyberdyne, Lockheed 
Martin) have consolidated the majority of the exoskeleton market share, with 272 
exoskeletons being sold during 2015, approximately 54% going to health-care 
rehabilitation, about half of all sales in the United States, and a 2015 global market 
value of US $25 million (Grand View Research 2016). Note that the majority of the 
roughly 140 exoskeletons that were sold in health care likely went to rehabilitation 
centers and hospitals for patient/user training. As of 2017, individual exoskeleton 
units cost around US $90,000, a cost that is prohibitive to most people living with 
disabilities but a cost that will decline as market demand increases and other 
companies market competitive exoskeleton alternatives. ReWalk and Indego were 
the first exoskeleton models to obtain FDA approval for personalized use beyond 
the rehabilitation clinic.

Grand View Research (2016) projects that the exoskeleton market will grow 
from the 2015 value of US $25 million to US $1.6 billion by 2025 with more 
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products entering the market, growth of the global aging population to nearly two 
billion people, increasing spinal cord injuries, and substantial market growth/
demand in Japan and China. All five of the above, highlighted exoskeleton companies 
have secured approval for product sales by the US Food and Drug Administration 
(FDA) and the European Union Conformité Européene (CE) product approval.

A typical exoskeleton consists of three measurable components for the lower 
abdomen, thigh, and lower leg. The parts are interchangeable and can be outfitted 
based upon the user’s physical parameters up to certain limits, depending upon the 
manufacturer. Battery life is generally around 4 h, but batteries can be exchanged 
quickly and recharged within short time frames. Exoskeleton composition includes 
carbon fiber, plastic, and some metal, and the technology has advanced to lightweight 
models less than 30 pounds. The technology also is moving away from backpacks 
in order to remove weight. The exoskeleton moves via sensors located throughout 
the leg attachments that provide balance information to a small computer that sends 
signals to motors that usually are located in the unit hip and knee joints. The user 
can provide commands via a wireless remote.

Exoskeleton movement is slow for most users and often requires the use of canes 
for forward motion support. As stated earlier, the United States requires training for 
the user plus a companion individual to assist the user. With the rapid expansion of 
robotic exoskeleton use in rehabilitation settings and now even for personal use, 
various standards organizations such as the International Organization for 
Standardization (ISO) and ASTM International are developing guidelines for 
exoskeleton development, ergonomics, training, and use.

Fritz et al. (2017) evaluated the Ekso, Indego, ReWalk, and Rex Bionics exoskel-
eton models, finding that all of these models currently are inadequate for personal-
ized use and independent living outside of rehabilitation training centers. They 
argued that the exoskeletons had balance and upper extremity support problems, 
plus they require substantial companion support. They recommended improved 
designs, the continued use of lightweight materials, and better collaboration between 
actual consumers/users of the devices, physicians, nurses, rehabilitation profession-
als, and design engineers.

Several manufacturers, including Ekso, are developing exoskeleton models that 
have differential left-right functioning for stroke victims (i.e., one body side 
affected). Exoskeleton research and development has been impressive, so the 
technology should steadily improve the maneuverability and independence of the 
user. Grand View Research (2016) cites the exoskeleton as one of the top technologies 
for development during the next 10 years. A search of the US Patent and Trademark 
Office (www.uspto.gov) for “full-body robotic exoskeleton” yielded approximately 
250 matches, a number that likely will substantially increase during the next decade.

Onose et al. (2016) provide a thorough discussion of design issues for further 
technological development. As with other studies, balance for the exoskeleton itself 
is one of the major limitations. Of particular importance, Onose et  al. (2016) 
emphasized several physiological features, including exoskeleton designs that 
reduce muscle spasticity and contractures, promote lower limb circulation for the 
avoidance of edema and more serious secondary conditions, and reduction of risks 
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for lower limb fractures due to unit mechanical stress. They provided several 
Mechatronic Orthotic Design (MOD) illustrations to highlight specific engineering 
needs/opportunities.

The implications for full-body or other accessory robotic exoskeletons to health 
and exercise are considerable. Actual bipedal locomotion with robotic assistance 
might not necessarily promote widespread lower limb muscular contraction, but it 
can reduce atrophy, promote muscular activity with undamaged muscle tissue that 
otherwise might not receive necessary activity, promote neural activity, and promote 
circulation as well as cardiovascular functioning. Certainly, the exoskeletons likely 
will create unexpected side effects in conjunction with each person’s particular 
injury such that regular physiological functioning will be necessary to prevent 
overexertion and the development of secondary conditions. Such scenarios plus 
substantial consumer input need to be considered during the development of these 
devices. Improvements on robotic exoskeletons potentially could open up this 
particular assistive device as an important contributor to improved physical activity 
for people living with SCI and stroke, providing them with renewed vigor, quality 
of life, command of environmental terrains, and neuromuscular activity that 
counteracts atrophy and related detrimental secondary events that severely impact 
this population.

Kolakowsky-Hayner et al. (2013) provided one of the early studies on the Ekso 
device. They studied motion and physiological characteristics of five male and two 
female participants, all of whom had an SCI of T1 or below. Over approximately 
400 h in the device, about half of which was spent walking, the study participants 
tended to improve walking and speed with increased training time. Suit-up time 
ranged from 10 to 30  min. Kolakowsky-Hayner et  al. (2013) recommended 
companion assistance during operation, including an overhead tether, and that the 
device should be used in rehabilitation settings. These findings are consistent with 
more recent studies described above on the limitations of current devices, particularly 
for personalized use.

Whereas current robotic exoskeletons use functional electrical stimulation 
(FES), Chang et al. (2017) experimented with an exoskeleton that uses functional 
neuromuscular stimulation (FNS). This latter approach would be a novel advance in 
the technology by involving the activity of nerves and muscles in the affected limbs, 
thereby promoting more natural driving of the exoskeleton with fewer manual, 
wireless commands. This FNS model does include battery-powered assistance to 
support limited muscle power in activities such as standing up, maintaining standing 
position with balance, and stepping with balance maintenance as well. The 
researchers tested the model with three people living with paraplegia, yielding 
positive results and yielding additional ideas for incorporation of foot plantar flexion 
and other capabilities.

Miller et  al. (2016) performed a meta-analysis of 14 comprehensive research 
studies involving 111 people with SCI who used either the ReWalk, Ekso, or Indego 
exoskeletons in rehabilitation training. Strong positive results were consistent across 
all studies, including only 4.4% of participants experiencing falls during training, 
76% being able to move in the unit without physical assistance, and 61% experiencing 
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improved bowel regularity following training. The studies indicated only mild 
exertion requirements on participants during the training sessions. From this 
perspective, robotic exoskeletons seem to be highly beneficial to users when proper 
training methods and user needs are addressed. One curious note from the Miller 
et al. (2016) analysis was the high prevalence of males (over 80%) in these studies. 
As research progresses, differential male/female physiology with respect to bony 
density, musculature, and metabolism should be considered during the testing of 
robotic exoskeletons, particularly with respect to age and longitudinal use as well.

6.7  Other Robotics

Besides the “full-body,” walking robotic exoskeletons, limb-specific robotic exo-
skeletons are more widely available on the market and are undergoing similar tech-
nological advancements for users. Powered upper limb robotic exoskeletons are 
being tested to assist people living with SCI and stroke to perform upper limb 
coordination and tasks such as grasping objects (Jarrassé et  al. 2014). Pirondini 
et  al. (2016) experimented with a lightweight robotic arm (ALEX™) on healthy 
subjects and demonstrated comparable EMG activity for various monitored upper 
limb muscles (as compared to sensors placed on nonusers) while performing a 
variety of tasks.

For all limb injuries, one of the major rehabilitation issues that confronts the 
development of robotic exoskeletons and other prosthetic devices is muscle 
spasticity in response to muscle and nerve damage as well as muscle atrophy. In a 
randomized control trial for upper arm strength activities among rehabilitation 
patients using robotic upper limb exoskeletons, Calabrò et al. (2017) demonstrated 
that applying muscle vibration antagonist action on the affected limbs significantly 
reduced spasticity during robotic motion activities. Consequently, combinations of 
physical principles and physical therapy should be incorporated with the most 
effective use of robotic exoskeletons and prosthetic assistive devices.

Beekhuis et al. (2013) described a self-aligning robotic arm accessory that uses 
sensors to monitor muscle forcing, torque, and other parameters as well as for 
adjusting direction of motion. The device is simple to place on the forearm and 
coordinates smoothly with the wrist and elbow joints, another issue with many limb 
prosthetic devices. Their proof of concept design is consistent with current state-of- 
the-art upper limb robotic exoskeletons.

Lower limb robotic orthoses are available for people who have greater leg move-
ment but who have leg injuries or muscle deterioration due to aging or disease. 
Much of the research on these devices is focusing on gait mechanisms to improve 
walking, balance, and reproduction of natural gait patterns following injury. As with 
the full-body robotic exoskeletons, user training is important, but much research 
remains to be conducted to optimize the functionality of these orthoses (Hussain 
2014; Maggioni et  al. 2016). Computer simulations of gait patterns assist lower 
limb prosthetic design by matching natural patterns, and even animal models (e.g., 
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horses), to improve user functionality and satisfaction with walking lower limb 
robotic prosthetic devices (Meyer et al. 2016).

6.8  Sensory Devices

While not directly pertinent to exercise and health at this time, a number of impor-
tant sensory technologies exist that enable people with TBI or SCI-related speech, 
sight, hearing, or upper arm mobility to perform ADLs and IADLs that indirectly 
relate to activities and participation that are essential for good health and positive 
psychological well-being. Most of these devices are computer-based systems that 
enable simple commands to write, speak, and command household and office 
operations.

For writing on a computer, researchers have used virtual reality and human- 
computer interaction (HCI) technologies for the development of head-mounted 
laser and other electronic devices to link to a command screen on a computer. 
Pereira et al. (2009) described the use of a video camera and a hat/cap-mounted 
target that aligns so that the user can move and operate an on-screen cursor to 
manipulate a command screen. More recent developments have included cameras 
that detect and track eye movements, thereby moving the computer screen cursor to 
the appropriate commands (Lopez-Basterretxea et  al. 2015). Such devices have 
been demonstrated to be highly reliable with error levels under 5% (Zhan et  al. 
2016). These devices work particularly well for people who cannot speak and/or use 
hands/arms for manipulating computers. However, the devices are expensive, but 
increased use and demand has reduced the costs to a certain degree. As with each of 
these technologies, our goals are not just to improve and provide them to people 
living with disabilities, but also to make the devices practical and affordable.

Voice-control technologies are widely advertised for the general population. For 
people with limited mobility, voice commands can be used with voice recognition 
software programs on computers for writing as well as for devices that activate/
inactivate lights and other electronic appliances. One major issue with voice 
recognition is altered speech patterns due to speech disabilities or damage to 
cerebral vocalization centers from stroke, TBI, or SCI. Researchers have developed 
databases of altered speech patterns that can be accessed by special voice recognition 
programs and algorithms that utilize maximum likelihood regression analysis to 
match intended speech to appropriate computerized actions (Mustafa et al. 2014).

Therefore, continuing advances in technology and the interfacing of multiple 
technologies enable improved assistive devices that can address single or multiple 
sensory or motility disabilities. These developments illustrate a commitment by 
rehabilitation professionals, engineers, and other scientists to realistically 
troubleshoot basic functional problems and to yield efficient solutions to these 
barriers. As one example, the motor vehicle industry has provided people with 
limited hand, arm, and leg mobility alternative vehicle control technologies, now 
computer-driven, that enable them to demonstrate driving proficiency and to 
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independently drive motor vehicles (Lane and Benoit 2011; Rapport et al. 2008). 
Major rehabilitation centers provide people with stroke, SCI, TBI, and other 
mobility limitations a variety of these many technologies to provide them with the 
best support mechanisms to optimally participate in society and to live independently, 
consistent with the objectives of the Rehabilitation Act of 1973 and its amendments 
plus other legislation and policy advocacy to enhance the lives of all people who live 
with disabilities.

6.9  Exercise Guides

The National Center for Health, Physical Activity, and Disability (NCHPAD; www.
nchpad.org) is a NIDILRR-funded research and rehabilitation center that promotes 
physical activity for people living with mobility limitations. It provides a number of 
exercise guides for people with various conditions such as limb loss, paraplegia, 
tetraplegia (i.e., quadriplegia), spinal cord injury, cerebral palsy, and multiple 
sclerosis.

For limb loss, the NCHPAD guide recommends weighted cuffs that will match 
the prosthetic device. Strength exercises for the upper body include bicep curls, 
shoulder lateral and front raise, standing bent over shoulder fly, standing shoulder 
press, standing bent over row, and pectoral fly. The standing exercises can be seated 
for those individuals with lower limb loss or low functioning. For lower body 
workouts, weighted cuffs can be used with seated leg extensions, hip flexion, hip 
abduction, torso lateral bends, and lying abdominal crunches. Other exercise 
guidelines, including recommended consultations with rehabilitation fitness 
trainers, are provided.

For spinal cord injuries, exercises are coordinated with the level of injury, an 
important issue to consider with trained exercise physiologists to guide proper 
exercise regimens that minimize the risk of further injuries or secondary conditions. 
For T1-T6 thoracic spinal injuries, possible exercises recommended by NCHPAD 
include seated elastic resistance exercises such as rhomboid rowing, reverse fly, 
chest press, internal rotations, rotator cuff, deltoid shoulder presses, lateral and front 
raise, biceps curls, and triceps flexion. Again, the emphasis for T1-T6 injuries is 
elastic resistance exercises. For lower thoracic into lumbar spinal area injuries, 
seated and lying abdominal crunch, leg lifts, curls, and thigh adduction/abduction 
exercises can be performed.

For people living with tetraplegia, individual levels of functioning determine the 
appropriate level of physical exercise. As with all conditions, physician and 
rehabilitation exercise physiologist consultations are essential, and  supervision/
assistance should be available during exercise. NCHPAD recommends weighted 
wrist cuffs and elastic resistance training for upper body exercises that are similar to 
the exercises described for spinal cord injury. Similar training approaches are 
provided for people living with paraplegia.
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People living with multiple sclerosis or other disabilities that enable more mobil-
ity can perform standing, lying, and seated stretching exercises, appropriate lifting 
of weights, and elastic resistance as recommended by their physician and exercise 
trainer. People living with cerebral palsy can perform controlled weights, elastic 
training, and seated stationary exercise bicycling.

Public health policymakers, providers, and exercise center operators need to 
realize the added importance of exercise for the health, independence, and positive 
outlook of people living with mobility limitations. The coordination of an 
individual’s specific physical needs, assistance devices, accessibility to suitable 
exercise equipment, and social/community supports can easily promote everybody’s 
health, with no exceptions.

6.10  Challenges and Opportunities

Across this wide span of accessory devices, the user has little or some degree of 
motion and functionality. If we incorporate the degrees of barriers for functioning in 
each instance, exercise physiologists can work with each person to identify 
appropriate exercise devices, activities, and venues to perform needed daily and 
weekly exercise regimens. Therefore, the assistive devices provide a support 
mechanism to assist each person with a given mobility disability. It is still up to 
health and exercise professionals, family, friends, and other peers to be there to help 
each person achieve their physical activity goals with independence and confidence. 
That means that we still remove the social and environmental barriers that might 
present a barrier to the individual living with a disability as well as the assistive 
device that they are using.

With any of these devices and advancing motion technologies, a critical empha-
sis must be placed upon the individual. Each person is unique and faces their own 
array of facilitators and barriers for movement and exercise. Therefore, the process 
of rehabilitation involves a variety of community and professional supports to eval-
uate and continuously monitor the technology user’s needs. This is part of any per-
sons’s standard annual health and wellness checkups plus follow-up evaluations for 
specific conditions. However, for everyone, unique personal, environmental, social, 
and condition-specific considerations must be weighed together over the life course 
of development to maximize health, wellness, and opportunities. Continued research 
on novel technologies, human factors, and ergonomic analysis of how these 
advances best work with individual needs, and, most importantly, consumer input, 
are needed to drive improved health and exercise opportunities for people with 
disabilities.
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6.11  Summary

Advances in assistive technologies for people living with mobility limitations and 
other disabilities have been dramatic. Nevertheless, we remain in the early stages of 
this movement as scientists and rehabilitation engineers try to better model and 
understand the varied physical conditions that are unique to each individual, design 
of appropriate devices, and matching these devices for optimal use without 
generating secondary conditions, many of which could be as serious as the primary 
disability. Furthermore, the expense involved in many innovative technologies 
poses another dimension to the problem of access, including whether or not 
insurance companies, Medicaid, and/or disability insurance cover the devices. The 
last point on insurance is particularly problematic with new experimental devices.

Most of the more advanced technologies (e.g., robotic prostheses and exoskele-
tons) remain limited to rehabilitation centers due to costs, the complexity of operat-
ing the experimental devices, lengthy training times, and extensive need for support 
mechanisms. For people with disabilities to achieve independent living with these 
technologies, considerably more innovation, experiment, support, and distribution 
channels need to be developed to provide efficient, safe products at reasonable cost 
and that can be widely distributed. Policy experts, legislators, and business leaders 
can play an important role in driving public and private supports for these much 
needed efforts. We have only just started getting these assistive innovations to a 
small percentage of the population of 57 million Americans living with disabilities, 
and the availability is even lower for people with disabilities in much of the rest of 
the world.

The prospect for exercise and health looks promising, particularly with advanced 
wheelchairs and robotic devices that can promote movement and neuromuscular/
skeletal actions that stimulate these organs and reduce their risks for atrophy. The 
kinematic aspects of these innovations cannot be understated. While nerves and 
muscles may be severely limited, any stimulation is beneficial and translatable 
across organ systems. Visionaries discuss the enhancement and even tissue cloning 
replacement of damaged organs, but these potential advances remain even further 
away. We currently need to provide artificial sources that can manipulate and 
enhance physical functioning for exercise and independent living.
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Promotion
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7.1  Introduction

Health is defined as a state of physical, mental, and social well-being and not merely 
the absence of disease (Callahan 1973). The World Health Organization (WHO) 
goes further to identify that personal, social, economic, and environmental factors 
that determine the health condition of individuals and populations. These environ-
mental factors have an impact on everyone, not just the disabled population. The 
impact can range from temperature or climate challenges to difficulty traversing city 
streets or rural settings. These environmental challenges impact able-bodied and 
people with disabilities in similar and also in very different ways.

Disability is a part of all human condition. The term disability encompasses 
impairments, activity limitations, and restriction in participation with any negative 
interaction between the individual and environmental/personal factors (Leonardi 
et al. 2006). Everyone will develop some type of impairment either temporary or 
permanent if they live long enough. Fortunately, there has been a shift in attitudes 
toward people with disabilities that recognize disability as a human rights issue. It 
is classified as a human rights issue because it is important that people with disabili-
ties have equal access to health care, employment, education, and political partici-
pation (WHO World Report on Disability). Unfortunately, persons with disabilities 
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may experience violence, abuse, prejudice, and disrespect due to their individual 
disability. Finally, the person may be subjected to involuntarily sterilization or con-
finement to an institution if that person is deemed legally incompetent (WHO World 
Report on Disability). Earlier in history (late 1800s and early 1900s), people with 
disabilities were sent to asylums in the United Kingdom, Australia, and the United 
States (Jackson 2018). The disabled population was not integrated, and they were 
both geographically and culturally removed from view (Wolfensburger 1969).

7.2  Models of Disability

In order to define impairment and provide strategies to meet needs of disabled peo-
ple, models were devised. These models are made by people about other people and 
provide government and agencies attitudes, conceptions, and prejudices about dis-
abled people and how this impacts this population. These models view disabled 
people as dependent upon society but also perceive the importance of this popula-
tion in society. These models change as the society changes and continue to evolve 
leading to inclusiveness, empowerment, human rights, and integration.

7.2.1  Charity Model of Disability

The charity model of disability is also referred to as the tragedy model. This model 
classifies disabled people as victims of circumstances and is a common model 
where the nondisabled population feels pity for what are deemed as victims, the 
disabled individuals. This charity model of disability doesn’t just include physical 
disabilities but also includes mentally disturbed, elderly, and what was deemed as 
defective children (Oliver 1990). This population was visibly removed from the 
population. This victimization of this population resulted in this removal from the 
population and the thought that the disabled people need cared for and are incapable 
of living a whole, independent life.

7.2.2  Medical Model for Disability

The medical model for disability used the classification of either a deficiency or a 
deviance compared to what was believed to be the normative state (Nankervis 
2006). With this medical model, the person’s impairment can be diagnosed, cured, 
or rehabilitated by medicine and/or interventions provided by medical professionals 
(Oliver 1998; Scotch 2000). This medical model resulted in the institutionalization 
of these individuals in the 1960s without regards to accessibility.
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7.2.3  Social Model for Disability

Eventually in the 1980s, a social model was developed (Oliver 1983, 1998, 2013) 
which led to the thought process that disability is a result of barriers placed on the 
disabled individuals and not a particular impairment. It’s these barriers that actually 
prevent inclusiveness and result in discrimination and oppression of people with 
disabilities (Sodar 2009). This resulted in recognizing that the built environment is 
an instrument for disability and resulted in putting greater emphasis on building 
inclusive environments.

7.3  Built Environment

In the 1960s, a Swedish social theorist emphasized the importance of social inclu-
sion of people with disabilities within the community (Nirje 1994). It is vital to 
provide an appropriate built environment in order to be inclusive to a very diverse 
population. Although there is not one perfectly built environment, strides are being 
made in order to enhance and improve the built environment. It is expected by the 
year 2025 that Norway will have a contemporarily built environment that will be 
inclusive for accessibility (NMCE and SI 2016).

In 2006, the United National Convention on the Rights of Persons with 
Disabilities was enacted; however, not all accessibility needs are currently being 
met. Many barriers still exist including barriers to shopping, attending school/work, 
or recreational activities (Jackson 2018). People with disabilities are categorized by 
their primary disability (e.g., intellectual, autism, hearing impaired, wheel chair 
user, etc.) without any regard to other impairments that are typically experienced. 
These additional impairments also affect the environment in which these individu-
als interact. There is also a diversity problem, and US professors (Scotch and Shriner 
1997) looked at the underrepresentation of disabled people in employment, educa-
tion, and discrimination due to the environment.

Finally, the human rights model evolved due to a rights-based approach and this 
need for inclusiveness (Quinn et al. 2002). The 1980s were pivotal in the activism glob-
ally, but it was the United Nations human rights model in 2006 that increased the 
American Disabilities Act (ADA) rights to provide built environments for people with 
disabilities. This global activism is important to combat social exclusion due to unsuit-
able housing, problems with the pedestrian environment, and unusable public transpor-
tation due to lack of enforcement of legislation or misinterpretation of the legislation.

Even in the twenty-first century, there remains inaccessibility to the built envi-
ronment. This remains a problem because disabled individuals are a heterogeneous 
group and there is only one built environment for this diverse population. It’s imper-
ative to understand the disability models but also crucial to include people with the 
disabilities when planning and developing these built environments due to this het-
erogeneity because one size does not fit all disabled people.
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7.4  Built Environment and Economic Issues

This population is severely impacted by the amount and type of assistance they 
receive but more often than not do not receive the adequate assistance in order to 
live a full and productive life. This population is also at an increased risk of liv-
ing in poverty that is associated with their disability. This sets the disabled indi-
viduals up for reduction in employment, lack of transport or access to 
transportation, and lack of resources to maintain their activities. There are often-
times additional costs associated with being disabled stemming from medical 
care or assistive devices coupled with this increased risk for poverty that places 
the disabled person at greater detrimental hazards such as limited access to the 
proper medical treatment or care needed. This tendency to have higher costs and 
lower income results in potential food insecurity, inadequate housing, lack of 
safe water and sanitation which ultimately affects the disabled person’s health, 
and an environmental hazard (Mitra et  al. 2017; Beresford and Rhodes 2008; 
Loeb and Eide 2004; Eide and Loeb 2006; Eide and Jele 2011).

7.5  Built Environment and Health

The health of the disabled individual may be detrimentally impacted due to the built 
environment. The ADA was established in 1990 and health-care reform known as 
the Affordable Care Act (ACA) in October 2013 required every state to offer health 
insurance for individuals. The ADA provided access to build environments for peo-
ple with disabilities. The health-care system in the United States is geared toward 
meeting the short-term needs or acute needs of individuals. People with disabilities 
often need long-term services and support to address their chronic health needs. 
These needs oftentimes include aiding with activities of daily living, taking medica-
tions, preparing meals, managing money, and obtaining employment and individual 
needs based on their specific disability. There may be multiple disabilities that 
impact these needs even more severely. Most of the long-term service expenses are 
provided out of pocket by the families and can range from $6000 to $16,000 annu-
ally depending on the disability (Mitra et al. 2017). There are only about 9% of the 
US population that have long-term care insurance, and Medicare only provides a 
limited amount of long-term care coverage (Mitra et al. 2017). Medicaid does pro-
vide long-term care coverage but primarily goes to fund institutional care. People 
who want to receive their coverage in community settings are not entitled to home 
or community-based services. This becomes a problem for people who have dis-
abilities who are higher functioning but still need the additional medical care or 
services. Also, the problem with the ADA is that this regulatory act has resulted in 
a lack of fit because the disability population is heterogeneous and not homoge-
neous. There are around 40 million Americans in 2015 with a disability according 
to the US Census Bureau. This represents almost 13% of the civilian noninstitution-
alized population. In order to be classified as a person with a disability, the person 
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must have one of the six classifications: difficulty with hearing, vision, cognition, 
walking, or climbing stairs, and self-care and independent living (Pew Research, 
2017). This population continues to grow and affects millions of people. The barri-
ers of inclusiveness are as varied as the disabilities themselves.

Another barrier that institutions and organizations need to address is access to 
health-care services. There may be unintentional barriers placed upon someone 
with disabilities due to complicated booking systems to actually receive health care, 
problems with arriving early and/or staying all day (Miller et al. 2004). We have all 
experienced arriving at the health-care facility on time only to have to forfeit hours 
of your day waiting to be seen. This inconvenience may be exacerbated depending 
on the disability the individual may have. Funding may also be a deterrent, as reim-
bursement to providers doesn’t account for additional time required for services for 
people with disabilities. Since reimbursement is typically a fixed amount, it might 
discourage providers from providing service (Smith 2000). Depending on the trans-
portation needs and access to medical facilities that will provide services to disabled 
people may amplify this environmental barrier.

7.6  Environmental Barriers

There are five kinds of environmental barriers that people with disabilities face. 
These barriers include dependence on individuals, the disability of the individual, 
and other things that may affect the individual. The primary barriers include physi-
cal barriers, attitude barriers, assistance barriers, policy barriers, and work and 
school barriers (Hospital, Brainline).

7.6.1  Physical Barriers

Physical barriers can come from the natural environment or also from human-made 
changes within the natural environment. The natural environmental barriers can be 
as diverse as the terrain and climate to human-made changes including things such 
as walkways and other things built into the environment. Able-bodied people give 
little thought to these barriers, but it becomes a problem in people with disabilities 
when trying to navigate with a walker or a wheelchair. These barriers also vary 
depending on if the person with a disability lives in cities or in rural areas. 
Environmental barriers affect rural respondents more than their city-living counter-
parts (Visagie et al. 2017).

The United States has made significant strides in improving the lives of people 
with disabilities in regard to environmental barriers. Reasonable accommodation is 
ensured with the establishment of the American with Disabilities Act 19. A research 
agenda, “New Paradigm of Disability,” was established by the National Institute on 
Disability, Independent Living, and Rehabilitation Research (NIDILRR) to help 
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improve lives of people with disability. The Institute of Medicine has established 
disability as the basis of its research agenda, and they have placed importance on 
environmental barriers in people with disabilities as addressed in their report, 
Enabling America, 21. Also, there is a growing international interest in disability 
issues and the importance of environmental factors. This is not just a US problem 
but also a global problem. The United Nations (UN) has also focused attention on 
disability and established the Disability Year 25 and Disability Decade.

There are many different disabilities, but a group looked at barriers seen in peo-
ple with spinal cord injuries and found there were five main barriers in this disabled 
population. These top barriers in descending order include environment, transporta-
tion, help at home, health care, and governmental policies (Whiteneck et al. 2004). 
Quality of life is likely adversely impacted as well due to the environmental factors; 
however, the authors did not perform a systematic review of that effect. The envi-
ronment is a major barrier with people living with traumatic brain injury and 
includes physical barriers such as stairs, hills, roads, and buildings (Whiteneck et al. 
2004). These physical barriers are more of a substantial problem in older adults than 
with younger adults but affects all populations to some degree (Brainline). The 
older population has problems with finding transportation either lack of transporta-
tion or limited access to transportation. There are also barriers in their surroundings 
that affect life such as poor lighting, too much noise, crowds, cold temperature, too 
much rain, steep hills, etc. (Brainline). Although these barriers were specifically 
addressed in people living with spinal cord injuries or traumatic brain injuries, they 
may have an effect on anyone living with a disability.

Providing adequate transportation can mitigate many of these environmental bar-
riers. It is also important to design and layout buildings keeping in mind the needs 
to accommodate people with disabilities. The natural environment is not as easily 
manipulated or changed as temperature, terrain, and climate are more stationary or 
unadjustable. Lighting and noise can be managed or adjusted to help accommodate 
these individuals. Many of these adaptations can easily be made to improve the 
environment for individuals with disabilities.

The environment can create barriers for participation and inclusion. These barri-
ers include things as simple as not having accessible building which could be lack 
of an elevator for someone with a walking disability or who is in a wheel chair. 
People living in poverty may not have access to drinkable water or sanitation, which 
provides an added barrier to someone with a disability. Policy changes need to be 
enacted to help improve conditions and provide proper buildings and building lay-
outs, technology including Braille or hearing-impaired services, signage, and 
opportunities for people with disabilities.

Can disability be prevented? There are preventative measures that can be taken 
to help reduce the potential for disability. These measures include providing 
 education and adequate nutrition, preventing diseases, providing safe water and 
sanitation, and improving safety on the roads and in the workplace (Caulfield et al. 
2006). These preventative measures fall under the realm of public health and have 
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three different prevention approaches. The first is primary prevention, which pro-
vides education to help promote health; an example would be educating people 
about HIV (Maart and Jelsma 2010). The secondary prevention detects a problem 
early on and provides a cure or reduces long-term effects; an example would be to 
provide screening for breast cancer in women with disabilities (McIlfatric et  al. 
2011). Finally, the tertiary prevention reduces disease-related complications; an 
example would be rehabilitation for someone with a musculoskeletal system impair-
ment where they might receive physical or occupational therapy services (Atijosan 
et al. 2009).

7.6.2  Environmental Disability Caused by Inactive Lifestyle

Another interesting environmental disability is a deadly combination of inactive 
lifestyle and nutrition. This is not the typical disability that one thinks about when 
looking at environmental issues and the disabled individual. However, this is a 
growing problem as there has been an increase in obesity over the past couple of 
decades and it is related to the environment. You may be asking, “How is the envi-
ronment to blame?” There is less space for people to engage in physical activity. 
Also, individuals are spending more time watching TV, surfing the Internet, and 
playing video games. In addition, many of our cities and rural areas are not condu-
cive to walking or riding bikes to school or work. Food consumption also has an 
impact on this increase in the obesity epidemic. If we look at the current food con-
sumption, people are eating out more often, the portion sizes are in greater propor-
tion than they were just several decades ago, and there is increased consumption of 
sugary drinks and the size of these drinks compared to several decades ago (WHO). 
Also in specific regions where there is lower socioeconomic status, there is likely 
inadequate access to fresh foods including farm-raised meats, fruits, and vegetables. 
This limited access also plays a significant role in the increase in obesity in specific 
populations coupled with the lack of accessible parks and playgrounds, which com-
pound this epidemic. This deadly combination of decrease in physical activity and 
increase in portion sizes has resulted in this environmental disability.

Why is this environmental disability a concern for the general population? As a 
result of this obesity epidemic, there is an impact to the health of people with dis-
abilities that is far greater than the health of the general population. This is exac-
erbated as the person with a disability may be unable to walk or has limited 
walking ability. There may not be access to healthy foods due to proximity of a 
grocery store that sells healthy foods. This added layer of where to exercise and 
get healthy foods becomes even greater for people who have disabilities. This is 
problematic in the general, healthy population but is magnified when looking at 
people with disabilities.
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7.6.3  Attitude as an Environmental Barrier

Another major problem is attitude toward people with disabilities. Challenging the 
negative attitudes that people may have and combatting negative language, stereo-
types, and stigma are also very important (Thornicroft et al. 2007). Most people in 
the general public have a lack of understanding of disabilities and are unaware that 
the person can be successful if the appropriate or adequate environment is provided 
(Siperstein et al. 2003). Although people with medical disabilities face many chal-
lenges, there is an even greater discrimination seen toward people with mental dis-
abilities. There are negative attitudes and treatment by the general population, 
discrimination by employers, taunting or teasing by schoolchildren, generalized 
bullying, and lack of support. These negative attitudes oftentimes result in low self- 
esteem and participation in people with disabilities (Thornicroft et  al. 2007). 
Discrimination experienced regardless of the disability has an impact on quality of 
life of the individual and their families.

Disabilities are so varied that many people may not view some people who actu-
ally have disabilities as being disabled. A lot of these viewpoints are from the clas-
sic viewpoint that someone has to have a visible disability such as being wheelchair 
bound, being deaf, or being blind (Park et al. 2007). Disability can be a result of a 
traumatic experience and the person having post-traumatic stress disorder, which 
is oftentimes not exhibited outwardly. Children born with congenital diseases are 
also disabled and there is sometimes no outward sign of this. Other examples of 
disability would include severe arthritis or a person who has dementia. As many 
health conditions are visible, there are just as many that are invisible, and it’s 
important to educate the general population that although you may not be able to 
outwardly see the disability, there may be one present. The disabled condition can 
be temporary, episodic, permanent, etc.; therefore, a person can be deemed dis-
abled but can be temporarily disabled or permanently disabled (Australian Bureau 
of Statistics 2009).

7.6.4  Assistance as an Environmental Disability

Assistance and support are imperative for people with disabilities. If there is a lack 
of support system or services, the person with the disability and their families may 
become economically and socially excluded. Some examples of assistance include 
a sign language interpreter or an advocate for a person who has mental impairments 
such as dementia. Some overarching examples of assistance or support include 
assistance with self-care or household care provided by community support for 
independent living, residential support where there are group homes available to the 
persons with disabilities, respite services to give family and friends a break from the 
day-to-day caregiving roles, educational or employment support, communication 
support as referred to above with the sign language interpreter example, community 
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access to day care centers, information and advice provided by advocates and pro-
fessionals, and assistant animals such as trained dogs for visually impaired indi-
viduals (WHO World Report on Disability).

Support needs to change over the lifespan depending on what stage of the life 
cycle the person is currently in. The needs are very different from early childhood 
on into adulthood and will be exacerbated in the aged disabled population. Special 
education needs are warranted during childhood. Upon reaching adulthood, the per-
son will likely need an advocate, perhaps residential support, and potentially even 
personal assistance will be required. During old age, the caregivers may need day 
care centers or home help and even palliative care depending on the stage of their 
life and state of health.

7.6.5  Barriers at School

Policy is also starting to shift toward community and educational inclusion. This 
new paradigm identifies social and physical barriers in disability (Barnes 1991 and 
McConachie 2006). Environmental barriers occur in both work and school environ-
ments. Typically funding is the biggest factor for these barriers for this population. 
When there is inadquate funding, employment of educators specialized in writing 
with disabled population is limited. There are also limitations to proper tools to 
facilitate learning for the disabled population. This population has a wide range of 
disabilities, and a one-size-fits-all approach does not work. Physical and material 
needs are obvious barriers. The barriers that are less obvious include the attitudes of 
the educators. The teachers and other students may perceive lack of ability of the 
disabled children to learn. This perception will become self-fulfilling and must be 
combatted against. The disabled student has to be in an inclusive environment in 
order to guarantee success. These preconceived ideas that the children are incapable 
of learning result in differences in interactions and treatments of the people with 
disabilities. This may be varied as well depending on the type of disability and the 
widely held beliefs of the peers and teacher.

In order to mitigate these preconceived ideas, programs and education for the 
educators are vital in changing this and bringing awareness that there is a capacity 
for learning in people with disabilities. Along with having adequate access to educa-
tion, the student must actually be able to physically get to the school. Other impedi-
ments to learning in addition to attitudes may include transportation to the school, 
navigating the sidewalks and halls, or even being able to get into the classrooms. 
These are things that impede learning prior to arrival into the classroom. Therefore, 
modifications must be established in order for this population to be able to learn.

Once in the classroom, modifications may be needed for someone with a reading 
disability. Perhaps someone needs to read the questions to that individual. There 
may be another student who needs someone to take notes due to inability to take 
notes. These are just a few examples of modifications in order to maintain an inclu-
sive environment. Although we can look at the environment and school as barriers, 
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we also must not overlook the coordination and collaboration between the students, 
parents, and educators including the rest of faculty and administrators to enhance 
and improve the environment for learning for the disabled individual. Information 
needs to be provided as well as making the environment accessible by providing 
necessary modifications and having the cooperation and communication between 
the educators and the disabled students as well as with their families to provide a 
successful learning environment (United National Educational, Scientific and 
Cultural Organization 2008).

7.6.6  Employment Barriers

Even with the passage of the ADA, people with disabilities have lower employment 
rates than normal population, and this has remained unchanged (Gilbride et  al. 
2003). Employers do not realize this is an untapped workforce, but now education 
is helping change this (Brooke et al. 2000). Likely due to this lower employment 
rate, disabled people are three times more likely to live in poverty than the rest of 
the population and also more likely to drop out of high school (Krane and Hanson  
2004). To add insult to injury, people with disabilities are less likely to have health-
care coverage. Think of someone with severe disabilities who is at even a greater 
disadvantage. The culmination of lower employment rates, few high school gradu-
ates, and lack of health-care coverage results in the likelihood of remaining in lower 
socioeconomic groups.

Part of this employment problem is a result of lack of education and knowledge 
of employers. The employers likely have fear about hiring people with disabilities. 
The fears may be caused by the perceived financial loss due to accommodation 
costs; fear of increased supervision, which may result in loss of productivity with 
these employees; and fear of not being able to terminate the employee in case the 
employee does not work out. The fact remains that accommodations for disabled 
people rarely exceed $500 (McCary 2005). Research has found that even when 
employees are happy with their disabled employees, they rank satisfaction as lower 
due to these preconceived notions (Smith et al. 2004). This misconception about 
added expense without return on investment needs to be changed, and the only way 
that this will change is by education and employment of disabled individuals.

Employers need information and knowledge to help them reframe their thoughts 
about the disabled employees (Brooke et al. 2000). This is beginning to change with 
recognition of the value of this diverse population (McCary 2005). Research has 
found that employers that are willing to hire disabled individuals have very similar 
characteristics. These characteristics include a welcome environment for diversity 
and inclusiveness, also being able to job match by providing an internship, and if the 
person works out, then they can offer them a full-time position, dropping some of 
those requirements that aren’t necessary such as requiring a driver’s license. Finally, 
it’s important to have support and involve both the employer and the disabled indi-
viduals so there is a positive employment outcome.
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Education for these employers is crucial in changing these misconceptions. This 
is an easy fix and will mitigate the fears of hiring disabled individuals. Also, infor-
mation regarding policy and funding is crucial in alleviating these fears. It’s vital to 
ease transition of people with disabilities into positions of employment which will 
in turn result in increased autonomy. The diversity within this group ranges from 
disabilities of speech, hearing, sight, learning, mental, and physical. Providing 
employment that best fits each individual will result in success in the job or career 
that each disabled person is employed.

The companies that have found success use flexible job assignments, which 
match the individual’s strengths with the job. Also, a team-based approach with 
input from both the employer and the employees could be effective. These compa-
nies implement diversity of thought and are open to innovative ideas; also the com-
panies provide advancement opportunities to the employees with disabilities. They 
provide financial reward and a worry-free environment where the disabled individu-
als know they can succeed and are expected to succeed. Some physical environment 
improvements are minimizing transportation barriers by employing the disabled per-
son near where they reside, providing flexible work schedules, and being committed 
to diversity of the employees. Disability progressive companies aggressively recruit, 
train, and promote people with disabilities that provide a positive opportunity for 
both employer and employee. These companies provide technology and accessibil-
ity within the workplace for success of people with disabilities (Riley II 2006).

Again, the three biggest barriers of hiring these individuals are all based on fear. 
These fears are the perceived costs for the company, misunderstanding of the legal 
responsibility, and training for these individuals, just a lack of knowledge about 
employment support and resources available. Educating the companies on these 
things will go a long way in providing a more inclusive and diverse environment.

7.7  Socioeconomic Status as an Environmental Barrier

Most countries including the United States have large gaps in help needed for peo-
ple with disabilities. Influencing these gaps is very dependent on the socioeconomic 
status of the family and friends of the individuals with disabilities. This is very 
stressful for both the caretakers and the people with disabilities. Getting help is 
often complicated and typically ranges from informal care provided by the families 
and friends to formal services provided by the government, nonprofit organizations, 
and for-profit sector. The out-of-pocket payment to private providers is costly. There 
are definitely disparities seen in high-income countries compared to low-income 
countries. In higher-income countries, families usually provide around 80% of the 
support especially to older adults (McKee et al. 2003). Adults with developmental 
disabilities primarily live at home (approximately 75 percent), and more than 25% 
of the caregivers are over the age of 60 (Braddock et al. 2008). This aging popula-
tion taking care of aging disabled people is going to continue growing.
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Personal support workers such as home health aides play an important role in 
helping caregivers, but unfortunately there is a shortage of these workers and high 
demand for their services. In the United States, the demand for these workers is 
expected to increase by 41% between 2016 and 2026 (Occupational employment 
and wages 2016). In the United States, the home health aides do not need formal 
qualifications and are poorly paid. This results in a high turnover and could also 
result in substandard care of the disabled individuals.

There are sometimes community living environments available to people with 
disabilities, but this also results in some environmental problems. Oftentimes, the 
person does not have a choice or control over the support in these homes. These 
community environments may fail to provide entry into employment to the disabled 
individuals, thus resulting in lower satisfaction and less meaningful activities 
(Kozma et al. 2009; Perrins and Tarr 1998).

7.8  The Human Rights Approach

The human rights approach to people with disabilities includes four principles. The 
first principle is awareness. Assessing how the built environment affects the people is 
of the greatest importance. The best way to accomplish this is through community 
outreach, census information, or surveys. Once the number of people with disabilities 
is assessed, the next step is to see how this population is affected. The environmental 
design in both rural and urban environments needs to be assessed to see what changes 
need to be made for people with disabilities as well as for the families of disabled 
people. Along with environmental design, environmental issues that affect the popu-
lation include climate-related changes, food accessibility, safe drinking water, etc.

Once awareness has been established, engaging and interacting with the people 
these design changes will impact are crucial. The disabled persons and their fami-
lies need to be included and empowered concerning their rights. Participation is of 
utmost importance. This is best established by inclusion in the planning and devel-
opment of the environment in which they live. The person living with the disability 
as well as their caregivers and/or family are most knowledgeable of the requisite 
needs to maintain or improve quality of life of these individuals. By including these 
people, you utilize their level of expertise, and this will help enact or implement 
environmental changes that will benefit the disabled. Any time inclusion and 
decision- making are put in the hands of the impacted population; the outcome will 
result in the necessary changes to improve the quality of life of this population.

The next principle is comprehensive accessibility. This includes physical, com-
munication, policy, and attitudinal access for people with disabilities. Awareness and 
participation have been implemented, but other barriers are excluding the population 
from participation. These barriers may include attitudes and perceptions from within 
the community. It’s imperative that the community talk to the disabled person to see 
how they want to communicate. The person may prefer communication by email or 
via focus groups. Although disability is more inclusive than being deaf and blind, it 

S. L. Adams



113

is important to understand that not all people who are deaf know sign language and 
not all people who are blind have learned Braille. Communication breakdowns may 
be a major breakdown in being able to adequately implement positive change into 
the environment. It’s also important to address safe access to facilities. What type of 
changes may aide in the access to facilities? Also, what about access to environmen-
tal opportunities such as shelter from impending weather or natural disasters, work-
ing in the community garden, etc.? In case of severe weather events, there may need 
to be reconstruction in buildings or change in the universal design in order to facili-
tate protection of people of disabilities. As far as community engagement, changes 
may be made so everyone has the ability to access the recreational activities.

The last inclusion requirement is referred to as twin track. Twin track refers to the 
full inclusion through mainstream access and working with disability-specific sup-
ports. Mainstream access refers to the inclusion of all people with disabilities related 
to environmental policies, whereas disability-specific access would insure that the 
environmental funds affect at least 15% of the disabled population. A mainstream 
policy would be to provide programs about the environment to people with disabili-
ties and their family members. The disability-specific policy would include assistive 
devices and specialized training for this participation. Also mainstream would be to 
educate everyone including people with disabilities into environmental programs. 
Disability specific would be to document what lessons are learned via this commu-
nity inclusion and changes enacted. Both policies work together to provide partici-
pation and equality. Mainstream services are more inclusive by providing specific 
activities such as rehabilitation, assistive devices, training in sign language for staff/
community but exclusions still occur because there may not be services available for 
everyone. It is important to provide training and education to family and the com-
munity as well as to the disabled people. Since each disability is specific to the 
individual, a disability-specific approach would use lessons learned during commu-
nity inclusion and work to enact changes that would provide the participation and 
equality to all disabled people.

7.9  Environment Affects Disability Paradigm

The new paradigm that the environment is actually equally a factor contributing to 
disability has really increased the scope of the scientific research. This includes 
assessment of the disability and the social and environmental factors that affect the 
disabled person (Hahn 1985; Mace et al. 1991; Law et al. 1996). This information 
resulted in the WHO including these environmental factors. It’s also imperative that 
the people with disabilities actually meet with the environment professionals in 
focus groups so the buildings provide the broad spectrum of needs to meet this het-
erogeneous group. The buildings must also meet the mandates from the government 
and be economical. It’s also important for the architects and engineers to have cre-
ative license to design these spaces.
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7.10  Conclusion

This new universal design can be used by everyone. Environmental accessibility is 
the principal theme of the World Programme of Action concerning Disabled Persons. 
This environmental accessibility is inclusive of transportation, social and health ser-
vices, educational and work opportunities, and cultural and social life. All the barri-
ers and obstacles to accessibility must be eliminated in order to achieve this. 
Providing accessibility will benefit everyone in the community and is important 
within the United States and globally. This is done by enacting policy, design, plan-
ning, and development in all environments to be inclusive of all people. This is an 
important movement from legislative compliance to a holistic and public good 
initiative.
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Chapter 8
On the Economic Impact of Innovation 
and Technological Transformation 
for People with Mobility Limitations

Nur M. Onvural

Acronyms

AT Assistive technology
AP Assistive product
BCIs brain computer interfaces
DFID Department of International Development
GDP Gross domestic product
ICT Information and communication technology
IoT Internet of Things
ISO International Standard Organization
OECD Organization of Economic Development
WHO World Health Organization

8.1  Introduction

People with disabilities represent the world’s largest minority group. There are 
nearly a billion people with disabilities, in the world. In the USA, there are 56.7 
million people with disabilities (World Health Organization 2011). They are often 
unemployed or in a job with less earnings than people without disabilities. As a 
matter of fact, in October 2017, the US Department of Labor (https://www.dol.gov/
odep/) indicated that the unemployment rate for people with disabilities was at 
7.6%, compared to 3.7% for people without disabilities. This statistic implies that 
people with disabilities are almost twice as likely as non-disabled people to be 
unemployed. Additionally, the labor force participation in the USA is only 21% for 
people with disabilities, compared to 68.3% for people without disabilities. 
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Unfortunately, this statistics about labor force participation is more severe than the 
unemployment percentages in terms of magnitude. Moreover, globally, 50–90% of 
people with disabilities are unemployed, according to the United Nations. Hence, 
any advancement in the health of people with mobility disabilities to improve their 
employability and earnings would be valuable.

The innovation begins with improving their environment. People with disabili-
ties have a definite need for clear information, communications that work best for 
them, buildings and services they can get into and utilize to the best of their abilities, 
health care in places near where they live, more choices and control over their health 
care, as well as money to help pay for these services (WHO 2011). The health-care 
expenditures for this group of population are clearly very high. In fact, although 
individuals with special/supportive care needs constitute less than 20% of the US 
population, they account for more – perhaps far more – than 35% of the total annual 
national health expenditures (over $800 billion, including more than $450 billion 
for nonmedical services) (Carter et  al. 2016). That’s where technology comes in 
play. Technology has always provided tools for people with disabilities or disorders 
to help them improve their environment and employability. There are several apps 
and gadgets that can help ease the difficulties people with disability face on a daily 
basis. These tools could be anything from a low-tech device, such as a magnifying 
glass, to a high-tech device, such as a computer that talks and helps someone 
communicate.

In this chapter, we focused on the economic impact of assistive technologies 
(AT), information and communication technology (ICT), progress of brain com-
puter interfaces (BCI), the Internet of Things (IoT), and significance of connectivity 
for people with mobility disabilities. Ideally, these would be disruptive and help 
them contribute to the economy in the form of independent living and employment 
and hence earnings. However, initial cost and access to these innovations prevent 
these populations from utilizing all these tools and applications. In many cases, 
there is a need to provide these tools and devices through governmental organiza-
tions and volunteers, which limits the exposure and reduces the potential to reach 
full capacity.

The expected outcome of utilizing these innovations would be disruptive and 
positive; however that needs to be justified with research and accurate analysis. 
Regrettably, although approximately one billion people in the world live with 
physical disabilities, there is a lack of rigorous research on the economic impacts of 
providing assistive devices for persons with disabilities (Grider and Wydick 2016). 
Connectivity, on the other hand, or connection of all devices that disabled people are 
using, is a significantly new interference that will enhance the quality of life for 
disabled. Similarly, detailed research and analysis should be done in this area to 
understand economic impacts on the health, lifestyle improvements, employability, 
and earnings of these populations.

The chapter first summarizes employment and earnings for people with disabili-
ties as reported in the 2016 Disability Report in the USA and briefly discusses 
global situations. It reviews definitions of innovations and technology and examines 
assistive technology tools. It, then, examines the role of assistive technologies in 
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increasing independence and extending the participation of people with disabilities 
in society. Next, it highlights how these connected devices can improve independence 
and community participation through the information and communication technol-
ogy, the progress of brain computer interfaces (BCI), and the Internet of Things. 
Finally, the chapter briefly discusses obstacles and challenges on the development 
of these networks. It concludes with recommendations.

8.2  Employment and Earnings for People With and Without 
Disabilities

The employment rates of persons with disabilities are a third to half of the rates for 
persons without disabilities, with unemployment rates as high as 80–90% in some 
countries (including developed and developing economies) (Mizunoya and Mitra 
2012). A high unemployment rate for persons with disabilities increases a country’s 
expenditure on welfare, which is in fact counterproductive to their social inclusion 
and economic self-sufficiency (Burkhauser and Daly 2011; Etherington and Ingold 
2012; OECD 2010). As such, any developments to improve the employability of 
disabled people would add value to any country in the world.

According to Kraus (2017) in the USA in 2015, the difference between the 
employment percentage for people with disabilities (34.9%) and people without 
disabilities (76.0%) was 41.1 percentage points. For people with disabilities, 
employment rates ranged from a high of 57.1% (Wyoming) to a low of 25.4% (West 
Virginia). For those without disabilities, the employment ranged from 70.1% 
(Mississippi) to 83.8% (Minnesota). States with the highest gap were concentrated 
from the Atlantic Coast to Missouri and Arkansas. In 30 states, the employment 
percentage gap was 40 percentage points or greater. The highest gap was found in 
Maine (50.1%), Kentucky (47.4%), and the District of Columbia (46.1%). In only 
three states was the gap less than 33.3% – Wyoming (22.0%), South Dakota (30.9%), 
and Utah (32.5%). Even incremental changes in these gaps utilizing information, 
technology, and connectivity would bring progresses for people with disabilities.

Approximately 80% of the world’s disabled people live in a developing country, 
while 80–90% of disabled people of working age are unemployed, and one-third of 
school-age children do not receive education because they are disabled or because 
they are caring for a disabled family member (World Bank 2013). People with 
disabilities are more likely to be unemployed and are generally paid less when they 
are employed. The global employment rates for men with disabilities (53%) and 
women with disabilities (20%) are lower than men (65%) and women (30%) without 
disabilities (WHO 2011).

Similarly, the earnings for disabled vs. non-disabled differ widely. In 2015, 
according to Kraus (2017), the median earnings of people with disabilities ages 16 
and over in the USA were $21,572, about two-thirds of the median earnings of 
people without disabilities, $31,874. This disparity of over $10,000  in median 
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earnings between those with and without disabilities continues a trend, which has 
existed since at least 2008 and has increased in magnitude since 2013. The range of 
median earnings in states for people with disabilities in 2015 was $15,938 in Idaho 
to $30,268 in Alaska. In six states (Alaska, Maryland, Hawaii, Nevada, New Jersey, 
and District of Columbia), the median earnings for people with disabilities were 
over $25,000, while fourteen (14) states had median disability earnings lower than 
$20,000 (Kraus 2017). In comparison, the median earnings for people without 
disabilities ages 16 ranged from $25,680  in Idaho to $49,891  in the District of 
Columbia in 2015. States varied widely in earnings gap (the difference between the 
median earnings for those with and without disabilities) – from a low of $4490 in 
Nevada to a high of $24,073 in the District of Columbia. Generally, states in the 
northern USA had a higher earnings gap; states in the southern USA had a lower 
earnings gap.

In the rest of the world, specifically, in developing countries, disabled people are 
more likely to be among the poor, as exclusion from economic, education, and 
health-care opportunities due to difficulties in traveling around often prevents them 
from breaking out of poverty (Disability and Development, World Bank 2013). In 
fact, the relationship of disability being both a cause and a consequence is described 
as a vicious circle in the following Fig.  8.1, poverty leading to disability and 
disability worsening poverty (DFID 2000).

The World Bank estimated the global gross domestic product (GDP) loss due to 
disability to be between $1.71 trillion and $2.23 trillion annually (Table 8.1) which 
amounts to be between 5.35% and 6.97% of the global GDP (Metts 2004).

More poverty

Social and
cultural exclusion;
denial of political
and civil rights

Poverty lll health and
vulnerability

Low income

Reduced
opportunities for
education and
employment

Disability

Fig. 8.1 This diagram represents the negative cycle linking disability, poverty, and vulnerability. 
(Adapted from DFID (2000), p. 4)
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Additionally, between 12% and 20% of the populations of developing countries 
were considered to be nonproductive due to disability (Social Analysis and Disability 
2007). The Asian Development Bank maintains that while there are costs associated 
with including people with disabilities, these are far outweighed by the long-term 
financial benefits to individuals, families, and society (Asian Development Bank, 
Disability Brief 2005).

From an economic point of view, an individual experiences a doubling of the cost 
of disability: firstly, there are direct costs for treatment or rehabilitation, including 
user fees and transport costs; secondly, income is foregone – potentially both for the 
person with a disability and their assistants or families (World Report on Disability 
2011). The amount by which economic output is reduced in this way constitutes the 
net economic cost of disability (Metts 2004).

Consequently, there is a constant push to generate positive changes to reduce the 
net economic cost of disability and to improve the employment percentages and 
earnings for people with disabilities in the USA and globally to create economic 
improvements in the lifestyles and environments for these populations. Even 
incremental changes would contribute to GDP, to consumption and investment, and 
to access to health insurance and medical care to result in decreases in health-care 
expenses. These are unquestionably areas to research understanding their economic 
impacts. However, first we will focus on what might lead to these improvements by 
discussing innovations and technology that have been creating advances in the lives 
and environments of people with disabilities.

8.3  Innovations and Technology

There are several tools, gadgets, applications, and innovative ways technology can 
assist people with disabilities. Utilization of these tools results in more involvement 
of people with limited mobility in society and further enhances the quality of life of 
people with disabilities. Such environments can foster the participation and inclusion 
of disabled individuals in social, economic, political, and cultural life (WHO 2011).

In this section, we briefly discuss areas of assistive technologies (ATs), the value 
of information and communication technologies (ICT), the progress of brain com-
puter interfaces (BCI), and then the Internet of Things (IoT). We address barriers 
and challenges related to these technologies and provide recommendations on the 
economic impacts to generate value for the communities.

Table 8.1 GDP lost due to disability (Metts 2004)

Value of GDP lost (US$) Low estimate High estimate

High-income countries 1,224,014,055,600 1,594,439,361,900
Medium-income countries 377,700,686,120 492,004,841,130
Low-income countries 110,495,236,440 143,934,584,310
Total 1,712,209,978,160 2,230,378,787,340
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8.4  Assistive Technologies (ATs)

Assistive technologies (ATs) are devices or equipment that can be used to help a 
person with a disability to fully engage in life activities. According to the international 
standard ISO 9999:2011, an assistive product is “any product (including devices, 
equipment, instruments, and software), especially produced or generally available, 
used by or for persons with disability: for participation; to protect, support, train, 
measure or substitute for body functions/structures and activities; or to prevent 
impairments, activity limitations, or participation restrictions.”

ATs can help enhance functional independence and make daily living tasks eas-
ier through the use of aids that help a person travel, communicate with others, learn, 
work, and participate in social and recreational activities. Canes and walkers help 
infirm elderly stay out of nursing homes; walk-in showers and grab bars prevent hip 
fractures and allow those who have had a fracture to live independently; microwave 
ovens make it easier for the frail elderly to cook; and telephones with larger keypads 
enable the visually impaired to communicate (Cutler 2001).

AT encompasses an enormous range of devices, including mobility aids (wheel-
chairs, canes, and walkers), augmentative communication devices (voice synthesiz-
ers and communication boards), prosthetic and orthotic devices, and a myriad of 
adaptive computer equipment. AT can be “low-tech” (a cup holder for a wheelchair 
tray) or “high-tech” (brain computer interfaces for communication and environmen-
tal control) (Li and Sellers 2009). Other examples of accessible technology solu-
tions for disabled are voice recognition systems, adapted and virtual keyboards, 
joysticks and adapted mouse, the use of eye gaze and gestures to control devices, 
and remote and online access to work, education, and other services (Raja 2016). 
Also, smartphones have greatly expanded the availability and accessibility of assis-
tive technology for people. In addition, education regarding the availability of assis-
tive products and technologies and knowledge and training that empower users to 
self-advocate or have a significant other (e.g., family member, friend, or profes-
sional) advocate for them are important elements in achieving successful access to 
appropriate assistive products and technologies and related services (National 
Academies of Sciences, Engineering, and Medicine 2017).

Despite staggering progress in AT, there are still a large number of people with 
severe motor disabilities who cannot fully benefit from AT due to their limited 
access to current assistive products (APs) (Millán et al. 2010). Accordingly, the lack 
of support services can make handicapped people overly dependent on their families, 
which prevents them from being economically active and socially included 
(Domingo 2012). Also, new assistive devices and technologies are advancing faster 
than reimbursement systems and clinician education, which may limit access to 
these devices and training in their use (National Academies of Sciences, Engineering, 
and Medicine 2017).

Furthermore, there are numerous barriers in using assistive technology by indi-
viduals with lower limb disabilities worldwide, and they appear to be of high inten-
sity in low-income countries (WHO 2011). According to Raja (2016) for people 
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with physical disabilities (loss of mobility, dexterity, and control over some body 
functions), examples of barriers in social, economic, and community participation 
are entering, navigating, and using buildings, classrooms, and other physical spaces 
as well as using writing tools such as pens and pencils, keyboards, and mouse.

One then wonders the following question: What would be the economic impact 
of utilizing these devices on the employability and earnings of disabled people? A 
number of studies have been exploring that potential.

Specifically, in the book The Promise of Assistive Technologies to Enhance 
Activity and Work Participation (2017), the authors indicate that a number of 
assistive products and technologies (wheelchairs and other seated mobility devices, 
upper-limb prostheses, and hearing and speech assistive technologies) were 
examined to assess the extent to which people have access to and use these devices, 
as well as the extent to which the devices support occupational success. The findings 
indicate that data on the prevalence of use of assistive products and technologies 
and the extent to which they mitigate impairments are fragmented and limited, 
making it difficult to quantify their impact on employability. Assistive products and 
technologies have the potential to partially or completely mitigate the impacts of 
some impairments, provided the appropriate products and technologies are available, 
properly prescribed, and fitted; the user receives training in their use and appropriate 
follow-up; and societal and environmental barriers are limited. However, access to 
assistive devices and to qualified providers who can properly evaluate, fit, and train 
people in their use is frequently limited and varies significantly among individuals 
by state, geographic area (urban to rural and frontier areas), and funding source, the 
report says. Furthermore, personal factors  – for example, the person’s age and 
previous work experience – and social and environmental factors, such as workplace 
attitudes and the physical workspace, can pose barriers to employment. An 
evaluation of a person’s functioning ideally would include the assistive products and 
technologies he or she normally uses, but professionals involved in disability 
determinations cannot assume that such devices necessarily enable the person to 
work. Environmental, societal, and personal factors also need to be taken into 
account (National Academies of Science, Engineering, and Medicine 2017).

Although academic research has been shown to successfully advance the techni-
cal capabilities of AT, it is worth noting that its usefulness in improving AT econom-
ics may be limited by an important caveat: the ownership of intellectual property 
and the eventual affordability of developed devices (Li and Sellers 2009). Additional 
research is needed to understand how the specifications for and use of assistive 
technologies and products and related services impact inclusion in society and work 
participation for individuals with disabilities (National Academies of Science, 
Engineering, and Medicine 2017).

MacDonald and Clayton (2013) explored how disabled people engage with digi-
tal and assistive technologies in order to overcome disabling barriers and social 
exclusion. Unfortunately, they found no evidence that digital and assistive 
technologies had any impact on reducing social exclusion for disabled people, and 
further their research discovered that these technologies seemed to construct new 
forms of disabling barriers as a consequence of the digital divide. OECD (2001) 
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defines the digital divide as “the gap between individuals, households, businesses 
and geographic areas at different socio-economic levels with regard both to their 
opportunities to access information and communication technologies (ICTs) and to 
their use of the Internet for a wide variety of activities.”

There is definitely a need for more research to enhance knowledge on the eco-
nomics of these devices and eventually produce better assessments of resource allo-
cation as well as cost benefit analyses for the use of these devices and related 
services.

8.5  Information and Communication Technology

Information and communication technology (ICT) is an umbrella term, which 
includes any information and communication device or application and its content. 
Such a definition encompasses a wide range of access technologies, such as radio, 
television, satellites, mobile phones, fixed lines, computers, and network hardware 
and software. Among these services, the Internet presents a myriad of opportunities 
for individuals with physical disabilities to increase quality of life and well-being, 
including access to vital health information, social networking, education, and 
accessible employment (Cheatham 2012). The importance of ICT lies in their abil-
ity to open up a wide range of services, transform existing services, and create 
greater demand for access to information and knowledge, particularly in under-
served and excluded populations, such as persons with disabilities (The ICT 
Opportunity 2013).

ICT has changed how people build their skills, how they search for work, how 
they do their work, how they interact with coworkers and clients, and how they 
receive and use benefits in the workplace (Raja et al. 2013). ICT is increasingly 
enabling people with disabilities to level the playing field in access to lifelong 
education, skills development, and employment (Broadband Commission for 
Digital Development et  al. 2013). Although positive relationships are detected 
between the Internet and well-being within samples of individuals with physical 
disabilities, however, further attention of researchers is needed for studies employing 
heightened methodological rigor (Cheatham 2012).

Manzoor and Vimarlund (2017) examined the contribution of e-services in terms 
of how they diminish barriers and constraints on social inclusion by reviewing the 
period between 2010 and 2016 (6 years) – only including studies that discussed the 
social inclusion of people with disabilities or presented prototype solutions to this 
problem. Their findings indicate that there is a lack of theoretical framework, which 
can be used to measure the effectiveness of the e-services or innovations in the area 
of e-services in the contexts that were examined. They argue that existing research 
studies are normally generic and do not discuss whether the requirements that are 
imposed on a particular e-service differ depending on (i) the type of disability, (ii) 
the ICT maturity or skill of the end user, or (iii) the context in which the e-service 
is used.

N. M. Onvural



125

Nam and Park (2017) investigated the effects of the smart environment on the 
information divide experienced by people with disabilities regarding three aspects: 
access, skill, and competence. The access rate was higher for the general group than 
for that of those with disabilities, and this difference appeared to be greater in the 
smart environment. These results provide evidence that the smart environment 
further creates the information divide for people with disabilities. They recommend 
that strategies should be formed to reduce this divide, particularly within smart 
environments.

Hence, there is a vast void to fill in order to determine how ICT-based innova-
tions would facilitate the social integration of people with disabilities and eventu-
ally improve the employability of these populations to bring economic benefits to 
the communities they live.

8.6  Brain computer interfaces (BCIs)

Brain computer interfaces (BCIs) are collaborations between a brain and a device 
that allow signals from the brain to direct some external activity, such as control of 
a prosthetic limb. The advances of brain computer interfaces (BCIs) made possible 
the development of prototype such as brain-controlled prosthetic devices, wheel-
chairs, keyboards, and computer games (Millán et  al. 2010). BCI systems could 
eventually provide an important new communication and control option for those 
with motor disabilities and might also give those without disabilities a supplemen-
tary control channel or a control channel useful in special circumstances (Wolpaw 
et al. 2002). As a matter of fact, Leeb et al. (2013) shared the lessons they learned 
through transferring BCI technologies from the lab to the user’s home or clinics. 
They trained 24 motor-disabled participants, without BCI experts present where 
50% of the participants achieved good BCI performance and could successfully 
control the applications (tele-presence robot and text entry system).

The brain-controlled interface facilitates a direct communications pathway 
between the brain and the object to be controlled. Neurophysiological signals 
(electroencephalogram, EEG) originating from the brain are used to control external 
devices (e.g., TV, phone, computer, bed) (Millán et al. 2010). BCIs are not yet ready 
for independent home use; to establish BCIs as AT in the end user’s home, three 
gaps need to be bridged: (1) the usability, (2) the reliability, and (3) the translational 
gap (Rudiger 2014). Millan et al. suggest that, eventually, BCI technologies will be 
brought out of the lab and transform into real-world applications.

Disabled people will benefit from the advancements in BCI technology combined 
with assistive technologies in four basic application areas (Millán et al. 2010): com-
munication and control (Internet browsing, e-mails), motor substitution (in particu-
lar grasping and assistive mobility), entertainment (gaming, music browsing, photo 
browsing, and virtual reality), and motor recovery. With continued development and 
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clinical implementation, BCIs could substantially improve the lives of those with 
severe disabilities (Wolpaw 2013).

8.7  Internet of Things (IoT) for People with Mobility 
Disabilities

The Internet of Things can offer people with disabilities the assistance and support 
they need to achieve a good quality of life and allow them to participate in the social 
and economic life (Domingo 2012). Recent developments in both networks and 
devices are enabling a much greater range of connected devices and the Internet of 
Things (IoT) functionalities; the phrase “Internet of Things” refers to the world of 
smart connected objects and devices (White paper 2015). Smart device usage is 
rapidly growing in everyday life, so the ability to use a smart device is increasingly 
important, yet there is little data supporting increased digital inclusion of people 
with disabilities in mobile device use (Nam and Park 2017).

The IoT is recognized as one of the most important areas of future technology 
and is gaining vast attention from a wide range of industries (Lee and Lee 2015). 
These new IoT applications add convenience and a new level of importance when 
used by people with disabilities and older adults. The potential of the Internet of 
Things can aid as an enabler of assistive technologies and increase the accessibility 
support and services for people with disabilities in domains such as service 
provision, health care, job integration, education and learning, independent and 
assisted living, as well as navigation and mobility support in public spaces including 
public transport, cultural places, and shopping for goods (Eid 2015). For IoT 
applications to work, the sensors and the actuators must be able to communicate 
with the devices that inform their action, whether it is a smartphone or something as 
simple as a remote thermometer (White paper 2015). The IoT systems for the people 
with mobility disabilities need to collect, analyze, and apply recommendations 
autonomously and unobtrusively (Reis and Maximiano 2016).

The IoT creates enabling environments by offering people with disabilities assis-
tance in building access, transportation, information, and communication (Domingo 
2012). For example, for people with mobility-related disabilities, smart home tech-
nology holds the promise of allowing the user to control things in his or her home 
that may be physically difficult to reach, such as lights, door locks, or security sys-
tems (White paper 2015). Domingo (2012) envisions that the IoT for disabled peo-
ple (especially physically disabled individuals) will evolve dramatically in the 
following years. The Internet of Things will mean more independent living, more 
personalized care, more flexibility and mobility, and better employment and educa-
tion outcomes through wearable and mobile technologies (White paper 2015).

The concept of the smart home is a promising and cost-effective way of improv-
ing home care for the elderly and the disabled in a non-obtrusive way, allowing 
greater independence, maintaining good health, and preventing social isolation 
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(Chan et al. 2009). Ali Hussein et al. (2014) presented a framework that would help 
disabled people to live life on their own through an adaptable home embedded with 
sensors and other devices. Health care and safety of the users inside the house are 
essential features in addition to automation and security; these tasks are, for exam-
ple, accomplished using a fall detection mechanism, humidity sensors, oxygen sen-
sors, and constant monitoring of vital signs and monitoring the user’s daily activities 
for abnormal events such as lack of eating or slow movements. Figure 8.2 provides 
a depiction of smart home for the disabled population (White Paper 2015).

A regular feature in a smart home is automation, which allows controlling and 
monitoring of all devices in the house as well as security which is possible using 
access code on main doors and windows, motion sensors, smart cameras with face 
recognition to identify movement around the house, smart fire alarm, and a reliable 
connection with the police department (Ali Hussein et al. 2014).

A key challenge is customization of these devices for people with disabilities. 
Since handicapped people have special needs, the IoT should be adapted to their 
particular circumstances (Domingo 2012). The system in the smart home should 
monitor medical issues and alert for medication schedules with potential and reliable 
connections with the emergency personnel and the medical team. The activity of 
one feature could sometimes depend on another feature, which is why the smart 
house system should be fully connected through a backbone network so features can 
interact and exchange information for better decisions and cooperation (Ali Hussein 
et al. 2014).

Special assistive devices 
for disabled

(RFID tags and readers) 

Devices for 
automation 

and control of 
home 

environment

Specific human-
machine 

interfaces for 
disabled

Fig. 8.2 A smart home depiction
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8.8  Conclusions and Recommendations

We explored the economic impact of assistive technologies (ATs), as well as the 
significance of connectivity  – the information and communication technology 
(ICT), the brain computer interfaces (BCI), and the Internet of Things (IoT) – for 
people with mobility disabilities. Certainly, there is evidence of encouraging out-
comes of these devices on the lifestyle and environment of disabled people; how-
ever these devices and connections are still in their infancy phases yet slowly 
moving toward more daily implementations. The continuous progresses in these 
technologies and the promise to incorporate these in daily lives lead us to believe 
that with continuous utilization, the gaps in employment and earnings between peo-
ple with and without disabilities will be decreased in the future. It is imperative that 
these technologies become increasingly adaptable and affordable. To expedite that, 
there has to be considerable collaboration and allocation of public and private 
resources and funds.
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Chapter 9
Medical Imaging for Persons with Mobility 
Limitations

Meredith Gammons

Abbreviations

ACR American College of Radiology
ADA Americans with Disabilities Act
CT Computed tomography
DXA Dual-energy x-ray absorptiometry
FDG Fluorodeoxyglucose radioactive marker for PET
IV Intravenous
MQSA Mammography Quality Standards Act of 1992
MRI Magnetic resonance imaging
PET Positron emission tomography
PICC Peripherally inserted central catheter
TMJ Temporomandibular joint

9.1  Introduction

For nearly 56.7 million people in the United States with disabilities, a medical 
imaging exam is something they will experience as part of their medical journey 
(United States Census Bureau 2012). Medical imaging can be used not only to diag-
nose but to assess treatment progress. Statistics from 2010 indicate that “roughly 
30.6 million (people in the United States) had difficulty walking or climbing stairs, 
or used a wheelchair, cane, crutches, or walker” (United States Census Bureau 
2012). For some, such as Paul Martino, a mobility disability might lead to concerns 
about employment opportunity limitations. In 2018 he shared, “I moved to New 
Mexico, from New York, in 1998 to attend the University of New Mexico. In 2001, 
I applied for a job at a local company. I got the job and worked in the office for about 
six years. I was diagnosed with Becker muscular dystrophy when I was a teenager. 
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About 10 years ago, I started having more issues with mobility and was not steady 
on my feet. At that time, I was not ready to use a wheelchair full time. I mentioned 
to the director of my division at the time, that with my mobility issues I might have 
to stop working within a few months. He suggested that, if I would like to continue 
working for the company, I might consider a move to another division and transition 
to working from home. I agreed and, within a year, had to transition to a wheelchair 
full time, so this job opportunity could not have come at a better time. I worked in 
the new-to-me division full time from home for about five years and came to the 
office a few times a month for meetings and training. I was then promoted to a 
senior role in the department and took on more job responsibilities. I stayed with the 
division for another five years. I have been with the company for about 16 years in 
total. A couple months ago a new job opportunity was offered to me in another 
department, which I accepted. Everyone in this department has been great with the 
transition and I am very appreciative of all the help. It has been a long journey and 
I am grateful for everything the company does for their long-term, valuable employ-
ees. Many other organizations could learn a lot from my company” (Martino 2018). 
Paul’s employer worked with him to ease the anxiety surrounding his employment 
status. Concerns with how to manage everyday life with a mobility disability can 
mount up. One such anxious moment might stem from the thought of having a radi-
ology imaging test.

Mobility disabilities may be permanent, temporary, or relieved with therapy or 
medication. They can range from a spinal cord injury, amputation, back disorder, 
cerebral palsy, or neuromuscular disorder to multiple sclerosis, arthritis, and fibro-
myalgia. Many disabilities lead to the use of mobility devices (i.e., canes, crutches, 
walkers, wheelchairs, motorized aids, and stretchers). The use of these devices also 
logistically increases with age from about 5% of those age 65 to over 15% by age 
75 to over 40% by age 85 (Kaye et al. 2000). Subsequently, the risk of falling also 
increases with a mobility disability. All these conditions and concerns can lead to a 
need for imaging.

9.2  Medical Imaging Modalities

On November 8, 1895, Wilhelm Conrad Roentgen discovered an unknown type of 
rays that provided a noninvasive way to see inside the body. A mere 50 days after 
his initially reported observation, he published an article entitled “On a New Kind 
of Ray, A Preliminary Communication” in the Wurzburg Physico-Medical Society 
Journal (Roentgen 1896). This new kind of ray – called “X” for “unknown” – led to 
the development of radiology, the branch of medicine that utilizes ionizing radiation 
(including x-rays and radiations emitted by radioactive materials) for the diagnosis 
and treatment of disease. Before widespread use of x-ray imaging, medical practi-
tioners could only hypothesize what was going on inside their patients. While radi-
ology today still involves the same fundamental physics concepts Roentgen realized, 
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the science boasts many advances beyond what he could have dreamed. And the 
progress continues.

The purpose for all medical imaging procedures is to improve patient outcomes. 
Most imaging examinations are performed in a radiology department. Full-service 
radiology departments can be found in major medical centers and for-profit and 
nonprofit hospitals. Medical imaging can also occur outside a hospital setting in 
free-standing imaging centers, urgent care settings, physician’s offices, and reha-
bilitation centers and with mobile units.

Overall, the act of medical imaging is noninvasive. However, procedures such as 
intravenous (IV) or other catheter placements, drains, or biopsies that are performed 
in the imaging room are invasive. Common features for any imaging room, in very 
basic terms, include a source of radiation, a patient table, a radiation detector or 
image receptor, a control panel, a power supply or generator, and display monitors. 
Depending upon the type of healthcare facility, these components often must be 
able to accommodate a range of patient needs as many radiology departments serve 
people from formation in the womb until after death in postmortem. For example, 
the radiology equipment must be able to care for a 3-pound neonate, a 400-pound 
30-year-old, and a 115-pound 85-year-old. These very different patient body types 
are a technical challenge for manufacturers and purchasers of equipment. Not only 
are the technical components a design challenge but also the physical aspect of the 
imaging equipment. The imaging table needs to support the patients of various body 
types and size and be able to move for the examination. But it must also allow for 
easy, independent transfer and lift compatibility for patients with mobility disabili-
ties (Federal Register 2017).

Imaging modalities include radiography and fluoroscopy (commonly referred to 
as “x-ray”), computed tomography (CT), magnetic resonance imaging (MRI), 
mammography, bone densitometry (sometimes called dual-energy x-ray absorption 
or DXA), sonography (ultrasound), nuclear medicine, and positron emission tomog-
raphy (PET). (Nuclear medicine and PET may also be referred to collectively as 
molecular imaging.) Each of these modalities is unique in the way it portrays the 
body’s anatomy and physiology and the environment in which the imaging takes 
place.

X-ray images are made by detecting the x-rays transmitted through a part of the 
body when it is exposed to the radiation. An x-ray room consists of a table upon 
which the patient may lay for the examination and an x-ray source (tube) mounted 
on a ceiling track to facilitate positioning of the tube over the body part to be imaged. 
While the table holds the radiation detector (called an “image receptor”) that cap-
tures the image, many x-ray rooms also contain an upright image receptor used for 
exams that require the patient to remain upright (such as a chest x-ray) or if the 
patient’s condition prohibits or limits the ability to lie down.

Radiography provides static (still) images as shown in Fig. 9.1. Images captured 
by the detector are digitally transmitted to a computer monitor beside the control 
panel where they are reviewed for quality control purposes. The quality image is 
then sent electronically to an image interpreter (radiologist) who reviews the image 
for pathology and creates a report for the referring provider (primary care physician, 
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nurse practitioner, or physician assistant) who ordered the procedure. Radiology 
exams should be interpreted only by physicians with appropriate training and expe-
rience and who are certified by an appropriate medical specialty board such as the 
American Board of Radiology.

An example of unique radiography equipment is the Panorex machine. This 
machine is designed for dental, mandible, and temporomandibular joint (TMJ) 
imaging which is helpful in emergent situations. The machine can accommodate the 
standing or sitting patient.

While the majority of imaging equipment is fixed or stationary, when it is imprac-
tical for medical reasons to move the patient to fixed radiographic equipment for an 
imaging procedure, a mobile radiography unit may be deployed so that the exam 
may be completed at the patient’s bedside (Fig.  9.2). Such mobile equipment is 
commonly utilized in intensive care units (where critical, constant patient monitor-
ing is required), in the operating room (where sterile field must be maintained), and 
in the emergency department (where the condition of trauma patients might be 
worsened if they are moved).

Another type of x-ray technology is fluoroscopy, which shows continuous x-ray 
images, much like a movie clip. This modality affords dynamic (moving) imaging, 
thus enabling the visualization of the esophagus as the patient swallows or the 
movement of a joint in real time. Fluoroscopy can be used for guidance for the 
placement of lines, catheters, and drains. Figure 9.3 shows fluoroscopy’s use for 

Fig. 9.1 A lateral 
radiography projection of 
the left ankle/foot. This 
image is unique in that the 
patient is also wearing a 
cast. (Image provided with 
permission from Novant 
Health)
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Fig. 9.2 Anteroposterior 
(AP) view of the right 
humerus with an oblique- 
comminuted fracture of the 
right humeral shaft – 
acquired with mobile 
radiography. (Image 
provided with permission 
from Novant Health)

Fig. 9.3 Fluoroscopy image used for a peripherally inserted central catheter (PICC) line place-
ment in interventional radiology. (Image provided with permission from Novant Health)
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placing a peripherally inserted central catheter (PICC) line. Fluoroscopy is also 
used for angiography, the visualization of blood vessels, which is prevalent in car-
diac catheterization laboratories. Angiographic procedures may be diagnostic (e.g., 
to confirm the presence of a blockage in a coronary artery) or interventional (to 
remove a blockage in a coronary artery).

Mobile fluoroscopy equipment (known as “C-arms” due to the configuration of 
the x-ray source and detector) are utilized primarily in operating and procedure 
room settings. Figure 9.4 shows an image of a patient’s broken wrist taken with 
mobile fluoroscopy in the operating room after surgical hardware was placed to 
stabilize the wrist. The modalities of radiography and sonography (which will be 
discussed further in another section) are the top two mobile modalities and can be 
found in emergency and intensive care departments in this form in order to continue 
care urgently at bedside. Certain radiology exams may necessitate that they be per-
formed in an emergency, operating, long-term care, or hospital room. However, not 
all imaging modalities allow for the portability of their equipment due to physical 
constraints.

Due to the specific physical requirements or the potential hazards of the imaging 
equipment, some modalities do not have mobile versions of their equipment and 
therefore cannot be performed at the patient’s bedside. To date, these include mam-
mography, bone densitometry, MRI, nuclear medicine, and PET. Several manufac-
turers now offer a mobile CT scanner with limited capabilities. Used for head 
imaging only, these mobile CT scanners are taken to patients in neurology intensive 

Fig. 9.4 Anteroposterior (AP) right wrist with hardware placement – acquired in the operating 
room during surgery. (Image provided with permission from Novant Health)
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care units or utilized in ambulance vehicles primarily for time-sensitive stroke 
imaging (Wilson et al. 2015).

The concept of mobile imaging equipment utilized to perform exams at the 
patient’s bedside must not be confused with imaging equipment installed on board 
a tractor trailer. For example, Fig. 9.5 shows a mobile PET-CT scanner housed in a 
tractor trailer, and a view from inside the trailer is seen in Fig. 9.6. The latter pro-
vides imaging procedures such as mammography, CT, MRI, or PET to communities 
where such imaging services are not available.

Some imaging requires contrast to enhance the appearance of organs or vessels 
as compared to surrounding tissues or certain pathologies. Radiography and fluo-
roscopy may use barium orally or rectally and if needed an IV contrast containing 
iodine (iodinated contrast). MRI uses IV gadolinium-based contrast and in some 
instances a barium-based oral contrast. Many contrast agents are eliminated by the 
body through the urinary and digestive systems. Persons with impaired functions of 
these systems, in some cases, may receive reduced contrast doses or may not be able 
to receive the contrast at all.

While radiography is used to image nearly the entirety of the human body, each 
modality of the radiologic sciences has a specialty. For each indication that a health-
care provider orders an exam, there is a modality that will be the best to discover 
that answer. The American College of Radiology (ACR) has developed appropriate-
ness criteria, which can be accessed on their website, describing the use of medical 
imaging by body region and indication (ACR 2018). To date, the categories include 
breast, cardiac, gastrointestinal, musculoskeletal, neurologic, pediatric, thoracic, 
urologic, vascular, women, interventional, and radiation oncology. To further assist 

Fig. 9.5 A mobile PET-CT scanner is housed in this trailer. (Photograph by the author)
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ordering providers in selecting the most appropriate exam, the ACR created ACR 
Select TM, an electronic clinical decision support database based on national stan-
dards with over 3000 clinical scenarios and 15,000 criteria (ACR 2018). ACR Select 
TM is an algorithmic tool that can be embedded into an electronic medical record 
system to provide this real-time guidance. When the provider chooses the correct 
exam, the most efficient use of patient time and money along with facility, radiology 
team time, and resources is utilized.

Several hazard signs are seen in radiology relating to radiation (e.g., Fig. 9.7), 
radioactive materials, and strong magnetic fields. Patients should watch for these 
signs and follow staff instructions to remain safe. In each of these hazard situations, 
precautions may be necessary when in those environments. For example, radiogra-
phy, fluoroscopy, and CT are modalities that use x-rays to obtain images. 
Accordingly, protective garments made of lead-equivalent material are worn by per-
sonnel to protect their radiosensitive organs, including blood forming organs and 
gonads. In MRI, the magnetic field is potentially harmful to a person with certain 
implanted devices that may be impacted mechanically, electrically, or magnetically. 
Another important sign in radiology instructs females to tell the technologist if they 
are or could be pregnant. This is important because non-emergent exams may be 
delayed until after the first trimester, the most sensitive stage of development to 
radiation exposure.

Artifacts, things not naturally present in the body, can occur on medical images 
as a consequence of patient motion, objects a person may be wearing or have 
ingested, along with implants, and equipment malfunctions. Technologists attempt 
to minimize artifacts as much as possible because artifacts can be detrimental to an 

Fig. 9.6 Photograph from inside the mobile PET-CT scanner trailer. (Photograph by the author)
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exam. Artifacts can potentially obscure anatomy and pathology that is vital for cor-
rect interpretation by the radiologist.

The CT scanner is a doughnut-shaped machine that uses x-rays to create images. 
The patient lies on a table that moves in and out of the doughnut, called a gantry, 
while the x-ray source rotates around the patient. The scan itself is painless. A 
unique feature that CT shares with MRI is its ability to create cross-sectional images 
of the body. Sections of the body are virtually sliced as though they were sliced like 
a loaf of bread. Images may be acquired of nearly every body structure. An example 
of a CT exam is the cardiac (heart) calcium scoring seen in Fig. 9.8. In this proce-
dure, no IV contrast is used. However, the images of the heart are acquired accord-
ing to signal from an electrocardiogram (EKG). The coronary calcium is then 
quantified after the exam. This procedure is important because coronary calcifica-
tions correlate directly to the amount of coronary plaque and to the risk of future 
coronary disease. Early detection and modification of risk factors can slow the pro-
gression of coronary artery disease. A low score suggests a low likelihood of coro-
nary artery disease but does not exclude the possibility of significant coronary artery 
narrowing.

MRI stands for magnetic resonance imaging. In this modality, the patient lies on 
a bed that is pushed into a large doughnut-shaped magnet, called the bore. The bore 
may be standard sized, large, or open. Some examples of MRI images are seen in 
Fig. 9.9, a sagittal image of the female pelvis, and Fig. 9.10, a coronal image of the 

Fig. 9.7 Caution sign for 
healthcare workers and 
employees in imaging 
areas. (Photograph by the 
author)
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Fig. 9.8 Axial CT cardiac (heart) calcium scoring imaging of the chest. The dotted line and num-
bers indicate the measurement of the aorta at 39  mm. (Image provided with permission from 
Novant Health)

Fig. 9.9 Sagittal image of the pelvis (T2 propeller sequence). (Image provided with permission 
from Novant Health)
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right shoulder. These terms refer to how the magnet is configured for patient com-
fort. After the patient is pushed into the bore, images are acquired by exposing the 
patient to radiofrequency radiation and gradient magnetic fields. The creation of 
these gradient magnetic fields results in distinctive and excessive noise. Hence, 
patients undergoing an MRI scan must wear hearing protection in the form of ear-
plugs, earphones, or a combination of both. While imaging a patient, the MRI scan-
ner sounds like a jackhammer, whereas the CT scanner sounds like an electric 
washing machine.

Because of their doughnut shape, CT and MR may be confused due to their simi-
lar physical appearance. However, MR presents significant danger due to the mag-
netic field. Accordingly, the MR department is sectioned into Zones 1–4 that reflect 
the potential risk. These zones indicate where certain persons may enter. Only per-
sons who have been safety screened (interviewed to make certain they are free of 
unsafe items) by trained MRI personnel may enter Zone 4, the scanner room. All 
external metal objects must be removed from the patient before entering the scanner 
room. Depending upon the type of metal, such objects may become dangerous pro-
jectiles, torque, and heat and potentially cause burns. Creating the images involves 
the scanner, which contains the magnet and gradient and radiofrequency coils, an 
imaging bed with receiving coils, a computer, and generator system.

Although known primarily for women’s health mammography is useful for both 
women and men. Used for early detection of breast pathology, it involves a radiation 
source (x-ray tube), compression paddle, and an image receptor placed under the 

Fig. 9.10 Coronal T1-weighted image of the right shoulder. (Image provided with permission 
from Novant Health)
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patient’s breast. Breast compression is needed to increase the image quality but may 
cause discomfort. Traditionally, mammography has been a two-dimensional tool, 
but now equipment is widely clinically available with three-dimensional capability. 
An example of a breast tomosynthesis (3D) image is seen in Fig. 9.11. Mammography 
is designed to be performed with the patient standing. However, a person can be 
imaged in the seated position.

Bone densitometry, sometimes called dual-energy x-ray absorptiometry (DEXA), 
involves an imaging table with a scanning arm that contains the radiation source and 
moves over the patient without touching them. The purpose of the exam is to deter-
mine bone density. Mild loss (osteopenia) or profound loss (osteoporosis) is diag-
nosed with this imaging tool. Low-dose ionizing radiation is used to scan the lumbar 
(lower) spine and hips. It is preferred that when comparing scans from visit to visit 
(to assess the rate of bone loss) they be performed on the same machine. Unlike 
other modalities, DXA tables do not raise and lower – they are only available in one 
standard height. Protocols exist for the imaging team to complete an assisted trans-
fer to a bone densitometer using a stretcher. Utilizing a stretcher or bed that is able 
to equal the height of the fixed imaging table is important. Also important is to be 
able to bridge any gap between a stretcher and imaging table.

Fig. 9.11 Left craniocaudal (LCC) breast tomosynthesis view. (Image provided with permission 
from Novant Health)
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Ultrasound uses high-frequency sound waves to generate images. A probe (called 
a transducer) generates sound waves that are directed into the body and then detects 
the sound waves that are reflected back by structures (i.e., organs and tissues) in the 
body. This exam is generally painless except for the pressure that must be applied to 
the probe placed against or into the body so that the sound waves can reach the 
organs and other structures being examined. Sonography is probably most notable 
for imaging an embryo or fetus in utero, a common practice with expectant mothers. 
However, it is also useful to determine the condition of organs, bones, and vessels. 
Sonograms are usually performed as a person lies on a bed, not a special imaging 
table. Because the probe uses a coupling gel to assist in acquiring the images, a 
patient may be asked to change into a gown to free the body of layers of clothing 
and keep clothing from getting soiled by the gel.

In nuclear medicine, the patient is injected with a small quantity of a radiophar-
maceutical that consists of a radioactive isotope attached to a chemical compound. 
The nuclear medicine camera (Fig. 9.12) detects the gamma rays emitted from the 
body, thus creating an image that represents the distribution of radioactivity through-
out the body. Pathology is indicated by “hot spots” (i.e., areas of increased uptake 
of the radiopharmaceutical) or “cold spots” (i.e., areas of decreased uptake.) Unlike 
other radiology modalities that consider anatomy, nuclear medicine assesses organ 
function. The radiopharmaceutical used depends upon the type of examination per-
formed. While different radioisotopes are utilized (including but not limited to thal-
lium- 201, xenon-133, gallium-67, and indium-111), the most common radioisotope 
is technetium-99  m. All radioisotopes used in nuclear medicine have short half- 

Fig. 9.12 Nuclear medicine SPECT-CT dual-head gamma camera. (Photograph by the author)
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Fig. 9.13 Nuclear medicine bone scan images. (Images provided with permission from Novant 
Health)

Fig. 9.14 PET-CT scanner. (Photograph by the author)
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lives – meaning they decay rapidly to stable isotopes. Nuclear medicine can also be 
used to treat disease. The most common therapy is the administration of radioactive 
iodine-131 to treat hyperthyroidism or, with larger quantities, thyroid cancer. 
Figure 9.13 shows a nuclear imaging whole body bone scan.

Hybrid imaging combines two modalities. For example, PET-CT (Fig. 9.14) and 
PET-MR are hybrid forms of imaging. PET stands for positron emission  tomography 
and is a specialized type of nuclear medicine procedure. The most common PET 
radiopharmaceutical is 18F-fluorodeoxyglucose (18FDG) used for imaging cancer. 
The modalities of CT and MRI are now being combined with PET to create one 
image that fuses anatomic data (from the CT or MRI) with metabolic data (from 
PET). An example of a PET-CT fused image is seen in Fig. 9.15a along with the 
PET (Fig. 9.15b) and CT (Fig. 9.15c) images. Fusion imaging is important because 
it increases the sensitivity for detecting malignancy, tumor staging, and disease 
recurrence or metastasis (Chen et al. 2010).

9.3  Medical Imaging Personnel

Imaging technologists are professionals who are competent and skillful in radio-
logic sciences and who care for those they serve. They are dedicated to providing 
high-quality images and excellent patient care. Each imaging professional may have 
entered and remained in the profession for a different reason. Whether to sustain 
life, to increase status, and to find a lifelong career, or a higher calling, radiology 
team members are participants in improving the patient’s health. They are human 
beings who aspire to not only make a living but to also make a difference.

As one would choose a medical doctor who is board certified as a medical prac-
titioner and in a specialty (i.e., podiatry, orthopedics, gynecology, etc.), a medical 
imager should be credentialed in the specific work they are doing. When a board 
certifies medical practitioners, it is stating that the individual has completed struc-
tured education and been tested by their peers. To demonstrate the importance of 
appropriate training, Fig. 9.16 shows a radiography example. The image on the left 

Fig. 9.15 Axial PET-CT fused image (a), PET alone image (b), and CT alone image (c)
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shows an overexposed posterior-anterior (PA) chest x-ray, the center image is cor-
rectly exposed, and the image on the right is underexposed. In either the overex-
posed or underexposed image, finding an abnormality would indeed be challenging. 
Working together with the registered technologist, a board-certified radiologist 
would reject an improperly exposed image and request that the exam be repeated. 
This example indicates why educated and qualified technologists and radiologists 
are so important to patient care.

The largest credentialing organization for radiologic technologists is the American 
Registry of Radiologic Technologists (ARRT). This group registers and credentials 
qualified individuals in medical imaging, interventional procedures, and radiation 
therapy. With more than 330,000 registrants, the ARRT promotes high standards of 
patient care with each new credential awarded (Welcome To ARRT 2018).

Being appropriately educated and clinically competent is the aim of every ARRT 
registrant. This is accomplished through structured education, training on the ARRT 
Code of Ethics, and successful completion of a national examination. Registered 
radiologic technologists are educated in anatomy, patient positioning, examination 
techniques, equipment protocols, safety, protection, and patient care. Beyond the 
initial certification, registration is renewed annually via continued adherence to 
ethical practice and education with qualifications reviewed every 10 years. As of 
January 1, 2015, the minimum educational requirement to apply for primary exami-
nation certification with the ARRT is an associate’s degree (Weening 2012). 
However, there is a trend indicating that an increasing number of RTs have bacca-
laureate degrees (Reid 2015).

Fig. 9.16 Importance of quality radiographic (x-ray) images. (Images provided with permission 
from Novant Health)
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9.4  Medical Imaging Challenges

The three main goals of modern US healthcare, as set forth in the Patient Protection 
and Affordable Care Act (PPACA) of 2010, are to improve access, cost, and quality. 
There seems to be a firm relationship between these outcomes. When access and 
quality are increased, so is cost. When cost is decreased, access and quality are 
reduced. Reflective of a means to thrive in the present healthcare economy, many 
mergers of healthcare entities are taking place. The merger trend to obtain improved 
bargaining power with insurers, although popular, does not improve quality of care, 
reduce the cost of care, or necessarily increase access to care (Roberts 2017). It 
seems that the healthcare environment is not sufficiently economically positioned to 
offer an environment of continued improvement in these categories.

Physical access to healthcare may be the first barrier a person with a mobility 
limitation faces. “Due to barriers, individuals with disabilities are less likely to get 
routine preventative medical care than people without disabilities” (U.S. Department 
of Health and Human Services 2012). An attempt to remedy this comes in the form 
of a federal civil rights law, the Americans with Disabilities Act of 1990 (ADA). The 
ADA prohibits discrimination against individuals with disabilities in everyday 
activities, including medical services. A part of this law established requirements 
for new facility construction and considerations for persons with mobility disabili-
ties regarding existing facilities. Modifications to existing facilities must be made 
where “removal is readily achievable” (U.S.  Department of Health and Human 
Services 2012). Because of this provision, there are some pre-regulation healthcare 
facilities that can pose physical access issues.

Obstacles to obtaining care, and radiology services, may include limitations in 
being able to access care services in one’s local area, inclement weather, lack of 
reliable or limited transportation, and challenges with or lack of mobility aids. For 
ease of use, a medical center’s imaging area should be on the street level or acces-
sible by elevator. Doorways, including imaging room doorways, and hallways 
should be wide enough to accommodate the person and their mobility device. 
Accessible alternatives to stairs may be ramps or elevators. Automatic or easy-to- 
open doors and accessible or valet parking with safe drop-off sites are a plus for 
those with mobility disabilities. Restrooms should also be easily accessible for the 
person and their mobility device.

Imaging exams have historically been one of the most expensive items on a 
patient’s medical bill. For example, while MRI provides great detail, a high sensitiv-
ity, and low specificity for various pathologies, it is an expensive test. Prices can 
range from $1000 to $5000 depending on the body part imaged and whether or not 
contrast is administered. In some care settings, there is also a separate fee from a 
radiologist for image interpretation. These prices vary per institution based on a 
variety of factors. Operating costs are high in medical imaging. The imaging facility 
must not only pay physical facility costs but also equipment purchases and system 
upgrades, personnel wages and benefits, supplies, and any specific items needed for 
certain exams. In the past, a fee-for-service environment existed in which the care 
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facility was reimbursed by insurance, Medicare, or Medicaid at a contracted rate. In 
the hospital setting, a newer reimbursement trend involves a process called bun-
dling. Mabotuwana et al. (2017) write that “Under bundled payment methods, radi-
ology does not get reimbursed for each and every inpatient procedure, but rather, the 
hospital gets reimbursed for the entire hospital stay under an applicable diagnosis- 
related group code” (2017, p. 301). This new reimbursement model provides yet 
another challenge for radiology administrators to provide excellent care with poten-
tially less financial support (Wadhera et al. 2018).

Quality and safety are often factors that are grouped together. For radiology, 
quality means consistently providing good images resulting in an accurate interpre-
tation. Safety means that no undue harm comes to the patient because they had the 
exam. Medical imaging tests are often looked upon as being able to answer all of an 
ordering provider’s questions; however, no medical test is flawless. There is never a 
perfect algorithm for imaging a particular condition or disease state. Sometimes 
there is no straightforward path to an answer for a medical question – leading to 
unfortunate outliers of a disease or condition algorithm. For example, the magnetic 
resonance cholangiopancreatography (MRCP) exam’s purpose is to evaluate the 
liver, gallbladder, bile ducts, pancreas, and pancreatic duct for disease. Located in 
these organs can be stones. The composition, size of pathology, location, patient 
characteristics (i.e., body habitus), and ancillary findings play a role in whether or 
not a patient’s condition is able to be imaged or found with the MRI. The composi-
tion of these stones, for example, if they were found in the gallbladder, may be pri-
marily bile, calcium, bilirubin, or cholesterol. Their size can range from 0.5 cm to 
5.0 cm. However, only the stones that are pigmented (contain metal ions) and are 
2 cm or greater will be visualized with MRI (Tsai et al. 2004). The patient’s anat-
omy may not be standard (i.e., tortuous cystic duct variation), or a greater health 
concern may be found that changes the scope of the exam (i.e., looking for gall-
stones and instead discover liver cancer). These peculiarities are not specific to MRI 
but to all medical imaging modalities. That is why exam selection for a particular 
patient is so important and why one test may not provide the answer and thus 
another test must be performed. Nonetheless, each test provides a piece of the puz-
zle leading to a diagnosis. The test results must be paired with the expert knowledge 
of the ordering provider to put everything into perspective.

Healthcare is an environment where safety is a top priority and radiology is no 
exception. Radiology’s culture of safety and continuous improvement involves all 
aspects of safety surrounding the imaging exam, infection prevention, and critical 
test results. A safe department adheres to regulatory and accreditation requirements 
(Johnson et al. 2012). Beyond the regulatory requirements, many quality measure-
ment programs are designed to insure a safety culture. A quality assurance (QA) 
program insures that a department addresses discrepancies, complications, inci-
dents, equipment downtime, overall performance, compliance, and any other sig-
nificant departmental occurrences. A quality control (QC) program involves the 
testing of the equipment to make certain that quality imaging is consistently pro-
duced. The QC program involves the cooperation of technologists, radiologists, and 
medical physicists. A quality improvement (QI) program improves image quality 
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and reduces workflow inefficiencies (Glavis-Bloom et al. 2017). The QI initiative 
addresses issues found in the QA and QC programs by incorporating interventions. 
Each of these programs should allow a team member to report a problem or concern 
without fear of reprisal. This culture of safety looks beyond individual errors to 
identify processes and systems for lasting improvement (Johnson et al. 2012).

Deyle writes that ultimately the ordering provider is responsible for the exam 
ordering decision (2011). Once that decision is made, the technologist performs the 
exam and the interpreting physician creates a report. While in their care, the patient 
trusts that the professionals will do their best for them. Brusin wrote that “medical 
errors, even those that are relatively minor, can have serious consequences, such as 
misdiagnosis and longer and costlier hospital stays” (2014, p. 61). As with any med-
ical care involving human beings, technology, and complex disease processes or 
injury, there is the potential for error; and radiology is no exception. Because of this 
potential for error, patients are encouraged to “feel empowered to participate in their 
own care” (Brusin 2014, p. 63). Good communication is needed between the patient, 
ordering provider, technologist, and radiologist to ensure that the correct exam is 
performed and without error. The patient may be asked to repeat statements made 
by the technologist simply to determine if the patient understands.

Another factor in attempting to receive medical care may be equipment usability. 
Older equipment that lacks the latest design features available can be a concern. 
Equipment dimensions of the appropriate height, width, and length may not be 
available in every setting to accommodate the person with a mobility limitation. 
Ideally, all medical equipment would be developed with the Principles of Universal 
Design (The Center for Universal Design 1997) in which the equipment would be 
usable for all persons regardless of abilities. In 2009, Story et al. reported in detail 
from work with focus groups the difficulties that persons with disabilities have in 
using medical equipment. This research noted that persons with disabilities had 
concerns about the exam table contact surfaces, height, and lack of positioning 
support.

The contact surfaces of exam tables were described as being too hard, uncom-
fortable, and too slippery for safe transfer. The effects of these contact surfaces can 
especially be a concern for those susceptible to pressure sores. There is concern that 
the tables do not lower in height, provide a step stool, or grab bars for safe, indepen-
dent transfer resulting in a need for moving help. Once on the narrow table, partici-
pants noted they lacked the support to achieve and maintain body positions while on 
the equipment. In some cases, side railings and arm or leg support would help with 
contractures and joint discomfort. The proposed standards from the Medical 
Diagnostic Equipment (MDE) Advisory Committee recommends that “gripping 
surfaces be free of sharp or abrasive elements and have rounded edges” (Federal 
Register 2017).

Challenges may be considered barriers – or opportunities. Designing medical 
equipment can be likened to automobile design. Certain things must be placed on 
the auto because it works best when placed there. There are certain standards that 
are required by government regulation (they must be met), there are standards set by 
the industry (they must be met), there are things that make the car unique to the 
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manufacturer (this must be met in order to establish the brand), there are things the 
consumer has come to expect (these will be next on the list to put on the car), and 
there are things the consumer would like to have on their car (these are add-on, 
additional purchasable features). In practice, the manufacturer has “X” amount of 
money to spend in producing a product for the marketplace. The manufacturer 
understands the price that facilities are willing to pay for their medical device. As 
many features as possible, within that price range, are placed on the equipment. In 
some cases, a mechanism that would aid the disabled person may not be included to 
allow for a technical component.

A patient’s body habitus can make imaging challenging. The Centers for Disease 
Control (CDC) estimates that “obesity rates for adults with disabilities are 58% 
higher than for adults without disabilities” (CDC 2017). The morbidly obese or 
broad-shouldered persons, depending on the exam, may not be able to be accom-
modated by every scanner. A standard-sized bore is 50 cm. A large bore is 70 cm. 
MRI scanners that are often referred to as “open” (although all MR scanners manu-
factured today are not closed on one end) have room for a patient to be able to 
extend their arms away from their body; however the area from the surface of the 
body to the scanner components may be the same or less depending upon the manu-
facturer. The theory is that most are obese and if unable to help with movement will 
need additional facility staff to assist. Manufacturers publish weight limits that their 
tables will support. Sometimes those weight limits are what the table will physically 
support. However, with that amount of weight in place, and its distribution on the 
imaging table, the table’s movement mechanisms may not function as needed.

The technologist or sonographer benefits from all knowledge they can obtain 
about the patient prior to the exam. For example, knowledge of special needs will 
aid the imager in requesting that scheduling staff block off extra time for the exam. 
This additional time for the exam will ensure that the current patient has their needs 
met, staff members do not feel rushed, and the next patient can maintain their sched-
uled appointment. Arranging for adequate transfer equipment’s availability for the 
patient such as lift equipment, moving help, may all need to be arranged for in 
advance. Foreknowledge of how the patient prefers to be moved is also important. 
A patient may be able to move without assistance and therefore prefers to self- 
move. This means that staff can focus on other parts of the exam. Knowing what the 
patient can and cannot do or wants or does not want to do, their range of mobility, 
etc. is helpful to the imager. Knowing the patient’s weight and distribution of that 
weight can be helpful in advance of an imaging exam. For example, if a person 
regularly utilizes a body sling with their lift equipment for transfers in and out of 
bed, perhaps leaving a sling under the patient will allow for a more comfortable 
experience at the imaging facility. Often a communication (phone call, text mes-
sage, e-mail, online chart notification) will be sent to the patient or their caregiver 
prior to their exam appointment. This is the perfect opportunity to ask questions and 
ask to speak with a technologist that may perform the exam. Share with the tech-
nologist any special needs or considerations that could make a visit a smooth one for 
all involved.
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Barriers exist at imaging facilities which may include a lack of compatible equip-
ment, lack of accessory supplies for the equipment, or a lack of training with the 
equipment. In some cases, a facility may have equipment, but it may not be specifi-
cally what is needed for a particular situation. There is a variety of lifting, swiveling, 
and smooth transition equipment that may be available to imaging department staff 
for use with physical patient transfers. For all imaging exams, the patient is posi-
tioned in a certain manner to obtain a required view of the area of interest. Persons 
with disability may find holding that position to be a challenge. To meet this chal-
lenge, several positioning aids have been developed to assist. For example, the sco-
liosis chair is used in radiography to accomplish spine imaging for the cerebral 
palsy patient who is unable to remain in the upright position for the image. 
Radiographic stands may be used to steady someone when other types of upright 
imaging are needed. Also, a technologist may use positioning sponges, safety straps, 
medical tape, or various wraps that may be readily available and safely applied. 
Contacting the imaging department supervisor or manager before a scheduled exam 
can ensure that imaging staff will have the proper equipment and be prepared for 
specific needs associated with a disability. Patients should voice any concern, dis-
comforts, or accommodation needs that they have, and the imaging team should 
identify best practices for obtaining the image with the least discomfort and incon-
venience to the patient. In some situations, the patient has definite ideas about how 
imaging department staff can assist them when a transfer is needed. Team members 
can often comply with these methods but may have to wait for additional team 
members to assist.

Another challenge for the technologist or sonographer may be the actual opera-
tion of the equipment. The technologist or sonographer may have only had an initial 
training session when obtaining certification and in employee orientation. For some, 
using transfer equipment may be a concept that falls behind their priority of techni-
cal education. Adept clinical sites will have periodic reviews with team members on 
the proper operation of this equipment (U.S.  Department of Health and Human 
Services 2012).

For the person with a mobility disability, each visit to a healthcare facility can 
provide challenges specific to that visit. However, allowing the patient to self- 
identify as having a mobility disability and explain their needs is important. This 
allows imaging personnel the opportunity to arrange for an accessible room, add 
extra exam time to the appointment, and make certain all supplies needed are avail-
able. Facility staff will maintain professionalism and not make the patient feel 
uncomfortable because additional alternative arrangements were made for their 
care. Sometimes the patient does not know, or is unable to communicate, the best 
way to accomplish the transfer. Perhaps, the patient or their caregiver has not been 
faced with the particular situation that an imaging room presents. Imaging team 
members are trained in safe, ergonomic moving techniques allowing them to use 
their professional knowledge to make the appropriate choice for transfer.
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9.5  Accreditation and Regulation of Medical Imaging

There are voluntary accrediting opportunities for owners of medical imaging equip-
ment through the American College of Radiology (ACR), Intersocietal Accreditation 
Commission (IAC), and The Joint Commission (TJC). Imaging equipment accredi-
tation programs are available as a dedicated method to ensure quality patient care. 
“Effective January 1, 2012 all providers that bill for CT, MRI, breast MRI, nuclear 
medicine and PET under part B of the (U.S.) Medicare physician fee schedule must 
be accredited in order to receive reimbursement for the technical component from 
Medicare” (ACR 2018). The regulation that stipulates this reimbursement clause is 
the Medicare Improvements for Patients and Providers Act (MIPPA) of 2008. This 
multifaceted federal legislation applies exclusively to facilities applying for reim-
bursement for patients who use Medicare. MIPPA recognizes the accrediting bodies 
of ACR, IAC, and TJC (CMS 2008).

The ACR Accreditation is considered the gold standard in medical imaging and 
when awarded is valid for 3 years. The ACR provides accreditation programs for 
breast MRI, breast ultrasound, CT, mammography, MRI, nuclear medicine and 
PET, radiation oncology practice, stereotactic breast biopsy, and ultrasound. Upon 
achieving ACR Accreditation, a certificate and accreditation gold seal are awarded 
that can be displayed (ACR 2018). The IAC “provides accreditation programs for 
vascular testing, echocardiography, nuclear/PET, MRI, diagnostic CT, dental CT, 
carotid stenting, vein treatment and management, cardiac electrophysiology, and 
cardiovascular catheterization” (IAC 2018). Both the ACR and the IAC use peer 
reviews to make evaluations toward accreditation. The TJC provides an imaging 
center accreditation program rather than focusing on specific modalities or exam 
types. (This TJC accreditation of imaging equipment is not to be confused with the 
accreditation that an entire medical facility may receive from them.) The TJC does 
not use peer reviews in its evaluations but rather focuses on patient care and patient 
and staff safety. Each of these accreditation programs involves a fee paid to the 
accrediting organization by the facility seeking the accreditation.

Some states are non-licensure states. For example, in Missouri and North 
Carolina, there is no minimum requirement or standard for the training of the person 
performing the medical imaging. In states without licensure and regulation of who 
can perform an exam with ionizing radiation, anyone could be designated as a medi-
cal imager – regardless of educational preparedness or clinical competence. There 
is no minimum state-mandated education requirement for the lay person as an 
imager in a state devoid of such legislation. Licensure laws are generally a states’ 
rights concern. However, for reimbursement purposes, many medical centers and 
imaging centers affiliated with medical centers, in non-licensure states, hire only 
credentialed persons to perform medical imaging exams.

Mammography is currently the only medical imaging modality specifically stan-
dardized by federal legislation, Mammography Quality Standards Act of 1992 
(MQSA). The intent of MQSA is to “ensure that all women have access to quality 
mammography for the detection of breast cancer in its earliest, most treatable 
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stages” (FDA 2017). The program associated with this Act is managed from the US 
Food and Drug Administration (FDA) within the Center for Devices and Radiological 
Health. Complying with this Act involves facility certification and inspection and 
through a new initiative called Enhancing Quality Using the Inspection Program 
(EQUIP), the inspection will focus on the quality assurance of images.

Equipment design and operation have not ever been federally regulated in regard 
to patient ease of use. However, “the PPACA of 2010 added an amendment to 
Section 510 of the Rehabilitation Act which authorized the U.S. Access Board to 
develop accessibility standards for medical diagnostic equipment in consultation 
with the Food and Drug Administration” (ADA 2014). These standards “establish 
minimum technical criteria that will allow patients with disabilities independent 
entry to, use of, and exit from medical diagnostic equipment to the maximum extent 
possible” (ADA 2014). For example, a wheelchair-bound person beside a standard- 
height examination table (32  inches) is better suited for a table of 17–19  inches 
which is correct for a lateral transfer. The standards also address diagnostic exam 
tables for use by a person in a supine, prone, or side-lying positioning. Likewise, a 
person with a mobility disability needs to be able to access the table or bed on the 
long side or short side of the surface.

9.6  Continued Advances

A concept gaining clinical acceptance, but one that is not available at all facilities, 
is the use of medical images for creating computer algorithms for three-dimensional 
printed models of anatomy and pathology (Trace et al. 2016). These 3D models are 
used in preparation for surgery, education (Bernhard et  al. 2016), and for use in 
creating 3D-printed precise surgical implants. For example, CT images were used 
in combination with 3D printing to create “accurate, custom-designed prosthetic 
replacements for damaged parts of the middle ear” (Hirsch et al. 2017). Other exam-
ples include a total knee arthroplasty and acetabulum (hip) implants in which MRI 
images were used in combination with 3D printing to create a custom knee and 
acetabulum implant (Mok et al. 2016). Prior to the use of imaging in combination 
with 3D printing tools, some surgeries had a higher percentage of failure and patient 
dissatisfaction due to incorrectly sized implants. For example, in the past, total knee 
arthroplasty (TKA) implants were made in certain sizes with the hope that the sur-
geon would select a size close enough to the patient’s knee size for replacement. 
Unfortunately, these “off-the-shelf” implants would fail to sufficiently restore a per-
son’s knee function. Custom-made knee replacements not only allow for a better 
prosthetic fit but also guide the surgeon with landmarks for placement (Insall and 
Scott 2018). Another concept utilizing medical imaging and surgery involves a 5D 
model (Gillaspie et al. 2016).
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9.7  Conclusions

While persons with mobility limitations may find challenges in medical imaging, a 
team of dedicated professionals and their tools are able to assist in meeting those 
challenges. Although each imaging modality is unique, their unified goal is to 
improve healthcare results and provide a safe patient experience. From the radio-
logic sciences discovery in 1895 to the present, technological advances have helped 
improve quality of care and treatment for a variety of conditions.
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Chapter 10
Understanding Barriers Preventing Those 
with Limited Mobility from Obtaining 
Equal Access and Opportunity to Exercise 
and Achieve Overall Health

Jennifer S. Lewis
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ADA Americans with Disabilities Act
ADAAG Americans with Disabilities Act Accessibility Guidelines
ADL Activities of Daily Living
AIMFREE Accessibility Instruments Measuring Fitness and Recreation 

Environments
CRPD Convention on Rights of People with Disabilities
IADL Instrumental Activities of Daily Living
ICF International Classification of Functioning, Disability and Health
NHANES National Health and Nutrition Examination Survey
WHO World Health Organization

10.1  Introduction

This chapter examines the barriers that those with mobility limitations experience 
when attempting to engage in physical activities and the degree to which such inac-
cessibility may further adversely impact these individuals overall health. To obtain 
an understanding of the potential barriers preventing access to physical activity for 
those suffering from limited mobility, one must understand the nature of mobility, 
the regulatory requirements for providing accessible exercise facilities, the factors 
that influence if individuals engage in physical activity, and the nature of the sec-
ondary conditions that can deter participation in physical activity. Moreover, one 
also needs to understand the relationship between decreasing levels of physical 
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activity and increasing mobility limitations that culminate in the development major 
mobility limitations. Upon achieving a general understanding of mobility limita-
tions and the effects incidental to letting such limitations continue to progress 
thereby becoming major mobility limitations resulting in disabililty, one can then 
examine the degree to which the barriers to physical activity affect individuals with 
mobility impairments thereby providing a means of determining if such individuals 
do in fact have the ability to engage in exercise and offset secondary conditions or 
if their opportunities remain limited as a result of ongoing barriers to equal access 
and opportunity.

A review of the literature provides an understanding of the barriers that have 
been examined as well as to what degree the examinations undertaken comprehen-
sively address all the populations that are affected by mobility limitations. Moreover, 
the literature will also reveal to what degree barriers are being removed by compar-
ing, when present, data from early 2000s with more current data, which can help us 
understand both how far we have come in removing such barriers as well as how far 
we have to go. If either the barriers exist to an increased degree or additional barri-
ers exist, then those with mobility limitations are not able to obtain equal access and 
opportunity to health and exercise. Once we have achieved an understanding in 
terms of the degree to which such barriers exist, we can then examine the potential 
for decreasing the impact of mobility limitations through treatment or technology: 
both those that exist and those that are being researched for potential future use 
given the degrees of technological advancement in recent years, which represent an 
avenue for eliminating barriers to mobility overall. Identifying any barriers that 
those who have limited mobility face in seeking to access the opportunities to exer-
cise allows subsequent researchers to examine how best to address such barriers 
with the short-term goal being to decrease the impact and the long-term goal being 
to remove the barrier entirely.

10.2  Mobility

Before examining what barriers exist as it pertains to mobility, we must first under-
stand the importance of mobility, its definition, and the prevalence of mobility limi-
tations. To complete the activities that one needs to perform on a daily basis (i.e., 
activities of daily living), it is vital that one be mobile (Telci et al. 2013). Essentially, 
mobility is necessary to remain active (Webber et al. 2010). For those aging, mobil-
ity represents a means of retaining the level of activity needed to allow them to 
remain independent and to continue being productive in their lives (World Health 
Organization 2007). In fact, achieving mobility leads to improved health as well as 
enhanced quality of life (Webber et al. 2010). Alternatively, losing the ability to be 
mobile due to “physical deconditioning” coincides with decreased social interaction 
and results in diminished health and decreased quality of life (Groessl et al. 2007; 
Metz 2000; Yeom et  al. 2008). Ultimately, diminished mobility can be an early 
means of predicting physical disability (Hirvensalo et al. 2000).
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Generally, mobility is defined as the ability to move around independently and to 
do so safely either by ambulating independently or using a device or transportation 
to assist with the goal being to access areas beyond one’s home (Rantakokko et al. 
2013; Webber et al. 2010). Specifically, mobility involves unassisted movement to 
perform “physical capabilities” such “as walking, climbing stairs, and standing” 
(Iezzoni et al. 2001). By definition, those with limited mobility are individuals who 
cannot walk “a quarter of a mile” at all or cannot do so without some degree of “dif-
ficulty” (Bolten et al. 2015). Hence, mobility limitations adversely affect the ability 
of individuals to engage in task or perform actions as part of activities thereby caus-
ing what is termed by the International Classification of Functioning, Disability and 
Health (ICF) activity limitations (World Health Organization 2008).

Within the overall population, mobility limitations represent “the most common 
disability” (Mottram et al. 2008). In fact, mobility represents the “most common 
limitation in older people” (Mottram et al. 2008, p. 529). In those who are older, 
mobility limitation is accompanied by pain (Mottram et al. 2008). Although, mobil-
ity diminishes with age (Rantakokko et al. 2013; Webber et al. 2010). Mobility limi-
tations also occur among individuals irrespective of age (Iezzoni et al. 2001). Within 
the same 1990 Census, it was estimated that “13.2 million Americans,” which trans-
lated into 70.5 per 1000 people as of the time the Census was taken, who were 16 or 
older had either a “mobility or ADL disability” (Guralnik et al. 1996, p. 27). Data 
for 2001 indicated that 19 million or 10.1% of the population experienced some 
degree of mobility issue (Iezzoni et  al. 2001). As of 2012, the US Centers for 
Disease Control and Prevention data indicated that 7.3% of those individuals resid-
ing in the United States suffered from limited mobility (U.S. Department of Health 
and Human Services 2014).

Data from the 2014 American Community Service assessed the frequency of dis-
abilities in those aged 18 and over, and this information was included within the 
Healthy People 2020 progress report indicating that 10.4 million of individuals aged 
65 and older experience ambulatory issues, which are defined as experiencing sig-
nificant difficulties with walking or using the stairs (U.S. Department of Health and 
Human Services and Offices of Disease Prevention and Health Promotion n.d.). 
Given that a total of 20.6 million individuals suffer from ambulatory issues, data 
indicates that 10.2 million people age 18 and over experience ambulatory issues 
(U.S. Department of Health and Human Services, Office of Disease Prevention and 
Health Promotion n.d.). In 2016, the American Community Survey 1-Year Estimate 
indicated that of the 253,058,350 individuals aged 16 and over who were not insti-
tutionalized, 38,127,449 had a disability (United States Census Bureau 2016). 
Within the American Community Survey 1-Year Estimate, it was not indicated to 
what degree the disability was ambulatory in nature, and no data was collected in 
terms of those under 16 years of age (United States Census Bureau 2016).

Data from the National Health Survey conducted in 2015 indicates that those 
with limited mobility have increased to 7.0% of the population of the United States 
(United States Centers for Disease Control and Prevention 2015). However, it 
should be noted that both the 2012 and 2015 do not include any individuals under 
age 18 (United States Centers for Disease Control and Prevention 2015). Census 
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data from 2008 to 2012 indicate that among individuals 65 or older almost 40% 
experienced one disability, which represents 15.7 million individuals. Of those 15.7 
million individuals, 66.7% or 10,471,900 experienced issues that limit their ability 
to either walk or climb to some degree (United States Census Bureau 2014). 
Alternatively, 13% of individuals experience severe issues walking or standing 
(Courtney-Long et al. 2015).

10.3  Conditions Causing Limited Mobility

Many conditions can result in mobility limitations. In fact, medical conditions that 
manifest commonly often result in an individual developing mobility limitations in 
their lower extremities (Iezzoni et  al.  2001). Moreover, studies have shown and 
continue to indicate that as individuals age they are likely to develop multiple condi-
tions known as multimorbidity, and in low-level as well as mid-level income coun-
tries, individuals dealing with multiple morbidity, which are chronic in nature, 
decrease their physical activity (Vancampfort et al. 2017). To truly understand the 
impact of limited mobility on individuals, one needs to understand the impact of 
limited mobility.

10.4  Limited Mobility Represents a Disability

Disability is typically assessed based on the degree to which an individual can 
engage in certain activities (Guralnik et  al. 1996). Some individuals cannot 
engage in activities known as those of daily living (ADLs) that include bathing, 
moving from their bed to a chair, using the restroom, and eating, which are those 
we would typically recognize as abilities in which a disabled person cannot 
engage (Guralnik et al. 1996). Disability can also exist in those who cannot per-
form what are known as “instrumental activities of daily living (IADLs)” that are 
defined as being of increased difficulty as compared to ADLs (Guralnik et  al. 
1996, p. 26). Among the activities that fall within IADLs are grocery shopping 
and taking transportation (Guralnik et al. 1996). In terms of mobility, it repre-
sents aspects of both ADLs and IADLs such as transfers, walking varying dis-
tances, and ascending as well as descending stairs (Guralnik et  al. 1996). 
Indicative of the fact that mobility represents a disability, the 1990 Census spe-
cifically questioned the degree to which individuals were able to travel outside of 
their homes and qualified this as a “mobility disability” (Guralnik et al. 1996, 
p. 27).
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10.5  Disability

Although disease and disability are often used interchangeable, they represent com-
pletely different concepts with disease sometimes exacerbating a disability (Iezzoni 
and O’Day 2006). Traditionally, a disability exists if an individual has “an impair-
ment of one or more body functions or structures that interferes with activities” 
(Sharby et al. 2015). However, the 1990 Americans with Disabilities Act (ADA) 
(1991) broadened the definition by including both physical and mental issues that 
restrict at least one life activity and noting that these impact major activities of life 
(Iezzoni 2011; Rehabilitation Act of 1973, 1973). To put it simply, individuals with 
a disability face the challenge of navigating a world designed for those who are not 
disabled (Dunn 2016). As a resulting of having to navigate a world that is not 
designed for them, those with a disability experience many different types of chal-
lenges including “physically, socially, cognitively, and emotionally” (Dunn 2016, 
p. 255).

As noted in Chapter 126 entitled Equal Opportunities for Individuals with 
Disabilities as contained in Title XLII of the US Code, major life activities by 
definition include specific actions related to mobility such as walking, standing, 
and bending (1990). The World Health Organization’s Convention on the Rights 
of People with Disabilities (CRPD) represents a policy document influenced by 
the ADA that adopts a much broader approach to disability (Sharby et al. 2015). 
Under the CRPD, the importance of the environment as it relates to those who 
are disabled is highlighted by stating that “disability results from the interaction 
between persons with impairments and attitudinal and environmental barriers 
that hinders full and effective participation in society on an equal basis with oth-
ers” (Sharby et al. 2015).

According to the medical model, a disability represents a negative manifestation 
of health that typically requires medical assistance for prevention, treatment, or 
development of a cure as a means of eliminating the negative manifestation (Sharby 
et al. 2015). Given that the medical model of disability focuses on reducing the issue 
with the ultimate goal of elimination, some describe it as a “deficit model” (Sharby 
et al. 2015). In response, other models have evolved. One such model is the social 
model of disability which focuses on how attitudes of others including biases taint 
how those with a disability are treated, and as a result those individuals are not fully 
free to exercise their rights as well as the opportunities incidental thereto (Sharby 
et al. 2015). Additionally, the social model of disability focuses on the physical fac-
tors attributable to a disability (Sharby et  al. 2015). Aptly named for the role of 
socialization within the model, the model highlights the importance of providing 
accommodations socially to make participation easier as well as providing access as 
a whole (Sharby et al. 2015). Not surprisingly, the social model focuses in on fixing 
what is inaccessible as a means of increasing avenues for socialization, rather than 
focusing in on the underlying medical issue (Sharby et al. 2015).

Because disability represents a complex concept, other models have been 
developed  that focus on explaining disability from other perspectives. For 
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instance,  The World Health Organization (WHO) developed the International 
Classification of Functioning, Disability and Health (ICF) as a means of univer-
sally defining and monitoring disability (Sharby et al. 2015). As opposed to other 
models, the ICF represents an ecological model that considers all aspects that the 
individual interacts with as they affect the ability or lack thereof of an individual 
to engage in activities of importance to them (Sharby et al. 2015). Among such 
interactive factors are those relative to medical conditions the individual suffers 
from in terms of how those conditions impair the ability of an individual to 
engage in activities (Sharby et al. 2015). Notably under the ICF, environmental 
factors can be modified such as by using an accessibility aid, which serves as a 
“contextual factor,” but doing so does not result in activity, just in participation 
(Sharby et al. 2015, p. 3304). Additionally, the ICF also considers the social net-
work as well as “education, personality, age, motivation, and job skills” as per-
sonal factors that fall within the category of contextual factors that determine to 
what degree an individual can participate in activities (Sharby et al. 2015). Based 
on the comprehensive approach adopted by ICF, it is clear that interacting with 
the environment on a variety of levels affects the degree to which an individual 
becomes disabled and more physical activities that individuals engage in the 
healthier they are able to remain.

10.5.1  Importance of Physical Activity

Physical activity and exercise represent points on a continuum: the final or cumu-
lative point represents  achieving  the level of physical activity that constitutes 
physical fitness (Caspersen et  al. 1985). By definition, physical activity repre-
sents “any” movement of the body resulting from use of “skeletal muscles” that 
result in the use of energy measured in kilocalories (Caspersen et al. 1985). While 
physical activity can be grouped into a variety of activities ranging from sports to 
household activities, exercise represents a more specific group of activities that 
are scheduled, ongoing, and aimed at achieving a specific goal such as increasing 
one’s physical fitness or maintaining physical fitness levels that have already 
been reached (Caspersen et  al. 1985; World Health Organization 2017a, b, c). 
Meanwhile, physical fitness represents a group of characteristics related to well- 
being or obtaining a specific skillset typically associated with athleticism 
(Caspersen et al. 1985; World Health Organization 2017b). However, it is also 
important to understand that in addition to engaging in physical activity research 
has shown that individuals must avoid being sedentary for protracted periods of 
time due to the adverse effects that may result though specific “optimal levels of 
sedentary behavior” remain unknown (González et al. 2017; Katzmarzyk 2010).

Indicative of the impact of physical activity across all age groups and the 
importance of remaining physically active, the World Health Organization in 
2010 developed age-based recommendations on what physical activity was 
needed (2017a). Within these recommendations, the World Health Organization 

J. S. Lewis



163

noted that inactivity or lack of physical activity represents the fourth highest 
 factor that increases the risk of death globally, which can be attributed to 6% of 
deaths on a global level (2017b). Generally, appropriate levels of physical activ-
ity achieved regularly actually have many health benefits including a decreased 
risk of developing many conditions such as hypertension, heart disease, heart 
attacks, diabetic conditions, cancers of the breast or the colon, depression, and 
falling (World Health Organization 2017b). In fact, adequate regular physical 
levels of activity increase bone density and overall health (World Health 
Organization 2017b). According to the US Department of Health and Human 
Services’ 2008 Physical Activity Guidelines for Americans, maximizing health 
benefits requires adults to engage in at least “150 minutes (2 hours and 30 min-
utes)” of exercise per week at a moderate level of intensity or “75 minutes (1 
hour and 15 minutes)” per week at a vigorous level of intensity, which is also 
recommended by the World Health Organization (2010). However, a 2017 study 
conducted by González, Fuentes, and Márquez indicated that that minimum lev-
els of activity as delineated within the guidelines for health were inadequate to 
decrease the risk of cardiovascular incidence. As further studies are conducted 
relative to the minimum level needed to offset chronic conditions, it may be that 
the levels needed to offset chronic conditions will need to be adjusted; and the 
adjustment may be due to other environmental factors that are diminishing the 
benefits of physical activity as a whole (González et al. 2017). However, addi-
tional research will be needed before a determination of that level can be 
made (González et al. 2017).

Despite what we do not know, we do know that those who engage in physical 
activity on a regular basis improve their personal fitness and in so doing achieve 
a multitude of health benefits (Eberhardt et al. 2001). Among the health benefits 
achieved are a reduced risk of “cardiovascular disease, diabetes, obesity, some 
cancers, musculoskeletal conditions,” “reproductive diseases, diseases of the 
digestive tract, and pulmonary and kidney” disease (Eberhardt et al. 2001, p. 40; 
Booth et al. 2014, p. 1143). Notably, even activity of a physical nature engaged 
in that relates to one’s employment, upkeep of their home or “transportation-
related activities” can benefit a person’s health (Eberhardt et al. 2001).

Given the correlation between physical activity and health benefits, there are 
multiple studies that delineate the positive correlation that exists between physi-
cal activity and health  and impact that results on the quality of life over-
all  (Leitzmann et  al. 2007; US Department of Health and Human Services. 
Healthy People 2020 (2020). Specifically, engaging in physical activity has been 
shown to positively impact overall health including mental, physical, and intel-
lectual aspects of health (United States Department of Health and Human 
Services 2008). In fact, physical activity can decrease pain (Fransen et al. 2015). 

Moreover, engaging in physical activity can decrease depression (Kelley et al. 
2015). Using meta-analysis to review data on 2449 individuals, Kelley et al. (2015) 
found that depression among individuals suffering from arthritis was reduced by 
engaging in physical activity. Though one might expect similar results for anxiety, 
fewer studies exist making the same assessment as to anxiety; this may be partially 
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because most  studies did not focus on recruiting individuals to participate who 
had  high levels of anxiety  (Stonerock, et  al. 2015). Moreover, an assessment of 
those studies that do exist could not be used to show a causal relationship between 
increased exercise and decreased anxiety due to shortcomings in how those studies 
were performed (Stonerock et al. 2015).

For those with mobility limitations, being unable to engage in physical activity 
represents a critical concern because failing to engage in physical activity results in 
the development of secondary conditions as well as potentially leading a limited 
mobility issue to progress into a major mobility condition (Iezzoni et  al. 2001). 
Among the secondary conditions that can develop are those that manifest physically 
and those that evolve into mental health concerns (Iezzoni et  al. 2001). In 2001 
when Iezzoni, McCarthy, Davis, and Siebens conducted their study, estimates indi-
cated that 19 million individuals or 10.1% of the population exhibited mobility limi-
tations. As of 2015, data indicates that  of the 77 million adults 18 and older 
experienced at least one basic limitation or a more complex limitation: this trans-
lates into 32.2% of those 18 and older experiencing mobility limitations to one 
degree or another (National Center for Health Statistics 2016). Of those experienc-
ing difficulty in physical functioning, 18.2 million of the individuals aged 18 and 
older are either incapable of walking or experience difficulties when attempting to 
walk; this translates into 7.5% of those in that age group (U.S. Department of Health 
and Human Services, Centers for Disease Control and Prevention, National Center 
for Health Statistics 2015).

One large scale study included 228,024 multinational participants in “low and 
middle-income countries”, and the researchers found that chronic conditions typi-
cally resulted from decreased levels of physical activity among all individuals 
though to a more noticeable degree this occurred among older individuals 
(Vancampfort et al. 2017, p. 1). Another study indicated that although limited mobil-
ity appeared to result in the development of chronic conditions it may be that the 
chronic conditions contributed to the mobility issue; and the researchers recom-
mended that future studies need to differentiate between the “specific chronic dis-
eases” and mobility limitation to understand the degree of correlation to a more 
accurate degree (Kriegsman et  al. 1997). However, other researchers continue to 
conclude that  chronic disease is  causally related to the  lack of physical activity, 
including  a multinational study of 228,024 individuals from 46 countries 
(Vancampfort et al. 2017).

10.5.2  Opportunities to Exercise

For those with mobility limitations, the opportunity to exercise requires a proac-
tive approach to the creation of said opportunities: whether that be through their 
own efforts or those opportunities that result from the adherence to laws estab-
lished to remove the barriers that impede the ability of those with mobility limita-
tions to be able to exercise. To create such an opportunity requires planning to 
decrease the barriers that present themselves including those in the environment 
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in which the individuals live, barriers related to socialization, and efforts focused 
on ensuring proactively that the limitations of those affected by mobility con-
straints are considered when developing opportunities for increased mobility 
(Rantanen 2013). However, removing the barriers to exercise in our society rep-
resents a social obligation that has been legislated by federal law. Gaining an 
overall understanding of what is possible as a result of the federal obligations that 
are in effect provides insight into the challenges that those with limited mobility 
experience when such regulations are correctly adhered to as opposed to when 
they are not because ultimately such regulations strive to provide equal access 
under the law.

Regulating Equal Access Equal access by definition represents a comparable in 
terms of the degree to which the population of those with mobility limitations 
may access exercise and achieve health as opposed to the overall population. As 
it pertains to disabilities, there are specific laws that require that access be pro-
vided. The primary law providing for access for those with disabilities both in 
terms of services as well as physical access is the Americans with Disabilities 
Act of 1990 also known as the ADA (U.S Department of Justice 2010). Within 
the 1973 Rehabilitation Act, Section 504 specifically prohibits discrimination 
against persons with disabilities (U.S. Department of Justice 2010). In fact, Title 
III requires privately owned businesses to comply with the requirement to make 
facilities accessible because they are considered places of public accommoda-
tion: places of public accommodation are defined as business establishments 
open for public access (United States Department of Justice Civil Rights Division 
n.d. a). Moreover, recreational facilities are one of the 12 categories of public 
accommodation specifically listed under Title III (United States Department of 
Justice Civil Rights Division n.d. a). In terms of enforcement of ADA require-
ments, it is important to note that specifications relative to “design and construc-
tion” are civil right law requirements; but they do not require an inspection and 
permit to confirm adherence (United States Access and Design Board n.d.). 
Rather, those businesses and organizations subject to the requirements are man-
dated to meet the requirements or risk having to respond to a complaint through 
a federal agency or by way of litigation (United States Access and Design Board 
n.d.). ADA compliance requires a review of 28 CFR Part 36 subpart D plus the 
2004 ADAAG which is consolidated within the 2010 ADA Standards for 
Accessible Design; and together these regulations constitute  an update to  the 
1991 standards (United States Department of Justice 2010; Americans with 
Disabilities n.d.).

Pursuant to the ADA, those individuals with disabilities cannot access facili-
ties that have architectural barriers present thereby necessitating the removal of 
such barriers (Wiley and  Rein 2010). Within the 2010 ADA Standards for 
Accessible Design, which are applicable to any new construction or alterations 
on or after March 15, 2012, entities subject to Title III such as public exercise 
facilities are mandated to design accessible facilities by making at least a part of 
a facility accessible for those with disabilities (United States Department of 
Justice 2010). However, if an entity can show that making a facility accessible is 

10 Understanding Barriers Preventing Those with Limited Mobility from Obtaining…



166

not possible structurally such as when the area is configured in a way that 
makes  implementing accessibility features impossible, then the entity  will 
 qualify for an exception to the requirement for accessible design (United States 
Department of Justice 2010). In addition to new construction, public entities 
under Title III must also perform alterations so that the facility or a part  of a 
facility is accessible as to all such alterations performed after January 26, 1992; 
and any such alternation must be performed in such a way as to not obstruct the 
path that disabled individuals use to gain access to restrooms, phones, and water 
fountains including individuals using wheelchairs, except when the costs are 
proportionally higher than the costs of the overall alterations by 20% (United 
States Department of Justice 2010). In further detailing the term “path of travel,” 
the 2010 guidelines include “sidewalks, curb ramps and other interior or exterior 
pedestrian ramps; clear floor paths through lobbies, corridors, rooms, and other 
improved areas; parking access aisles; elevators and lifts; or a combination” as 
“paths of travel” (United States Department of Justice para. 6). Moreover, a sepa-
rate paragraph highlights  the importance of curb ramps and notes that  they 
must be provided for both new construction and alterations as a means of allow-
ing entry from the street onto raised areas as a means of traversing the intersec-
tions between “streets, roads or highways” (United States Department of Justice 
2010, para. 16). Among the other overall accommodations that need to be made 
are each of the following: an accessible means of entry and exit, accessible park-
ing, water fountains, swimming pools, saunas/steam rooms, sinks, toilet and 
bathing facilities, and dressing rooms (United States  Department of Justice 
2010). Moreover, the standards also require a proportionally adequate number of 
accessible parking spaces compared to the overall  number of parking spaces 
(Department of Justice 2010). In terms of specific components of an exercise 
facility, the 2010 standards require that basketball courts provide a connection 
between court sides, and exercise equipment shall be configured in a way as to 
ensure that it is located on a route that is accessible (United States Department of 
Justice 2010). Notably, the advisory text also indicates that having one type of 
machine that is accessible would be inadequate even if the one machine provides 
the same exercise function to a certain body part that the inaccessible machines 
do (United States Department of Justice 2010). In terms of specificity, the stan-
dards also detail specific accessibility requirements as to height and width: the 
width that must be clear for doorways, height of stairs, the width of toilets as 
well as showers, turning space in changing rooms, height for sinks, height along 
with the width for pool lifts, and the width for vehicle parking, which also pro-
vides different requirements for vehicles of different sizes (United 
States Department of Justice 2010). Additionally, the standards detail the degree 
of stability required of walking surfaces, knee and toe clearance, the area that 
must be free of obstructions, and the permissible level of slope (Department of 
Justice 2010). Despite the number of requirements, several exceptions present 
serious concern for those with mobility limitations (United States Department of 
Justice 2010). One such exception permits facilities to refrain from installing an 
accessible elevator if their size is less than 3000 square feet per floor or less than 
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three floors as long as they do not contain a shopping center/mall, a healthcare 
provider’s office, public transportation station, or an airport terminal (United 
States  Department of Justice 2010). In addition to exceptions, the standards 
sometimes conflict (United States Department of Justice 2010). For instance, the 
clear space between exercise  machines can overlap; although, this  appears to 
present a challenge in design based on the advisory note detailing that this 
requires careful consideration (United States Department of Justice 2010).

In addition to the focus on physical barriers that need to be removed for acces-
sibility to occur, the ADA also requires publicly accommodating locations/estab-
lishments to modify how services are provided to allow all individuals irrespective 
of their ability or disability to use the facility (Rashinaho et al. 2006; Wiley and 
Rein 2011). Moreover, Title III indicates that discrimination occurs if a place of 
public accommodation fails to reasonably modify their “policies, practices, and 
procedures” unless doing so is demonstrated to change the makeup of the goods 
and services offerred to a significant degree (Wiley and Rein 2011).

As is clearly illustrated, there are specific requirements in place to provide for 
accessibility most of which do apply to all public facilities such as exercise facili-
ties, but given that the only checks and balances are by way of a complaint or liti-
gation, the potential exists for lack of adherence with this requirements, which in 
and of itself represents a barrier to access for those with mobility limitations. A 
review of some of the settlements in which the Department of Justice has been 
involved relative to accessibility represents a means of determining to what 
degree such non- compliance exists thereby representing an ongoing barrier to 
access. When an ADA issue arises that needs to be handled through litigation, the 
United States through the Office of the Attorney often has to initiate an enforce-
ment action. In fact, as recently as this past summer, there were four settlements 
entered into against different physical fitness facilities across the nation almost 
all of which were YMCAs. One case specifically related to a policy modification 
to allow an aide to assist a child who was using the YMCA facilities without said 
aide having to also hold a membership (United States Department of Justice Civil 
Rights Division n.d. b). As part of the settlement, the YMCA eliminated the 
requirement for the aide to hold a membership as a written modification to its 
policies across each of its branches and also provided for free months of member-
ship to credit for the time since the suit was filed through the time of the settle-
ment entry (United States Department of Justice Civil Rights Division n.d. b). 
Another case against Total Lifetime Care Health and Fitness Club also sought to 
provide access to an aide for a disabled adult who needed assistance to use the 
facilities but did not feel it fair that the aide pay for a membership in order to 
access the facilities solely to assist them (United States Department of Justice 
Civil Rights Division n.d. d). As part of the Total Lifetime Care settlement, the 
consent order sets forth that providing for an aide to access the facility without a 
membership represents a reasonable accommodation as long as the aide does not 
benefit themselves by using the facilities or the services provided by the club 
(United States Department of Justice Civil Rights Division n.d. d). Moreover, the 
Total Lifetime Care settlement also required the development of a request for 
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accommodations, a complaint process, nondiscriminatory signage, and overall 
policy modifications to ensure reasonable accommodations in the future, estab-
lish ongoing mandatory training, and award fines in the amount of $15,000 
divided between the United States and the complainants (United States Division 
of Justice Civil Rights Division n.d. d). Another recent YMCA case entitled 
United States of America vs Norwich Family YMCA involved a discriminatory 
environment and the discriminatory practices incidental thereto that imposed 
added criteria on the disabled individual as a result of “stereotypes and general-
izations” thereby discriminating based on disability (United States Department 
of Justice Civil Rights Division n.d. c). In the settlement agreement, the YMCA 
eliminated the screening methodology that precluded individuals living at facili-
ties that care for those with developmental disabilities from being approved as 
members at the Norwich YMCA and required the YMCA to rewrite their policies 
to provide for accommodations for the disabled, update their mission, provide 
mandatory training related to ADA for all staff, post nondiscriminatory signage, 
and update their website to reflect that discrimination would not be tolerated 
(United States Department of Justice Civil Rights Division n.d. c). Moreover, 
monetary damages were also part of the Norwich YMCA settlement both to the 
US government and to the complainant (United States Department of Justice 
Civil Rights Division n.d. c). One case in which the United States filed suit 
against The YMCA of Reading and Berks County even involved architectural 
barriers, which must be removed if doing so can be accomplished relatively eas-
ily and without undue cost (United States Department of Justice Civil Rights 
Division n.d. e). In the YMCA of Reading and Berks County case, the US Office 
of the Attorney issued a letter of finding indicated that there were several archi-
tectural barriers to accessibility including a family restroom built between 2006 
and 2008, parking, signage at the entry, and the pool lift (United States Department 
of Civil Rights Division n.d. e). As part of the terms of the settlement, the YMCA 
of Reading and Berks County agreed to create a parking accessible space for a 
van, post signage at entrances that are inaccessible advising of the accessible 
location, post parking accessibility signage, post signage in bathroom areas indi-
cating where accessible areas are located, install a lift compliant with ADA stan-
dards, and update the family restroom to make it accessible: accessibility of the 
family restroom will be achieved through placement of toilet, grab bars, non- 
twisting faucet hardware, placement of seat and grab bars in transfer show, and 
the addition of a shower hose in transfer shower (United States Department of 
Civil Rights Division n.d. e).

10.5.3  Barriers to Physical Exercise

There are several factors that represent barriers to health including poor-rated 
health, (Booth et  al. 1997; Clark 1999; Grossman and Stewart 2003; Hirvensalo 
et  al. 1998; McPherson and Yamaguchi 1995; O’Neill and Reid 1991; Satariano 
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et al. 2000; Whaley and Ebbeck 1997), pain related to disease progression and fear 
of experiencing pain (Clark 1999; Hays and Clark 1999), lethargy (King et  al. 
2000), and safety of the surrounding environment (Garber and Blissmer 2002; 
Grossman and Stewart 2003; Katzmarzyk 2010; McPherson and Yamaguchi 1995; 
Whaley and Ebbeck 1997).

As is highlighted by the focus on removing environmental factors under the 
Americans with Disabilities Act and the inclusion of environmental factors as a 
component in the 2017 version of the International Classification of Functioning, 
Disability and Health (ICF), environmental factors can present barriers to mobility 
including among older individuals (World Health Organization 2017a; World Health 
Organization 2017b; World Health Organization 2017c). Using the aforementioned 
general factors, we will examine the specific ways in which such factors manifest 
themselves those who are affected by mobility limitations. Using this comparison 
contrast approach, a greater understanding will be achieved in terms of to what 
degree those with limited mobility are experiencing barriers to exercise that might 
improve their health in some form as opposed to those who do not have to overcome 
limited mobility before availing themselves of exercise opportunities.

10.5.4  Poor Health

Disability impacts “health outcomes” (Krahn et  al. 2015). In fact, the Healthy 
People 2020 progress review specifically notes that those with disabilities are at an 
increased risk of experiencing “poor health outcomes such as obesity, hypertension, 
falls-related injuries, and mood disorders such as depression” (U.S. Department of 
Health and Human Services, Office of Disease Prevention and Health Promotion 
n.d.). In fact, those with disabilities are “four times more likely” to experience 
health rated at fair or poor levels than those without disabilities, which translates 
into 40.3% versus 9.9% (Altman and Bernstein 2008). Even though not every con-
dition that results in a disability manifests in poor health, the World Health 
Organization noted that those with disabilities sought healthcare to a greater degree 
as a whole and to a larger degree did not succeed in having their healthcare needs 
satisfied (2018). Moreover, mobility as a disability represents a causative factor in 
those who experience “falls” as shown in studies such as the one conducted in 
2015 (Davis et al. 2015).

In one 2001 study, 38.4% of the 145,007 individuals aged 18 and older whose 
responses were examined self-assessed themselves as being in poor health as 
opposed to only 3.8% of those who had no mobility limitations (Iezzoni et al. 2001). 
Moreover,  the 2015 Healthy People data indicates that there were significantly 
fewer individuals with disabilities able to achieve the required level of physical 
activity necessary to meet aerobic as well as “muscle strengthening objectives” 
within the 18 and over category (2015, para. 1).

Following the development of limited mobility, certain conditions typically 
develop as a result of lifestyle changes  incidental to diminished mobility. These 
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conditions are known as secondary conditions and present an added barrier 
 preventing those with limited mobility from “engag[ing] in self-initiated health pro-
motion practices” such as exercise (Rimmer and Rowland 2008, p. 409). Notably, 
the  conditions that arise are often not directly related to the initial disability but 
develop as a result of the individual being limited in their ability to seek out the 
necessary level of activity needed to remain healthy (Rimmer and Rowland 2008).

To understand the types of conditions that may arise in those who are not able 
to seek out health through exercise, researchers have sought to identify condi-
tions typically attributable to lack of physical activity. Globally, one study exam-
ined the connection between physical activity or lack thereof and chronic 
conditions such as “chronic back pain, angina, arthritis, asthma, diabetes, hear-
ing problems, tuberculosis, visual impairment, and edentulism,” which is also 
known as toothlessness (Vancampfort et al. 2017, p. 1). Another study found that 
those experiencing mobility constraints reported increased rates of “depression, 
fear, anxiety, confusion, obesity, poor vision, dizziness, imbalance, which caused 
individuals to steady themselves using walls” (Iezzoni et al. 2001, p. 239). Some 
of the diminished vision and lack of equilibrium represent factors that increase 
the potential for individuals to fall (i.e., become fall risks) (Iezzoni et al. 2001). 
Moreover, such falls can further impair mobility quickly depending on the sever-
ity of the fall and the injuries incidental to the fall (Rantanen 2013). Hence, if an 
individual with limited mobility has developed one of the aforementioned mental 
or physical conditions, they may be wary to engage in little more than limited 
movement thereby further decreasing the potential for them to improve their 
health through exercise.

10.5.5  Mental Health

To place mobility into perspective, it is important to understand the impact that mobil-
ity has on mental health. Mobility provides a means of accessing life whether that is 
within one’s own home or out in the community at large (Iezzoni et al. 2001). Given the 
mobility provides the means of interacting with others; it represents an essential com-
ponent of what is tantamount to the formula for quality of life. Hence, those with lim-
ited mobility often develop medical conditions as a result of being deprived of the 
ability to of their own free will exercise their ability to access the outside world and 
interact with others. In fact, the need to move physically represents an essential 
Maslovian need, which if unmet decreases the potential for satisfaction (Rantanen 
2013). Not surprisingly, individuals who lack full mobility often suffer from “isolation, 
anxiety, and depression” (Iezzoni et al. 2001). In fact, depression affects those with 
major mobility concerns to a larger degree than the general population: 30.6% of those 
with mobility limitations experience disability as opposed to only 3.8% of individuals 
without mobility limitations (Iezzoni et al. 2001).
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10.5.6  Obesity

Some studies indicated that those suffering from obesity experienced mobility limi-
tations or vice versa. In Iezzoni et al.’s 2001 study, the researchers could not deter-
mine if obesity was caused by mobility limitations or if the obesity led to mobility 
limitations; the data showed that of those who reported mobility limitations, approx-
imately 30% were obese (Iezzoni 2011). Among those without mobility limitation, 
only 15. 2% were obese (Iezzoni 2011). In one study, the researchers evaluated the 
impact of mobility impairment on healthcare concerns and found that those with the 
lowest level of obesity were those who were not disabled (Jones and Sinclair 2008). 
Moreover, the highest level of obesity was found among those individuals that had 
mobility limitations and those with mobility limitations as well as coming from 
minorities also had higher rates of obesity (Jones and Sinclair 2008).

10.5.7  Osteoporosis

By definition, osteoporosis represents the “low bone mass and microarchitectural 
deterioration of bone tissue, leading to enhanced bone fragility and a consequent 
increase in fracture risk” (Kanis et al. 1994, p. 1137). Once osteoporosis develops, 
the potential for fractures increases thereby  adversely  impacting the potential to 
engage in physical activity and limiting mobility (Kerr et al. 2017).

10.5.8  Cardiovascular and Breathing Issues

The Mayo Clinic defines acute cardiovascular disease as a series of conditions that 
constrict or completely block the vessels carrying blood to the heart thereby result-
ing in pain (angina): a cerebrovascular incident also known as a stroke or a myocar-
dial infarction (MI)/attack to the heart represents an example of acute cardiovascular 
disease (Mayo Clinic 2018). Acute cardiovascular issues commonly cause disability 
related to mobility limitations (Iezzoni et al. 2001). Like acute cardiovascular dis-
ease, breathing issues include impairments that impact respiration through the 
reduction of “ventilator capacity” (Fragoso et  al. 2014). When older individuals 
experience conditions that impair their ability to breathe, their ability to engage in 
physical activity  is adversely impacted including their ability to ambulate  or be 
mobile (Fragoso et al. 2014).
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10.5.9  Lack of Motivation and Lethargy

Expecting positive outcomes and one’s potential to complete a task can motivate 
individuals to participate in exercise (Grembowski et  al. 1993; Resnick et  al. 
2000). Research has shown that  receiving careful monitoring by a physician, 
receiving advice from a physician, and having exercise evaluated by a physician 
and high- quality instruction served as motivators for exercise (Cohen-Mansfield 
et al. 2004). Obtaining instruction from a physician and support from both peers 
and relatives also serves as motivation to engage in exercise (Damush et  al. 
2005). Being advised to exercise by a physician or other healthcare professional 
has also been found to be related to an increased level of engagement in physical 
exercises (Hirvensalo et  al. 2003). Just as motivation can further or diminish 
activity levels, lethargy or fatigue can also affect the degree to which individuals 
engage in activity (Dean et al. 2006). By definition, fatigue represents the feeling 
of overall “tiredness or exhaustion” (Belza 1994). Ultimately, fatigue results 
when the level of actual or recognized strain in performing an action or engaging 
in an activity exceeds the “real or perceived difficulty of a task or exercise” (Abd-
Elfattah et al. 2015, p. 351). Like lack of motivation, lethargy represents a barrier 
to exercise because the individual feels that they can not exert themselves to the 
degree necessary to engage in the activity (King et al. 2000). As both conditions 
illustrate, if an individual finds themselves feeling as if they cannot engage in 
exercise, then the individual will not engage in exercise without some external 
factor changing their perception of their limitations. 

10.5.10  Pain

One aspect of the difficulty that those with limited mobility may experience is pain 
incidental to mobilizing themselves to whatever degree they are able to do so. Many 
chronic conditions result in incidental pain (Smith et al. 2010). However, indepen-
dent of any chronic condition, pain in and of itself increases the probability of dis-
ability (Ling et al. 2003; Ling et al. 2006; Song et al. 2006; Adamson et al. 2003). 
Moreover, pain bars individuals from pursuing an active lifestyle (Vancampfort 
et al. 2017). If individuals engage in activities regardless of the pain which they 
experience, pain tends to dissipate, interferes less with their activities, and decreases 
in intensity (Jensen et al. 2016).

Generally pain symptoms accompany mobility limitations (Mottram et  al. 
2008). A significant number of studies have been conducted on mobility limita-
tions and pain in those older than 50 including studies conducted overseas 
(Mottram et al. 2008; Stubbs et al. 2016). Among the findings observed relative 
to pain and mobility limitations were determined to occur to a higher degree in 
those who were older, as to females, and in those who were from “lower socio-
economic groups” (Mottram et al. 2008). Not surprisingly, those who reported 
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pain were more likely to report limited mobility (Mottram et al. 2008). Moreover, 
those aged 50–65 reported higher levels of pain than those who were older 
(Mottram et al. 2008). Overall, a higher number of individuals who were older 
experienced limited mobility as a result of pain  thereby illustrating that the 
impact that pain has on mobility is increased based on the age of the individual 
(Mottram et al. 2008).

A variety of conditions can result in pain at a level that limits mobility includ-
ing arthritis which is a  commonly occurring condition that results in mobility 
limitations due to pain incidental to the inflammation of the joint (Iezzoni et al. 
2000). Of the 100 types of arthritis, the most common two types of arthritis are 
osteoarthritis and rheumatoid arthritis (Mayo Clinic 2010). For those suffering 
from arthritis, what begins as joint pain increases in severity due to swelling and 
stiffness until function is lost (Mayo Clinic 2010). Several studies have indicated 
that those who suffer from arthritis develop mobility limitations incidental to the 
pain caused by arthritis and using excercise those suffering from arthritis are able 
to improve pain levels, increase mobility, and decrease disability (Vancampfort 
et al. 2017; Fransen et al. 2015; Veldhijzen van Zanten et al. 2015).

In their 2015 literature review, Fransen, McConnell, Harmer, Van der Esch, 
Simic, and Bennell reviewed 54 studies to determine the results of therapeutic 
exercises and found that in 44 studies the exercise reduced pain to a significant 
degree as well as improved physical function. Fransen et al. 2015 examined those 
who had developed osteoarthritis of the knee, which is incurable, and determined 
that with exercise therapy pain reduction occurred almost immediately by 12 
points on a 100- point scale where most pain was noted to be approximately 44 
points. Hence, Fransen, McConnell, Harmer, Van der Esch, Simic, Bennell’s 
meta-analysis of the data demonstrated that a significant pain reduction occurred 
through exercise for a severe condition that affects the ability of individuals to 
ambulate (2015). Moreover, the results were comparable with those who under-
took steroidal injections, and those undertaking the recommended exercises con-
tinued to benefit from the pain relief for a period of 2–6  months thereby 
demonstrating the impact having undertaken the exercises had on partici-
pants. Hence, though pain adversely impacts the ability to engage in exercise as 
well as overall mobility, exercise represents a means of pain relief that elicits 
results comparable to those obtained using anti- inflammatory intramuscular injec-
tions (Fransen et al. 2015). 

10.5.11  Environment

Safety or lack thereof represents an environmental barrier especially for older indi-
viduals who have a mobility limitation as it pertains to “their outdoor environment,” 
which those with mobility limitations likely need assistive devices to traverse 
(Rantanen 2013). In terms of safety, those with limited mobility need to be able to 
access areas without risking injury especially if they must travel via city streets. For 
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those with limited mobility to safely surmount environmental barriers, such barriers 
need to be addressed thereby creating an accessible environment (Rantanen 2013). 
Moreover, removal of the environmental barriers that represent an impediment to 
the mobility of those with limited mobility represents a means of stalling further 
declines to mobility by supporting appropriate levels of physical activity (Rantanen 
2013). In addition to the aforementioned environmental barriers, other environmen-
tal barriers are specifically addressed in the 2017 version of the ICF as published by 
the World Health Organization (2017c). Moreover, it is important to consider the 
fact that environmental barriers can exist in terms of what is lacking (such as ser-
vices) versus its existence (in terms of prejudices) (2017c). Even broader concerns 
such as poverty can present barriers to accessing physical activity if in fact opportu-
nities to engage in physical activity require the expenditure of funds that do not exist 
(World Health Organization 2017c).

For those older individuals residing in residence communities who are experi-
encing mobility limitations, residing in a community where services are available to 
support their mobility can positively impact their long-term mobility (Rantanen 
2013). Rantanen (2013) hypothesized that if medical professionals provided psy-
chological interventions to those with limited mobility, then those individuals would 
independently augment their physical activity. In the quantitative study of 600 indi-
viduals with self-reported limited mobility who ranged from age 75 to 81 years in a 
residence community that Rantanen conducted, Rantanen found that those early on 
in their mobility decline who were provided a session with a physiotherapist and 
subsequent sessions via phone approximately every 4  months for a 2-year term 
exhibited decreased mobility limitation increase as compared to those who did not 
receive such medical services (2013).

For those using city streets, street maps lack the level of specificity for those with 
limited mobility to determine if they can safely negotiate a trip using city streets 
(Bolten et al. 2015). Among the considerations that must be undertaken are changes 
in altitude that must be negotiated, curb cuts, which are also known as curb ramps 
[and] “ramped passages, etc.” (Bolten et al. 2015; Disability Rights Education and 
Defense Fund 2017). Despite the increasing number of individuals with limited 
mobility, the data detailing whether travel by city streets is safe for those with lim-
ited mobility continues to be difficult to obtain in a form that they can easily use 
(Bolten et  al. 2015). Moreover, there are different considerations that must be 
undertaken when dealing with a motorized versus a wheelchair that is manual as 
well as preparing for concerns that arise relative to weather such as rain making the 
surface of a street slicker, which would represent a concern for both those in wheel-
chairs as well as those mobilizing themselves using a cane for assistance (Bolten 
et al. 2015).

Safety could also be represented based on the safety precautions available within 
a facility where an individual may seek to take part in exercise. In order for an indi-
vidual with limited mobility to be able to actually use exercise facilities safely, said 
exercise facilities must be accessible. Accessibility requires that such a facility take 
certain action to make their otherwise inaccessible facilities accessible. A 2005 
study examined the degree to which such measures were being taken by “health 
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club and fitness facilities” using the Accessibility Instruments Measuring Fitness 
and Recreation Environments (AIMFREE) (Rimmer et al. 2005). The researchers 
reviewed 35 facilities using the aforementioned instrument which not only accessed 
the physical/structural features that needed to be present but also assessed the envi-
ronment in terms of the existing policies as well as the behavior of the staff in terms 
of making those with mobility disabilities comfortable (Rimmer et  al. 2005). 
Though the ADA addresses some important areas relative to accessibility, more than 
just what is covered within the ADA, requirements must be done to be truly acces-
sible (North Carolina Office on Disability and The Center for Universal Design 
2008). In fact, the Removing Barriers to Health Clubs and Fitness Facilities authors 
indicate that both “flexibility and receptiveness” are needed to facilitate the ability 
for those with a disability to engage in purposeful exercise (North Carolina Office 
on Disability and The Center for Universal Design 2008). Achieving such flexibility 
is predicated on adopting the principle of universal design thereby increasing use-
fulness and removing the barriers within the environment that literally adversely 
impact access (North Carolina Office on Disability and The Center for Universal 
Design 2008).

In one study focused on determining the accessibility of exercise facilities, the 
researchers conducted quantitative research and used the Accessibility Instruments 
Measuring Fitness and Recreation Environments (AIMFREE), which examines the 
level of accessibility based on six areas, including equipment, the policies of the 
facilities, as well as the behavior of the professional staff (Rimmer et al. 2005). To 
some degree, each facility had accessibility deficiencies, and some deficiencies rose 
to the level of being violations of the Americans with Disabilities Act specific to the 
building of the facility (Rimmer et al. 2005). In putting into context the importance 
of making such facilities accessible, Rimmer quotes the Healthy People 2010 report 
indicated that 56% of those with disabilities engaged in no physical activities for 
leisure (2005). Moreover, data detailed within the Healthy People 2010 chapter 
entitled Disability and Secondary Conditions seemed to indicate that the reason 
behind the low rate of activities resulted from not only barriers within the environ-
ment but also “organizational policies and practices, discrimination, and social atti-
tudes” (Rimmer et al. 2005, p. 2022). Notably, the Healthy People 2010 chapter 
indicated that more needed to be done to assist those for whom walking represented 
an issue as a result of “arthritis, extreme obesity, or balance impairments” (Rimmer 
et al. 2005, p. 2022).

In examining the data elicited from the 35 professionals from 9 of 10 regions of 
the country who participated in the convenience sample, the researchers found that 
more than 50% of the facilities had “slip-resistant flooring, adjustable lighting lev-
els, hand-held shower heads” as well as “accessible routes from accessible parking 
spaces to the facility”, “locker room dressing benches of suitable size”, “grab bars 
in elevators and bathroom stalls, fold seats or shower benches in shower areas, and 
automatic entrance doors” (Rimmer et  al. 2005). Moreover, the facilities studied 
typically had features consistent with the “ADA Accessibility Guidelines (ADAAG)” 
relative to “elevators, bathrooms, entrance doors, water fountains and parking areas” 
(Rimmer et al. 2005).
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In a more recent study from 2012, Johnson, Stoelzle, Finco, Foss, Carstens 
examined the extent to which  facilities in the western area of Wisconsin com-
plied with Title III. The results of the research were compared with other data from 
four studies conducted in other areas of the nation (Johnson et al. 2012). After ana-
lyzing the data, the researchers found that facilities were highly compliant with Title 
III as to the customer service (84%) as well as to clearing the path individuals would 
travel within the facility (72%); yet, overall, the facilities were not entirely compli-
ant (Johnson et  al. 2012). Among the areas that were not to be  severely non- 
compliant with the ADA were the locker rooms (32%) (Johnson et  al. 2012). 
However, the biggest barrier and the one area in which no compliance with the law 
existed related to the lack of training fitness instructors received on how to 
safely train those with disabilities, including how to assist with transfers (Johnson 
et  al. 2012). The researchers noted that only 2 of the facilities of the 16 evalu-
ated included machines where either the seat or the bench could be removed in order 
to provide access for a wheelchair, which thereby resulted in 14 of the 16 facilities 
or 87.5% of the facilities being  inaccesible to those in a wheelchairing (Johnson 
et al. 2012).

Although the earlier study indicated that the opportunity for accessibility had 
increased as a result of the accommodations made in terms of the environment at 
healthcare facilities, the later study indicated that there was still some significant 
levels of non-compliance. Such non-compliance occurred in areas that effectively 
would have barred individuals with mobility from potential using the health facili-
ties in question due to environmental barriers. Such barriers create an environment 
that is on its face unwelcoming to those with physical limitations such as mobility 
limitations. Hence, those with mobility limitations faced with such obvious barriers 
to their use of exercise facilities are likely to find themselves feeling unwelcome 
based on the lack of effort made to provide accommodations consistent with the law 
much less as a means of providing customer service to those with disabilities.

10.5.12  Poverty

Poverty can represent an environmental barrier to opportunities, including those 
related to accessing overall health (Rimmer and Rowland 2008). Research indicated 
that those with mobility limitations, who typically had no more than a high school 
education, were more likely to be both unemployed and poor (Iezzoni et al. 2001). 
In Iezzoni et al.’s 2001 study, the data indicated that 25% of those with mobility 
issues had “household incomes below the poverty level compared to 8.7 percent of 
others” (p.  237). Using data from the American Community Survey, the Older 
Americans with a Disability 2008–2012 report indicated that among individuals 
with a disability, the rate of poverty was higher: 13% lived in poverty of those aged 
65 and older which was almost twice the rate (i.e., 7%) of those who lived in poverty 
but did not experience a disabling condition (He and Larsen 2014). According to the 
2018 poverty guidelines, in all states except Hawaii and Alaska, which have higher 
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costs of living, a family of one individual who makes $12,140 or less is in poverty, 
and a family of four who make $25,100 would also be considered as living in pov-
erty (U.S. Department of Health and Human Services 2017). Data from 2016 indi-
cate that 40.6 million individuals were considered to be living in poverty (Semega 
et al. 2017). As of 2018, the Federal Poverty Level was defined as $12,140 for one 
person, $16,460 for a family comprised of two people, $20,780 for a family com-
prised of three individuals, and $25,100 for a household comprised of four people 
(Heathcare.gov 2018). Data suggests that those who live in poverty are likely to be 
sedentary as a result of barriers to health that result from their socioeconomic situ-
ation including lack of actual free resources ranging from local parts to centers for 
recreation (Estabrooks et al. 2003).

10.5.13  Rural

Research shows that those who live in rural areas develop chronic conditions to a 
higher degree than those who live in urban areas (Befort et al. 2012; Eberhardt et al. 
2001; National Center for Health Statistics 2016). Declining rates of both heart 
disease and cancer in urban areas have increased the gap between mortality rates in 
urban versus rural areas (Cossman et  al.  2010). Projections generated based on 
existing patterns of prevalence indicate that the trend of increased nonmorality 
occurring to a higher degree in rural areas represents one that will persist thereby 
culminating in 50% of deaths related to heart disease and cancer (Cossman et al. 
2010). Researchers reviewing mortality prevalence patterns noted that this was a 
reversal of a previous “century-long” trend in which those in metropolitan areas 
developed chronic conditions and had higher rates of mortality (Cossman et  al. 
2010, p. 1419). Though Cossman et al. (2010) did not make any determinations as 
to why there was a higher incidence of chronic conditions and mortality in nonmet-
ropolitan areas, they did note that one potential cause for such a prevalence may be 
related to “health behaviors” (p. 1419).

Such health behaviors could include lack of exercise and would to some degree 
manifest in development of among other things obesity, which occurs at an increased 
rate in rural communities as well as coinciding with a decreased rate of physical 
activity in these same communities (Seguin et al. 2014). Studies evaluating the prev-
alence of obesity in rural areas indicate that obesity occurs to a higher degree in 
rural areas (Befort et al. 2012). In fact, even youth are at risk of being so inactive in 
rural areas that they ultimately develop obesity (Yousefian et al. 2009). Due to dif-
fering methods of measuring physical activity across the different data sets evalu-
ated (i.e., NHANES (National Health and Nutrition Examination Survey), BRFSS 
(Behavioral Risk Factor Surveillance System), and NHIS (National Health Interview 
Survey), Befort et  al. (2012) were not able to determine to what degree lack of 
physical activity contributed to the escalated obesity rates was identified. However, 
Befort et  al. (2012) noted that they had reviewed an earlier study conducted by 
Wilcox, Castro, King, Houseman, Brownson in 2000 and Parks, Housemann, 
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Brownson in 2003 that suggested the occurrence of lower levels of physical activity 
in rural areas.

In the Wilcox et al. (2000) study, the researchers examined the physical activity 
levels of older individuals from minority subsets of the population who resided in 
rural communities. In summarizing their findings, researchers concluded that 
women in rural areas appeared to experience higher levels of barriers to engage in 
physical activity and that the barriers that they had to surmount were very different 
than their urban counterparts (Wilcox et al. 2000). Moreover, the researchers found 
that in addition to their advanced age and lower educational level, rural women also 
experienced comparably less support for exercising, which all translated into a 
lower overall level of physical activity engaged in by rural women when compared 
with their urban counterparts (Wilcox et al. 2000). In 2001, data within the Health, 
United States 2001 Urban and Rural Health Chartbook indicated that those in rural 
areas exhibited decreased physical activity levels (Eberhardt et al. 2001). Following 
the study in 2000, Housemann and Brownson joined Parks in 2003 in further exam-
ining the physical activity level of adults (Parks et  al. 2003). In the 2003 study, 
Parks, Housemann, and Brownson confirmed that those residing in rural areas were 
at a decreased potential for achieving the level of recommended physical activity 
and found that those in urban and/or more economically affluent areas were over 
two times as likely to attain the physical activity recommendations.

Among the reasons for decreased levels of physical activity in rural areas are the 
lack of activities available in the rural community (World Health Organization 
2017c). When activities or facilities are available within rural communities, facili-
ties may not be located in close proximity to their home, which is typically where 
individuals seek out such facilities (Sallis et al. 1990). Even if facilities are available 
to use within rural communities, the cost of using such facilities may place use of 
such facilities out of reach of individuals who cannot afford the costs (Seguin et al. 
2014). Because not all physical activity has to be engaged in within a facility, some 
studies have examined the potential for those in rural communities exercising out-
doors by engaging in activities such as cycling and walking, which can present 
viable options if doing so does not present a safety concern and that level of mobil-
ity is possible for the individual (Seguin et al. 2014). Yet, even if individuals want to 
engage in outdoor activities within their rural community, not only do the areas they 
do so have to be safe, they also have to be close to their home (Giles-Corti et al. 
2008).

More recently, Frost et  al. (2010) examined possible barriers to achieving 
increased physical activity by analyzing 20 studies to determine to what degree the 
built environment impacted levels of physical activity in rural communities. After 
reviewing the limited data specific to rural settings, which represented 17 of the 20 
studies, Frost et al. (2010) determined that increased physical activity occurred in 
rural communities if people felt safe thereby not fearing crime, had recreational 
facilities, and could take advantage of trails, parks, or other destinations within 
walking distance. Frost et  al. (2010) recommended further studies to evaluate if 
sidewalks, shoulders, traffic, and street lighting would consistently result in 
increased levels of physical activity in rural areas.
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10.5.14  Social Capital

Though social capital initially  represented an evolution of Marx’s theories about 
monetary capital resulting from relationships, it has evolved (Lin et al. 2001). As 
currently used, those using the term social capital illustrates when an individual 
gains assistance with those that he or she has a social relationship (Rosso et  al. 
2014). According to the definition, Lin explained that social capital represent the 
resources ingrained within the relationships with others that are accessed purpose-
fully (Lin 1982; 2001). One of the broader environmental concerns highlighted by 
the World Health Organization within the ICF (International Classification of 
Functioning, Disability and Health) was lack of social capital or relationship with 
other individuals as an indicator of poor health (2017c). Not surprisingly, research 
has shown that those with mobility limitations typically live alone (Iezzoni et al. 
2001). Examinations of the effect of social capital on health have shown that those 
with social capital are healthier than those with low levels of social capital (Bolin 
et al. 2003). Moreover, as individuals age they achieve lower levels of social capital 
(Bolin et al. 2003). Although social capital positively impacts health, it does not 
have the same effect on mental health (Liu et al. 2016). Moreover, for adults aged 
60 and over, social capital has a greater effect on their health than on those younger 
than 60 (Liu et al. 2016).

10.5.15  Cultural and/or Social Biases

Disability laws tends to focus on removing physical barriers and in so doing often 
fail to adequately highlight the impact of  biases  on creating barriers to assess, 
including, both  cultural  and  social biases against those who are disabled that 
deter their ability to interact with others based on the negative ways in which others 
react to them either overtly or covertly (Wilson et al. 2000). Many individuals who 
are not limited in their abilities hold biases against those who they perceive as dis-
abled (Employers Network for Equality and Inclusion 2014). Data indicates that 
bias against the disabled exist to a higher degree than biases based on race or gender 
(Employers Network for Equality and Inclusion 2014). In fact, 36% of those sur-
veyed held the belief that the disabled were less productive than others (Employers 
Network for Equality and Inclusion 2014). Even as to employment, the biases 
against those who are disabled appear to be evident as data from 2015 indicates that 
34.9% of those who are disabled aged 18–64 were employed as opposed to 76.0% 
of those who were not disabled (Lewis 2017). Not surprisingly, earnings disparities 
exist those who are disabled earn significantly less than those who are not disabled 
with median earnings of $10,000 less for those who were disabled as opposed to 
those who were not (Lewis 2017).
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10.6  Critique and Further Discussions

10.6.1  Mobility Limitations in Younger Age Groups

Though it might be perceived otherwise, mobility issues represent a concern for far 
more than those individuals of advanced years (Iezzoni et al. 2001). One study spe-
cifically addressed the need to examine the impact and prevalence of mobility limi-
tations on individuals “aged 18 and older” (Iezzoni et al. 2001, p. 235). In one study, 
researchers used data collected by the National Center for Health Statistics (NCHS) 
as part of their 1994–1995 National Health Interview Survey, Disability Supplement 
(NHIS-D): this represents the disability supplement focused at estimating the 
national rate of disability among all individuals irrespective of age who were not 
institutionalized (Iezzoni et al. 2001). In analyzing the data of the 145,007 individu-
als, which was comprised of individuals aged 18 and older, the researchers noted 
that they focused on those whose mobility was such that they could not transverse 
an area without assistance either of a person or a mechanical device in order to per-
form activities of daily living (Iezzoni et  al. 2001). Of those aged 18–49, 4% 
reported mobility difficulties as opposed to 15.4% of those aged 50–69 (Iezzoni 
et al. 2001). However, 46% indicated that their mobility issues began before age 50 
(Iezzoni et al. 2001). Data also illustrated some patterns in terms of gender and race: 
3 more women than men exhibited mobility issues, and 15% of African Americans 
experienced higher levels of mobility, as opposed to 10% of those of white or 
Hispanic origin (Iezzoni et al. 2001).

Unlike their older counterparts who experienced limited mobility to a large 
degree as a result of age-related conditions such as chronic diseases, individuals 
younger than 50 experienced mobility limitations for different reasons (Iezzoni 
et al. 2001). A review of the data indicated that mobility issues affecting those 18–49 
tended to be related to back pain likely caused by overuse or following an accident 
(Iezzoni et al. 2001). Moreover, among those 18–49, some individuals attributed 
their mobility limitation to a variety of conditions with 1.5% reporting multiple 
sclerosis, which is a “chronic inflammatory disease of the central nervous system” 
that tends to develop progressively over the life of the individual (Beiske et al. 2007) 
and 1.1% reporting “partial paralysis” (Iezzoni et al. 2001, p. 238). As this research 
illustrates, the conditions that affect those who are younger than 50 are much differ-
ent than those affecting those over age 50. Though there is a significant degree of 
research conducted in terms of mobility limitations incidental to back pain and 
some research on barriers to exercise for those with multiple sclerosis, there were 
only a handful of studies on younger adults. To determine what barriers exist for the 
younger population, a greater understanding is needed in terms of how the condi-
tions that affect them impact their mobility and their ability to engage in physical 
activity at the level necessary to achieve health benefits.
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10.6.2  Increased Biases Against Disabled Adversely Impacting 
Physical Activity

Given that limitations related to mobility represent visible manifestations likely per-
ceived as a disability, such biases need to be examined to determine to what degree 
they present a barrier preventing those with limited mobility from availing them-
selves of opportunities to exercise. Such biases may also affect whether or not indi-
viduals feel comfortable in using assistive devices as use of such devices represents 
a more visible indicator of disability. A greater understanding is needed of the 
impact of such implicit biases and how they affect the ability of those with mobility 
limitations for taking advantage of opportunities to exercise.

10.6.3  Lack of Data Regarding Younger Demographic

No research was identified detailing the percentage of those aged under 18 who suf-
fer from mobility limitations. Though one could contend that this represents lack of 
prevalence in this age group, it seems unlikely that those under age 18 are not suf-
fering from mobility limitations given that data on disabilities in general that 
includes those aged 16 through 18 indicates increased numbers and some of the 
conditions that this age group appear to be developing are associated with the devel-
opment of mobility limitations. For instance, in the United States, we are experienc-
ing an increased number of youth aged 2–19 years suffering from obesity: rates 
from 1999 to 2000 were 13.9% and have risen to 18.5% in 2015–2016 (United 
States Centers for Disease Control and Prevention 2016). According to the National 
Survey of Children’s Health, 31.2% of those children aged 10–17 could be catego-
rized as over their expected weight or obese (2016). Hence, one could infer that 
such an age group also has mobility limitations that they need to overcome. 
Interestingly, Healthy People examined obesity for this age group as a leading 
health indicator (Office of Disease Prevention and Health Promotion). Yet, unlike 
other health factors which were assessed as to disability and the potential that such 
a health indicator represented an increased likelihood of developing a disability, the 
data does not assess such a causal connection between obesity and disability in 
those aged 2–19 (Office of Disease Prevention and Health Promotion). In fact, one 
could logically hypothesize that some of the physical activities of this group such as 
engaging in gym as part of their education may be affected as a result of mobility 
limitations that would be unique as to this group. However, no research appears to 
have examined their experience in surmounting the barriers to physical exercise, 
including how this age group seeks out recreational exercise opportunities among 
their peers despite their limited mobility.
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10.6.4  Lack of Strategic Mental Health Care

Offsetting the impact of mental health as a barrier requires a proactive approach to 
ongoing mental health assessment as well as a long-term view of treatment as a 
means of maintaining any gains achieved. Failing to establish a mental health sup-
port infrastructure risks losing any short-term  gains and also represents a long- 
term  means of allowing mental health conditions to deteriorate unmanaged. 
Unmanaged mental health results in those affected being unable to cope with daily 
challenges. Given that said individuals cannot cope with daily challenges, their 
focus is on trying to surmount those challenges and not on further taxing themselves 
by seeking to achieve health through exercise.

10.6.5  Lack of Data Pertaining to Mobility Limitations

There is a gap in the literature as it pertains to the extent of mobility limitations 
affecting the overall population, irrespective of age. Though there is extensive 
research on mobility in terms of access and opportunity to exercise in the aging 
population, scant research exists in terms of other age groups. What little does exist 
is limited to those experiencing long-term debilitating conditions, rather than an 
examination of those whose conditions are manageable, i.e., those with limited 
mobility. As to those who have treatable conditions, being left without the opportu-
nity to exercise as a result of a mobility limitation adversely impacts their overall 
health. The adverse effect of failing to engage in physical activity is illustrated 
throughout the literature as a catalyst to fostering the development of secondary 
conditions. Moreover, the importance of creating an overall environment absent of 
barriers to mobility has been legislated through accessibility legislation. However, 
it is clear that we need to obtain a more concrete understanding of how to compre-
hensively address the needs of the growing population of individuals afflicted with 
limited mobility to prevent those who develop low mobility limitations from devel-
oping major mobility limitations. The literature also suggests that mobility limita-
tions could be increasing overall based on the increasingly sedentary lifestyle that 
people are leading, and given that there is little understanding of optimal sedentary 
levels, recommendations relative to the degree to which a set number of sedentary 
hours should not be exceeded have yet to be made. However, before any such rec-
ommendations can be made, there has to be a greater understanding as to the impact 
that a sedentary lifestyle has on health so that both individuals and their medical 
providers can formulate practices aimed at avoiding reaching the sedentary level at 
which an adverse impact to health results.
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Chapter 11
A Model of Human Cognitive Biases 
and Complacency Toward Opportunities 
for the Disabled

David Hollar 

Abbreviations

ADA Americans with Disabilities Act
AIMFREE Accessibility Instruments Measuring Fitness and Recreation 

Environments
AUC Area under the curve
EDF Électricité de France
GLO Gulonolactone oxidase
IDEA Individuals with Disabilities Education Act
IEP Individualized Education Plan
NCHPAD National Center on Health, Physical Activity, and Disability
NIDILRR National Institute on Disability, Independent Living, and Rehabilitation 

Research
RERC Rehabilitation Engineering Research Center
RRTC Rehabilitation Research and Training Center
ROC Receiver Operator Characteristic
SCI Spinal cord injury
TBI Traumatic brain injury
UD Universal design
UDL Universal Design for Learning

11.1  Introduction

In 2006, the French utility company EDF (Électricité de France) ran a Diversité 
commercial that simulated living in a world where every aspect of society was con-
structed around disability accommodations (e.g., a library with only Braille books). 
Similarly, the Taiwanese TC Bank in 2011 ran Dream Rangers, an inspiring 
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commercial about five older adult men with serious health issues who decided to 
live and circumnavigate their entire country by motorcycle. These efforts promote 
inclusion in society for people who often are stigmatized and marginalized, plus 
they demonstrate social responsibility and positive marketing strategies for the 
respective businesses.

Nevertheless, the move to promote full independence and social integration for 
people living with mobility and other disabilities is both sporadic and daunting. The 
reasons for this situation are myriad, but they ultimately involve individual and 
group psychological dynamics that tend to conceptually distance that which is dif-
ferent, it’s somebody else’s problem, or that we have made token efforts to ade-
quately attack the problem. Dynamic behavioral change is difficult, requires 
substantial energy and commitment, and must be sustained (Hollar 2017a). Our 
continuing task is to promote health and opportunities for every person and their 
situation, including the removal of health, exercise, and nutrition barriers facing 
people who are living with mobility limitations and other disabilities.

For people living with disabilities, it is easy for public perception to falsely view 
their capabilities and ultimate outcomes as limited. There can be the tendency to 
feel sorry for them or, conversely, to view them as a burden upon society and its 
apparent limited resources. Such false presuppositions lie at the center of the self- 
worth movement in education and human development (Covington 1992). Most of 
us at some point in time encounter people in positions of authority who belittle our 
abilities and who attempt to limit our prospects. The situation is multiply com-
pounded for people living with disabilities. Those of us who currently are not living 
with significant disabilities have the task of removing the conceptual barriers against 
disability and opening the possibilities for every person.

People tend to resist change unless it is captivating and involves compelling 
advantages to individual and group success or survival. We see the rapid, even 
addictive, expansion of smart telephone technologies to several billion people in 
less than 10 years because these companies have miniaturized the many technologi-
cal components and maximized their capabilities across various life areas. Such 
creativity creates a dramatic force for public demand. The exponentiation of appli-
cations on these devices offers benefits for everyone, including people living with 
disabilities. However, from a physical perspective, this technology has limitations, 
and other technological areas and especially human institutions.

In an ideal world, everybody would stop to help any person who was suffering. 
Such actions involve the setting aside of continuous overlapping time and resources 
to affect a multitude of individual conditions and situations to the point of over-
whelming our systems from performing their existing missions. We have estab-
lished social support institutions to help people for various categories of events in 
their lives. Nevertheless, most of these events are acute in nature. We are much less 
prepared to deal with the diversity of health and other life conditions that are unique 
to each person and that often are chronic. Only recently have health-care systems 
moved to preventative care with the promotion of improved exercise and nutrition 
in populations, this being a reactionary response to the market forces of escalating 
health-care costs and prevalent unhealthy behaviors driven by individuals and other 
market forces that reinforce these behaviors.
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Reaching the needs of every single person on earth is impossible from a prac-
tical perspective. However, maximizing opportunities and access for people with 
and without disabilities can be achieved when our institutions commit to change, 
innovation, and efficiency, but moreover engaging in systems-based thinking. A 
systems approach can accentuate such innovation and provide improved delivery 
systems worldwide. Such an approach would go far beyond the sporadic volun-
teer and other charitable work that exists today. Instead, it would be a naturally 
included component of the way that our institutions and systems function, not 
from more costs but from the synergy of individual supports within organiza-
tional/systemic functioning.

From a broader, evolutionary perspective, Wilson (1975, 1984, 2012) empha-
sized that 19 eusocial species exist, species that live together for multiple genera-
tions in organized communities, the young are protected, and labor is divided to 
promote reproductive success and survival. Sixteen of these species are insects, 
including the ants and honeybees, but the only eusocial primate is our own species. 
Nevertheless, Wilson (2012) argued that our own species’ social systems are highly 
inefficient, even dysfunctional, compared to other eusocial species because our cog-
nitive processes are wired for mistrust and conflict, our institutions are outmoded, 
and we have developed expanding technologies that are outpacing our decision- 
making processes and institutions to wisely use the technologies. For our perspec-
tive on exercise for people living with mobility limitations, we here highlight 
Wilson’s observations with respect to our resistance to major systemic changes in 
our thinking and systems aimed to recognize the needs of this population.

11.2  Decision-Making Theories in Synopsis

Festinger (1957) demonstrated that people naturally engage in decision justification 
even when they make bad decisions, a phenomenon that he termed cognitive dis-
sonance, a nonrational decision heuristic that relieves the mental conflict between 
actions and outcomes. We prefer to believe that a decision has been good even when 
the outcomes might be negative; therefore, we seek the positive aspects of the out-
comes for highlights. Staw (1976; see also Hollar et al. 2000) showed that individu-
als and groups tend to invest and reinvest time, resources, and finances into losing 
outcomes, a phenomenon termed escalation behavior, also called the sunk-cost 
effect. Individuals and groups engage in group-think and self-justifying arguments 
to continue the negative course of action. Multiple social and environmental forces 
(e.g., saving face with respect to prevailing public opinion) can drive such behaviors 
(Hollar et al. 2000). Only gradually have organizational behaviorists started to stress 
the importance of allowing failure for innovation and culture changes to occur 
within organizations (Brown 2009; Drucker 1985; Kotter 1995; Kotter and 
Rathgeber 2005, 2016). Teamwork in health care has followed the same approach in 
response to the 2000 Institute of Medicine report on hospital deaths due to medical 
errors (Kohn et al. 2000), although medical errors appear to be increasing dramati-
cally due to the related complexity of forces that are impacting health care (Makary 
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and Daniel 2016). Newton et  al. (2008) discovered that several large cohorts of 
medical students showed declining levels of empathy toward patients during their 
medical school training.

Both Janis and Mann (1977) and Dawes (1988) highlighted various types of such 
nonrational behaviors and offered various decision heuristics to improve individual 
and group decision-making processes. Whereas researchers such as Damasio (1994) 
correctly identified decision-making as a combined cognitive-emotional process, 
Hollar (2016) found that the emotional construct of empathy may be elusive and 
may act within a relative relatedness distance gradient, albeit with less empathy for 
related individuals then increasing and gradually declining for those who are rela-
tionally distance-removed from the decision-maker. This finding is consistent with 
Nowak et al. (2010) finding that altruism operates by complex social interaction 
patterns between members of a group rather than from genetic relatedness alone. 
The empathy component is critical from a decision-making/innovation viewpoint 
because we are cognitively overwhelmed with information and areas of concern 
such that we can lose focus on the needs of millions of Americans and hundreds of 
millions of people worldwide who could benefit from technology and improved 
health promotional facilities. Just in the United States alone, there are at least 1.7 
million new incidences of traumatic brain injury (TBI) each year, with a long-term 
TBI disability prevalence rate of at least 3.2 million people (Ma et  al. 2014; 
Waxweiler et al. 1995; Zaloshnja et al. 2008)

Assessments of human reasoning utilizing alternative decision scenarios show 
that most people have poor statistical reasoning skills, and they have difficulty 
choosing logical, beneficial choices, a phenomenon that occurs even among highly 
educated professionals (Kahneman 2011; Kahneman and Tversky 1979; Tversky 
and Kahneman 1974, 1981, 1986). Kahneman and Tversky (1979) showed that 
people tend to place greater value on potential losses than on potential gains, again 
irrespective of educational or social background. Kahneman (2003) distinguished 
perception/intuition (System 1 thinking), which is fast and effortless, versus reason-
ing (System 2 thinking), which is slow and rule-governed, as two principal types of 
reasoning. Education should focus on improving statistical reasoning involved in 
intuitive decision processes, although no educators or scientists have offered any 
effective curricula to improve human thinking (Nickerson 2004). This decision- 
making weakness is extremely applicable to moral reasoning, as most people fail to 
map out alternative consequences of their actions, a process that can be improved 
with careful reflection and a commitment to a higher cause (Graham 1965; Schaeffer 
1968/1990; Solzhenitsyn 1973).

Likewise, philosophers for thousands of years since Aristotle (2012) have noted 
numerous arguments of reasoning (i.e., fallacies) that lead even highly educated 
people to erroneous decisions. Swets et  al. (2000) developed a decision-making 
matrix, used in statistical analysis and Receiver Operator Characteristic (ROC) 
diagnostics, for testing decision tools and diagnostic approaches versus real out-
comes. They found that triangulation of multiple decision tools leads to improved 
assessments of situations (i.e., improved prediction) on ROC curves.
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Nevertheless, people lead complicated lives and are bombarded with many 
sources of information. Consequently, poor decision-making skills persist. Besides 
poor decision-making skills (Kahneman 2003), people across cultures tend to focus 
upon subtle aspects of social status differences. Lucas and Phelan (2012) found 
social distance effects for people with intellectual and physical disabilities that lead 
to stigmatization. The World Health Organization (2011) cited stigmatization as a 
continuing barrier to opportunities for people living with disabilities. Goffman 
(1959, 1963) outlined the effects of stigmatization upon individuals, with the results 
including long-term labeling and social ostracism for reduced life outcomes.

People living with disabilities are more highly concentrated in rural and low 
socioeconomic regions of the United States, areas many of which have been iden-
tified by the US Department of Health and Human Services to be Health 
Professional Shortage Areas (HPSAs) and Medically Underserved Areas (MUAs) 
(Hollar 2017b; Iezzoni et al. 2006; Mendoza-Vasconez et al. 2016). People living 
in rural areas have less access to primary and especially specialty physicians, 
accessible health- care facilities with updated equipment, accessible exercise facil-
ities, and adequate nutrition as well as variety of dietary sources (e.g., food des-
erts). Such deprivation due to locality can lead to further stigmatization through 
the separation of “haves” from “have nots.” The situation is very problematic in 
Third World Countries that have less transportation infrastructure and distributed/
coordinated health-care systems. Even in other Western nations, lack of healthcare 
access for people with disabilities in rural and low socioeconomic areas represents 
a substantial health disparity problem (Popplewell et al. 2014). Myriad social and 
economic forces have produced this situation despite substantial federal efforts in 
the United States to promote increased health-care providers and facilities in rural 
areas. The reality exists that health providers gravitate to medical centers in major 
metropolitan areas that offer greater intellectual, leisure, and cultural benefits, 
along with infrastructure and population concentrations. Furthermore, exercise 
facilities and nutrition follow the same market forces that drive movements to cit-
ies. Rural areas are left with a poor business/industrial base that cannot provide a 
comparable infrastructure for transportation, rapid access and diagnosis of condi-
tions, and other resources (e.g., exercise, nutrition) to rural residents. This creates 
less access for people living with mobility limitations and other disabilities, plus 
it increases the probability of increased acquired disabilities and secondary condi-
tions due to greater epidemiological latency times from disease/condition occur-
rence to diagnosis and treatment.

Case and Deaton (2015) documented that between 1999 and 2013, the US 
Caucasian population experienced increased mortality for the first time in many 
decades, in contrast to other racial/ethnic groups. The largest increases in mortality 
occurred among less educated people across all race/ethnic groups, and the primary 
circumstances of death involved substance abuse-related conditions and/or suicide. 
The situation is much higher in rural areas, where Stein et al. (2017) demonstrated 
significantly higher mortality rates, especially by overdose, poisonings, and suicide, 
for younger (age 25–54) Caucasians from 1999 to 2015. Ivey-Stephenson et  al. 
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(2017) corroborated the increased rural suicide rates across this same time period 
for both males and females across different race/ethnicities, although males experi-
enced significantly higher rates compared to females, and both Native American 
and Caucasian rural populations experienced dramatic increases in suicide rates.

Whereas the interface between disability and these recently discovered trends in 
rural health has not been extensively explored, we do know that people living with 
multiple sclerosis and spinal cord injury have significantly higher suicide rates than 
the general population, possibly higher for people living with intellectual and devel-
opmental disabilities as well (Giannini et al. 2010). Furthermore, we do know that 
people with disabilities are more likely to live in rural and health underserved areas 
(Hollar 2017b). Krueger (2017) implicated long-term trends in the loss of manufac-
turing jobs, demographic changes, and the Great Recession of 2008 that have dra-
matically and negatively impacted the health of American workers, especially males 
in rural and other affected areas. These negative effects include the opioid crisis, and 
Krueger (2017) strongly recommended public health interventions to assist these 
affected populations. Bor (2017) cited these conditions and the declining health of 
rural US populations as a major factor that impacted the 2016 presidential election, 
as impacted populations voiced a need for support and change in their life condi-
tions from the federal government.

Hollar (2013) and Hollar and Lewis (2015) demonstrated that people living with 
mobility limitations experienced significantly higher risks for obesity, allostatic 
load, and associated negative heart age differentials compared to people without 
disabilities. The most likely causes for these poor health outcomes include lack of 
access to exercise facilities and assistive exercise devices, lack of access to prompt 
health care, lack of access to good nutrition, lack of transportation, and lack of 
social/community supports, including employment and friendship (Hollar 2013; 
Hollar and Moore 2004; Nary 2004).

The problem of poor health outcomes exists not only among people living with 
cognitive disabilities, but with people in general. There has been extensive research 
on systems and devices to help people living with disabilities but little translation of 
such research into actual, affordable devices that dramatically improve significant 
aspects of these people’s lives. We here suggest that it is humanity’s decision- 
making limitations/disabilities as a whole that has resulted in a lack of proper atten-
tion to the needs of people living with mobility limitations and with other disabilities. 
As with three of Kotter’s Eight Stages of Change model (Kotter 1995; Kotter and 
Rathgeber 2005), we must create a sense of urgency for the widespread need to help 
people living with disabilities. Likewise, we must build buy-in from leaders and 
policymakers as well as must be relentless/persistent with our efforts to innovate 
and to advance change. Maintaining the urgency probably is the most critical com-
ponent, as our species’ cognitive decision-making limitations (shall we call it a 
species’ disability?) tend to prevent us from making the dramatic changes that can 
benefit so many people.

As an illustration on this point, Homo sapiens represents a relatively homoge-
neous species, although there is wide variation in numerous traits given a historical 
trend toward migration and admixture of populations. Williams (1956) calculated 
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that for every 100 genes (and humans have at least 50,000 operational genes), the 
probability of having zero abnormal genes is 0.95100, or less than 1%. Consequently, 
every person carries at least several abnormal genes, either relatively harmless in a 
homozygous incompletely penetrant state or masked in heterozygosity, and is 
therefore mutant (Eckhardt 2001). Additionally, all humans, many primates, and 
guinea pigs are homozygous for the lethal allele conferring gulonolactone oxidase 
(GLO) deficiency (Nishikimi et  al. 1994), a condition easily treated by dietary 
intake of L-ascorbate (vitamin C). Variation is the rule, not the exception, and nor-
mative ideologies are fallacious in both ethical and evolutionary perspectives. 
Furthermore, the immediate ramifications of every person’s uniqueness (i.e., 
mutantness) and, therefore, disability of one type or another leads to a clear solu-
tion for which we have the unique capability: we modify the environment of each 
person for their optimal success. Located at the core of modern human develop-
mental psychophysiology (Covington 1992), this philosophy makes sense to most 
people, but we must promote the urgency to truly reach each individual’s needs, 
some of whom have greater physical, environmental, and social barriers to over-
come than do others. We are not talking about outlandish whims of some individu-
als that too often make the headline news and talk radio/television venues, but 
genuine physical, psychological, and other health needs that currently are only 
minimally met by our health systems.

We take for granted the occasional muscle tear, fracture, or nearsightedness that 
we experience in daily living. These are acute, temporary, or easily treated disabili-
ties, just as with our dietary supplementation of vitamin C for our lethal gene muta-
tion described above. It is a very different situation for someone living with a 
neural tube birth defect, spinal cord injury from an accident, stroke, or intellectual/
developmental disability. These are chronic conditions that potentially can expand 
into further secondary conditions that reduce their quality of life. Nevertheless, we 
have the knowledge and resources to innovate with solutions that enable people 
with these conditions to perform optimally close to the performance of people who 
do not have these conditions. These more serious conditions could strike any of us 
at any time.

11.3  Overcoming the Cognitive Impasse

Alan Lightman and Owen Gingerich (1991, p. 690) defined a scientific anomaly as 
“an observed fact that is difficult to explain in terms of the existing conceptual 
framework,” and they suggest the use of retrorecognition as a psychological tool 
to address unexplained facts/givens within new frameworks and to provide 
improved theories of knowledge. They cited several famous scientific examples, 
most notably Nicolaus Copernicus’ correct conceptualization of the heliocentric 
solar system model by firmly addressing the problem of inner planetary retrograde 
motion that had been previously accepted as a curious but tolerable anomaly 
within the incorrect earth-centered model. From a decision-making perspective, 
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this example illustrates the human tendency to accept situations as they are and 
that little can be done to change the situation (i.e., complacency).

Lightman and Gingerich’s (1991) argument is further illustrated by Dyson’s 
(2004) reminiscence of a research strategy change. Citing a meeting with Nobel 
Laureate Enrico Fermi, he stated that attempts to solve scientific problems require a 
clear model of the situation (i.e., reality) and a robust mathematical formalism to 
describe this model. This approach is consistent with our understanding of the pre-
dictive validity for models (Messick 1988) and deductive, experimental research 
designs (Charlton 1996; Popper 2002; Rothman and Greenland 1998).

Retrorecognition is a little used but System 2 thinking/reasoning tool that recasts 
accepted status quo concepts into new models for potential solutions. Universal 
access and assistive devices/technology across all levels of society represent struc-
tural and psychological changes that can be beneficial to everyone. It begins with 
the identification of functional issues and the interface of physical, biological, psy-
chological, social, and environmental barriers to optimum functioning for any per-
son. The mental shift is from the person with a disability accepting the way things 
exist to how we can change the situation and environment.

11.4  Universal Access

In the United States, the primary driving forces for full access and inclusion of 
people living with disabilities have been the Rehabilitation Act of 1973 and its 
amendments (29 U.S.C. § 701 et seq., Public Law 93–112, 87 Statute 355) and the 
Americans with Disabilities Act and its amendments (ADA; 42 U.S.C. § 12,101, 
Public Law 101–336). The Rehabilitation Act specifically charges federal govern-
ment agencies to prohibit employment discrimination against people living with 
disabilities and to provide state grants to support vocational rehabilitation programs. 
The Rehabilitation Act affirms civil rights protections for this population, and it 
provides for research and training grants to improve health and access in society, 
education, and industry/business. With the civil rights provisions in Section 504, the 
act charges federal agencies to provide reasonable accommodations and access for 
people living with disabilities.

The 1990 ADA and its amendments placed disability on an even plane with race, 
religion, and other characteristics defined under the US Civil Rights Act of 1964 
(Public Law 88–352; 78 Statute 241). The ADA specifically prohibits discrimina-
tion against people living with disabilities in all aspects of employment, and it 
requires public institutions and transportation to provide access and accommoda-
tions. Public and commercial facilities such as businesses and hotels must be acces-
sible, and all new construction must be accessible, with some exceptions for 
historic sites. Despite its employment provisions, people living with disabilities 
remain significantly under- and unemployed compared to people without disabili-
ties, at approximately a 2:7 ratio. As with age discrimination, some employers have 
been able to navigate the ADA in various aspects of hiring and changes in staffing 
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for various positions, although some positions do justifiably prohibit certain dis-
abilities due to safety issues and the physical nature of the work. Nevertheless, the 
ADA too often is viewed only as an accessibility issue, not the true spirit of inclu-
sion for this population.

Therefore, these two laws demonstrate the legal requirement of accessibility to 
health and exercise for people living with mobility limitations and other disabilities. 
Over several decades since the enactments of this legislation, businesses and institu-
tions have steadily worked to improve accessible options. However, many organiza-
tions lag behind in terms of full accessibility to facilities, often due to costs. Pharr 
(2013) surveyed 63 members of a medical management organization, finding that 
lack of knowledge of accessible equipment to meet patient needs was a primary fac-
tor in their clinics’ lack of full compliance with the ADA.

For physical and recreational facilities, Rimmer et  al. (2005) tested their 
AIMFREE (Accessibility Instruments Measuring Fitness and Recreation 
Environments) instrument on 35 exercise centers, finding that most facilities pro-
vided staff training and accessible print materials for people with varying disabili-
ties. However, most centers did not have the full range of equipment spacing, 
adjustments, and accessibility; moreover, most centers did not have people with 
disabilities on their advisory boards. Arbour-Nicitopoulos and Martin Ginis (2011) 
also tested the AIMFREE with 44 Canadian exercise centers, finding that none of 
the facilities were fully accessible, and AIMFREE ratings for the centers ranged 
from a low of 31 to a maximum of 63 out of 100 total points.

These studies highlight the substantial need for improved accessibility to health 
and exercise facilities/equipment for this population. The barriers seem to primarily 
lie with knowledge of equipment, procedures, and legislation as well as cost barri-
ers. Other studies address additional, significant extrinsic issues such as transporta-
tion, neighborhood safety, and social supports (Escobar-Viera et al. 2014; Levasseur 
et al. 2015; Rosenberg et al. 2011).

Principles of universal access for people living with mobility limitations and 
other disabilities are advocated by many organizations. These principles mirror 
architectural guidelines for universal design to access new construction. The 
Amputee Coalition (www.amputee-coalition.org) addresses universal access with 
respect to the Rehabilitation Act and the ADA through a factsheet of universal 
access guidelines. These recommendations include an individual contacting the 
health clinic or fitness center to discuss accessibility options and various accom-
modations that the clinic or center can provide. These options range from parking 
accessibility, adjustable examination tables or exercise devices, scales and examina-
tion diagnostic equipment that can accommodate wheelchairs, plenty of spaces for 
maneuvering, adequate time for facilities usage, and adequate staff training to pro-
vide appropriate assistance.

The 7 principles of universal design (UD; Carr et al. 2013; Imrie 2011; Story 
1998; The Center for Universal Design 1997; see also https://www.cdc.gov/ncbddd/
disabilityandhealth/disability-strategies.html) include the following central con-
cepts (in addition to 29 supplementary tenets):
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 1. The design can be used by people with different types of abilities and disabilities 
(i.e., equitable).

 2. The design broadly accommodates different disability needs (i.e., flexibility).
 3. The design is simple for the user at first contact/use (i.e., simple).
 4. The design can be identified immediately by different user perceptual capabili-

ties (i.e., perceptible).
 5. The design poses minimal physical risks to the user (i.e., tolerance for error).
 6. The design requires minimal physical exertion (i.e., low physical effort).
 7. The design is spatially adjustable for different user needs, including space for 

movement around the design (i.e., size and space for approach and use).

These principles drive not only accessibility for building construction but also for 
the design of medical/health facilities, exercise and recreational centers, and, most 
importantly, the equipment that is used by people living with and without 
disabilities.

The UD principles have gained traction in other areas of accessibility, including 
Universal Design for Learning (UDL; Center for Applied Special Technology 
2011), which promotes “multiple means of representation, expression, and engage-
ment.” This work is an extension of the Rehabilitation Act, ADA, plus the Individuals 
with Disabilities Education Act (IDEA; Public Law 101–476, 104 Statute 1142). 
Like the Rehabilitation Act, the 1990 IDEA substantially updated and replaced pre-
vious legislation such that greater inclusion and individual rights are promoted. The 
IDEA promotes equal educational opportunities for children with disabilities, 
including close parent/guardian-teacher collaboration to develop Individualized 
Education Plans (IEPs) for students with disabilities. Furthermore, students with 
disabilities are to be taught in inclusive classrooms that contain students without 
disabilities, and schools must provide reasonable educational accommodations to 
students free of charge.

Often overlooked is the Assistive Technology Act of 2004 (Public Law 108–
364), which updated previous, similar legislation that provided grant funding to 
state programs that researched and provided assistive devices and services to 
people living with disabilities. The 2004 law expanded these services to include 
assisting people with identifying and acquiring assistive device technologies. 
Operationally defined, an assistive technology device helps a person to achieve 
optimum functionality. According to the original Technology-Related Assistance 
for Individuals with Disabilities Act of 1988 (Public Law 100–407, 102 Statute 
1044), “The term ‘assistive technology device’ means any item, piece of equip-
ment, or product system, whether acquired commercially off the shelf, modified, 
or customized, that is used to increase, maintain, or improve functional capabili-
ties of individuals with disabilities.”

From a human rights perspective, Atlantis Community, Inc. in Denver, Colorado, 
is the first American independent living center. It arose as a self-advocacy move-
ment among people living with severe disabilities in nursing homes during 1973–
1974. With the assistance of Reverend Wade Blank and numerous advocates with 
and without disabilities, the first center was established in 1975, and it continues 
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independent living advocacy and civil rights support across the United States (www.
atlantiscommunity.org). This led to the creation of more independent living centers 
promoting inclusion for people with disabilities across the United States, a move-
ment that continues to grow but still has much expansion and widespread accep-
tance to achieve. Prior to Atlantis, people living with disabilities in nursing and 
other institutional facilities often were not provided basic social and exercise needs. 
Such conditions still exist sporadically in the United States and globally.

Closed related and of high importance to the independent living movement was 
the June 22, 1999, US Supreme Court decision for the plaintiffs (L.C.) in Olmstead 
versus L.C. (527 US 581). The court ruled that segregation of people with disabili-
ties was a violation of Section 2 of the ADA.  Initially, two women living in a 
Georgia state institution sued the state for the right to live in the community. The 
court’s ruling maintained that people with disabilities could live independently in 
the community and receive health insurance and other benefits for their care if they 
do not require continuous, 24-hour care and if they do not pose a danger to them-
selves or to others. The court further required states to develop plans for transition-
ing people with disabilities into communities, something that only a few states 
have done as of late 2017, 18 years following the court’s ruling. The Olmstead 
decision and its aftermath illustrate the continued, determined drive by people liv-
ing with disabilities and their advocates to achieve equitable treatment in health 
care and in all aspects of society.

In accordance with the Rehabilitation Act, the above cited court ruling and legis-
lation, and additional policy/legal actions at the state and federal levels, the US 
National Institute on Disability, Independent Living, and Rehabilitation Research 
(NIDILRR) is charged with providing annual research funding through grant com-
petitions to universities, advocacy organizations, businesses, and other qualified 
entities to advance the Rehabilitation Act and the rights of people living with dis-
abilities. NIDILRR funds numerous specialty Rehabilitation Research and Training 
Centers (RRTCs) and Rehabilitation Engineering Research Centers (RERCs) across 
the United States as well as single and multiyear funding streams to support dis-
ability research to advance the science and rehabilitation programs to assist people 
living with disabilities (see www.narrtc.org).

With respect to exercise and health, two of the top traumatic brain injury (TBI) 
and spinal cord injury (SCI) hospitals in the United States are Shepherd Center in 
Atlanta, Georgia, and Craig Hospital in Denver, Colorado. Such hospitals provide 
an array of neuroscience, rehabilitation, assistive technology, exercise programs 
and sports, and community reintegration services to people living with TBI, SCI, 
and stroke. Computer, wheelchair, voice and visual technologies, and exoskeleton 
training/certification programs and equipment are made available to thousands of 
patient/customers each year. Modified, accessible weightlifting and most sports 
(e.g., rugby, SCUBA) are available to wheelchair and other customers. These hos-
pital and TBI/SCI/stroke rehabilitation centers receive public donations and grant 
funding, including from NIDILRR. Unfortunately, there are not enough of these 
excellent centers to support the hundreds of thousands of TBI, SCI, and strokes that 
occur every year.
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The National Center on Health, Physical Activity, and Disability (NCHPAD; 
www.nchpad.org), another NIDILRR-funded center, conducts research and service 
activities to make exercise technologies available to a large segment of the popula-
tion for people living with mobility limitations. NCHPAD works with universities 
and organizations (e.g., Rehabilitation Institute of Chicago, Christopher & Dana 
Reeve Paralysis Resource Center, etc.) to distribute educational materials and pro-
grams for the promotion of physical activity for people living with disabilities. 
Many additional rehabilitation engineering and rehabilitation psychology programs 
advance the science of rehabilitation technology and other support mechanisms 
across the United States and internationally.

The expansion of these programs has substantially improved treatment, rehabili-
tation, and especially community integration and independent living. Still, the pro-
grams in the United States have limited reach across a vast country of 330 million 
people. As with most of health care, concentrations of medical centers, higher edu-
cation, and innovation are concentrated in large, metropolitan areas, leaving thou-
sands of health professional underserved areas in rural as well certain high poverty 
urban areas. Transportation and geographic provision of health services has been a 
chronic problem for decades, and little has been accomplished at taking health edu-
cation services and technologies to these areas even with advances in telemedicine 
and the explosion of information technologies during the past 20  years. It still 
remains the responsibility of the person with disability and their families/friends to 
travel to the major centers in cities for receipt of services, not the other way around. 
This situation might be further compounded with the predicted growth of megaci-
ties, consolidation of health care and other business services, and the increased con-
centration of people in these large urban centers. Economic forces continue to drive 
the separation of populations, haves and “have nots,” when we have the technolo-
gies, knowledge base for even newer technologies, and delivery systems. The 
remaining tasks are for us to develop our own societal wherewithal to promote inno-
vation and outreach, goals that can be achieved at low expense. Until we make these 
species’ cognitive changes, we will continue to miss people when there are readily 
available service systems, leaving alienated, unhealthy populations who may seek 
improper solutions from further unhealthy sources.

11.5  The Process of Selection

As illustrated in Kahneman’s (2003) and Swets et al. (2000) works described above, 
individual decision-making processes, perceptions, and tools of measurement are 
not perfect, either due to lack of validity or due to individual bias in tool construc-
tion (deliberate or accidental). The goal of decision processes is to maximize true 
positives and true negatives when the evaluation tool is matched with reality. True 
positives are those decisions that some phenomenon is true when it is, in fact, true 
(Table 11.1). Likewise, true negatives are those decisions that some phenomenon is 
false when it is false in reality. False positives and negatives (Table 11.1) represent 
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errors in decision-making processes when the decision does not match reality. High 
rates of false positives and negatives detract from objective measures of reality. Yet, 
this is the problem we face when the needs of individuals with disabilities are mar-
ginalized: they become false positives or negatives, depending on the orientation of 
the tool and group perceptions. What we are getting at here is a mapping of indi-
vidual and group decision-making accuracy to identify critical needs that are perti-
nent to greater inclusion for people living with mobility and other disabilities, here 
especially with respect to exercise and health programs.

Swets et  al. (2000) described the decision matrix (Table  11.1) in diagnostic 
assessments, concluding that triangulation of multiple evaluation tools can yield 
improved assessments. Such an approach can be achieved using Receiver Operator 
Characteristic (ROC) curve analysis, which compares the sensitivity of measure-
ment tools to specificity (Rothman and Greenland 1998). Sensitivity and specificity 
of Table 11.1 decision matrix are defined as follows (Dawes 2000; Rothman and 
Greenland 1998; Swets et al. (2000):

 
Sensitivity TruePositives TruePositives alseNegatives= +( )/ F

 
(11.1)

 
Specificity TrueNegatives TrueNegatives FalsePositives= +( )/

 
(11.2)

Here, we define for convenience “true positives” as individuals selected as having 
favored traits, in accordance with evolutionary selection models (Hartl 1980) dis-
cussed below but converse to disease epidemiological models (Rothman and 
Greenland 1998). For selection involving social and health disparities faced by 
people living with disabilities and other stigmatized populations, selection and 
judgments by raters sometimes will classify people with disabilities as a “negative” 
condition within traditional medical models (Allison 2010; Baker 2002), even 
though accommodations can improve levels of functioning to true positive levels. 
Hence, certain individuals in non-accommodating environments might be stigma-
tized and socially marginalized as “false negatives” to be denied full assistance and 
accommodations that would enable full inclusion and independent living (Allison 
2010; Baker 2002; Black 2003; Wolbring 2003).

The objective of ROC analysis for diagnosis is to maximize sensitivity and speci-
ficity, thereby reducing the numbers of false positive and negative conditions. 
Therefore, for an ideal, socially inclusive selection model with no discrimination, 
every person would be selected positive for full inclusion in society, no person 
would be deselected for stigmatization (negative), and both sensitivity (1.0/1.0) and 
specificity (0.0/0.0) would approach unity (Fig. 11.1).

Table 11.1 Sensitivity chart comparing reality versus evaluation/measurement by social judgment 
on the “other” (see Hollar 2017a; Swets et al. 2000)

Social “reality” of the “other”
Ability Disability

Social decision toward the “other” Ability (Select) True positive False positive
Disability False negative True negative
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Wray et  al. (2010) mathematically modeled the ROC area under the curve 
(AUC) parameter (Eq. 11.1; Fig. 11.1), finding that, for genetic studies, the AUC 
(plot of true positives versus false positives) can accurately relate heritability of 
genetic liability for disease. Dodd and Pepe (2003) determined that the AUC as a 
screening tool is proportional to the covariance and regression between predictors 
in disease diagnosis. In Fig. 11.1, Curve A (high sensitivity, low specificity) repre-
sents stronger predictability in distinguishing true positives from false positives, 
whereas Curve B represents weaker predictability, and diagonal Line C represents 
results no better than chance (50:50 probability of correct versus incorrect). 
Therefore, the limitation of the AUC is its capacity to maximize the curve (e.g., 
Curve A, Fig. 11.1) and the true positive rate while allowing false positives, the 
latter that should not exist (i.e., all persons are true positives) with a fully inclusive 
selection model. Hence,

 
AUC ,~ ~cov f q Bfq q( ) s 2

 
(11.3)

where AUC represents the area integral under the ROC curve (Fig. 11.1) and Bfq 
represents the regression of fitness f on a given personal characteristic/trait q, a 
parameter dependent on the covariation between f and q.

Throughout these arguments, the emergent issues are the role and the validity of 
raters in establishing the threshold (if any) for selection and how it defines positive/
negative situations. For a condition that can be lethal, such as cancer detection or 
machine structural anomalies (Dawes 2000; Swets et al. 2000), a test threshold logi-
cally should strictly identify safety marks for treatment or exclusion, respectively, 
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although Swets et al. (2000) stressed the importance of triangulation in testing to 
correct for errors in sensitivity, specificity, and the AUC. For inclusion, situations 
that potentially could impact the civil rights of individuals and organizational cohe-
siveness, thresholds should be eliminated, for persons are not diseases or parasites 
despite what members of the in-group might fallaciously think. Consequently, 
decision- makers need to reject false or arbitrary dichotomous models in favor of a 
more realistic continuum of ability/disability diversity or arbitrary/invalid defini-
tions of competence/incompetence. Our brief decision-making mathematical treat-
ment below (and using Table 11.1) can serve as an applied tool (a type of Kahneman’s 
(2003) System 2 reasoning heuristic) within organizations for identifying possible 
occurrences of false thresholds that marginalize persons who are “different” and 
who reflect “otherness.”

11.5.1  Fitness, Environmental Selection, and Relational 
Systems Perspectives

The Price (1970) Eq. 11.4 as applied to nongenetic selection posits that the change 
in fitness (ΔQ) for a trait q equals the covariance between trait frequencies q and 
trait fitness f, with division by the arithmetic mean fm of all trait fitness values:

 
DQ cov f q fm= ( ), /

 
(11.4)

Since Cov(f, q) is equivalent to the product of the regression path βfq of f on q and 
the variance of the trait frequency q (Price 1970),

 
cov f q Bfq q, AUC( ) = s 2 ~

 
(11.5)

Then (Price 1970):

 
DQ B f ffq q m m= s 2 / ~ /AUC

 
(11.6)

Therefore, if the slope of the regression line for fitness f (i.e., success) on trait preva-
lence is positive, then fitness increases, as does the AUC (Fig. 11.1). Similarly, if we 
substitute fitness with rater assessments of fitness and trait prevalence across levels 
of functioning (i.e., a measure of disability), then we can measure variations in these 
parameters for interacting groups using Eq. 11.4 above from Price’s (1970) basic 
covariance model for nongenetic selection.

In Fig. 11.1, Curve A (high sensitivity, low specificity) represents stronger pre-
dictability in distinguishing true positives from false positives (Table 11.1), whereas 
Curve B represents weaker predictability, and diagonal Line C represents results no 
better than chance (50:50 probability of correct versus incorrect). Therefore, the 
limitation of the AUC is its capacity to maximize the curve (e.g., Curve A, Fig. 11.1) 
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and the true positive rate while allowing false positives, the latter that should not 
exist (i.e., all persons are true positives) with a fully inclusive selection model. 
Dodd and Pepe (2003) determined that the AUC as a screening tool is proportional 
to the covariance and regression between predictors in disease diagnosis.

11.5.2  Truncation Selection and the Decision Matrix

A complementary approach to evaluating human selection in organizations, health 
care, and community facilities inclusion is the classic truncation selection model 
(Fig. 11.2; Hartl 1980; Lynch and Walsh 1998). Like contingency table analysis 
(Table 11.1 and Fig. 11.1), the truncation model assumes a normal distribution, and 
Eq. 11.7 relates distributions of a trait in selected and deselected populations (Hartl 
1980; Lynch and Walsh 1998; Fig. 11.2):

 
q q Zq’ / /’

sel -( ) =s a2

 
(11.7)

where q’sel represents the mean of the selected sample group (e.g., “normal” in- 
group persons), q’ represents the mean of the entire population, σq

2 represents the 
total population variance, Z represents the height of the normal distribution curve 
at the truncation/selection point T, and α represents the area under the selection 
curve ∫0 f(x)dx (i.e., similar to the AUC, Fig. 11.1) for selected individuals to the 
right of the truncation point T (Fig. 11.2) (Hartl 1980). However, α (“presumptive 
positives”) include both true and false positive individuals having the specified 
trait, whereas β represents “false negatives” deselected when they have a “pre-
ferred” trait, and 1 − β represents selected individuals with true “positive” traits 
(Fig. 11.2) (see also Table 11.1, Fig. 11.1).

Therefore, the classic selection model (Fig. 11.2) relates directly to nongenetic, 
contingency table decision-making processes (Table 11.1) and ROC analyses of 
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these decisions (Fig. 11.1). This model (Fig. 11.2) applies to changes in group fit-
ness due to environmental selection or human-controlled directional selection 
(Hartl 1980). In our organizational model, the selector represents an organiza-
tional dominant viewing the Gaussian curve of the group or even dominants within 
the group attempting to change the shape/position of their own distribution, even 
with other forces occurring.

For nongenetic selection processes, the decider/observer/rater(s) exercises the 
option of locating the truncation point T (e.g., who should pass or fail, included or 
excluded, etc.). The establishment of the truncation point can be impacted by a 
multitude of factors such as imperatives for treatment in cancer diagnoses, knowl-
edge to perform specialized jobs that impact others to varying degrees, etc. (Dawes 
2000; Swets et al. 2000). Consequently, the truncation point can slide to the left or 
right based upon the severity of the decision process and how it impacts overall 
social welfare. Continuing from Eq. 11.7, Hartl (1980) derived the t and standard-
ized z statistics for the truncation point T and corresponding AUC ~ α:

 
t T= - ( )( ) =populationmean AUC/ ~s a

 
(11.8)

 z Z= s  (11.9)

Furthermore, the intensity of selection i (i.e., how strong individuals or the environ-
ment is excluding others) is directly proportional to the z statistic (Eq. 11.9) and is 
inversely proportional to α (Eq. 11.10) (Hartl 1980):

 i z Z= =/ /a s a  (11.10)

An important note is that we can also examine the two distributions (selected versus 
deselected) in Fig. 11.2 from a third temporal dimension perpendicular to the distri-
butions, with changes in the distributions changing at recurrent periods (e.g., 
monthly, yearly). As a result, the two distributions can contract, expand, diverge, 
and merge, a measurable, time- and selection-dependent phenomenon pertinent to 
group and organizational dynamics that we will discuss below.

If almost every person is selected for inclusion, say 99% (α = 0.99), then the 
intensity of selection will be very low (i = 0.027), and the truncation point will be 
far to the left in Fig.  11.2. In fact, there would be almost perfect overlap (i.e., 
merging) between the “unselected” and “selected” distributions such that they 
would become one distribution as the two groups became “inphase” with respect 
to group inclusion/qualification. From a conceptual viewpoint, the two distribu-
tions behave cyclically as waves of distributed individuals on a given characteris-
tic, and the waves cycle or precess out-of-phase in real situations, but the waves or 
distributions overlap when they are identical. This “in−/out-phase” precessional 
wave relationship of the two distributions (e.g., as if they represented fluid flow 
hydrodynamic models) suggests a group decision-making solution to intragroup 
conflict, as described below.
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Whereas reasonable decisions on work performance and company revenue 
decisions can justify truncation points in worker selection/deselection for pro-
motion/retention/dismissal, truncation points can be misapplied to exclude/dis-
criminate against persons based upon arbitrary traits/characteristics or upon 
legitimate work flows among group members that existed in the past but might be 
presently resolved. In other words, the decision is made and applied post hoc to 
convenient characteristics to exclude individuals, which is the case that occurs in 
mobbing events.

This 1% in an apparent low selection environment represents the central problem 
with the lack of distribution of resources to disadvantaged and disabled populations 
and possibly the poor job tenure of many persons with disabilities (Baker 2002; 
Hollar et al. 2008; Houtenville et al. 2013). Even in a “just” society and workplace, 
almost everybody will be accepted, but a few lone outliers can be targeted for dese-
lection (Allen 2001; Allison 2010; Montagnon 2005). Therefore, intensity for selec-
tion will appear low and open when, in reality, individuals are targeted. Consequently, 
it is easy to mask discrimination with justified traits and rationalizations. Rarely 
does an organization have a profile such as Fig. 11.2 with clear groupings of indi-
viduals, even with stack rankings. In our low selection scenario, sensitivity will 
increase, whereas specificity will decrease, the latter weakening the corresponding 
AUC curve (Fig. 11.1) with higher numbers of false positives. Nevertheless, whereas 
this 99% scenario yields high overall social welfare from cost-benefit assessments 
(Adler and Posner 2006), 1% of individuals would be singled-out for deselection, 
both for justifiable and perhaps unjustifiable reasons.

Even if multiple raters decide on selection and enjoy high inter-rater agreements/
reliability (Crocker and Algina 1986), the decision still can be invalid if relevant 
traits (i.e., overwhelming pertinence to the environmental situation) are not cor-
rectly chosen and if the raters fail to evaluate the full context of a person and their 
situation; the raters could become susceptible to “groupthink” (Janis 1972; Janis 
and Mann 1977). Furthermore, outliers should never be underestimated for poten-
tial value in preserving populations that crash into evolutionary bottlenecks 
(Eckhardt 2001). For example, an individual with an undervalued or overlooked 
skill might be terminated due to lack of need in a current market environment, even 
when contingency plans envision market changes that will demand that skill. 
Variation is valuable to all populations, so maximizing AUC ~ 1.0 by full inclusion 
of all individuals, both overtly and covertly within the organization’s culture (Trice 
and Beyer 1984), can offer unknown potential future benefits to the organization.

It should be noted that Press and Dyson (2012) demonstrated that Markov iter-
ated prisoner’s dilemma scenarios are not necessarily egalitarian, even with short or 
long memory of opponent move contingencies. They showed that one player hav-
ing knowledge of ultimatum strategies could establish the opponent’s scores and 
extort a linear advantage over the opponent, to which the opponent’s best response 
is to acquiesce to the extortion. Cropanzano et al. (2016) noted the importance of 
linking variations in managerial and employee neurological development and con-
sequential ethical decision-making, including levels of empathy. These studies 
relate to degrees of empathy based upon individual relatedness or recognition 
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(Hollar 2016), organizational networking and altruism (Nowak et al. 2010), and the 
incompleteness of information associated with higher-level decision-making pro-
cesses (Dawes 2000; Kahneman 2003).

Individuals and organizations can falsely rationalize poor decisions (Brockner 
et al. 1981; Festinger 1957, 1964). Arbitrary “evidence” is assembled, but as with 
criticisms of organizational stack rankings as well as related social comparisons in 
other venues (e.g., student performance in schools; Covington 1992), social evalua-
tions too often focus on negatives, however minor, in spite of a plethora of positive 
performances. This raises the additional issue of validity (Arnesen and Norheim 
2003; Messick 1988) for individual and organizational assessments/evaluations, an 
area that continues to be exceptionally weak given a variety of inconsistent and 
poorly studied approaches across organizations, including ineffective external 
audits that rarely address serious human resources problems.

11.6  Deselection and Opening Access

The primary approaches to promote inclusion in health, exercise, society, and 
employment should target organizational leadership, responsibility of leaders, 
improved intervention validities, and culture change (Kotter and Rathgeber 2006). 
Nevertheless, like many programs aimed at reducing recidivism into undesired 
behaviors, little evidence on long-term outcomes exists; when such evidence does 
exist, it consistently shows rapid declines to pretreatment levels without sustained 
personal supports and training. Consequently, there is a need for dramatic phase 
merging in organizational group behaviors that emphasize commonalities among 
individuals and the fact that the phenomenon of disability is within each of us.

With a phase merge approach, the objective, as outlined above, is to maximize 
the true positives and false positives, hence an AUC approaching 1.00 with full 
inclusion and the simultaneous reduction of selection intensity to 0, as shown in 
Eqs. 11.4, 11.7, and 11.10. This can be achieved by manipulating the truncation 
point (Fig. 11.2) to where individuals are evaluated on their commonalities for high 
covariance between individuals, genuinely important traits, and “fitness” while not 
measuring other job-irrelevant, unique features of individuals and even highlighting 
the values of these unique features.

We propose a nongenetic, methodological approach that merges the AUC and 
truncation selection approaches while recognizing:

 Q FQ Qt t t t+ = =1  (11.11)

where Qt represents a matrix of all measured trait percentage values in a population/
organization of interacting individuals at a given time t. Ft represents a unit matrix 
of one’s perfect fitness matrix where there is zero selection against irrelevant traits/
characteristics, therefore maximizing the AUC for epidemiological sensitivity and 
specificity and merging selected/“deselected” distributions on a given or multiple 
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traits (i.e., merging the two distributions in Fig. 11.2). The ΔQ parameter is reduced 
to zero, and the two distribution means μ  = μ’ when the overlapping/precessing 
distributions or waves are brought “into phase.” That is, individuals separated by 
arbitrary characteristics are included under one commonality distribution.

11.7  Conclusion: Implications for Inclusion, Exercise, 
and Health

People living with mobility limitations and other disabilities face substantial social 
and environmental barriers, even with legislation, and attempt to demonstrate posi-
tive environments for this substantial population in all countries, communities, and 
regions. It has been demonstrated that lack of access plagues people living with 
disabilities as well as in lower socioeconomic regions. Lack of access to health and 
exercise has been associated with greater risk for obesity, allostatic load, and nega-
tive health outcomes.

Wilson (2012, 2017) correctly observed that much of human behavior is driven 
by dominance and visual displays. This sociobiological observation coincides with 
Kahneman’s (2003) finding that humans over-rely on System 1 intuition – “first 
appearances” – that often leads to incorrect decisions (false positives and nega-
tives, false selection, low AUC values in ROC curves). Due to this species’ limita-
tion, the appearance of disability can be viewed negatively, condescendingly as an 
object of pity, or not recognized at all, consciously or subconsciously. Instead of 
engaging in System 2 reasoning and identifying the social/environmental needs for 
people living with disabilities, we too often take the easy route and try to “fit” the 
individual into the existing system or structure instead of seeking novel, easy solu-
tions to modify the system. As a result, people living with disabilities have fewer 
opportunities for participation in society, employment, exercise, and health, and 
these problems compound as time passes. Ablement and disablement depend on 
the environment, and we have the educational methods and technologies to adjust 
that environment.

Therefore, there is an urgency to change our cultures to truly promote commu-
nity integration, especially with respect to exercise and health. The culture change 
requires a mental shift that is a species problem, in accordance with the neurosci-
ence, decision-making, and evolutionary arguments here described. Such is a cogni-
tive disability for our species, not to mention the physical and other disabilities that 
all of us will encounter at some point in our lives. Engaging in Kahneman’s (2003) 
System 2 reasoning can lead to more thoughtful decisions in the way we provide 
access for people living with disabilities as well as to engage our best innovation for 
the urgency to improve access to improved technologies. Disability is not some-
thing that is referred to a specialist or counselor in Human Resources or Community 
Service departments of organizations. It is something that all of us must embrace 
with understanding and genuine empathy.
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Chapter 12
Physical Activity, Chronic Conditions, 
and Disabilities Across the US Population: 
Comprehensive Assessment of Current 
Patterns and Two-Decade Time Trends

Katerina Ivanov
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12.1  Introduction

The goals of national health promotion and disease prevention include decrease of 
premature mortality, disease prevention, and improvement of health quality for the 
US population (US Department of Health and Human Services 1996). It has been 
widely recognized that regular physical activity reduces the risk of premature death 
and disability from a variety of conditions including cardiovascular disease, 
diabetes, osteoarthritis, and osteoporosis and cancer, as well as contributes to 
improved mental health, physical functioning, and weight control (Blair and Wei 
2000). Regardless, a series of studies in line with Hootman et al. (2003) show that 
in early 2000s, US adults continued to get insufficient physical activity. In fact, 
physical inactivity was felt to be such a large public health problem that in 1996, the 
US surgeon general released the landmark report Physical Activity and Health: A 
Report of the Surgeon General (US Department of Health and Human Services 
1996) which provides recommendations to all US adults to participate in regular, 
moderate-intensity, leisure-time physical activity (Hootman et  al. 2003). Such 
activities will decrease the prevalence of chronic diseases that, in turn, are the 
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leading causes of death and disability in the United States (Schiller et al. 2012; Xu 
et  al. 2016). Numerous studies have demonstrated the importance of physical 
activity to promote public health. According to Chowdhury (2016), “engaging in 
healthy behaviors (e.g., being more physically active, wearing seat belts, getting 
sufficient sleep, reducing alcohol consumption, quitting smoking, and eating a 
nutritious diet) and using preventive services (e.g., routine medical checkup, blood 
pressure and cholesterol screening, cancer screening, and recommended 
vaccinations) can reduce morbidity and premature mortality from these chronic 
diseases.” Overall, the importance of monitoring health-risk behaviors, chronic 
conditions, and the use of preventive services to help identify high-risk groups can 
hardly be overestimated and remains a significant step in preventing morbidity 
(including some disabilities) and mortality.

According to the Americans with Disabilities Act (ADA), “an individual with a 
disability has a physical or mental impairment that substantially limits one or more 
major life activities” (Perritt and Perritt 2003). Adults with disabilities are more 
likely to suffer from chronic conditions than adults with no limitations. Thus this 
vulnerable population with disabilities should be targeted for health promotion 
efforts (Doughan 2014; Talbot et  al. 2003; Centers for Disease Control and 
Prevention (CDC) 2001; Pate et al. 1995), and the issue has been addressed by 
Healthy People 2020 (Dixon-Ibarra and Horner-Johnson 2014). At the same time, 
despite the increasing population with disabilities in the United States, there is little 
known about the causal relationship of physical activity and chronic health condi-
tions such as obesity, myocardial infarction, stroke, and diabetes for people with 
disabilities. According to Doughan (2014), disability can impact healthy eating 
habits and physical activity; thus this group of population has higher chances to be 
exposed to risk of becoming overweight or obese and developing a variety of 
chronic conditions. Therefore, this paper merges two important strands of previous 
research and contributes to the literature by the following means. First, the study 
provides a comprehensive analysis of current patterns and long-term trends 
(20 years’ time span) related to chronic conditions, self-perception of health status, 
healthcare coverage, disabilities, and a variety of socioeconomic characteristics of 
respondents who have participated in some physical activities or exercises such as 
running, calisthenics, golf, gardening, or walking for exercise during the past 
month. I compare the aforementioned outcomes for 1996, 2006, and 2016. Second, 
the paper identifies the causal effect of the physical activity as well as the wide 
range of socioeconomic factors on coronary heart disease, stroke, and diabetes 
among people with disabilities based on 2016 data.

The paper proceeds as follows. In Sect. 12.2, I present a data collection process. 
In Sect. 12.3, I discuss the methodology and provide theoretical background behind 
empirical analysis. Sect. 12.4 delivers the results of the empirical tests, while Sect. 
12.5 focuses on implications, limitations, and further extensions. Concluding 
remarks are provided in Sect. 12.6.
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12.2  Data Collection

This paper employs the BRFSS, which is “a state-based landline and cellular tele-
phone survey conducted by state health departments with assistance from CDC” 
(US Department of Health and Human Services 1996). Since 1984, BRFSS has 
been a unique source of data for health-risk behaviors, chronic diseases or conditions, 
healthcare access, and the use of preventive health services for states/territories 
(Caspersen and Merritt 1995). BRFSS data are frequently used to set health goals as 
well as to monitor progress of public health programs and policy implementation at 
national, state, and local levels (Caspersen et  al. 1985). According to Brownson 
et al. (2005), the BRFSS is generally representative of the overall US population, 
although it underrepresents non-Whites, persons with less than a high school 
education, and those with lower incomes. For example, 2016 BRFSS includes 
70.82% of White, 7.8% of people who did not graduate high school, and 8.57% of 
respondents with annual household income less than $15,000. To account for these 
disparities and provide more accurate national estimates, BRFSS data were weighted 
according to the age, sex, and racial distributions of the United States.

To explore the population-wide profile of people who perform exercise activities, 
I employ a diverse range of variables for the years of 1996, 2006, and 2016. 
Table 12.1 provides definitions of the variables being utilized for the analysis. In 
total there are 14 variables to reflect health status of respondents, chronic conditions, 
and disabilities, 6 variables to explore the health coverage status of respondents, and 
7 variables to identify their socioeconomic standing (Table 12.1).

12.3  Methodology

The methodology of this study incorporates the following two steps. The first step 
is to explore current patterns and two-decade time trends of (1) socioeconomic 
status, (2) health coverage, and (3) health status, chronic conditions, and disabilities 
of people who participate in some physical activities or exercises during the past 
month. The initial sample varies from 122,645 respondents in 1996 to 355,710 in 
2006 and in 486,297  in 2016. In this paper physical activity index is based on a 
BRFSS question, which asks “During the past month, did you participate in any 
physical activities such as running, calisthenics, golf, gardening, or walking for 
exercise?” (the methodology is similar to Caspersen and Merritt 1995). Since the 
first step in this paper focuses on physically active population, I eliminate 
respondents who did not participate in any physical activities during the past month. 
Thus the final sample for the first step consists of 85,705 respondents in 1996, 
263,968 and 361,649 respondents in years 2006 and 2016, respectively.
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Table 12.1 Variables definitions based on BRFSS data

Variable 
name Questions

Health status, chronic conditions, and disabilities

EXERANY During the past month, other than your regular job, did you participate in any 
physical activities or exercises such as running, calisthenics, golf, gardening, or 
walking for exercise?

GENHLTH Would you say that in general your health is:
PHYSHLTH Now thinking about your physical health, which includes physical illness and 

injury, for how many days during the past 30 days was your physical health not 
good?

MENTHLTH Now thinking about your mental health, which includes stress, depression, and 
problems with emotions, for how many days during the past 30 days was your 
mental health not good?

DIABETES (ever told) you have diabetes
HAVARTH (ever told) you have some form of arthritis, rheumatoid arthritis, gout, lupus, or 

fibromyalgia? (arthritis diagnoses include rheumatism, polymyalgia rheumatica; 
osteoarthritis (not osteoporosis); tendonitis, bursitis, bunion, tennis elbow; carpal 
tunnel syndrome, tarsal tunnel syndrome; joint infection, etc.)

CVDINFAR (ever told) you had a heart attack, also called a myocardial infarction?
CVDCORHD (ever told) you had angina or coronary heart disease?
CVDSTROK (ever told) you had a stroke
SMOKEDAY Do you now smoke cigarettes every day, some days, or not at all?
DRNKANY During the past month, have you had at least one drink of any alcoholic beverage 

such as beer, wine, wine coolers, or liquor?
RFWHBMI Adults who have a body mass index (BMI) greater than 25.00 (overweight or 

obese)
ASTHMA (ever told) you had asthma
QLACTLM Are you limited in any way in any activities because of physical, mental, or 

emotional problems?
USEEQUIP Do you now have any health problem that requires you to use special equipment, 

such as a cane, a wheelchair, a special bed, or a special telephone? (include 
occasional use or use in certain circumstances.)

Healthcare coverage

HLTHPLAN Do you have any kind of healthcare coverage, including health insurance, 
prepaid plans such as HMOs, or government plans such as Medicare, or Indian 
Health Service?

MEDICARE Do you have Medicare?
TYPCOVR What is the primary source of your healthcare coverage?
MEDCOST Was there a time in the past 12 months when you needed to see a doctor but 

could not because of cost?
CHECKUP About how long has it been since you last visited a doctor for a routine checkup?
RATECARE How would you rate your satisfaction with your overall healthcare?
Socioeconomic status

SEX Indicate sex of respondent
RACE Race/ethnicity categories
AGE Two-level age category

(continued)
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The second step is to estimate the causal effects of exercise activities on chronic 
conditions (in particular, on coronary heart disease, stroke, and diabetes) for 
population with disabilities.1 Disability sample is extracted based on the following 
question in the BRFSS: “Are you limited in any way in any activities because of 
physical, mental, or emotional problems?” The analysis is performed for 2016 to 
reflect the most recent patterns, and the final sample for this step includes 27,246 
respondents. I run three multinomial logistic regression models summarized in Eqs. 
(12.1, 12.2, and 12.3) below.2 The dependent variable is an indicator variable, which 
equals 1 if a respondent has a particular chronic condition and 0, otherwise. All 
independent variables are nominal with two or more levels as well. The definitions 
of variables can be located in Table 12.1 above.

CVDCORHD EXERANY PHYSHLTH MENTHLTH

SMOKEDAY
i i i i= + + + +β β β β

β
0 1 2 3

4 ii i i

i i i

DRNKANY MARITAL

EDUCA EMPLOY SEX RACE

+ + +
+ + +

β β
β β β β

5 6

7 8 9 10 ii

i i iAGE INCOME RFWHBMI i

+
+ + = …β β β11 12 13 1 27 246, ,

 (12.1)
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β
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4 ii i i

i i i

DRNKANY MARITAL

EDUCA EMPLOY SEX RACE
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β β
β β β β
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SMOKEDAY
i i i i= + + + +β β β β
β

0 1 2 3

4

M

ii i i
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+ + +

β β
β β β β
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+
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 (12.3)

1 Disabilities include a wide range of physical, mental, and emotional problems for respondents 
18 years old and more.
2 Multinomial logistic regression is the linear regression analysis to conduct when either dependent 
or independents variables are nominal with more than two levels.

Table 12.1 (continued)

Variable 
name Questions

MARITAL Are you: (marital status)
EDUCA What is the highest grade or year of school you completed?
EMPLOY Are you currently…?
INCOME Is your annual household income from all sources:
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12.4  Results: Current Pattern and Long–Term Trends

12.4.1  Socioeconomic Status

According to BRFSS data, 70.22% of US adults were engaged in various levels of 
physical activity during recreational pursuits in 1996 vs 75.76% in 2006 and 75.48% 
in 2016. Women consistently are more physically active than men with the strongest 
variation being in 2006: 60.61% of female vs 39.39% of male among people who 
participate in physical activities. Among ethnic groups, White non-Hispanics are 
most likely to participate in physical activity; however, this group of people exhibit 
a declining trend within the past 20  years (82.90% in 1996 vs 80.06% in 2006 
vs 77.05% in 2016). Around 55%–57% of respondents who exercise are married 
with little variations in this parameter across two decades. Data over time show a 
slight decline of 1.76% in physical activity for persons with 1–3 years of college 
education, compared with a significant increase of 10.64% for people with a col-
lege education of 4 years and more. About 10.72% of physically active respondents 
earned $75,0003 and more in 1996 vs 30.94% in 2016, while people whose annual 
household income from all sources is less than $49,999 demonstrate a declining 
pattern in exercise activity during the last 20 years.4 Remarkably, 64.38% of physi-
cally active respondents were employed in 1996 with the decline down to 59.49% 
in 2006 and even further decline during the last decade down to 53.18% in 2016. 
Considerable age variation for exercise activities occurs within the United States 
across time as well. In 1996 only 16.69% of senior people (age of 65 and more) were 
engaged in leisure exercise, while this number has almost doubled up to 32.40% 
in 2016. Abundant amount of studies5 have demonstrated that participation in a 
regular exercise program is an effective modality to reduce a number of functional 
declines associated with aging. Reductions in risk factors associated with disease 
states improve overall health status and contribute to an increase in life expectancy 
(Arriaza Jones et al. 1998). In addition, “strength training helps offset the loss in 
muscle mass and strength typically associated with normal aging” (Cavanagh et al. 
1998). Together, these training adaptations greatly improve the functional capac-
ity of older people, in that way improving the quality of life in this population. To 
summarize, the socioeconomic profile of physically active people is quite different 
in 2016 compared to 20 years ago. The results presented in this section contribute 
to a set of literature that has shown that socioeconomic characteristics should be 
viewed as an important determinant of health and physical activity in adults and 
are related to a variety of chronic diseases and mortality (e.g., Borrell et al. 2004; 
Pollitt et al. 2007; Drenowatz et al. 2010; Gould et al. 2006). At the same time, one 
should keep in mind that trying to quantify the relationship between socioeconomic 

3 It refers to annual household income from all sources.
4 Since income brackets in BRFSS have not been subject to changes to reflect inflation, one should 
be cautious with interpreting these numbers.
5 Among them there are Carroll et al. (1995), Guralnik et al. (1993), Hubley-Kozey et al. (1995), 
McAuley (1994), and Oddis (1996).
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characteristics and physical activity is not an easy exercise since physical activity 
levels are assessed by self- report (Raudsepp and Viira 2008) and, therefore, are 
biased indicators (Table 12.2).

12.4.2  Health Coverage

As it is presented in Table 12.2, according to 1996 BRFSS data, 88% of respon-
dents who have been engaged in physical activity during the past month have some 
kind of healthcare coverage, and this percentage steadily increases throughout the 
past 20 years reaching 93% in 2016. These results are in support of Sommers et al. 
(2015) who estimate national changes in self-reported coverage and access to care 
during the ACA’s first two open enrollment periods. The authors employ a differ-
ent data set, the Gallup-Healthways Well-Being Index,6 and conclude that the 

6 Gallup-Healthways Well-Being Index is a continuously fielded daily telephone survey of US 
adults that includes cell phone and landline users in all 50 states and Washington, DC.

Table 12.2 Socioeconomic status of physically active respondents based on BRFSS data

Variable name Value label 1996, % 2006, % 2016, %

SEX Male 41.17 39.39 45.00
Female 58.83 60.61 54.99

RACE White non-Hispanic 82.90 80.06 77.05
Black non-Hispanic 7.16 7.14 7.47
White Hispanic 5.96 3.10 8.07
Asian/Pacific islander 2.03 0.62 2.29
American Indian/Alaska native 1.02 1.74 1.39
Other non-Hispanics 0.59 6.35 0.44

AGE 18–64 82.95 77.28 66.17
65+ 16.68 20.72 32.40

MARITAL Married 55.78 57.99 54.78
EDUCA College 1 to 3 years 29.36 27.10 27.60

College 4 years or more 31.08 37.78 41.72
EMPLOY Employed (including self-employed) 64.38 59.49 53.18
INCOME Less than $10,000 5.22 3.67 3.15

$10,000 to $14,999 5.52 4.09 3.48
$15,000 to $19,999 7.66 5.61 5.26
$20,000 to $24,999 10.02 7.36 6.83
$25,000 to $34,999 16.09 10.88 8.52
$35,000 to $49,999 18.03 14.74 12.16
$50,000 to $74,999 14.24 16.11 14.55
$75,000 or more 10.72 24.39 30.94
Don’t know/not sure 5.28 5.28 6.29
Refused 7.23 7.87 8.84
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ACA enrollment is associated with significantly improved trends in self-reported 
coverage, access to primary care, medications, and affordability. Table 12.3 shows 
that 37.92% of respondents engaged in physical activity had Medicare in 2016, 
which is by 17.54% more than in 1996. These results are consistent with afore-
mentioned observation on increased participation in physical activity among older 
men and women. Almost half of physically active population received insurance 
through employer in 2016 vs only 20.29% in the same category in 1996. Two 
decades ago 9.97% of respondents reported that there was at least one time in the 
past 12 months when they needed to see a doctor but could not do it because of 
cost; with slight variations across the last 20  years, this number went down to 
9.05% in 2016. This position along with healthcare expenditures per capita and 
healthcare access parameter can serve as a proxy indicator to assess empirically 
the current patterns and long-time trends in affordability of healthcare services in 
the United States. While the ACA has been largely defined by its coverage expan-
sions, its authors recognized the need to include mechanisms to slow the growth 
of healthcare costs (Weiner et  al. 2017). According to Table  12.3, the positive 
impact of improved healthcare accessibility is reflected in the increasing number 
of people who have visited a doctor for a routine checkup within the past year: 
74% in 2016 which is about 4% higher than a decade ago. Overall, the abovemen-
tioned analysis supports the set of studies which document an improved access to 
healthcare coverage: because of the coverage expansions enacted in the ACA, an 
estimated 20 million adults have gained health insurance coverage as of early 
2016 (Simon et al. 2017).

Table 12.3 Healthcare coverage status of physically active respondents based on BRFSS data

Variable name Value label 1996, % 2006, % 2016, %

HLTHPLAN Yes 88.12 89.24 93.15
No 11.61 10.51 6.49
Refused to answer 0.03 0.08 0.15

MEDICARE Yes 20.38 n/a 37.92
TYPCOVR1 Someone else’s employer 20.29 n/a 48.37

A plan that you or someone else buys on your own 9.45 n/a 11.10
Medicare 4.28 n/a 25.49
Medicaid or medical assistance 4.28 n/a 7.32
The military, CHAMPUS, or the VA 2.40 n/a 2.84
The Indian Health Service 0.19 n/a 0.51

MEDCOST Yes 9.97 10.26 9.05
CHECKUP Within the past year 69.07 69.64 74.41
RATECARE Excellent 27.51 n/a n/a

Very good 33.29 n/a n/a
Good 25.45 n/a n/a
Fair 6.81 n/a n/a
Poor 1.88 n/a n/a
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12.4.3  Health Status, Chronic Conditions, and Disabilities

As it is demonstrated by CDC (2011), chronic diseases and conditions – such as 
heart disease, stroke, cancer, type 2 diabetes, obesity, and arthritis – are among the 
most common, costly, and preventable of all health problems (Barbour et al. 2017; 
CDC 2007). The data analysis of health status, chronic conditions, and disabilities 
among physically active US population reveals the following current patterns and 
long-term trends. Remarkably, there is a relative decline in self-perception of health 
status: in 1996 more than 27.15% of respondents report their health status being 
excellent as opposed to only 20.20% in 2016. At the same time, the percent of 
people who report that their physical (mental) health being not good during the past 
month remains just about unchanged and displays little variations around 30%. 
Over the past 20  years, the prevalence of chronic conditions in adults has been 
steadily increasing, particularly, for diabetes and arthritis. “Diabetes is the leading 
cause of kidney failure, lower-limb amputations other than those caused by injury, 
and new cases of blindness among adults” (Barbour et al. 2017; Van Cleave et al. 
2010; CDC 2007). Rates of diabetes among people who perform exercise activities 
have been altered with the upper shift by 6.9% over the last two decades reaching 
out almost 10.85% in 2016. At the same time, the rate of increase is the most 
pronounced during the 1996–2006 time period with the growth from 3.95% to 
8.16%.

Arthritis is the most common cause of disability. In their study, Barbour et al. 
(2017) have shown that out of the 54 million adults with doctor-diagnosed arthritis, 
more than 23 million say they have trouble with their usual activities because of 
arthritis. According to summary statistics displayed in Table 12.4, the frequency of 
arthritis among physically active population has jumped from 22.96% in 1996 to 
34.92% in 2016. The prevalence of myocardial infarction, coronary heart disease, 
and stroke has been steadily increasing as well. As of 2016, 4.78% of respondents 
have ever had a heart attack, 4.97% have ever had angina or coronary heart disease, 
and 3.25% had a stroke.

Obesity is another serious health concern. According to Ogden et al. (2015), dur-
ing 2011–2014 more than one-third of adults (36%), or about 84 million people, 
were obese.7 The same authors also show empirically that about one in six youths 
(17%) aged 2 to 19 years was obese.8 BRFSS 1996–2016 summary statistics reveal 
that there was a solid growth of obesity rates even among physically active 
population from 1996 to 2006 (26.09% and 37.87%, respectively), following the 
decline during the past decade down to 32.96%. The only chronic condition 
examined in this study, the frequency of which remained nearly unchanged during 
the past decade, is asthma with the rate of about 12% among people who exercise.

According to CDC (2007), health-risk behaviors such as lack of exercise or 
physical activity, poor nutrition, drinking too much alcohol, and tobacco use cause 

7 Defined as BMI is greater than or equal to 30 kg/m2.
8 Defined as BMI is greater than or equal 95th percentile.
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much of the illness and early death related to chronic conditions. An estimated 36.5 
million adults in the United States (15.1%) said they smoked cigarettes in 2015 
(Agaku et al. 2014). BRFSS data reveals a significant decrease of smokers among 
physically active people from 45.73% in 1996 down to 30.84% in 2016.

The American Community Survey (ACS) estimates the overall rate of people 
with disabilities in the US population in 2015 was 12.6% (Kraus 2017). Table 12.4 
shows that 19.76% of respondents who perform physical activity are limited in 
some way in some activities because of physical, mental, or emotional problems 
(versus 19.52% of respondents 10 years ago). The percent of people who exercise 
and also have health problems that require the use of special equipment, such as a 
cane, a wheelchair, a special bed, or a special telephone,9 has upshifted from 6% in 
2006 to 8.1% in 2016. In addition, one should remember that the percent of people 
with disabilities varies greatly by state, as do levels of people with disabilities in 
employment, poverty, earnings, and health behaviors. However, the details of such 
analysis are beyond the scope of this paper.

To summarize, the prevalence of chronic conditions among physically active 
population has increased considerably over the past 20 years. Multiple studies have 
proven empirically that chronic disease is a burden not only for the patients but also 
for the healthcare system overall. Those with chronic conditions, in particular with 
multiple diseases, have poorer health, use more health services, and spend more on 
healthcare (Buttorff et al., 2017).

9 Includes occasional use or use in certain circumstances.

Table 12.4 Health status, chronic conditions, and disabilities of physically active respondents 
based on BRFSS data

Variable name Value label 1996, % 2006, % 2016, %

GENHLTH Excellent 27.15 22.16 20.20
Very good 36.32 35.57 36.50
Good 26.12 29.03 30.13
Fair 8.18 9.96 10.24
Poor 2.08 2.98 2.71

PHYSHLTH 30 days 30.22 31.91 31.63
MENTHLTH 30 days 30.43 31.32 30.29
DIABETES Yes 3.95 8.16 10.85
HAVARTH Yes 22.96 n/a 34.92
CVDINFAR Yes 3.85 4.51 4.78
CVDCORHD Yes 3.90 4.86 4.97
CVDSTROK Yes 1.85 2.79 3.25
ASTHMA Yes n/a 12.00 12.57
SMOKEDAY Smoke every day or some days 45.73 36.72 30.84
RFWHBMI Overweight and obese 26.09 37.87 32.96
QLACTLM2 Yes n/a 19.52 19.76
USEEQUIP Yes n/a 5.90 8.10
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12.4.4  Regression Analysis

Although much physical activity research has focused on older adults who are free 
of disability and illness, the need still exists for a healthy aging research agenda 
specific to older adults with disability for prevention purposes (CDC 2016; 
Rosenberg et al. 2011). Promoting healthy aging among people who already have 
mobility disabilities has been subject to little attention. This section assesses the 
impact of a variety of socioeconomic and health risk factors such as lack of exercise 
activities, smoking, and obesity on certain chronic diseases: coronary heart disease, 
stroke, and diabetes. For this purpose, I utilize multinomial regression model to test 
Eqs. (12.1, 12.2, and 12.3) given in Sect. 12.3. The primary regressor variable is 
EXERANY to estimate the relationship between adults’ physical activity and 
chronic conditions, while other independent variables are employed as controls. I 
begin with extracting a subsample, which reflects respondents who reported to be 
limited in some way in some activities because of physical, mental, or emotional 
problems. The analysis is performed for 2016 with the final number of observations 
being 27,246. The results of calibrated models specified in Eqs. (12.1, 12.2, and 
12.3) are summarized in Tables 12.5, 12.6, and 12.7.

Table 12.5 contains the estimated coefficients of multinomial logistic regression 
analysis of exercise activities, socioeconomic factors, and obesity on coronary heart 
disease. A negative statistically significant effect of physical activity on coronary 
heart disease supports the conclusions of several papers that regular physical activity 
decreases the incidence of cardiovascular disease. This study makes one step further 

Table 12.5 Multinomial logit regression assessment of physical activities on coronary heart 
disease. Dependent variable: CVDCORHD

Independent variables Coefficient Std. err P-value 95% Conf. interval

EXERANY −0.1107 0.0404 0.0060 −0.1899 −0.0316
PHYSHLTH 0.0009 0.0022 0.6840 0.0034 0.0051
MENTHLTH −0.0000 0.0019 0.9860 −0.0037 0.0037
SMOKEDAY 0.1207 0.0230 0.0000 0.0757 0.1658
DRNKANY 0.1488 0.0417 0.0000 0.0671 0.2305
MARITAL −0.1182 0.0145 0.0000 −0.1465 −0.0899
EDUCA 0.0339 0.0198 0.0870 −0.0050 0.0728
EMPLOY 0.0955 0.0091 0.0000 0.0778 0.1133
SEX −0.4452 0.0389 0.0000 −0.5215 −0.3689
RACE −0.0277 0.0104 0.0070 −0.0480 −0.0074
AGE 0.7595 0.0417 0.0000 0.6777 0.8412
INCOME −0.0474 0.0105 0.0000 −0.0679 −0.0269
RFWHBMI 0.2880 0.0447 0.0000 0.2004 0.3756
_CONS −5.8656 0.2054 0.0000 −6.2683 −5.4630

Number of obs = 27,246
Prob > chi2 = 0.0000
Pseudo R2 = 0.1101
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and provides empirical evidence focusing on population with disabilities. In par-
ticular, “negative relationship between exercise activities and coronary heart disease 
is attributed to higher expression and phosphorylation of the endothelial isoform 
of NO synthase, which results in a more effective radical scavenger system, a 

Table 12.6 Multinomial logit regression assessment of physical activities on stroke. Dependent 
variable: CVDSTROK

Independent variables Coefficient Std. err P-value 95% Conf. interval

EXERANY 0.0539 0.0442 0.2230 −0.0328 0.1406
PHYSHLTH −0.0008 0.0024 0.7290 −0.0055 0.0038
MENTHLTH 0.0034 0.0021 0.0990 −0.0006 0.0074
SMOKEDAY 0.0339 0.0245 0.0000 0.0819 0.0141
DRNKANY 0.1976 0.0462 0.0000 0.1072 0.2881
MARITAL −0.0639 0.0153 0.0000 −0.0939 −0.0339
EDUCA −0.0269 0.0215 0.2110 −0.0691 0.0153
EMPLOY 0.1334 0.0103 0.0000 0.1133 0.1536
SEX −0.1808 0.0430 0.0000 −0.2651 −0.0965
RACE 0.0110 0.0106 0.3000 −0.0098 0.0319
AGE 0.4468 0.0466 0.0000 0.3555 0.5380
INCOME −0.0581 0.0115 0.0000 −0.0807 −0.0356
RFWHBMI 0.1154 0.0460 0.0120 0.2056 0.0253
_CONS −4.6035 0.2189 0.0000 −5.0325 −4.1745

Number of obs = 27,246
Prob > chi2 = 0.0000
Pseudo R2 = 0.0769

Table 12.7 Multinomial logit regression assessment of physical activities on diabetes. Dependent 
variable: Diabetes

Independent variables Coefficient Std. err P-value 95% Conf. interval

EXERANY −0.1349 0.0334 0.0000 −0.2005 −0.0694
PHYSHLTH −0.0025 0.0018 0.1490 −0.0060 0.0009
MENTHLTH −0.0067 0.0016 0.0000 −0.0097 −0.0036
SMOKEDAY 0.4836 0.0346 0.0000 0.4158 0.5515
DRNKANY 0.1278 0.0188 0.0000 0.0909 0.1646
MARITAL −0.0410 0.0112 0.0000 −0.0628 −0.0191
EDUCA −0.0102 0.0166 0.5370 −0.0427 0.0223
EMPLOY 0.0778 0.0069 0.0000 0.0642 0.0913
SEX −0.0912 0.0326 0.0050 −0.1551 −0.0272
RACE 0.0353 0.0078 0.0000 0.0199 0.0506
AGE 0.4528 0.0362 0.0000 0.3819 0.5237
INCOME −0.0255 0.0086 0.0030 −0.0424 −0.0086
RFWHBMI 1.2001 0.0422 0.0000 1.1175 1.2827
_CONS −6.9553 0.1757 0.0000 −7.2996 −6.6110

Number of obs = 27,246
Prob > chi2 = 0.0000
Pseudo R2 = 0.1039
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rejuvenation of the endothelium by circulating progenitor cells, and growth of 
preexisting coronary vessels by angiogenesis” (Linke et al. 2008; Brown 2003). The 
results of multinomial regression assessment are summarized in Table 12.5 below. 
Remarkably, self-reported physical health status does not contribute to statistically 
significant determinants of coronary heart chronic condition – this, in turn, goes 
back to Raudsepp (2008) point and questions the accuracy of self-reported data in 
BRFSS. On the other hand, as expected, both smoking and drinking habits are asso-
ciated with increased rate of coronary heart disease prevalence. Among individuals 
with disabilities, female, low income, and obese people have higher chance to get 
exposed to chronic heart conditions as reflected by CVDCORHD indicator based on 
BRFSS survey data.

Moving to the discussion of the effect of exercise on stroke prevention, hyperten-
sion is recognized as the most important modifiable risk factor for both ischemic 
and hemorrhagic stroke (Lawes et al. 2004). A strong and well-recognized relation-
ship exists between blood pressure and stroke risk (Collins et al. 1990). Going fur-
ther, numerous studies including Paffenbarger et  al. (1983), Blair et  al. (1984), 
Pescatello et al. (1991), Gallanagh et al. (2011), Rosenberg et al. (2011), and Borrell 
et al. (2004) claim that physical activity is associated with reductions in blood pres-
sure and thus is expected to positively alter a major contributor to stroke risk. 
Nonetheless, according to 2016 BRFSS survey data, there is no empirical proof to 
demonstrate statistically significant relationship between the exercise activities and 
a probability to have a stroke among population with disabilities. Results are sum-
marized in Table 12.6.

The literature has shown the efficiency of exercise in the control of type 2 diabe-
tes, being suggested as one of the best kinds of non-pharmacological treatments for 
its population (Asano et al. 2014). Thus Table 12.7 confirms the statistically signifi-
cant negative impact of leisure-time exercise activities on the probability to be diag-
nosed with diabetes for individuals with both mental and physical disabilities.

Regression models summarized in Eqs. (12.1, 12.2, and 12.3) are significant at 
1% significance level (Prob > chi2 = 0.0000) with pseudo R-squared being less than 
12%. However, one should remember that an equivalent statistic to R-squared does 
not exist for logistic regression since the model estimates from a logistic regression 
are maximum likelihood estimates arrived at through an iterative process and thus 
should be interpreted with caution (Long and Freese 2006; Long 1997). To 
summarize, physical activity can help reduce the impact of diabetes and coronary 
heart decease for people with disabilities, yet according to BRFSS data as of 2016, 
nearly half of all adults with disabilities get no leisure-time physical activity.

12.5  Discussions, Limitations, and Further Extensions

Planning for the care of people with chronic conditions and disabilities is on the top 
of the research agenda as well as governmental regulations as baby boomers become 
eligible for Medicare. Given the growth of prevalence of chronic conditions among 
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US adult population demonstrated by several studies and the importance of physical 
activities for overall health, it becomes an interesting exercise to analyze the current 
patterns and long-term trends of socioeconomic, overall health status, and prevalence 
of chronic conditions and disabilities among physically active population. Two- 
decade trends presented in this study reveal the growth of chronic conditions among 
US adult population. Diabetes rate has more than doubled; arthritis rate has increased 
by 12%. There is also an increase in major chronic heart diseases, such as myocardial 
infarction, coronary heart disease, and stroke. Overweight and obesity rates jumped 
expressively over the past 20 years, although displaying a declining trend over the 
last decade.

For further extensions in this area, it is important to examine the aforementioned 
health characteristics for different levels of exercise activities. While this study 
focuses on population who reported in BRFSS to participate in some physical 
activities or exercises during the past month, “recommended activity requires 
meeting the CDC and the American College of Sports Medicine 1993 Physical 
Activity Recommendation, which states every U.S. adult should accumulate 30 min 
or more of moderate-intensity physical activity on most, preferably all, days of the 
week” (CDC 2011). Therefore, focusing on population who meet physical activity 
recommendations by CDC and American College of Sports, exploring the trends in 
the socioeconomic and overall health status as well as chronic diseases and disabili-
ties of this population, and then comparing the results to the control group who 
participate in exercise activities but do not meet physical activity recommendations 
will serve as a valuable extension to the existing research.

Previous literature including but not limited to Wolff et al. (2005), Wolff et al. 
(2002), and Buttorff et  al. (2017) has shown that people with multiple chronic 
conditions face more financial responsibilities and functional restrictions and often 
have worse health outcomes (Blumberg et al. 2014; Caswell et al. 2013; Paez et al. 
2009). Basu et al. (2016) and Buttorff et al. (2017) have shown that people with 
multiple chronic conditions have higher hospital readmission rates and considerably 
higher healthcare expenses. Thus another extension for future agenda is to consider 
population with multiple chronic conditions: with this regard there might be several 
alternatives to approach the research question. One of them would be to extract the 
sample of respondents who are limited in some way and to empirically assess the 
impact of recommended level of physical activity on the prevalence of multiple 
chronic illnesses among population with disabilities. Finally, given that BRFSS is 
based on self-reported records, utilizing alternative data set such as Medicare 
population from data tables of chronic conditions for fee-for-service beneficiaries 
from the Centers for Medicare & Medicaid Services (CMS) and the National Health 
Interview Survey (NHIS) will serve to confirm the robustness of the results.

This study has several limitations that should be taken into account when using 
tables from this publication. Because BRFSS is a survey that relies on respondents 
to report on their own health, the data may be biased, i.e., underrepresent the actual 
prevalence of chronic condition if individuals are unaware that they have the disease. 
As it has been previously recognized in this paper, BRFSS underestimates non- 
Whites, population with less than a high school education, and those with lower 
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income. Despite these limitations, BRFSS is a large and representative sample, 
which allows to estimate physical activity for subgroups, access to care, insurance 
coverage, and demographic information.

12.6  Concluding Remarks

In this paper, I start with examining the socioeconomic and health standings as well 
as prevalence of chronic conditions among physically active population within the 
20 years’ time span. Then I estimate the impact of exercise activities on chronic 
diseases among population with disabilities focusing on the most recent data 
available (2016). By exploring the BRFSS, this study provides a formal estimate on 
the impacts of 13 different characteristics factors on three chronic conditions, i.e., 
coronary heart disease, stroke, and diabetes. In particular, I apply a multinomial 
logistic regression approach to empirically test the aforementioned relationships, 
and the results can be summarized as follows. (1) There is 5% increase in physical 
activity rates among US population from 1996 to 2006 followed by stable rates 
around 76% over the past decade. (2) Higher number of physically active respondents 
have health coverage in 2016 compared to 1996. (3) There is significant decline in 
the number of smokers but significant increase in overweight and obese people 
among those who participate in exercises. (4) Rates of physically active population 
with some forms of disabilities remain moderately unaffected, while chronic 
conditions exhibit an expressive growth over the past 20 years. Overall, exercise 
activities have statistically significant negative impact on prevalence of coronary 
heart disease and diabetes.
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Exercise, Opportunity,  
and the Self-Fulfilling Prophecy
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13.1  Disability and the Self-Fulfilling Prophecy

The International Classification of Functioning, Disability, and Health (ICF; WHO 
2001) emphasizes the biopsychosocial interplay between body structures; body 
functions; the ability to participate in social activities, work, and community life 
based upon conditions and functioning; and the personal, social, and other environ-
mental factors that help or hinder optimal functioning and the realization and full 
social integration within accepting, modifiable groups and environments. Groce 
(2018; Chap. 1 in this volume) stressed the insensitivity of negative social attitudes 
toward and stigmatization of people with disabilities, such as when people uncon-
scionably tell someone to “just live with it.” Similarly, as a volunteer disaster chap-
lain with the Billy Graham Evangelistic Association, I have been taught to avoid 
many similar stereotypical off-the-cuff statements such as “you will get over it” 
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(i.e., a traumatic event). It should be obvious to most people that the opposite is true: 
“No, you will not get over it.” Instead, those of us who currently have minimal or no 
disabilities should develop a certain amount of perspective on the experiences of 
disability, set aside false assumptions, and take just a little extra time to make a 
social encounter, physical environment, or other situation less complicated and 
more accessible for people with disabilities.

Both Covington (1992) and Stipek (1993) discussed the problem of the self- 
fulfilling prophecy in educational environments, a phenomenon in which an author-
ity figure such as a teacher develops a positive or negative opinion, justified or not, 
of a student based upon false preconceptions or from a limited, initial encounter/
observation. In research, the same situation can arise from anecdotal observations, 
hence the need for random sampling and repeated measures in studies. The self- 
fulfilling prophecy leads to continued positive or negative evaluations even in the 
face of contradictory evidence (i.e., facts). The prophecy even can be based upon 
hearsay evidence from others to form the false impression in the decision-makers 
mind. Covington (1992) described strategies for avoiding this fallacy, the most 
important of which include the objective assessment of individual situations and the 
use of teams to avoid individual biases. None of these approaches are foolproof, but 
the decision-maker must realize their own limitations. For disabilities, this means 
the avoidance of false assumptions about individual capabilities. It also means the 
engagement of people with disabilities in equivalent sports and exercise activities 
that are inclusive and fair.

13.2  Disability and Related Factors: A US Southeast 
Regional Comparison

Approximately 57 million Americans have at least one disability (McNeil 2001; 
Cornell University 2013). Houtenville et al. (2013) estimated 38.4 million (12.3%) 
of American citizens have at least one disability and are living in the community. 
For most of the Pfeiffer University undergraduate recruitment demographic area, 
the CDC Disability and Health Data System (DHDS; http://dhds.cdc.gov/data-
views/) reports 24.2% of the population with disabilities in North Carolina, 25.7% 
in South Carolina, and 22.8% in Virginia. Similarly, the DHDS reports 26.6% of 
North Carolina, 28.1% of South Carolina, and 22.2% of Virginia veterans with dis-
abilities. Houtenville et al. (2013) reported lower but significant percentages, 13.0%, 
14.0%, and 10.8% of persons with disabilities in North Carolina, South Carolina, 
and Virginia, respectively. These statistical discrepancies for the numbers of persons 
with disabilities exist across federal databases and have been targeted for further 
study (Burkhauser et al. 2012).

Houtenville et al. (2013) reported an employment rate of 32.7% for all Americans 
with disabilities living in the community (aged 18–64), whereas the employment 
rate for persons without disabilities was 73.6%. For North Carolina, South Carolina, 
and Virginia, respectively, the rates were 30.2% versus 72.2%, 27.0% versus 71.4%, 
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and 36.3% versus 76.5% for persons with and without disabilities. Houtenville et al. 
(2013) cited an employment gap of 40.8% for the United States, 42.0% for North 
Carolina, 44.1% for South Carolina, and 40.1% for Virginia. 2011–2012 experi-
enced slight gap increases for the United States and South Carolina. Examining 
only full-time employment statistics, full-time 2012 employment for persons with 
and without disabilities was 19.0% versus 50.0% for the United States, 18.5% ver-
sus 49.7% for North Carolina, 16.9% versus 49.0% for South Carolina, and 20.9% 
versus 55.0% for Virginia. Poverty rates were more than double for persons with 
disabilities in each comparison (Houtenville et al. 2013).

Despite the Rehabilitation Act of 1973 (Public Law 93–111, 87 Stat. 355, H.R. 
8070), Americans with Disabilities Act of 1990 (Public Law 101–336, 104 Stat. 
327), Individuals with Disabilities Education Act (Public Law 101–476, 104 Stat. 
1142), amendments, and related legislation, persons with disabilities experience 
significantly higher rates of unemployment or underemployment compared to per-
sons without disabilities. This disparity remains the case for persons with disabili-
ties who have advanced college degrees (Gray 2002; Hollar and Moore 2004; Hollar 
et  al. 2008; Jones 1997; Jones and Stone 1995; Houtenville et  al. 2013; 
U.S. Department of Labor 2007, 2008).

Disparity also prevails for veterans with disabilities. Collins et al. (2012, p. 3) 
studied the US Bureau of Labor Statistics employment trends for veterans and 
nonveterans during the 16 quarters between late 2008 and 2012. The post-9/11 
veterans of Operation Enduring Freedom (Afghanistan) and Iraqi Freedom experi-
enced 10.7% unemployment rates compared to pre-9/11 veterans (7.4%) and non-
veterans aged 18 years and older (8.7%). Sixty-three percent of post-9/11 veterans 
were under age 35, compared to 37% of working nonveterans, and 31% of post-
9/11 veterans have college degrees, compared to 36% of nonveterans (Collins et al. 
2012, p. 2). The Institute for Veterans and Military Families (2013) reported com-
parable unemployment rates for post-9/11 veterans, with the highest unemploy-
ment rates occurring for female veterans. Lower veteran participation in higher 
education occurred despite expanded veterans assistance under the traditional GI 
Bill, Transition Assistance Program, Transition Goals Plans Success, Veterans 
Retraining Assistance Program, and Federal Hiring Preferences programs (Collins 
et  al. 2012). Employment disparities remained persistent despite various Work 
Opportunity Tax Credits, including $4800–$9600 for employers hiring a veteran 
with VA disability compensation, depending on the veterans’ length of unemploy-
ment (Collins et al. 2012).

Collins et al. (2012, p. 2) reported 14% of all veterans and 26% of post 9/11 
veterans with disabilities. Erickson, Lee, and von Schrader (2013) analyzed 2011 
American Community Survey data to obtain estimates of veteran service-con-
nected disability, aged 21–64  years (http://www.disabilitystatistics.org/reports/
acs.cfm?statistic=10). From a total US ACS sample size of 121,711 respondents 
and a base population of 12,049,300 veterans nationwide, they estimated that 
19.1 +/− 0.32% of non-institutionalized US civilian veterans in this age range 
had service- connected disabilities (Erickson et al. 2013). For Pfeiffer University’s 
North Carolina and South Carolina proximal service areas, the percentages were 
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21.3 +/− 1.40 (sample 4417, base 448,000) and 20.2 +/− 1.87 (sample 2408, base 
243,200), respectively (Erickson et al. 2013).

Houtenville et al. (2013, p. 59) estimated 1,990,509 American civilian veter-
ans with disabilities in 2012, 17.8% of whom lived in poverty, compared to only 
7.4% poverty for 9,547,760 civilian veterans without disabilities. Civilian veter-
ans with and without disabilities living in poverty were 17.6% versus 7.8% for 
North Carolina, 15.4% versus 8.5% for South Carolina, and 15.7% versus 4.7% 
for Virginia.

These results are similar across other US regions, although the prevalence of 
disabilities is highest in the Southeast, possibly due to multiple contributing fac-
tors of lower socioeconomic conditions and lower access to healthcare. These fac-
tors plus the high rates of injuries to soldiers returning from foreign conflicts 
illustrate the increased need for assistive devices, accessible healthcare, and 
accommodating exercise alternatives to benefit these populations. We can extrapo-
late that these needs are pervasive across all nations and cultures given the high 
rates of disability globally.

13.3  Bringing More Representativeness and Diversity 
into Health and Exercise Facilities

There are documented needs for health professionals with disabilities, including 
veterans with disabilities (Gray 2002; Luecking 2008; Madaus 2009), to promote 
life satisfaction and to reduce suicide rates for veterans and other persons with dis-
abilities (Kaplan et al. 2009, 2012; McFarland et al. 2010; Roller 2002). The suc-
cess of people with disabilities across many professions has been clearly 
demonstrated. Nevertheless, public and professional attitudes continue to negatively 
view the existence of disability as a false limitation to success in a given field. 
Despite attempts not to do so, the Individualized Educational Plans for students 
with disabilities in schools and colleges can be stigmatizing at later stages in college 
and career development.

Furthermore, social safety net programs to promote education and employment 
for people with disabilities have shown minimal long-term successes. The impor-
tant linkage of education, career success, health, and exercise cannot be underesti-
mated. Successful case closures from Vocational Rehabilitation Services programs 
have short job tenure (i.e., less than 6 months), with barriers to competitive employ-
ment including receipt of SSI/SSDI, mental illness, age, minority race, low educa-
tion, and low self-esteem (Hayward and Schmidt-Davis 2005; Hollar et al. 2008). 
Furthermore, misconceptions exist in society and among university faculty on the 
capabilities of persons with disabilities to succeed in higher education and leader-
ship (Beauchamp-Pryor 2012; Dowrick et  al. 2005; Interagency Committee on 
Disability Research 2007a, b).
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Weaver, Moses, and Snyder (2016) performed a controlled experiment to 
demonstrate the pervasiveness of the self-fulfilling prophecy. Using a basketball 
shooting exercise involving 127 university students, female and male, in coach-
ing and player roles, participant coaches gave more shot attempts and higher 
ratings to participant players who had higher manipulated skill ratings, even 
when they had little or no previous basketball experience. Furthermore, higher 
ratings positively contributed to player performance and self-ratings. Covington 
(1992) and Stipek (1993) had observed these phenomena and strongly argued 
that proper use in human development could substantially enhance student long-
term self-concepts and performance, findings that have been repeatedly repli-
cated (Hattie 1992; Marsh et  al. 2008). Furthermore, Martin (2012) provided 
strong evidence that these motivational strategies can be effective for youth with 
attention deficit hyperactivity disorder (ADHD) and with other disabilities.

Based upon these findings, there is a clear need to advance higher education, 
leadership, and sustained employment outcomes for persons with broad-spectrum 
disabilities, including the many talented injured veterans (i.e., Wounded Warriors) 
with service-related disabilities. Removing self-fulfilling prophecies in these public 
venues might be the key to broad expansion of social disability inclusion, ultimately 
translating to life success and positive health outcomes.

13.4  The Rehabilitation Act

The Rehabilitation Act of 1973 (Public Law 93–111, 87 Stat. 355, H.R. 8070) and 
its amendments advocate policy, programs, and research “to empower individuals 
with disabilities to maximize employment, economic self-sufficiency, indepen-
dence, and inclusion and integration into society.” Furthermore, the Act emphasizes 
“respect for individual dignity, personal responsibility, self-determination, and pur-
suit of meaningful careers based on informed choice; …. inclusion, integration, and 
full participation of the individuals; …. and support for individual and systemic 
advocacy and community involvement.” The Rehabilitation Act promotes opportu-
nities for people with physical, sensory, and psychological disabilities, providing 
them with resources, long-term assistance and resources, and peer supports to 
achieve and maintain careers in healthcare leadership, thereby serving as advocates 
and individual models of self-determination and community participation/leader-
ship for the disability community.

The three focal domains of employment, community living and participation, 
and health and function were central to the 2013–2017 National Institute on 
Disability, Independent Living, and Rehabilitation Research (NIDILRR) Long- 
Range Plan (U.S. Department of Education 2013, p. 20301) Goals 1, 2, and 3:

• Goal 1: “Create a portfolio of research, development, and other activities that 
balances domains, populations of focus….” and “establish a balanced distribu-
tion of priorities focused on improved outcomes in the domains of employment, 
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community living and participation, and health and function….establish a bal-
anced distribution of priorities to address the needs of individuals with different 
disabilities, personal characteristics, and social circumstances….expand field- 
initiated research and development opportunities to support innovation.” As 
modeled with other educational enrichment programs (e.g., STEM – Science, 
Technology, Engineering, and Mathematics), we need pipeline program to 
channel injured veterans and other persons with disabilities in community col-
leges and undergraduate colleges toward professional degree programs that 
involve them with peer supports and internship opportunities to encourage 
enrollment in graduate health programs and long-term supports for employ-
ment and careers in leadership positions.

• Goal 2: “Support centers and projects” that “provide for the training of emerging 
talent and leadership in research and development.”

• Goal 3: “Promote the effective use of knowledge in areas of importance to indi-
viduals with disabilities and their families,….establish priorities that inform sys-
tems and policy development, as well as interventions and inventions, to improve 
individual outcomes,….support research and development activities of relevance 
that cut across disability categories and NIDILRR’s three domains.” Again, these 
systems can integrate previous NIDILRR center research on the employment and 
advancement of persons with disabilities and combine facilitators (e.g., peer 
mentoring, sustained long-term supports, educational training, and opportuni-
ties) to improve employment, community living, and social participation/leader-
ship opportunities for persons with disabilities.

These priorities have been continued with the current 2018–2023 NIDILRR 
Long-Range Plan (draft plan available at https://www.acl.gov/sites/default/files/
news%202017-05/NIDILRR-Long-Range-Plan-DRAFT.pdf). These three domains 
and associated goals parallel the contextual, biopsychosocial domains of the 
International Classification of Functioning, Disability and Health (ICF; WHO 
2001), including activities and participation factors “Higher Education” (d830), 
“Apprenticeship” (d840), “Acquiring, Keeping, and Leaving a Job in an Appropriate 
Manner” (d845), “Remunerative Employment” (d850), “Complex Economic 
Transactions” (d865), “Economic Self-Sufficiency” (d870), and “Political Life and 
Citizenship” (d950) and environmental factors “Individual Attitudes of 
Acquaintances, Peers, Colleagues, Neighbors and Community Partners” (e425), 
“Individual Attitudes of People in Positions of Authority” (e430), “Individual 
Attitudes of People in Subordinate Positions” (e435), “Education and Training 
Services, Systems, and Policies” (e585), and “Labor and Employment Services, 
Systems and Policies” (e590) (WHO 2001).

Beginning with Healthy People 2010, the US Department of Health and Human 
Services (2000) Healthy People 2010 and Disability and Secondary Conditions 
Objectives 6.4 (“Increase the proportion of adults with disabilities who participate 
in social activities”), 6.6 (“Increase the proportion of adults with disabilities report-
ing satisfaction with life”), and 6.8 (“Eliminate disparities in employment rates 
between working-aged adults with and without disabilities”) parallel the 
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Rehabilitation Act, NIDILRR Long-Range Plan, and ICF goals for increased 
employment and participation in society, including leadership roles, for persons 
with disabilities (Gray 2002, p. 17). Further supporting these goals were HP2010 
goals for emotional support (Roller 2002, p. 71): Objectives 6.3 (“Reduce the pro-
portion of adults with disabilities who report feelings such as sadness, unhappiness, 
or depression that prevent them from being active”), 6.5 (“Increase the proportion 
of adults with disabilities reporting sufficient emotional support”), and 6.6 (“Increase 
the proportion of adults with disabilities reporting satisfaction with life”).

Pursuant to the current Healthy People 2020 objectives (U.S.  Department of 
Health and Human Services 2010), objectives applicable to this effort specifically 
include DH-3 (“Increase the proportion of Master of Public Health” (MPH)) pro-
grams that offer graduate-level courses in disability and health. Additional applica-
ble Healthy People 2020 objectives include DH-15 (“Reduce unemployment among 
people with disabilities”), DH-16 (“Increase employment of people with disabili-
ties”), and DH-16 (“Increase the proportion of adults with disabilities who report 
sufficient social and emotional support”). These latter points remain to be realized: 
we must open the doors to people with disabilities across our institutions, busi-
nesses, and organizations so that they can take advantage of the increased health, 
insurance, promotion, and career development and exercise opportunities that many 
people without disabilities enjoy.

13.5  The Balance Between Economics, Geospatial 
Underserved Populations, and Despair

Recent decades have seen considerable legal and policy advances (e.g., Rehabilitation 
Act, ADA, IDEA, Olmstead decision) to promote the rights of people with disabili-
ties. We still have the barrier of getting these concepts into the thoughts and practice 
of leaders within our political and social institutions, indeed in society as a whole 
given the pervasiveness of disability and every person’s vulnerability to acute, tem-
porary, or permanent disability at any point of the life journey.

Stein et al. (2017) analyzed American mortality rates by causes over the period 
from 1999 to 2015. Their study found dramatic and significant overdose, poison-
ings, and suicide increases, especially for younger cohorts (age 25–54) as well as 
Caucasians. In a similar study, Ivey-Stephenson et al. (2017) identified these large 
increases in both urban and rural economically depressed regions, but there were 
noticeably higher rural suicide rates across this same time period for both males and 
females across different race/ethnicities. Males had significantly higher rates com-
pared to females, and Caucasian rural populations experienced dramatic increases 
in suicide rates (Ivey-Stephenson et  al. 2017). In June 2018, the US Centers for 
Disease Control and Prevention presented statistics (https://www.cdc.gov/media/
releases/2018/p0607-suicide-prevention.html) showing that suicide rates had 
increased for almost all US states and with rates increasing over 30% from 1999 to 
2016 for one-half of the states.

13 Exercise, Opportunity, and the Self-Fulfilling Prophecy

https://www.cdc.gov/media/releases/2018/p0607-suicide-prevention.html
https://www.cdc.gov/media/releases/2018/p0607-suicide-prevention.html


240

The reasons for these increases include socioeconomic and geographic changes 
in populations that are negatively impacting individuals and families. The increased 
use of opioids and the widespread abuse of illegal, synthetic drugs to manage pain 
within this context represent further compounding problems. Stein et al. (2017) and 
Ivey-Stephenson et al. (2017) refer to this situation as an “epidemic of despair.”

Changing environments have continuously impacted human populations. Many 
organizational leaders, including Fukuyama (1999) and Blackaby and Blackaby 
(2011) cite increased globalization, technology, demographic changes, socioeco-
nomics, and cultural changes as principal drivers of these disruptions, and many 
people are having difficulty coping with such far-reaching changes in our societ-
ies. Whereas technology has produced many benefits, it has produced stress as 
well as market forces that overwhelmingly tend to favor certain groups of people 
over others. In this context, people with disabilities are likely to be left out of the 
advances, or they must wait until technologies obtain more widespread use (if at 
all) with lowered prices for availability. Furthermore, there is a tendency in aca-
demia for research projects to expand knowledge but not be applied to the market-
place and needy populations; this approach must change. Blackaby and Blackaby 
(2011) cite the need for organizational leaders with vision and compassion to 
reach the needs of people who are suffering. These leaders can be anyone, with or 
without a disability.

13.6  Implications

Title III of the Americans with Disabilities Act (ADA, Public Law 101–336, 104 
Stat. 327) states that “public accommodations and commercial facilities must offer 
equal access and treatment, effective communication and removal of existing barri-
ers for people with disabilities.” This requirement extends to access to healthcare 
facilities and treatment within these facilities. Nevertheless, numerous studies have 
documented substantial noncompliance with ADA requirements by many health-
care facilities (Field and Jette 2007; Mudrick and Schwartz 2010).

Field and Jette (2007, p. 166) operationally defined “physical access” within the 
context of healthcare, citing three wheelchair consumer perspectives on accessibil-
ity barriers to ambulatory care centers, clinic examination tables, etc. Mudrick and 
Schwartz (2010) cited greater negative healthcare experiences among persons with 
basic and complex activity limitations compared to persons without limitations. 
Furthermore, they identify 186 ADA healthcare compliance complaints involving 
interior and exterior barriers to access.

Field and Jette (2007) identified several universal design features, based upon 
recommendations from the North Carolina Office on Disability and Health, for 
healthcare facilities, including power doors at interior and exterior entrances; 
wheelchair weight scales; seated mammography machines; alternate-handed, 
accessible restrooms and dressing rooms; and motorized, adjustable examination 
tables and chairs.
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Despite these ongoing recommendations, Kersten et al. (2000) noted conflicting 
perceptions of consumer needs between rehabilitation patients and professionals, a 
phenomenon also observed by Hollar, McAweeney, and Moore (2008). In neuro- 
rehabilitation settings, Joines (2009) provided recommendations for clinician rec-
ognition of universal design in clinical settings.

More than 90% of dental practices report willingness to serve persons with dis-
abilities (Edwards and Merry 2002), although dentists report time, equipment limi-
tations, and physical access as principal barriers to providing adequate treatment. In 
a study of Canadian physician practices, McMillan et al. (2015) reported lack of 
training and low volume of patients with mobility limitations as barriers to acquir-
ing accessible equipment and physical access.

Based upon these findings, there is a clear need to advance physical access to 
healthcare for persons with mobility limitations. There needs to be an affordable, 
wheelchair accessible examination table in accordance with Field and Jette’s (2007, 
p. 167) universal design in healthcare recommendations.

In 2010, the Patient Protection and Affordable Care Act (Public Law 111–148, 
42 USC 18001, 124 Statute 119, H.R. 3590) extended the provision of healthcare in 
the United States. The law includes a provision to amend the Rehabilitation Act to 
address access to medical diagnostic equipment, including examination tables and 
chairs, weight scales, x-ray machines and other radiological equipment, and mam-
mography equipment. Under this amendment, the Board is authorized to develop 
access standards for medical diagnostic equipment in consultation with the Food 
and Drug Administration. The standards are to address independent access to, and 
use of, equipment by people with disabilities to the maximum extent possible. The 
Board is also responsible for periodically reviewing and updating the standards.

Specifically, the text of Section 510 of the Rehabilitation Act of 1973 as amended 
(29 U.S.C. §794f – Establishment of Standards for Accessible Medical Diagnostic 
Equipment) reads:

 (a) Standards – “Not later than 24 months after the date of enactment of the Affordable 
Health Choices Act, the Architectural and Transportation Barriers Compliance Board 
shall, in consultation with the Commissioner of the Food and Drug Administration, 
promulgate regulatory standards in accordance with the Administrative Procedure 
Act setting forth the minimum technical criteria for medical diagnostic equipment 
used in (or in conjunction with) physician’s offices, clinics, emergency rooms, hospi-
tals, and other medical settings. The standards shall ensure that such equipment is 
accessible to, and usable by individuals with accessibility needs, and shall allow inde-
pendent entry to, use of, and exit from the equipment by such individuals to the maxi-
mum extent possible.”

 (b) “Medical Diagnostic Equipment Covered – The standards issued under subsection 
(a) for medical diagnostic equipment shall apply to equipment that includes examina-
tion tables, examination chairs (including chairs used for eye examinations or proce-
dures, and dental examinations or procedures), weight scales, mammography equipment, 
x-ray machines, and other radiological equipment commonly used for diagnostic pur-
poses by health professionals.”

 (c) Review and Amendment  – “The Architectural and Transportation Barriers 
Compliance Board, in consultation with the Commissioner of the Food and Drug 
Administration, shall periodically review and, as appropriate, amend the standards in 
accordance with the Administrative Procedure Act.”
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Additionally, a previous NIDILRR Long-Range Plan (1999–2003) specifically 
stated the importance of healthcare and community access:

“Universal design principles can be applied to the built environment, information technol-
ogy, and telecommunications, transportation, and consumer products. These technological 
systems are basic to community integration, education, employment, health, and economic 
development. The application of universal design principles during the research and devel-
opment stage would incorporate the widest range of human performance into technological 
systems. Universal design (UD) applications may result in the avoidance of costly retrofit-
ting of systems in use and the possible reduction in the need to develop orphan products.” 
(NIDILRR Long-Range Plan 1999–2003, pg. 53)

Such efforts will address contextual, biopsychosocial domains of the International 
Classification of Functioning, Disability and Health (ICF; WHO 2001), including 
Environmental factors “Individual Attitudes of Acquaintances, Peers, Colleagues, 
Neighbors and Community Partners” (e425), “Individual Attitudes of People in 
Positions of Authority” (e430), “Individual Attitudes of People in Subordinate 
Positions” (e435), “Education and Training Services, Systems, and Policies” (e585), 
and “Labor and Employment Services, Systems and Policies” (e590) (WHO 2001).

Further supporting these goals were HP2010 goals for emotional support (Roller 
2002, p. 71): Objectives 6.3 (“Reduce the proportion of adults with disabilities who 
report feelings such as sadness, unhappiness, or depression that prevent them from 
being active”), 6.5 (“Increase the proportion of adults with disabilities reporting 
sufficient emotional support”), and 6.6 (“Increase the proportion of adults with dis-
abilities reporting satisfaction with life”).

13.7  Conclusion: Laws Versus Action

Despite these policies and laws, action is required. The unfortunate reality is that 
few of the technological advances to help people with disabilities are reaching 
people with major disabilities such as mobility limitations. Like the “War on 
Cancer,” substantial resources are being provided to study particular problems 
related to disability. Still, what are needed are coordinated efforts, focused studies, 
a fast track to implementation, and social buy-in to the idea of disability inclusive-
ness for all activities.

Calder, Sole, and Mulligan (2018, in press) found that access to fitness centers 
in the United States remains poor due to a variety of factors, most notably the lack 
of universal design (UD) principles in these centers. Certainly many centers would 
welcome people with disabilities. The perception of increased costs that impact 
the fitness center business might be a substantial barrier for the owners of these 
facilities. If this is the case, then innovation and teamwork across businesses and 
regulatory bodies can occur to enact policy but at the same time get people to con-
sensus for realistic solutions to the varied factors that are preventing organizations 
from adopting UD principles and making their facilities more accessible at both 
the physical as well as social/environmental levels.
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Therefore, the problem ultimately falls on people working together to make 
great things happen: get past the regulatory hurdles, real and perceived, and move 
to accommodations and services that promote the health and exercise fitness of all 
people given each person’s unique needs, promote innovation, and advocate with 
businesses and other institutions from a positive, not restrictive viewpoint, to make 
these facilities and human relationship successes possible (Blackaby and Blackaby 
2011). Moreover, people with disabilities need family, peer, and social supports 
that genuinely motivate them to succeed in all areas of life. Hollar (2017) argued 
that there are only two ways to generate change, both requiring energy/resources: 
(a) jumping the system to a new state and (b) resonating the system with an exter-
nal driving force (e.g., longitudinal supports). Therefore, let’s jump and maintain 
help for those around us!
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Moving Forward with Disability Health 
Education Innovation

David Hollar 

Abbreviations

ADA Americans with Disabilities Act
CDT Cognitive development theory
ECAC Eastern College Athletic Conference
ICF International Classification of Functioning, Disability and Health
IDEA Individuals with Disabilities Education Act
IEP Individualized Education Program
MLB Major League Baseball
NCAA National Collegiate Athletic Association
NCHPAD National Center on Health, Physical Activity, and Disability
NFL National Football League
NIDILRR National Institute on Disability, Independent Living, and Rehabilitation 

Research
UD Universal design
UDE Universal Design for Exercise
UDL Universal Design for Learning

14.1  Introduction

The current situation in American K-12 education is a hypervigilant focus on stan-
dardized test performance in specific academic areas (e.g., mathematics, reading, 
science). Schools and teachers are rewarded and promoted based upon students’ 
test performances. This focus has been maintained for over a decade, often at the 
expense of lower priority programs such as foreign language and physical educa-
tion. It is falsely assumed that students will have ample time for exercise and out-
door activities following school hours, although evidence is showing that increased 
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quantities of homework, lack of parks and physical activity areas plus equipment 
in urban areas and especially for poverty areas, greater societal concerns for child 
safety and supervision outdoors, competition of television, computer games, and 
social media against active participation in sports, competition between fast foods 
and healthy food choices, and additional social pressures have strong negative 
impacts for physical activity in general. Consequently, the United States and many 
nations, both developed and developing, have experienced a significant obesity 
epidemic in their populations, especially school-age children with and without dis-
abilities, since 2000.

Furthermore, students with disabilities are provided with disability-specific edu-
cational accommodations in accordance with the Americans with Disabilities Act 
(ADA) and the Individuals with Disabilities Education Act (IDEA) within inclusive 
classrooms, but they are rarely provided disability-specific exercise equipment and 
the opportunities to participate in intramural and extramural school team sports. We 
often see the news stories of a student with a disability who is elected to a school 
honor or position, but the vast majority of students with disabilities do not receive 
the school recognition or have the same college recruitment opportunities, academi-
cally or sports-related, as people without disabilities. For academics alone, people 
with disabilities complete high school at about the same rate as people without dis-
abilities, but the college attendance and completion by people with disabilities are 
dramatically lower (Hollar and Moore 2004). For career training, another false 
assumption/fallacy is that people with disabilities are suitable only for low skill or 
vocational education programs, not business, healthcare, scientific, and professional 
education tracks, even when there are ample cases of people with disabilities who 
have excelled in these latter fields. The situation is even worse with respect to physi-
cal activity and sports, where the collegiate and overall societal/economic pressures 
are for high-performance athletics rather than across-the-board physical perfor-
mance for entire populations.

In academics, physical activity, and social interaction in general, emphases are 
placed upon competition to be the best in order to achieve employment, friends, 
mates, promotions, and overall societal recognition. The presence of even slight 
disabilities (e.g., speech stutter) can become a severe negative for a job candidate 
facing an employment interview committee whose cognitive biases are often tuned 
toward any reason to reject. As Hollar (2018) outlined in Chap. 11, social selection 
is pervasive and works strongly against people with disabilities. Much of this prob-
lem lies in the broad human cognitive limitation of System 1 thinking (see Kahneman 
2003), where even highly educated people have the tendency to rely on quick, asso-
ciative reasoning with respect to past experiences instead of carefully studying with 
greater care detailed facts. Furthermore, body language and facial expressions, 
often falsely associated with lying and underlying psychological problems, may be 
more present with physical, developmental, and emotional disabilities, even though 
Ekman et al. (1999) point out that even highly trained observers can evaluate facial 
expressions and mannerisms only about 60–70% of the time.

Therefore, our continuing task is to promote health and opportunities for every 
person and their situation, including the removal of health, exercise, and nutrition 
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barriers facing people who are living with mobility limitations and other disabilities 
(see Chap. 11, this volume). This process involves the exposure of fallacious rea-
soning and social inequalities in facilities and in sports beyond current institutional 
structures. Whereas a school might have only one child who uses a wheelchair or a 
child on occasion who requires a breathing apparatus and an assistant, school teach-
ers and administrators can work with regional physical therapists, disability advo-
cates, and other exercise professionals to creatively invent new sports that are 
inclusive, accommodate the disability, promote exercise for multiple body regions, 
and are fun for everyone to participate. Creativity and innovation are the answer.

It is easy for public perception to falsely view individual capabilities to be lim-
ited, not understanding that people develop at different rates and that human poten-
tial often depends upon the contexts of their environments and dynamically changing 
situations. Teachers can have false preconceptions of student capabilities (Stipek 
1993). There can be the tendency to feel sorry for such students. Covington (1992) 
likewise discussed how student outcomes can be optimized for every individual situ-
ation. He also illustrated how people in general too often concentrate in groups and 
exclude those who are different. Such situations extend into the workplace and social 
environments, including exercise, where people with disabilities can be excluded 
either consciously or unconsciously. Like Kahneman (2003, 2011), both Goffman 
(1963) and Festinger (1957) outlined the respective ease of stigmatization of people 
based upon differences and the justification of such bad/fallacious decisions. These 
psychological tendencies constantly have to be countered by the social environ-
ments, activities, and facilities that we construct and maintain for our citizens.

14.2  Exercise and Universal Design

Principles of universal access for people living with mobility limitations have been 
published for over 20 years, yet architects have been slow to apply these principles 
to many facilities. Universal Design (UD) principles in healthcare and health educa-
tion should emphasize adjustable exercise devices, facilities that can accommodate 
wheelchairs, room for physical or assistive device maneuvering, extended time for 
facilities usage, and adequate staff training to provide appropriate assistance. Within 
the educational environment, teachers should be trained on UD principles to engage 
students with mobility limitations into class exercise and sports activities.

The seven principles of universal design (UD; Carr et al. 2013; Story 1998; The 
Center for Universal Design 1997; see also https://www.cdc.gov/ncbddd/disability-
andhealth/disability-strategies.html) include the following central concepts (see 
also Chap. 11):

 1. The design can be used by people with different types of abilities and disabilities 
(i.e., Equitable).

 2. The design broadly accommodates different disability needs (i.e., flexibility).
 3. The design is simple for the user at first contact/use (i.e., simple).
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 4. The design can be identified immediately by different user perceptual capabili-
ties (i.e., perceptible).

 5. The design poses minimal physical risks to the user (i.e., tolerance for error).
 6. The design requires minimal physical exertion (i.e., low physical effort).
 7. The design is spatially adjustable for different user needs, including space for 

movement around the design (i.e., size and space for approach and use).

These principles go beyond just the design and access to equipment. The Shepherd 
Center in Atlanta, Georgia, offers people with mobility limitations who are under-
going rehabilitation sports activities that include modified wheelchairs that are spe-
cific to each sport. Therefore, the educational environment can include alternative 
sports that involve all students regardless of physical functioning.

Universal Design for Learning (UDL; Center for Applied Special Technology 
2011) promotes “multiple means of representation, expression, and engagement.” 
UDL is geared more toward academics. However, its central principle of engagement 
directly leads to physical education activities. What is needed is a Universal Design 
for Exercise (UDE), perhaps modeled after the International Classification of 
Functioning, Disability and Health (ICF), that could be applied based upon levels of 
functioning to the exercise needs of anyone, regardless of disability status. Harvard 
University Medical Center physician and American College of Sports Medicine mem-
ber Cheri Blauwet (2018) has advocated for UD in sports and exercise. Such a concept 
has not been clearly defined nor developed into components, but it likely would paral-
lel the UD and UDL principles. Example priorities for UDE might include:

 1. The design can be used interchangeably and smoothly through direct interaction 
between people with different types of abilities and disabilities.

 2. The design is simple to use and to understand by the independent user.
 3. The design has no more physical risks to the user than would be encountered 

during normal, everyday living.
 4. The design readily engages all users and proportionately benefits each user 

regardless of ability or disability.
 5. The design promotes physical activity, endurance, emotional Well-being, coop-

erativity, and participation for all users.
 6. The design has potential for widespread adoption and interest by many different 

users.

These are mere suggestions for a start. Many disability and disability advocacy 
groups already have engaged in disruptive innovation (Drucker 1985) thinking to 
develop approaches that move people with even severe disabilities into many sports 
and exercise programs that one would not think to be modifiable. Just as one exam-
ple, Corina Gutierrez uses a powered wheelchair, but she has modified Zumba exer-
cise dancing for other wheelchair users and people with mobility limitations; she 
now teaches a class for people with and without disabilities (https://www.abilities.
com/community/inclusive-dance-zumba.html). Just a little imagination, willpower, 
and community commitment to such slight changes can make exercise education 
and other health activities much more inclusive.
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The National Center on Health, Physical Activity, and Disability (NCHPAD; 
https://www.aahd.us/initiatives/nchpad/) provides numerous educational, health, 
and exercise resources for people living with various mobility limitations, whether 
the condition involves spinal cord injury or birth defects. NCHPAD researchers 
modify routine physical activity routines to each type of disability. For instance, 
NCHPAD has published a series of flip chart guides such as “Exercise Guide for 
Persons with Limb Loss” that illustrate and concisely describe seated and other sup-
port activities for exercising various muscle groups.

Nevertheless, with any UDE model, it looks great as a set of principles but is 
meaningless without community buy-in and genuine implementation. As with any 
product, developers need to promote their produce, thereby demonstrating its value 
to users both with and without disabilities. It is difficult to determine how a new idea 
may or may not be captured by the population, even if the idea is superior to what 
already is available. Additionally, the constant action pace of sports is part of the 
attraction, and some observers might push back against the incorporation of adjust-
ments that allow people with mobility limitations to play. The human factors ele-
ments of people’s attitudes toward disability and preferences represent substantial 
hurdles to overcome. Still, the examination of the evolution of any sports (e.g., 
American football) shows substantial changes to various rules, protections, and 
conduct of sport over even a few decades until the sport becomes established.

14.3  Moving to an Meaningful, Alternative Sports Model

Collegiate sports, and even some high school sports, have devolved into outright 
businesses that involve vast associations of educational institutions, student- athletes, 
coaches, instructors, exercise physiologists and trainers, oversight organizations 
such as the National Collegiate Athletic Association (NCAA), attorneys, sports 
marketers, sports media, recruiters, professional sports franchises, and, unfortu-
nately, the gambling industry. The complexity of these interactions, the exclusive 
nature of high athletic performance, hyper-elevated personas, the aura of great 
sports teams and institutions that house these teams, public demand and rational/
nonrational allegiance toward teams, and obsession with “championships” can drive 
the focus on sports winning at all costs, even with the occasional token recognition 
of athletic achievements by people with disabilities. As a society, we have come a 
long way from 1873, when then Cornell University President Andrew White prohib-
ited the football team from traveling and playing Michigan, stating, “I will not per-
mit thirty men to travel 400 miles merely to agitate a bag of wind” (Shapiro 2006, 
p. 812). The numerous athletic scandals at higher education institutions indicate that 
these systems can spiral out of control due to human behavior and ethical weak links 
in these varied programs. They also illustrate the public preoccupation and the need 
to refocus on the diversity of human excellence in its infinite forms, including arbi-
trary definitions of disablement.
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Special Olympics and the Paralympics, as embodiments of the Olympic 
Games, represented a start for promoting athletic achievement among people liv-
ing with disabilities. These sporting events enable people living with intellectual 
and developmental disabilities plus people living with broad-spectrum disabili-
ties, respectively, to engage in competitive sports and to be recognized for their 
efforts. These sports bring attention to the barriers faced by people living with 
disabilities and engage communities to encourage activities and participation by 
everyone, regardless of ability.

Even the college and professional sports have provided excellent examples of 
inclusion for people with disabilities. In 2018, the National Football League (NFL) 
Seattle Seahawks drafted Shaquem Griffin, who with only one hand has excelled as 
a linebacker and student-athlete for the undefeated University of Central Florida 
football team (Middlehurst-Schwartz 2018). Another notable NFL player, Tom 
Dempsey, kicked the longest field goal in league history in 1970 while wearing a 
special shoe that accommodated his birth with no toes; the record was recognized in 
the Guinness Book of World Records (McWhirter and McWhirter 1971, p. 484) and 
lasted for 43 years. In professional Major League Baseball, outfielder Pete Gray and 
pitcher Jim Abbott both were successful even when missing an arm and a hand, 
respectively. Several current American secondary school and college baseball play-
ers with disabilities, including catcher Luke Terry in Tennessee, are gaining recog-
nition for their skill (Feinsand 2017).

In mountain climbing, American adventurer Erik Weihenmayer became the first 
blind person to successfully climb Mt. Everest in 2001. In 2006, New Zealand 
scientist and Paralympics champion Mark Inglis became the first double-leg ampu-
tee to successfully climb Mt. Everest. Inglis’ achievement was followed by 
69-year-old Chinese adventurer and cancer survivor Xia Boyu successfully climb-
ing Mt. Everest in 2018. Boyu’s achievement followed the removal of a 2017 
Nepalese government safety ban on climbers who were blind or had amputations 
(Safi 2017, 2018). Other mountain climbers with varying disabilities have also 
climbed Mt. Everest and other tall peaks worldwide. Despite the difficulties 
involved in this and other sports, even for people without disabilities, the use of 
assistive devices (guides, prosthetic limbs) by these explorers with disabilities 
demonstrates how improved, accessible protocols and technologies can enable 
anyone to participate in sports. Also, note that these individuals refer to themselves 
as explorers and adventurers, thus demonstrating a personal drive to achieve excel-
lence despite barriers in their social and physical environments. These are but a few 
examples of the growing number of courageous athletes with disabilities who have 
competed in the Paralympics and have successfully crossed over to Olympic and 
other highly competitive sports. We need more such stories to motivate people with 
and without disabilities to strive for their full potentials. Certainly, we see adver-
tisements involving these and other high achievers, but our social and educational 
institutions need to genuinely create accessible environments that do not just make 
situations easier but that provide supports that motivate and guide people with dis-
abilities to success in “abled” environments.
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A number of collegiate sports programs have made accommodations for student- 
athletes with disabilities. Colleges such as the University of Alabama, Auburn 
University, Wright State University, Ohio State University, Arizona State University, 
University of Texas at Arlington, UCLA, Oregon State University, Edinboro 
University, and many others offer intramural sports in areas such as wheelchair 
basketball, tennis, baseball, soccer, and volleyball for students with mobility limita-
tions and other disabilities (https://ablethrive.com/activities/21-colleges-adapted-
sports-programs). Whereas such programs remain at the intramural realm, as is the 
case for most university students, the programs do offer the potential for individual-
ized training, exercise, and inclusion for anyone and even preparation for more 
advanced sports performance such as the Paralympics. It remains to be seen if 
enough public awareness and interest could be generated to see the development of 
actual sports leagues that include both athletes with and without disabilities. The 
situation remains akin to the popularity of certain sports over others as well as the 
societal prioritization of male over female sports, etc.

Therefore, there is no certain starting point in elementary school, high school, 
and college environments to start or to expand more inclusive sports and exercise 
programs. It is probable that an earlier start in elementary schools would be best to 
encourage students to include peers of varying abilities and to address the need for 
exercise and activity as part of physical growth during this important developmental 
period. Still, such approaches need to be implemented at all educational levels. 
Pushback will come from supporters of the competitive nature of sports, but such 
opposition would need to be addressed by consensus agreements on rules that fairly 
balance each individual’s needs to participate within a sport with reasonable 
accommodations.

Inclusive sports programs and activities must overcome both social and physical 
barriers as a result. The social component may be more daunting, as the human 
psychology and cultural aspects of behavior predominantly favor normalized situa-
tions to which most people are familiar. When dealing with the issue of disability, 
too many of our institutions follow a procedural viewpoint of physical access with 
respect to the legal letter of the law found in the Americans with Disabilities Act 
(ADA). Instead, what is needed is the development of, for example, inclusive bas-
ketball, where people with and without disabilities could play together, perhaps 
with one designated position per team for the accommodation that could be occu-
pied by a person with or without disability who uses the accommodation. Rules 
could be modified accordingly. This is just an idea. Certainly efforts are being made 
for such inclusion across other sociocultural criteria, so why not disability?

At the minimum, we can envision sports leagues for wheelchair users or even 
exoskeleton sports that are fine-tuned for reasonable speed and exertion restraints. 
The issue of inclusion remains in such scenarios. Furthermore, many schools will 
face the issue of having enough players with specific disabilities to field teams. 
Therefore, having inclusive teams with modified sport themes and/or rules is the 
best solution. Costs of equipment could be minimal, even with sports-specific 
wheelchairs or other accommodating equipment. When we mention sport themes, 
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imagination is required. This concept does not involve popular alternative sports 
(e.g., Frisbee golf) but genuine, competitive sports that can involve excitement and 
activity among all participating players, with and without disabilities.

The evolution of any new project, business, scientific endeavor, or sport takes 
time. It involves careful planning and development, building a guiding team, gener-
ating interest by players and the public, and relentless marketing at local, state, 
national, and international levels (Kotter 1995; Ginter et al. 2018).

Most sports follow a common arrangement of field (varying sizes), surface, two 
opposite goals, external and internal boundaries with time limits, rules for passing 
some type of “ball,” rules for interactions between players and appropriate scoring, 
etc. The design of any sport can utilize this format and unique incorporate aspects 
of disability that can add to the experience and exercise/athleticism involved with 
the sport. Audible cues in the competition could be introduced that can involve a 
blind participant; conversely, visual aspects of the field can enable participation by 
an athlete with a hearing disability. As with ice skates in hockey for a frozen surface, 
fields that involve wheeled devices for participants could benefit players with mobil-
ity limitations. Sport analysis can identify features that can lead to the development 
of new, inclusive sports that eliminate the barriers to people living with mobility 
limitations and other disabilities.

The NCAA (2014) has included efforts at diversity and inclusion in its mission 
and strategic objectives. These efforts do mention disability, but disability has been 
subsumed under other inclusivity priorities and represents a long-term planning 
goal within these overall efforts at the organization’s more recent meetings. 
However, at the April 26, 2016, Eastern College Athletic Conference (ECAC)/
NCAA Inclusion forum, Paul Ackerman of the United States Olympic Committee 
Paralympic Program and Dr. Ted Fay of SUNY Cortland described several bold 
moves for that conference’s sports programs (Ackerman and Fay 2016). Of note, 
they described a survey of 112 Paralympians, of whom only 14% under the age of 
19  years participated in secondary school sports similarly only 14% aging 
19–25 years who participated in college sports. The lateness of entry into sports 
programs immediately stimulated a priority on promoting and contacting secondary 
school coaches and administrators to involve student-athletes with disabilities as 
part of equal education opportunity efforts. Ackerman and Fay (2016) also cited 
four inclusion principles for disability in sports, including accommodations, incor-
poration of Paralympic events in collegiate competition and championships, and the 
creation of new leagues that involve student-athletes with and without disabilities in 
Paralympic sports. Their “Gateway to Gold” strategy seeks to identify youth with 
disabilities early in their schooling and to promote their athletic development 
(Ackerman and Fay 2016).

It probably will take some time for the ECAC and other such disability inclusion 
programs to reach school systems across many states and nationally. Of course, the 
school awareness and infrastructure supports need to be developed, and even with 
their implementation, the time frame of seeing more collegiate sports involvement 
by student-athletes with disabilities might be gradual for the next decade.
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Moreover, our emphasis is not merely to reach a point where there is more rec-
ognition of disability athletic excellence but the involvement of all children, youth, 
and adults with disabilities in exercise, play, and sports activities at all levels. The 
Ackerman and Fay (2016) model might better promote this discussion between col-
leges, secondary and middle schools to achieve urgent action for promoting the 
health of people with and without disabilities.

14.4  The Human Development Component and Authority 
Preconceptions

The research literature clearly documents that people develop uniquely at different 
rates. Whereas much of psychological and physical development can be normalized 
along a standard curve that is fairly consistent across race, culture, and nation, the fact 
that outliers exist means that we address their needs as well, not that we discard them 
as a statistical anomaly or inconvenience. Despite research supporting several general 
child, adolescent, and adult developmental theories since the 1970s, educational pro-
grams have been slow in implementing these theories to assist people with their aca-
demic and athletic development. With respect to people living with disabilities, too 
much of the prevailing administrative and educator wisdom is that nothing can be 
done, they need to “just live with it” (see Chap. 1 of this volume), and that they auto-
matically have limited life outcomes. The tendency toward normative educational 
programs has a long history, and even recent efforts at inclusion with the Individuals 
with Disabilities Education Act (IDEA) and its Individualized Education Programs 
(IEPs) for students have been too programmatic and lacking in innovation, often due 
to poor training and awareness for teachers and administrators, lack of sufficient fund-
ing, and preoccupation with school pressure groups for a bewildering array of other 
“inclusive” programs. As such, many educational systems have lost sight or motiva-
tion to diligently work with each student’s unique needs to reach their true potential.

A variety of psychological developmental theories exist that generally describe 
stages of child cognitive development from initial sensory stages to socialization, 
moral/ethical decision making processes, and overall integration into society 
(Piaget 1954; Kohlberg 1973; Knefelkamp et al., 1978; Loevinger 1976; Erickson 
1997; Haber 1997; Miller 1993). The stages follow age periods that coincide with 
milestones in cognitive development, some of which might be delayed for some 
children due to unique genetic/environmental interactions, specific upbringing, 
multiple factors contributing to developmental delay, psychological trauma, brain 
injury, etc. (see Hollar 2012). The general consensus among experts is that most 
children and youth successfully proceed through these stages and integrate into 
society by early adulthood. Piaget’s (1954) model stresses early sensorimotor 
activities that are essential for both cognitive and physical activity, while all mod-
els stress human interaction, cooperativity, a sense of self, and a balance between 
individual motivation and cooperation with others (Miller 1993). Similarly, 
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Vygotsky’s (1978) environmental/contextual model of development stresses the 
importance of social interactions, language, and the use of tools (e.g., sports, 
devices, etc.) for successful psychosocial development. With rapidly changing 
global societies, social stress, peer pressures, and technology have increasingly 
become areas of concern that might impact normal development for many children 
and youth who are exposed to these changing environments. Furthermore, the link-
ages between cognitive, psychosocial development and exercise/sports have been 
only superficially explored from a research perspective.

Marsh et al. (2007) demonstrated that the sport self-concept of middle school 
students had a significant, positive effect upon their later athletic performance. 
Jekauc et al. (2017) used a self-assessment instrument on physical self-concept and 
measures of motor ability and physical activity on nearly 700 German youth and 
adolescents. They found that motor ability significantly and indirectly affects physi-
cal activity, and vice versa, and that physical self-concept mediates both sets of 
interactions across several domains, including coordination and flexibility in both 
directions, strength on the former, and endurance on the latter direction.

Using data on over 900 children participating in the longitudinal Childhood and 
Beyond study, Slutzky and Simpkins (2009) found that participation in team sports, 
regardless of gender or ability, significantly contributed to individual positive sports 
self-concepts and overall self-esteem. Furthermore, Nippert and Smith (2008) found 
that individual characteristics, life event stressors, self-esteem, and social supports 
can impact how well individuals recover from athletic injuries. The authors suggest 
that positive supports are highly important for athletic performance as well as for 
continued high performance following injuries. This latter study is further sup-
ported by the strong correlations between allostatic load (e.g., stress), poor cardio-
vascular health, low social supports, and obesity that have been found among people 
living with mobility limitations (Hollar 2013; Hollar and Lewis 2015).

Given that sport self-concept and esteem are clearly important for developing 
children and adolescents, with lasting effects into adulthood, the importance likely 
is even greater for children and adolescents with disabilities. A considerable body of 
research also shows the importance of academic self-concepts for school success. It 
is very likely that the development of sport self-concept is equally critical for 
improved health and functioning, an issue of concern for people with disabilities 
due to their greater susceptibility to secondary conditions that exacerbate disability 
and poor health outcomes. Educators and school administrators should place greater 
emphasis on building positive self-concepts among students with disabilities, even 
as they develop into young adulthood and beyond. Unfortunately, there are many 
academicians and school/college programs that either ignore or blatantly maintain 
outmoded performance measures and assistive programs that do more than just 
tokenly offer basic services but that longitudinally monitor and work with students 
to achieve their academic and physical fitness goals.

The applications of sport self-concept naturally build upon several decades of aca-
demic self-concept research (Byrne 1996; Hattie 1992; Marsh and Craven 2006; Marsh 
et al. 2006; Marsh and O’Mara 2008; Shavelson et al. 1976). It is clear that the careful, 
positive development of student attitudes and feelings of self-concept and competence 
toward reading, science, mathematics, and exercise/sports work together for their over-
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all cognitive, psychosocial, and physical development that mutually interact in one’s 
development. It is the responsibility of educational systems to innovate away from 
outmoded, test-based memorization structures that detract from individualized devel-
opment, the true mission of schools. Currently, the incremental, programmatic nature 
of educational systems fails to meet these motivational needs for people with and with-
out disabilities, a fact that Covington (1992) voiced concern for 26 years ago.

Of additional concern is adult cognitive and psychosocial development that 
equivalently is related to exercise and physical activity. Albert Bandura’s (1977) 
social learning theory is a lifelong development model that is similar to the earlier 
described child and adolescent developmental theories. Bandura’s (1977) model 
likewise addresses the individual’s cognitive development across attention, reten-
tion, production, and motivational processes (see also Miller 1993). Chickering’s 
(1993) seven-stage theory of young adult development mirrors the other stage theo-
rists (e.g., Piaget, Erickson, Loevinger) by emphasizing cognitive development, 
self, and social relationships. One of the most applied adult developmental theories 
is Robert Kegan’s (1982) Constructive Development Theory (CDT) that emphasizes 
lifelong cognitive changes that drive development as the individual interacts with 
changing environments and interacts with new interpersonal relationships through-
out life. Kegan’s (1982) theory is of great interest because an enormous body of 
clinical neuroscience research clearly demonstrates that the mind and patterns of 
thinking change with age, learning, and life experiences, contrary to a false popular 
view that the brain is fully developed and static after the early 20s (Girgis et  al. 
2018). For educational systems from kindergarten through higher education, nontra-
ditional education, and health behavior change education, we need to incorporate 
these improved theories to optimize the educational and exercise training and oppor-
tunities that can benefit people with and without disabilities across the life span.

Theories of adult development have been applied less, and higher education has 
a poor record of providing genuine accommodations in educational and profes-
sional development as well as for sport and exercise to people living with disabili-
ties. A number of scientific and professional disciplines have been slow to 
incorporate a stronger developmental approach for the accommodation and success 
of students with disabilities. In both sports and academia, the emphasis remains on 
intensive competition within given rule boundaries, many archaic and arbitrary, 
when many people with “disabilities” have strong academic and even sport skills 
when the environment is adjusted to balance opportunity for all.

14.5  The UN Convention on the Rights of People 
with Disabilities

The United Nations Convention on the Rights of People with Disabilities was estab-
lished in 2007–2008 and currently has been signed by over 160 nations. The con-
vention affirms the rights of people with disabilities and their families to full 
participation and equal access in societies, following central principles of auton-
omy, dignity, independence, nondiscrimination, full participation and inclusion, 

14 Moving Forward with Disability Health Education Innovation



258

respect, equality, and accessibility (United Nations 2007). Of particular note is 
Article 3(h) on “…evolving capacities of children with disabilities…” (United 
Nations 2007, p. 5). Kiuppis (2018) argues that the language of the UN Convention 
opens up the possibility of inclusive sport across many levels. Kiuppis (2018) dif-
ferentiated inclusive education from inclusive sport given that the latter is an indi-
vidual choice of participation. However, the argument identified several competing 
modalities for consideration, including separate and parallel activities for people 
with disabilities, disability sports, open inclusion, and modified activities. Kiuppis 
(2018) suggests the “Space, Task, Equipment, People (STEP)” approach to modify-
ing exercise and sport activities to promote inclusion; the “people” component 
includes matching teams based upon similar ability at positions.

In the same volume dedicated to inclusive sports, Giese and Ruin (2018) discussed 
the conceptual barriers faced by people with disabilities and the structure of our 
social systems to identify issues of ableism and working toward greater participation. 
Similarly, Wickman et al. (2018) studied sport self-efficacy among children with dis-
abilities, further supporting earlier described research showing the role of self-con-
cepts in motivating exercise and sport inclusion for people living with disabilities.

Finally, Grenier and Kearns (2013) presented a model for incorporating disability 
sports in school physical education programs. The program involved revising the 
physical education curriculum to include disability-modified sports for full inclusion 
with the simultaneous education and input of students to improve attitudes toward 
fellow students with disabilities. The curriculum was tested with over 400 middle 
school students in southern New England. The results appeared to be positive as an 
approach to create alternative sports with a supporting goal-specific curriculum.

14.6  Summary

Over 25 years following the implementation of the Americans with Disabilities Act 
(ADA) and 10 years following the UN Convention on the Rights of Persons with 
Disabilities, people with disabilities have made steady but slow gains in reaching 
their dreams of full participation and recognition for sports and exercise excellence 
in their own, unique ways. Multiple barriers remain, particularly at the systemic 
level and with human behavioral preconceptions/misconceptions toward the capa-
bilities of people living with mobility limitations and other disabilities. Efforts 
toward promoting physical activity and sports that are inclusive for people with and 
without disabilities have been planned, but moving the plans to action still encoun-
ters substantial systemic hurdles in our educational and political systems. The 
research evidence clearly demonstrates that the encouragement and development of 
academic plus sport self-concepts represent critical strategic goals for kindergarten 
through college education and even for lifelong education to promote physical 
activity, health, and exercise for people with and without disabilities of all ages. The 
next step involves greater action to implement innovative, inclusive sports and exer-
cise programs in our communities, schools, colleges, and professional sports.
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