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Preface

The world of Adaptive Sports Medicine is growing every day, as we grow as
a society. In the past, when a person suffered a catastrophic injury, there was
a focus in the society and the medical world on what these persons could no
longer do. However, as we matured as a society and as a medical community,
our eyes were opened to the possibility of what we can offer these persons in
terms of fulfillment and opportunity.

It was the early pioneers who worked on sporting competitions for those
in wheelchairs who laid the initial path, but it is the many visionaries and car-
ing individuals who have allowed this world to blossom.

The primary reason that I fell in love with the field of Adaptive Sports
Medicine was that these opportunities gave hope back to these individuals
who were injured. This hope allowed them to see that they could achieve
again rather than focus on what they have lost.

It was my childhood experience with my grandfather that set the founda-
tion of a pathway that I had not even envisioned I would travel. When I was
3, my grandfather, who painted bridges for a living, suffered a major trau-
matic accident. One day at work, the scaffolding broke, and he plummeted
from the bridge. He was rescued and flown via helicopter to a major trauma
center. He survived the fall but suffered a major traumatic brain injury and
lost his hearing. He recovered after a long hospitalization and prolonged
rehabilitation course, but he would never be able to work again. Instead of
focusing on what he could no longer do, he instead developed a passion for
art. He began painting as part of his rehab process and fell in love with it.
Over time, his skills grew and his work flourished. He began to expand his
artistic endeavors to include wood carving and marble and bronze sculptur-
ing. Every time we would visit him, you would see the passion and the energy
in his work and the pride he had in showing everyone what he was able to do
instead of what he was no longer able to do.

I immediately saw this same type of passion in the Wounded Warriors at
Walter Reed National Military Medical Center during my internship and resi-
dency. Despite the major traumas these individuals sustained while protecting
our freedom, they continued to fight to get back to the life they knew. Many
returned to active duty and redeployed despite having lost limbs fighting in
the same conflict, whereas others found new goals in the arena of Adaptive
Sports Medicine.

I have had the pleasure to work alongside these great servicemen and
women in uniform on the battlefield as well as in the rehabilitation center, and
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Preface

it is their passion, coupled with the passionate medical and rehabilitation staff
at Walter Reed, that has made these lives whole again.

I knew that this was a field that I wanted to devote my time and efforts to,
and I wanted to help make a difference in these people’s lives. I quickly real-
ized that what we were doing could not be found in any text, and it took
extensive research to find any of this information in the medical literature.

My goal with this text is to create a source of information on Adaptive
Sports Medicine that is beneficial to the medical community who are
involved in the care of those with disabilities interested in sports, but also
those with injuries who may not know what some of the sports options are
available to them.

The text begins with a history and the natural course of the care, policies,
and laws that have been developed over the years for persons with disabili-
ties. After these introductory chapters, it is broken down into general medi-
cal, surgical, and rehabilitation aspects of the care of the Adaptive Athlete, as
well as general equipment, such as specialty wheelchairs and prosthetic
devices, that are developed to assist these athletes in their specific sport.

The bulk of the text was developed as a go-to resource for various specific
sports. The goal is to provide a single source so that someone without any
prior knowledge of a specific adaptive sport can utilize to gain an understand-
ing of who is playing (injury types and severity), how the game is played
(adapted rules), what equipment these athletes may be using (adaptive equip-
ment), and the common injuries that may occur in this sport. My hope is that
anyone who reads this text will have established a firm foundation of the sport
and will not be intimidated in providing medical care and coverage for these
adaptive sports.

Last, as the field continues to blossom, there are always growing pains and
controversies about an equal and fair level of competition. As the technology
advances, the governing bodies must consider what a fair accommodation is
and what adaptations may provide a competitive advantage.

I would like to thank the numerous authors who have taken their time to
make their contributions to this textbook. These authors went above and
beyond to provide our readers with the highest-quality and cutting-edge
information that will make this text the Gold Standard for Adaptive Sports
Medicine.

I hope that you enjoy reading this book as much as I got to help author and
edit.

Arthur Jason De Luigi, DO
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Partl

Adaptive Sports Medicine: History,
Technology and Biomechanics



History of Adaptive and Disabled
Rights within Society, Thus
Creating the Fertile Soil to Grow,
Adaptive Sports

Joseph Scholz and Yin-Ting Chen

History of Adaptive Sports
and Disabled Rights Movement

The history of sports for individuals with dis-
abilities cannot be fully understood without
discussing the disabled rights movement his-
tory. The disabled rights movement in many
ways parallels various civil rights movements
of the last 200 years. It is a series of historic
changes took place starting in the late eigh-
teenth century that led to significant advance-
ment in the recognition, acceptance, and civil
rights of people with disabilities. In addition,
there were several events, organizations, and
movements progressing in separate but parallel
lanes. These movements converged resulting in
a cohesive and mostly seamless pathway from
childhood recreation and competition to team
play and elite-level completion—from the
Special Olympics, to Paralympics, to athletes
with bilateral lower extremity limb deficiency
competing against able-bodied athletes in the
London Olympics in 2014.

J. Scholz, DO, PhD (P<) ¢ Y.-T. Chen, MD
Department of Rehabilitation, Walter Reed National
Military Medical Center, US Army Medical Corps,
Washington, DC, USA

e-mail: scholzjo@gmail.com; ychent@gmail.com

© Springer International Publishing AG 2018

Before It All: When Disability
Was Criminal

It is important to remember that the current living
standard and longevity were not available
2-300 years ago. As life was very difficult for the
general population, with life span shorten by dis-
ease, hard labor, and lack of effective medical
treatment and preventative medicine, these factors
had even greater impact on those with physical or
mental disabilities. For those who survived dis-
ease and poverty, most would live on the margins
of society and the shadows of their family’s care.
Prior to the 1700s, there is scant evidence of gen-
eral references to disabilities in literature other
than diseases, disfigurement, and battlefield
wounds. In the 1780s, English surgeon Edward
Alanson made advances in the surgical techniques
of amputation, leading to faster recovery, lower
infection rates, and improved overall survival.
These surgical modifications in turn led to
increases in the population of “healthy adults”
with amputations [1]. In 1784, famed French lin-
guist Valentin Haiiy realized that, contrary to the
general consensus, blind and deaf people could
reason. He called for the end of barbaric condi-
tions commonly subjected to blind people and
went on to create the Institution for Blind
Children. Haiiy was considered the “father and
apostle of the blind.” Haiiy also discovered that
sightless persons could read texts printed with
raised letters, and this work was furthered by one
of his students named Louis Braille, which we

A.J. De Luigi (ed.), Adaptive Sports Medicine, DOI 10.1007/978-3-319-56568-2_1
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Fig. 1.1 The hospital
for lunatics. Bethlem
Hospital, London: the
incurables. More from
english-heritage.org.uk/

now know as the Braille alphabet [2]. In 1793,
physician Philippe Pinel removed the chains from
people with mental illnesses in the Bicetre asylum
in France; some of the interned were chained to
walls for more than 30 years. This release of peo-
ple with mental illness from incarceration led to
the awareness that they were different from crimi-
nals, and what they needed was sympathy as well
as a different approach to healing [3] (Fig. 1.1).

Early Wars and the Advance
of Disabled Rights

These incremental recognitions of the civil rights of
people with disabilities in Europe and the United
States eventually took a step forward through for-
mal codification in a series of public laws. On July
16, 1798, the newly formed United States of
America passed the Military Disability Law—the
first of its kind. President John Adams signed the
act for the “relief of sick and disabled seamen,”’ to
provide soldiers, marines, and seamen who were
dismissed from the military with a small one-time
allotment for their limb loss or injuries and to assist
them reentering into society [4]. The work in Europe
started in the previous century began to shed the
commonly held idea that people with mental and
physical illness were not possessed or invaded with

T Tk BosrrTaz, for LOVATICS  —

demons but had medical problems. That coupled
with the advances in medicine and education fur-
thered the understanding of persons with disabili-
ties. In the 1860s, Dr. William Little made the first
step toward identifying cerebral palsy (CP, or spas-
tic diplegia) by describing children with stiff and/or
spastic muscles in their arms and legs. Little also
correctly guessed that the condition is caused by
lack of oxygen during gestation or birth [5].
Between 1815 and 1817, formal education for
those who were deaf and hearing impaired was
developed in the United States by Thomas
H. Gallaudet. Gallaudet traveled to France in
1815 and learned how to teach deaf individuals to
communicate using new system of hand signals.
Upon his return, he founded the “Connecticut
Asylum for the Education and Instruction of Deaf
and Dumb Persons” in Hartford, Connecticut, on
April 15, 1817. Significant for marking the begin-
ning of American efforts to educate people with
disabilities, it is the first permanent school for
individuals who are deaf in America, now called
the American School for the Deaf [6] (Fig. 1.2).
The Civil War was a time of great upheaval in
the United States and inflicted the greatest death
toll on our society by the volume of those killed—
approximately 750,000 casualties, which repre-
sents around 2.5% of the total US population. This
amount was greater than any other war in our his-
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Fig. 1.2 American School for the Deaf [6]

tory. Conservative estimates placed the total num-
ber of amputations from the four-year war at
around 30,000 in the Union Army alone. This
event brought “acquired disability” issues to the
American consciousness as those otherwise
healthy veterans returned to their homes and tried
to again become productive members of the soci-
ety. The public recognized the obligation from
society toward those who have served and pro-
tected them, and the US government responded by
creating the Great Civil War Benefaction program
to provide prostheses to all disabled veterans. This
government support led to a boom in prosthetic
development and manufacturing; thereby it effec-
tively created the prosthetic industry [7] (Fig. 1.3).

After World War I, several laws were enacted
recognizing for the first time the country’s obliga-
tion to individuals injured in service and building
on the work done after the civil war for veterans;
specifically the Smith-Hughes Act of 1917 estab-
lished the Federal Board of Vocational Education
with the authority and responsibility for vocational
rehabilitation of disabled veterans [8]. Later the
Smith-Sears Veterans Rehabilitation Act of 1918
(also referred to as the Soldier’s Rehabilitation Act)
expanded the role of the Board to provide services
for vocational rehabilitation of veterans disabled

Fig. 1.3 Civil War bilateral upper limb amputee, with

advanced prosthetic limbs, Pinterest: https://s-media-
cache-ak0.pinimg.com/736x/5¢/26/2b/5¢262b3121a84d05
b72d617721ae1473.jpg
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during World War I. Then, in 1920, the Smith-
Fess Act (referred to as the Civilian Rehabilitation
Act) began the rehabilitation program for all
Americans with disabilities patterned after the
Soldiers Rehabilitation Act [9]. It established the
Federal-State program in rehabilitation and pro-
vided funds to states for primarily vocational ser-
vices, including vocational guidance, training,
occupational adjustment, prosthetics, and place-
ment services. Additionally, the first department
of physical medicine and rehabilitation was
started in 1929 at Temple University Medical
School by Dr. Krusen [10]. Though there had
been physicians who specialized in physical
rehabilitation (then known as physical therapy
physicians), there were no formal training centers
or residency. He moved to the Mayo Clinic to
start the first residency in 1936, graduating the
first resident-trained physician in the field in
1939. In 1947, the first board of physical medi-
cine specialty was given by the newly recognized
American Board of Physical Medicine and
Rehabilitation (AAPMR) [11, 12] (Fig. 1.4).

WORKS DMINISTRATION

PROGRE

Fig. 1.4 Poster, work programs. https://upload.wikimedia.
org/wikipedia/commons/1/14/WPA-Work-Pays-America-
Poster.jpg

The Great Depression and Disabled
Rights

The next major stride in the advancement of the
rights of the disabled person was the signing of
the Social Security Act (SSA) in 1935 by
President Franklin Delano Roosevelt, which
included a clause to establish a program of per-
manent assistance to adults with disabilities. The
SSA established federally funded old-age bene-
fits and funding to states for assistance to blind
individuals and disabled children and extended
existing vocational rehabilitation programs [13].
Additionally, during the Depression, there was a
jobs program to get the county working again.
The Works Progress Administration (WPA) gave
jobs and vocational skill training for the unem-
ployed. However, a poorly applied policy that
required people with disabilities requesting
employment with the WPA to be labeled with
“PH” for “physically handicapped” led to a nine-
day sit-in at the Home Relief Bureau of New York
City. Three hundred members of the League for
the Physically Handicapped staged this action
that eventually helped secure several thousand
jobs nationwide for disabled people. This senti-
nel event was significant because it marks the
first time people with disability took action into
their own hands and won [4] (Fig. 1.5).

WWII: German Atrocities and Post-
War Benefits for Disabled Veterans

Just when people with disabilities were making
great strides in the United States, great crimes
were being committed against humanity on the
other side of the Atlantic Ocean. Hitler’s Nazi
program Aktion T4 killed thousands of people
with disabilities in the name of euthanasia for
“life unworthy of life.” An estimated 75,000—
250,000 people with intellectual or physical dis-
abilities were systematically eradicated from
1939 to 1941 through various methods, including
gas and starvation [14]. After the program was
discovered at the end of the war, the horror of this
program helps slow the eugenics movement in
the rest of the western world. Eugenics programs
were founded on the philosophy of improving the
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Fig. 1.5 Franklin

D. Roosevelt signs the
G.I. Bill; June 22, 1944,
almost 10 years after
signing the WPA. FDR
Library Photo
Collection. NPx. 64-269

genetic composition of the population, resulting
in laws passed to prevent people with disabilities
from moving freely, marrying, or having chil-
dren. Further actions based on this philosophy
lead to the institutionalization and/or forced ster-
ilization of many disabled adults and children.
Though, it is important to note that sterilization
was continued well into the 1970s as a form of
treatment and control [4, 15] (Fig. 1.6).

In 1940, the National Federation for the Blind
formed to advocate for legislative reforms to benefit
the blind. The American Federation of the Physically
Handicapped was the first cross-disability national
political organization to urge an end to job discrimi-
nation and lobby for legislation. As WWII raged on,
the casualties were mounting and the effect of the
workforce was being felt. During the war, in 1943,
the LaFollette-Barden Vocational Rehabilitation Act
added physical rehabilitation to the goals of feder-
ally funded VR programs providing funding for
some healthcare services [9]. Then in 1944, Col.
Howard Rusk, M.D., began a rehabilitation program
for disabled airmen at the US Army Air Corps
Convalescent Center in Pawling, New York, where
he began a rehabilitation program for disabled air-
men. First dubbed “Rusk’s folly” by the medical
establishment, because it is still not an official spe-
cialty, his program was considered a huge success
and was duplicated around many of the Army medi-
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Fig. 1.6 The Action A-4 Order from Adolf Hitler, by
Marcel—own work, Public Domain, https://commons.
wikimedia.org/w/index.php?curid=3690975

cal hospitals at the time. In 1947, rehabilitation med-
icine became a new medical specialty known as
physiatry [1, 11, 12, 16] (Fig. 1.7).
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Fig. 1.7 Dr. Howard Rusk and Roy Campanella. By Roy
Campanella, 2016

In 1946, the Hill-Burton Act authorized fed-
eral grant monies for the construction of hospi-
tals, public health centers, and health facilities for
the rehabilitation of people with disabilities.
Conscientious objectors, who served as atten-
dants at state mental institutions rather than in
combat during the war, founded the National
Mental Health Foundation, exposing the horrid
conditions at facilities that became catalyst
toward deinstitutionalization several decades
later [17]. In 1946, President Truman’s National
Employ the Physically Handicapped Week was
an impetus for disability rights advocacy activi-
ties. Subsequently, in 1947, the Paralyzed
Veterans of America was organized and became
the early voice, advocating for disability rights
[18-20] (Fig. 1.8).

Fig. 1.8 University of Illinois student from 1940 to
1950s, with stair ramp, after WWIL. University of Illinois
archives, 2016

1960s: Women's Rights Movement,
Civil Rights Movement, and Disabled
Rights Movements

In the 1950s and the 1960s, the movement for
the disabled rights started to pick up tempo at the
national level, as series of infrastructure initia-
tives put accessibility rights in public view. Post
war and modern building designers and builders
started setting accessible standards across the
country. With thousands of returned veterans
with physical disabilities, as well as the polio
epidemic survivors, and other people with dis-
abilities started asking for access to public build-
ings, it led to the launch of the barrier-free
movement. It combined effort between private
entities and the government, the Veterans
Administration, the President’s Committee on
Employment of the Handicapped, and the
National Easter Seals Society, and the
Rehabilitation Center at the University of Illinois
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contributed to the development of national stan-
dards for barrier-free buildings [21]. The first
accessibility standard, “Making Buildings
Accessible to and Usable by the Physically
Handicapped,” was published in 1961 by the
American Standards Association. In 1963, the
Federal government set aside funding for dis-
ability infrastructure support to help local gov-
ernments to meet and to adapt building to new
standards. Yet, even with all that support, it took
10 years for forty-nine states to adopt accessibil-
ity legislation by 1973 [22]. The final push by
the government to open up access to public
buildings to people with disabilities was in 1968,
the Architectural Barriers Act [23]. This man-
dated the removal of what is perceived to be the
most significant obstacle to employment for peo-
ple with disabilities—the physical design of the
buildings and facilities on the job. The act
required that all buildings designed, constructed,
altered, or leased with federal funds be made
accessible, because if you cannot easily enter a
building, then you cannot expect to be employed.

In the 1970s, the protest movements of the
1960s of the Vietnam War, women’s rights, and
civil rights movements created the human capital
that would be utilized by the disability rights
community. In 1970, educator and disability
activist Judy Heumann sued the New York City
Board of Education when her application for a
teaching license was denied. The stated reason
was the same originally used to bar her from kin-
dergarten nearly 20 years earlier that “...her
wheelchair is a fire hazard” [24]. In 1973, Section
504 of the Rehabilitation Act made it illegal for
public entities to discriminate. All federal agen-
cies, public universities, and other public institu-
tions who were receiving any federal funds could
not discriminate on the basis of disability [9, 22].
This law is considered by many in the special
education field as the turning point for including
people with disabilities in all areas and levels of
education and beyond. Then in 1974, some of the
more arcane laws came to an end, specifically the
removal of last of the “ugly laws.” These inhu-
mane laws existed for many decades, designed to
clean the streets “unwanted elements of society”

Fig. 1.9 Ed Roberts, protesting access to UC Berkeley,
1963. http://www.nilp.org/about-us/history/2016

or at least to hide them from public view. An
example: “If a beggar had disability—was para-
lyzed, or was blind—and if crowds would gather
around, the police would come and if the people
were getting upset,” [it was ok to arrest] the
offending person (R). What was unthinkable now
existed in Chicago just 31 years before this book
was written [4, 25] (Fig. 1.9).

Rights to Education

The right to public education for people with dis-
abilities came into the forefront in 1962 when Mr.
Ed Roberts, a young man paralyzed with muscle
wasting due to polio, was turned down for admis-
sion at the University of California, at Berkeley,
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solely because of his disability. In his pursuit to
get the decision overturned and attend school, he
became the father of the Independent Living
Movement and later helped to establish the first
Center for Independent Living (CIL) in Berkeley,
California [26]. This right was furthered when the
Mental Retardation Facilities and Community
Mental Health Centers Construction Act passed
in 1963 [26, 27]. The Act provided funding for
developing state developmental disabilities coun-
cils—advocacy systems. Furthermore, because
this legislation funded universities to do research
in this area, they generated a lot of data and
experts with interest in the education of persons
with disabilities. In 1965, Title XIX (19) of the
Social Security Act established a cooperative
Medicaid and, for the first time, provided assis-
tance with medical costs for low-income individ-
uals with disabilities [18, 22, 28].

The next 30 years were a series of laws that
built on each other to provide access to educa-
tion for all. The Education for Handicapped
Children Act of 1975—now called the
Individuals with Disabilities Education Act
(IDEA), which guarantees a free, appropriate,
public education for all children with disabilities
in the least restrictive environment. Before this,
most special needs classes were segregated “spe-
cial self-contained classes.” The Technology-
Related Assistance for Individuals with

Fig. 1.10 Protesters
march in Washington,
DC, in March 1990 as
part of a campaign
urging the House of
Representatives to move
ADA legislation

Disabilities Act of 1988 was passed which pro-
vided funds for assistive technology and
increased access to, availability of, and funding
for assistive technology through state and
national initiatives. Creating much of the assis-
tive technology computer interfaces we use
today, such as text-to-speech, speech-to-text,
adaptive keyboards, tablets, joysticks, and track
pads; changing the interfaces to computers and
the new technologies—thus assisting bridging
the gaps between intellect, communication and
access. These results and laws dramatically
changed the landscape of local schools through-
out the nation; before, districts were not
“required” to spend over the yearly per pupil
amount that they spent on “regular child’s educa-
tion” for “a special child’s education,” thus cre-
ating a very limited method to pay for anything
extra or appropriate [9, 15, 18, 22] (Fig. 1.10).

In 1990, the Americans with Disabilities Act
(ADA) was signed into law by President George
H. W. Bush alongside its “founding father,” Justin
Whitlock Dart, Jr. Dart Jr. was a polio survivor
and disability rights advocate who in 1954 gradu-
ated with a degree in history and education from
the University of Houston, in Texas, and was
denied a teaching license due to his disability.
The ADA was the national policy that mandated
civil rights ending the centuries-old discrimina-
tion of people with disabilities [29].
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Then, in 1995, Christopher Reeves, the movie
actor who played Superman in Superman, The
Movie, was paralyzed in a horse-riding competition,
sustaining a severe vertebrae fracture that paralyzed
him from the neck down. Because of the timing
with recent advanced airway management in first
responders, his stature as a movie star, and he and
his wife’s activism, he brought attention to people
with spinal cord injuries (SCI). To this day, the
Christopher Reeves Foundation is a major contribu-
tor in SCI education and research [30]. As basic
civil rights became more commonplace, people
with disabilities started to want and demand inclu-
sion into doing eveyday events—such as sport. In
November 1999, a US District Court judge issued
an emergency court order telling the Lawton,
Oklahoma, Evening Optimist Soccer League to
allow Ryan Taylor, a nine-year-old with cerebral
palsy, to play in the league. His walker, also referred
to as a safety hazard by the defendants, was padded
during games, and the boy played on [31].

So, in that quick two-hundred-year sprint, we
went from chaining the mentally ill and deaf to
walls as criminals, to guaranteeing that they have
equal access to buildings, to providing federal
money for assistive technology, and finally man-
dating they have access to education and now
sports. It took the separate movements of veter-
an’s governmental benefits program, the social
safety net program of the Great Depression, the
rights movements—both civil and women’s—to
achieve the rights the people with disability enjoy
today, and it would become the foundation for the
development of adaptive sports movement.

The Development of Organized
Adaptive Sports: Many Paths
Toward the Same Goal

The development of adaptive sports is a story of
convergence of multiple movements. By the time
disabled rights had been firmly established, people
began turning toward other needs of disabled peo-
ple. These needs include sport participation for
people, as a natural healthy part of living life with
early efforts placing value on sport/recreation in
society; sport and play for children with special

Fig. 1.11 Galen treating a wound with a lance grit.
Wikipedia commons (2016). https://upload.wikimedia.
org/wikipedia/commons/2/2f/Treatment_of_wound_
with_lance_grit.jpg

populations; sport as part of rehabilitation therapy;
sport for the disabled from accidents, war, or dis-
ease; and sport for the disabled as competition. All
of these areas of need came together as what we
see today, a seamless path from learning to ambu-
late, to therapeutic play, to organized sports for
individuals with a spectrum of abilities, from fully
able-bodied to severely limited (Fig. 1.11).

Physical Activity for Rehabilitation

The benefit of exercise was well recognized by
ancient cultures such as the Greek and Roman.
Galen (129-210 AD) described the benefits of
exercise in his work De Sanitate Tuenda. In the
twelfth century, the Spanish physician Moses
Maimonides spoke of “exercise as a protective
factor confronting illness” (Posner 1998). The
development of sports and competition is long
and beyond the scope of this chapter, but the evo-
lution of physical activity and sports as an active
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means of rehabilitation is attributed to the
Swedish scholar Per Henrik Ling (1776-1839),
who created a system of medical gymnastics at
the University of Stockholm. This model himself
after he was successful at curing himself from
“rheumatism and paralysis” through the practice
fencing and gymnastics” [32, 33]. This model
was further refined by Ernst J. Kiphard defining
the meeting point between pedagogical and ther-
apeutic concepts and further four specific subdis-
ciplines within this field: “Heilpddagogische
Leibeserziehung” (remedial, corrective, or
adapted physical education), “Behindertensport”
(sports the disabled), “Sporttherapie” (sports
therapy) referring to physical activity and sports
as an active means of physical rehabilitation, and
“Psychomotorische Erziehung/Therapie” (psy-
chomotor education/therapy for physical activity
and sports as an active means for psychosocial
rehabilitation) [32, 33] (Fig. 1.12).

The terminologies evolved over time after
they arrived in the United States from correc-
tive gymnastics to sports for the handicapped
in the 1930s, Special Physical Education in the
late 1950s and 1960s, adapted physical in the
1970s, and, finally, adapted physical activity

Fig. 1.12 Father of modern physical education. https://
upload.wikimedia.org/wikipedia/commons/8/8f/Pehr_
Henrik_Ling.jpg

(APA). Today, according to Sports and
Development, an International Platform on
Sport and Development organization, APA has
become “the profession, the scholarly disci-
pline and field of knowledge, and the service
delivery, advocacy and empowerment systems
that have been created specifically to make
healthy, enjoyable physical activity accessible
to all and to assure equal rights to sport instruc-
tion, coaching, medicine, recreation, competi-
tion and performance of persons with
disabilities” [34]. APA provided a mean for
people with disabilities to improve their func-
tional status and quality of life, improve physi-
cal and mental well-being, improve
self-confidence, and improve societal integra-
tion. Furthermore, for able-bodied people,
APA is also a mean to educate, remove stereo-
typical and discriminatory beliefs, leading to
better understanding and further breakdown of
barriers.

The development of APA was the result of
international effort. The UNESCO (United
Nations Educational Scientific and Cultural
Organization) adopted in 1978 the International
Charter of Physical Education and Sport for
“the purpose of placing the development of
physical education and sport at the service of
human progress, promoting their development,
and urging governments, competent non-gov-
ernmental organizations, educators, families
and individuals themselves to be guided
thereby, to disseminate it and to put it into prac-
tice” [35]. For the first time, there was an inter-
national consensus regarding physical education
and sports as a fundamental right for all people.
The Charter also outlined specific goals to
ensure that physical education and sport would
be a part of all education systems that physical
education and sports programs are designed to
meet individual and societal needs, with ade-
quate equipment and qualified support staff, as
well as calling on the support and development
of APA by national institution and international
cooperation [35]. In 2002, United Nations
Inter-Agency Task Force on Sports for
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Development and Peace was convened, and the
First Conference on Sports and Development
was held in Switzerland on 2003. In 2008, the
IOC and the UN established collaborative
framework to use sports to support the goals of
the UN [36]. The response in the United States
was the passing of the Individual with
Disabilities Education Act (IDEA) Amendment
of 1997, an amendment to the Education for All
Handicapped Children Act. In addition to pro-
viding special education at no cost to parents or
guardians, IDEA mandated instruction in phys-
ical education as a direct service to be provided
to all children who qualify for special education
(as opposed to related services mandated by
previous legislation) in the least restrictive
environment (LRE), for the development of
physical motor fitness, fundamental motor
skills and pattern, as well as skills in individual
and group sports [37]. With international recog-
nition of the importance of APA, laws like
IDEA laid the foundation and the mean for
children with disabilities to benefit from sports
participation resulting in a new generation of
children growing up with the benefits from
sports participation and expecting sports par-
ticipation as a right. This new generation would
become one of the driving forces behind orga-
nized adaptive sports.

Evolution of Sports from Recreational
to Competitive: The Development
of Paralympics

Recreational and therapeutic adaptive sports had
been around for a long time. The deaf community
was one of the first communities to pioneer adap-
tive organized sporting events. In 1888, the “sport
clubs for the deaf” in Berlin, Germany, was an
early sports club dedicated to deaf people [28].
With the improvements in deaf education in
France in 1920, the deaf community continued to
gain momentum, and by 1924 the first International
Silent Game, a deaf version of the Olympic
Games, was held in France. The game organizers

Fig. 1.13 Early advances were in the sport of skiing.
disabledsportsusa.org

Eugene Rubens-Alcais and Antoine Dresse suc-
cessfully attracted nine nations, including six offi-
cial national federations already in existence, to
participate in the Games. This event was quite
successful and held every 4 years. Now referred to
as the Deaflympics, it is sanctioned by the IOC to
occur every 4 years. The Deaflympics is consid-
ered the oldest continuously running event for
persons with disabilities [38] (Fig. 1.13).

Similar to the Deaflympics, there were two
other movements borne of the need to provide
recreation and sports as therapy for disabled
people. One was for the mentally retarded (now
referred as “intellectually challenged”) and the
cerebral palsied children; both groups were
organized by their parents wanting to provide
recreational and therapeutic resources that were
then missing for their children. The Special
Olympics (1950-1960) was founded by Eunice
Kennedy-Shriver, dedicated to serve people
with intellectual disabilities. Eunice Kennedy-
Shriver became passionate about the cause
because of her experience with her sister
Rosemary, who was intellectually challenged.
Eunice grew up with Rosemary playing all sorts
of sports and activities, but she realized that
these opportunities were limited for most people
with intellectually disability. Wanting to give all
people with intellectual disabilities the same
opportunities, in 1962, Kennedy-Shriver and her
friends organized and invited young people with
intellectual disabilities to “Camp Shriver.” It
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began humbly as simple backyard activity day,
but the movement caught on quickly and grew
with momentum as like-minded people joined
her cause. By 1968, the First International
Special Olympics was held in Soldiers’ Field in
Chicago, Illinois, USA [39, 40]. Today it is
known as Special Olympics International, and it
is the world’s largest sports organization for
children and adults with intellectual disabilities,
serving more than 4.4 million athletes in 170
countries and holding up to 70,000 events a year
[41]. The events for the Special Olympics run
year-round and are not held in conjunction with
The Olympic Games. Special Olympics World
Game is held every 2 years and alternates
between summer and winter games.

While grass roots advocacy was the driving
force that led to the founding of the Special
Olympics, the formation of the organization to
serve people with cerebral palsy (CP) was the
result of high-level orchestration. As interna-
tional efforts throughout the 1950s and 1960s led
to the formation of various groups to serve peo-
ple with disabilities, such a group did not yet
exist for people with CP. In 1969 in Dublin dur-
ing a Rehabilitation International conference,
eminent rehabilitation Dr. Arie Klapwijk from
the Netherlands spoke of his experience working
with people with CP. His passion ignited support
among key organizers, and together they formed
the first iteration of ICPS, International Cerebral
Palsy Society. A Sports and Leisure Group was
soon formed within the ICPS by 1972. ICPS
evolved overtime, acquiring advice and exper-
tise, and in 1978 the Cerebral Palsy International
Sports and Recreation Association, or CPISRA,
was formally created [42]. It is currently com-
posed of 59 national members and three associa-
tions and is a member organization of the
International Paralympic Committee. CPISRA is
the governing body for the sports of football
7-a-side, boccia, and race runner [43].

Finally, there was also the development of
contest for people with other forms of disabili-
ties, which would eventually lead to the founding
of the Paralympics. Though not well known, the

earliest documented organized event was the
Cripples Olympiad in 1911, held in St. Louis,
United States [44]. Other events evolved from the
need for rehabilitation for wounded veterans.
After the WWII, with the nascent development of
antibiotics and modern surgical techniques, there
was an increased numbers of soldiers surviving
horrific injuries and returning home with lasting
physical impairment. Recognizing the need for
rehabilitation, Neurologist Dr. Ludwig Guttmann
at the Stoke Mandeville Hospital in
Buckinghamshire, Britain, initiated a new pro-
gram to use “sport as a component of rehabilita-
tion” and organized the Stoke Mandeville Games
in 1948. As all of the contestants participated in
the events in wheelchairs, the game came to be
known as the “Wheelchair Games.” It is consid-
ered the first Olympic-style games for the physi-
cally disabled. Dr. Guttmann “tied” his Games to
the Olympic Game, which were happening in
London at the time in order to draw attention to
the rehabilitative progress of the war veterans. By
1952, more than 130 international competitors
participated in the game. Given its success, it was
recognized by the IOC and was held alongside of
the 1960 Summer Olympics Game, and in 1984 it
became recognized as the Paralympics Games.
Today, Paralympics is organized by the
International Paralympics Committee. Its mis-
sion is to “enable Paralympic athletes to achieve
sporting excellence and inspire and excite the
world,” as well as to promote the Paralympic val-
ues and create opportunities for all persons with
disability in all athletic levels [45]. There have
been 14 summer games and 11 winter games.
The 2012 London Paralympic Summer Game
drew 4302 athletes from 164 National Paralympic
Committees to participate in 503 events from 20
different sports. The 2014 Sochi Paralympic
Winter Game saw athletes from 45 National
Paralympic Committees compete in 72 medal
events from five winter sports. The Paralympic
Games has become the ultimate stage equivalent
to the Olympic Game and a source of inspiration
and a platform of achievement for disabled ath-
letes (Fig. 1.14).
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Fig. 1.14 Stoke-
Manville wheelchair
games led by Dr.
Guttmann. http://www.
disabilitysport.org.uk/
history.jpg

Disabled Sport USA, Becoming
the Largest Organization

in the United States, from Humble
Beginnings

While the initial developments of organized dis-
abled sports were primarily in winter sports, the
movement has now blossomed into year-round
recreational activities with various levels of com-
petitive sports. There are now multiple profes-
sional organizations dedicated to developing
physical fitness programs for people with dis-
abilities, the provisioning of adaptive programs,
as well as advocacy for people with disabilities in
relation to sports and recreation [20].

The development of adaptive skiing was one
of the first important movements in the history of
adaptive sports in the United States, and it all
started with Jim Winthers, a WWII veteran who
served on the famed Skiing 10th Alpine Warfare
Team of the US Army 10th Mountain Division.
As an avid and skilled skier, Winthers taught
other WWII veterans who had sustained leg
amputations to ski on one leg while he was work-
ing on a ski ranch after the war. One of his stu-
dents was Jim Graham, a former skier whose leg
was amputated due to cancer, and together
Winthers and Graham began teaching adaptive
skiing techniques in skiing clinics. Graham even-
tually became the first certified ski instructor
with a disability. Their work led to increased

r

interests of skiing in the disabled sports commu-
nity. In 1967, one of the first disabled sports orga-
nizations in the US history was founded—the
National Amputee Skiers Association (NASA). It
later became the National Handicapped Sports
and Recreation Association (NHSRA). Several
of Winthers’ students went on to move the adap-
tive skiing movement to new heights: Ben Allen
established the first official handicapped ski pro-
gram, known as the Haystack Chapter of the
National Inconvenienced Sportsmen’s
Association. Doug Pringle became the president
of Disabled Sports USA Far West; he went on
to greatly expand the NASA from 6 to 25 chap-
ters, expanded Learn to Ski Clinics, and
authored numerous manuals about disabled ski-
ing. In 1988, the Professional Ski Instructor
Association (PSIA) voted to recognize
NHSRA'’s Adaptive Ski Instructor Certification
program. Kirk Bauer was the Executive Director
of Disabled Sports USA, a leader in the New
England Handicapped Sportsmen’s Association
handicapped teaching program, and went on to
lead the NHSRA-expanding programs to
include summer sports and fitness programs.
The impact of their movement rippled beyond
just adaptive skiing. By 1994, NHSRA was
renamed Disabled Sports USA (DS/USA),
which now includes 91 chapters in 36 states,
and oversees multitudes of adaptive sports pro-
grams beyond adaptive skiing [20].
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Leveling the Playing Field: Adaptive
Athletes in Able-Bodied Events

The development of disabled sports has come
full circle by now. It started as a means for peo-
ple with disabilities to attain socialization and
gain acceptance, to a means of recreation and
rehabilitation, and now similar to its counter-
part of amateur national and international com-
petition adaptive sports have become a venue
for serious athletes competing at the highest
level in their perspective field. It is important
to realize that though the movement has only
reached public prominence in the past decades,
adaptive sports have always been ripe with
elite athletes capable of competing at the high-
est level of its nonadaptive counterpart. Many
athletes with disabilities have competed in
both the Olympics and Paralympics. German-
American gymnast George Eyser competed in
the 1904 St. Louis games with a wooden left
leg, a replacement for the one he lost after
being run over by a train as a child. Eyser went
on to win the gold in three events (parallel bar,
long horse vault, and 25 ft. rope climb), two
silvers (pommel horse, four-event all-around),
and a bronze (horizontal bar). Hungarian water
polo player Oliver Halassy, who was a left
transtibial amputee, competed in three Olympic
Games from 1928 through 1936 before the cre-
ation of the Paralympic Games for disabled
athletes in 1948. US swimmer Jeff Float, who
was partially deaf, helped the US team win the
gold medal in 4 x 200 m relay in the 1984
Games in Los Angeles. Female runner Marla
Runyan, who is legally blind, dominated the
track-and-field events at the 1992 and 1996
Paralympics, taking gold in the 100 m and long
jump before competing in the 1500 m for the
2000 and 2004 Olympics. Others such as South
African long-distance swimmer Natalie du
Toit, who has left knee disarticulation, placed
16th in the 10 km swim, and Natalia Partyka, a
Polish table-tennis player, who was born with a
congenital right transradial deficiency, also
competed in both the 2008 Olympics and
Paralympics [46].

The most recent milestones of adaptive
sports were set by Oscar Pistorius. Pistorius
became a double transtibial amputee at
11 months of age due to a congenital limb dis-
order known as fibular hemimelia. Pistorius
was an elite runner, setting multiple Paralympics
world records in the 100-, 200-, and 400-m
events. Pistorius had the aspiration to compete
in international able-bodied events, but his
effort was hampered when the International
Association of Athletics Federation (IAAF)
amended its rule in 2007 to ban the use of “any
technical devices” that may offer athletes any
advantages—a rule that many believed clearly
aimed at the pair of J-shaped carbon-fiber
“Flex-Foot Cheetah” prostheses Pistorius used.
Pistorius eventually prevailed the legal battle
and became the first double amputee to become
a medalist in able-bodied international track
events. The gravity of his participation was best
framed by Kirani James, the Grenadian sprinter
who won the gold medal: “I just see him as
another athlete, as another competitor but most
importantly as a human being, another person.”
The statement of equality and blindness to dis-
ability places Mr. Pistorius’ in the historical
position of opening the door for disabled ath-
letes by not only qualifying but also winning in
the Olympics. Although some considered
Pistorius’ achievement a reflection of current
advances in the field of prosthetics, as David
James of the Centre for Sports Engineering
Research at Sheffield Hallam University com-
mented, “Paralympic athletes could one day run
faster than Usain Bolt,” but no amount of pros-
thetic advancement could replace the athlete.
What Pistorius was able to achieve was a testa-
ment of the truly elite athletes overcoming their
impairment and demonstrating what they are
capable of [47]. Obviously, there are only a few
elite athletes who can make this transition, but
since there are Paralympians who are qualify-
ing for Olympics right now, this hints at a pos-
sibility for the future. A future Mr. Craven
further predicted to the BBC in May 2014 is
that the Paralympics and Olympics could
become one event [48] (Fig. 1.15).
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Fig. 1.15 Oscar
Pistorius, South African
sprinter. NBC News,
2015

Conclusion: The Future of Adaptive
Sports

The development of adaptive sports is a story
beyond people of disability gaining access to rec-
reation and sports. It is a history of people gaining
freedom from persecution and discrimination and
recognition for their natural rights—the right to
dignity, self-respect, and opportunity. It is the
product of historical events and changes in medi-
cal advances—the wars and the increase of
returned veterans saved by advances in medicine—
leading to changes in societal perception of dis-
abled people as well as the legislations to protect
their rights. It took people working from all fronts:
passionate medical providers, dedicated educa-
tors, loving parents, aspiring athletes, healing vet-
erans, and average citizens asserting their rights to
be and to live their lives with dignity. Sports have
emerged as a platform for people to participate in
society, to reach higher. In the last half century, we
have seen various organizations mature in their
scope and operation, allowing more and more peo-
ple with disabilities to be included and afforded
the opportunity. As adaptive sports continue to
evolve and integrate into the able-bodied world,

and the barriers continue to be removed, perhaps
one day the goal of sports will ultimately be real-
ized and we will finally reach a world where
everyone is equal without discrimination.
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Wheelchair Sports Technology
and Biomechanics

Rory A. Cooper, Rosemarie Cooper,

and Adam Susmarski

Introduction: The Role
of Technology in Wheelchair Sports

Technology is at the very core of wheelchair
sports, and its influence not only on sports but on
the lives and perceptions of wheelchair users has
been tremendous. The sports that rely on speed
and agility require wheelchairs and seating sys-
tems that are lightweight, responsive, form-
fitting, and roll with minimal effort. The basic
components of sports wheelchairs are the wheels,
casters, footrests, backrest, and seat (see
Fig. 2.1). While this seems simple enough, the
varieties are nearly endless, and the designs are
customized for each individual sport and athlete.
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For example, a racing wheelchair is made solely
for speed and hence uses large wheels, high-
pressure tires, small handrims, a long wheelbase,
and a forward-leaning bucket seat. Racing
wheelchairs are steered by one of three methods,
using the handle bars, the compensator, or by
doing a wheelie. In contrast, a rugby wheelchair
is made for speed, maneuverability, and impact
resistance. Therefore, rugby wheelchairs have
low bucket seats not too much different from
racing wheelchairs, but they have bumpers, cast-
ers in the front and back for quick turning and
stability, and shields on the wheels to protect
them from insult.

In order to meet the needs of a variety of dif-
ferent wheelchair sports, wheelchairs are
designed for each particular sport and most com-
monly custom fitted for each athlete. Sports
wheelchairs are much like sports prosthetic
limbs; if they do not become one with the ath-
lete’s body, then performance is negatively
affected. Sports wheelchairs are made from a
variety of materials; the basic frame components
can be made from high-strength steel (e.g.,
chromium-molybdenum alloy), aluminum, tita-
nium, and composite materials (e.g., carbon fiber,
Kevlar, fiberglass). Sports wheelchairs often use
different materials for different components in
order to meet the needs of the sport and the user.
For example, on a basketball wheelchair, the
wheel rims and handrims may be aluminum, the
spokes Kevlar, the frame titanium, the bolts and
axles steel, and the backrest carbon fiber.
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Fig.2.1 The basic
components of sports
wheelchairs are the
wheels, casters,
footrests, backrest, and
seat
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Brief History of Wheelchair
Sports Technology

The exact history of wheelchairs sports is not
precisely known. Likely soon after wheelchairs
were invented, people using wheelchairs partici-
pated alongside friends and family when partici-
pating in sports that could be attempted or
modified while sitting. There are accounts of
service members recovering from wounds dur-
ing the First World War participating in sports
and recreation activities in their wheelchairs as
a part of their therapy or for recreation [1]. Sir
Ludwig Guttmann is credited with establishing
organized wheelchair sports, which eventually
led to the Paralympic Games as we know them
today [2]. World War II led to tremendous num-
bers of both civilian and military casualties, as
well as remarkable advances in medical treat-
ment and eventually rehabilitation. This as in
other wars led to people living with new and
more severe disabilities than had been the case
heretofore. For example, advances in treatment
of post-traumatic shock and the creation of pen-
icillin led to people living with spinal cord inju-
ries for years and eventually decades. The large

FOOTREST

CASTER

numbers of mostly young people, many of
whom were veterans, living with disabilities had
a twofold effect: (1) first, there were a critical
mass of people with previously unknown
chronic disabilities and (2) they wished to be
active and whenever possible leave hospital set-
tings and live in their home communities [3].
This led to two largely parallel movements, at
least early on: the creation of multi-sports events
such as the Paralympics today and wheelchair
basketball—later to become a Paralympic sport.
For nearly four decades from the 1940s through
the 1970s, athletes competed in nearly the same
wheelchair for every sport with minor modifica-
tions [4]. During this time frame, people modi-
fied their daily-use wheelchairs to improve their
sports performance. For basketball, the common
modifications were to remove the armrests
(sometimes cutting them off), remove the park-
ing brakes, and lower the backrest in order to
provide greater freedom of movement for their
torso. For wheelchair racing, athletes made
many of the same modifications, but in addition
they would lower the seat and move the rear
axles forward to access a large portion of the
handrims to go faster.
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In the early 1980s wheelchair sports began
to make a tremendous transformation to enter
into the modern era as it is now recognized [5].
Athletes began to challenge traditional thinking
and the rules of wheelchair sports established
primarily by clinicians, rehabilitation adminis-
trators, parents, and other well-meaning people.
As a part of the worldwide disability rights
movement, athletes also wished to take control
of their sports, make changes in their equip-
ment, and increase opportunities for competi-
tion—some with the goal of achieving parity
with able-bodied sports. The biggest impact
was that wheelchairs for particular sports began
to become available, especially for basketball
and racing. To provide some context, at the
beginning of the decade, the world record for
the mile (1609 m) was a fraction under 5 min,
and by the end of the decade, the record had
dropped to under 4 min; and by the 1996
Paralympic Games, all of the finalists in the
1500 m were capable of finishing the mile in
less than 4 min.

Importance of Seating
for Sports Wheelchairs

The seating system is an important interface
between the wheelchair and its user and has a
direct influence on an athlete’s performance
and ability to control the equipment and there-
fore should include the following basic three
goals: (1) fit snug and comfortable like a good
shoe, in order to promote a firm and stable base
of support for propulsion and control; (2) pro-
vide a stable support to maximize the balance
of the user for the sport activity; and (3) reduce
the risk of developing pressure sores, skin
breakdown, bruising, and other soft tissue inju-
ries [6].

The overall fit of the seating system can eas-
ily be checked by asking the user to do a
“twist,” and the chair should move with the
user. The chair will also respond to the user

shift in center of gravity (COG) and will “stay”
with the user during quick turns and lateral
movements especially when operating in tight,
narrow, and semi uneven environments [7]. If
the width of the seat is too wide, it will result
in a loose “sluggish” fit, with the user “twist-
ing” within the seat, which may lead to skin
break; or if the shoe is too big, it causes “blis-
ters.” The length of seat depth should be
selected so that there is at least 2-3 in. space
between the front edge of the seat and the pop-
liteal area behind the knees. If the seat is too
long, the tendency is to slide forward causing
the pelvis to rotate posteriorly which increases
the risk of developing a sacral sore and back
pain. A snug and well-fitted seat allows the
shoulder joints to be in a neutral safe position
that will enhance the biomechanical efficiency
of the upper extremities, therefore reducing the
risk of repetition strain injuries.

The orientation of the seat in combination
with the back rest support has to be designed
and adjusted to provide a stable support to
maximize the balance of the user for the sport
activity. The hand position in relationship to
the elbow angle will show how “low” and/or
how “high” the user is sitting in the chair. With
the upper arm along the trunk and the hand at
top dead center on the push rim, the elbow
angle should be 90-120° for efficient self-pro-
pulsion. A “low” vertical position (elbow
angles < 90°) or a “high” vertical position
(elbow angles of >120°) with the user sitting
“on top” of the wheels can be corrected by
selecting an appropriate height cushion, adjust-
ing the seat dump, and selecting an appropriate
wheel diameter [8]. Selection of rear wheel
size can provide a wider range of positions, as
wheel diameters of 22-26 in. are commonly
available. The seat dump is the angle of the
seat with respect to horizontal. About 5° of
posterior tilt is common; yet a larger seat dump
helps to increase pelvic stability by holding the
pelvis against the backrest, helps to compen-
sate for decrease trunk stability, and reduces
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the angle between the thighs and the trunk
which helps to improve balance; straps may be
used to further hold the user firmly in place.
Yet caution should be applied as a larger seat
dump may promote pressure sores on the back
and affect the COG distribution as it may
decrease the rearward stability and increase
tipping of the chair; transferring out of the
wheelchair will be more difficult. The backrest
height should be set as low as possible to pro-
vide support to the lower back and allow the
upper torso to move freely, however not too
high to inhibit movement and biomechanical
efficiency of the upper extremities.

The risk of developing pressure sores, skin
breakdown, bruising, and other soft tissue
injuries for wheelchair sports can be minimized
if the athlete recognizes that the same preventa-
tive strategies that keep him/her healthy outside
the sport with the use of their everyday equip-
ment are the same strategies that will keep him/
her healthy with the use of specialized sport
equipment [9]. These preventative strategies
include recognizing risk, decreasing the effects
of pressure, assessing nutritional status, and
preserving the integrity of the skin by reducing
pressure, friction, and shear forces. Pressure
sores commonly occur with prolonged sitting
on a bony prominence and hard surface, and the
risk can be reduced by increasing the surface
area of the seat in contact with the body and
providing firm padding that will closely fit the
contour of the athlete’s body in the seated posi-
tion for the sport. A snug and well-fitted seat
will reduce the friction and shear forces, and
straps can further hold the athlete firmly in
place. In some cases, the seat is molded to the
user to form a custom seating orthotic. Other
biomechanical causes of skin breakdown ath-
letes with paraplegia need to keep in mind
include pressure from tight clothing or shoes
and trauma to insensate lower extremity during
transfers.

Of note: it is important to conduct frequent
inspections of the equipment and conduct regular
maintenance and timely replacement of any

worn-out/damaged seat components to reduce
the risk of lacerations and injuries.

Wheelchair Slalom

The slalom is an obstacle course race designed
for wheelchair users. What began as a simple
obstacle course at VA hospitals to help veter-
ans practice on uneven terrain has grown to a
competition at the National Veterans
Wheelchair Games that is one of the most pop-
ular events for athletes, therapists, families,
and spectators. This event creates obstacles
(only limited by the imagination of the course
design team) to simulate everyday mobility
challenges a wheelchair user may encounter,
such as turns, changes in direction, ramps,
curbs, steps, uneven terrain created with robes,
planks, ladders, soft terrains such as gravel and
sand pits, as well as doors, narrow passage
ways, even small tunnels, and so on. The sla-
lom course demands of the athlete speed, coor-
dination, strength, and technique in negotiating
the obstacles in the least possible time making
as few mistakes as possible.

The design of the course and its difficulty
vary depending on athlete’s injury classifica-
tion and type of wheelchair used. For example,
for powered wheelchair users, the design of the
course will challenge the athletes in precision
driving by requiring highly skilled operation of
the joystick, head control, chin joystick, sip-
and-puff, etc. while skillfully maneuvering the
power base through turns, changes in direction
marked by cones, over small ramps, and
through semi uneven terrain at fast speed with
very few mistakes. All athletes are required to
wear a helmet and will use their everyday
power wheelchairs for competition. Official
score keepers are present on the course, and
official “spotters” provide for the safety of the
athlete.

For manual wheelchair users, the design of
the course varies depending on athlete’s injury
classification and competition category. All
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athletes are required to wear helmets and most
of them will use their own manual wheelchair.
No specific type of manual wheelchair is
required; however, athletes competing in ultra-
light manual wheelchairs, which fit “snug” and
with legs and feet strapped securely to the chair,
have a better chance to do well in the slalom
course. The profile and inflation pressure of the
wheelchair tire will have an effect on how well
a tire can “grip” an obstacle, for example,
knobby tires that are slightly underinflated will
provide a nice grip to climb over an uneven
obstacle yet will perform slower on flat sur-
faces during fast turn and change of directions
tasks; on the other hand, high-pressure slick
tires will be faster on flat surface during turns
and change of directions task yet may “slip off”
of uneven obstacles. The fine-tuning and selec-
tion of “strapping” and “tires” depends on each
athlete’s abilities and preferences. During the
slalom competition, the official score keepers
are present on the course with at least four
trained “spotters” to provide hands-on assis-
tance for safety to catch athletes from tipping
and/or falling onto/off obstacles.

The Super G, or Super Giant Slalom, is a fea-
tured event and scheduled on the last day of the
competitions to draw the general public to the
NVWG. It is the ultimate course designed for a
selected group of highly skilled manual wheel-
chair users, all top three “finalists” who qualified
in their individual categories. The competition is
very intense and full of energy as athletes “fly”
over the most challenging obstacles, with skilled
control, precision technique, strength, and high
speed in order to beat their competitors’ times
while having fun with the ultimate goal to be the
fastest Super G winner [10].

Wheelchair Basketball

Originating in the 1940s, basketball is one of the
oldest wheelchair competitions and is currently
played in more than 100 countries around the

world [11]. Wheelchair basketball is played by
two teams of five players on a regulation basket-
ball court with a hoop on either end and standard
markings for both free throws and three point
lines. The goal is to work the basketball down the
court either individually through dribbling or as a
team through passing in order to score a greater
amount of points than your opponent by making
the most baskets.

Basketball wheelchairs share similar basic
features but are additionally adapted based on the
athlete’s impairment, as well as position. All bas-
ketball chairs include a degree of camber allow-
ing for increased agility on the court, greater
stability, and protection of the athlete’s hands
from incidental or direct contact during play.
Chairs typically are equipped with both front and
wheel casters to prevent the athlete’s chair from
tipping over as a result of contact or an abrupt
change in direction. The athletes are additionally
tightly strapped in to the chairs with either straps
or even tape in order to prevent the athlete from
falling out of the chair during the game (see
Fig. 2.2).

Chairs are then adapted to fit the individual
athlete based on level of impairment by increas-
ing the height of the seat back and depth of the
dump (seat angle) to allow for better trunk con-
trol. Chairs may also be adjusted based on posi-
tion, for example, a higher seat position for
forwards and centers for close range shooting
versus a lower center of gravity for guards to
improve maneuverability and skillful dribbling
of the basketball (see Fig. 2.3) [7].

Additional techniques utilized by wheelchair
basketball athletes include using one’s own iner-
tia by propelling the chair in the direction of the
hoop prior to shooting. A skillful athlete may
also pin a rolling basketball on the floor to the
moving wheel of their chair in order to pick up
the ball from the floor using only one hand while
maintaining a firm and seated position in their
wheelchair (see Fig. 2.4).

On a recreational level the sport has gained an
increased and broad following as it allows a
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Fig.2.2 Tllustrates a
wheelchair basketball
athlete’s positioning
including straps around
the patient’s trunk and
legs. In addition, the
forward bumpers and
camber of the wheels are
well demonstrated from
this angle. (Photo
courtesy of Marshall
Lee Tempest)

Fig.2.3 Exemplifies the varying heights of the athlete’s chairs based on position from an elevated position for the athlete in
the back, left of the picture to a lower center of gravity for those athletes on the right. (Photo courtesy of Marshall Lee Tempest)

Fig.2.4 Shows an athlete using his forward
momentum to pass a basketball to teammates
underneath the hoop. (Photo courtesy of Marshall
Lee Tempest)
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Fig. 2.5 A wheelchair basketball athlete shooting a free
throw. Rules require the athlete’s two main wheels to be
positioned behind the free throw line. However, the ath-
lete’s feet and front casters may be positioned in front of
the line as long as the point of contact of the two main
wheels is behind the free throw line. (Photo courtesy of
Marshall Lee Tempest)

unique opportunity for both disabled and non-
disabled athletes (in wheelchairs) to compete
against one another. It isn’t uncommon to find a
game with a combination of athletes competing
on the same court at a local gymnasium or park.
The speed, maneuverability, dribbling, and
shooting required for wheelchair basketball
requires a significant amount of upper body
strength and as a result makes the sport inher-
ently challenging for athletes with upper extrem-
ity impairment (see Fig. 2.5).

Wheelchair Rugby

Due to the challenges of shooting and dribbling a
basketball for those athletes with upper extremity
weakness and impairments, players with tetraple-
gia are at an inherent competitive disadvantage.
As a result, wheelchair rugby was created by and
is limited to those athletes with tetraplegia or sig-
nificant upper extremity impairment as an alter-
native to wheelchair basketball [12]. Wheelchair

rugby gained mainstream popularity with the
debut of the documentary entitled ‘“Murderball”
which featured the United States quad rugby
team and exposed the world to the ultracompeti-
tive and often very physical nature of the sport.

The game is played with a volleyball on a
rectangular playing area similar to the size and
shape of a basketball court. Four players from
each team compete on the court at one time. In
order to score a goal, a player must carry the
ball across their opponent’s goal line which is
delineated by the baseline of the basketball
court on each end. The ball may be carried,
dribbled, or passed down the court; however,
one player may not carry the ball for greater
than 10 s without passing or dribbling (see
Figs. 2.6, 2.7, and 2.8). Failure to do so results
in a violation and turnover of possession to the
opposing team [13].

Wheelchair rugby chair technology is similar
to chairs used in wheelchair basketball with
adaptations to account for the permitted contact
of the support, as well as support the decreased
trunk control of the quad athlete. The chairback
has a higher back for trunk control, and the chair
has a greater degree of dump (seat angle) to pre-
vent the player from falling forward out of the
chair with impact, as well as to aid in carrying the
ball in the players lap. In order to accommodate
for the impact and close contact of the sport, sev-
eral adaptations are made to the chair to include a
metal shroud covering the spokes of the chair in
order to prevent an opponent from hooking or
impeding the athlete’s progress, as well as a for-
ward bumper and sometimes a hook to capture
and disrupt the attack of an offensive player [7].
Finally the wheels are set in a notable amount of
camber to both improve the agility of the chair
and to prevent injury to the player’s hands during
contact.

Wheelchair Softball

Wheelchair softball is played on a hard flat and
level surface with dimensions of 150 ft down
each sideline and 180-200 ft to center field [14].
The diamond consists of an outline on the playing
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Fig.2.6 An offensive player breaking away from the pack and dribbling on a breakaway, en route to scoring a goal.
(Photo courtesy of Adam Susmarski)

Fig. 2.7 An offensive player takes advantage of the pivot and make contact with the ball carrier in attempts to
increased dump in his chair to carry the ball down the impede his progress and ultimately dislodge the ball.
court, while the defensive player adjusts his positioning to  (Photo courtesy of Adam Susmarski)
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Fig.2.8 A player scoring by crossing the goal line with
the ball. In addition the shroud overlying the spokes on the
player’s wheel and the front bumper surrounding the foot

surface of a 4 foot circle for second base and
semicircle at first and third base (referred to as a
defensive circle) with an inner one foot square
base within the circle. A defensive player may
have only one wheel within the defensive circle
to get a player out, while the offensive player run-
ning the bases must cross over the inner one foot
square base [15]. Teams consist of a competition
of ten versus ten players, and the game is played
with the larger and often softer 16 in. softball
allowing players to play the field without the use
of a glove. The exception to the rule for the use of
a glove defensively is for tetraplegic players
whom may wear a glove on one or both hands
[15]. The pitcher throws from a flat straight line
drawn on the field, not from an elevated mound.
There is currently not a softball-specific
wheelchair design; however, players oftentimes
will use a chair similar to those used in wheel-
chair basketball. As in wheelchair basketball, the
increased camber improves the athletes ability to
make sudden and sharp turns and movements in
response to a batted ball, as well as provide
increased stability when rounding the bases or
transitioning from catching to throwing the ball

plate is readily identifiable from this view. (Photo cour-
tesy of Adam Susmarski)

defensively. Camber in conjunction with the for-
ward roller bar is especially beneficial to those
players playing in the infield and running the
bases as it helps protect the players in the setting
of contact during the dynamic of the play. Once a
player is set in the batter’s box, a small Styrofoam
or wooden block may be placed behind each of
the batter’s wheels to prevent the inertia of the
swing rolling the batter backward mid-swing as
can be seen in Fig. 2.9.

Batters also, depending on preference and
injury level, may choose to swing the bat with
either both hands or one hand (typically the bot-
tom hand, i.e., right hand for right-handed batters
and left hand for left-handed batters). If a player
leaves his/her chair for any competitive advan-
tage, e.g., to catch or stop a batted ball, then all
baserunners will be awarded two bases [14].

Wheelchair Racing
Wheelchair racing is a sport solely founded in

speed. Its singular objective is to cross the finish-
ing line as fast as possible. For all races from
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Fig.2.9 A player batting with a block placed behind each of the wheels to prevent the inertia of the swing rolling the
batter backward mid-swing. (Photo courtesy of Adam Susmarski)

Fig.2.10 Racing
wheelchair during a race
on a running track

100 m to the marathon (42.5 km), athletes are
using essentially the same basic wheelchair
design. The key elements to a racing wheelchair
are the wheels, frame, seat, and handrims. Nearly
all racing wheelchairs have three wheels and use
high-pressure tires (racing pressures in the ranges
from 160 to 200 psi) (see Fig. 2.10). The front
wheels are typically 20 in. in diameter, while the

rear wheels are 26-27 in. in diameter depending
on the athlete’s arm length and preference. Three
large wheels help to reduce rolling resistance
(i.e., larger wheelchair diameters generally have
lower rolling resistance) and to make the wheel-
chair lighter (i.e., fewer wheels and simpler
frame). When viewed from underneath, the frame
looks like the letter “T,” with the axle tube cross-
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ing the tube connecting the front wheel. Racing
wheelchair frames are commonly fabricated from
aluminum or carbon fiber for minimum weight
and maximum stiffness (i.e., attempt to eliminate
power loss due to flex in the frame and misalign-
ment of the wheels).

The seat is critical to the performance of a rac-
ing wheelchair. Nearly all athletes use a kneeling
position with their torso facing forward at an
angle between 20 and 45° with respect to hori-
zontal, depending on the ability of the athlete to
control their torso and tolerate the positioning.
The seat must be form fit; any extraneous move-
ment is lost power to the wheels. A tight seat also
permits bringing the wheels in closer to the body,
which makes it possible to reduce the camber
(camber is the angling of the wheels outward
from the frame) and hold the arms in a more neu-
tral position. A neutral position of the shoulders
improves power transfer from the user to the
handrims and reduces risk of injury to the
shoulders.

The arms need to be able to comfortably reach
the bottom of both handrims simultaneously for
maximum force/momentum transfer. Handrim
size is a function of upper body strength, arm
length, and hand speed. Athletes with stronger
upper bodies can push a smaller handrim diame-
ter; athletes with shorter arms typically must
push with a smaller handrim diameter or use a
smaller diameter wheel. A larger handrim uses
less force but requires greater hand speed in order
to achieve the same power output. Power is the
product of force and velocity; to achieve the same
power that drives the racing chair forward, the
handrim can be selected based on the athlete’s
specific attributes for either arm force generation
or hand speed production. The range of handrim
diameters varies from 14 to 18 in. Handrims are
coated with a high-friction pliable surface in
order to transfer maximum power from the arms
to the handrims, primarily by avoiding slipping
and simplifying the coupling between the hand
and the pushrim (e.g., punching the handrim ver-
sus grasping the handrim, which is slower due to
the time required to grasp and release).

Propelling a racing wheelchair is an art form.
When done right, it is beauty in motion and the

athlete can achieve a feeling of grace and speed
with total control. To develop an efficient and
effective stroke takes optimal fitting of the wheel-
chair to the athlete, proper sitting posture for rac-
ing, and frequent rigorous training with attention
to detail. It can take years to develop a fluid and
efficient stroke, and some people are never able to
achieve it. The basics are simple to learn but diffi-
cult to master. The stroke begins with the contact
phase when the athlete’s hands strike the handrims,
optimally between 2 and 3 o’clock, transferring
momentum from the hands and arms to the push-
rim like a boxer delivering a blow. The push phase
follows by rapidly extending the arms to transfer
power from the arms to the handrim until the
hands reach about 7 o’clock. The release phase
requires one last effort from the triceps to fully
extend the arms and push off of the handrims to
propel the hands backward and upward. The swing
phase pulls the arms further backward and upward
to prepare for the next stroke and to preload the
shoulder and chest muscles to spring forward for
the next push. The preparatory phase begins with
the elbows bending and bringing the arms forward
rapidly to gain maximum momentum at contact
with the handrims. Top tier racers internalize their
stroke and commiit it to muscle memory. Once that
has been achieved, one can learn the fine points of
adjusting for turns, hills, passing, and surging.

Handcycling

Handcycles have been in use for over 100 years
[1]. In the beginning they were used as alterna-
tives for wheelchairs on uneven surfaces and
unpaved roads. However, it was not until the
1980s that handcycles began to grow popular for
racing. As the sport of triathlon grew in popular-
ity, wheelchair athletes joined the spirit and used
handcycles for the cycling portion. As the num-
ber of handcyclists grew in numbers, the opportu-
nities for racing and touring increased. A benefit
of handcycles is that they can accommodate a
wide variety of body types and levels of impair-
ments [7]. They have made it possible for people
to participate in a healthy sports and recreation
activity alongside friends and families.
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Fig.2.11 Upright
handcycle used for
touring, socializing, and
shopping

There are four basic handcycle designs:
upright, add-on, recumbent, and kneeling.
Upright handcycles are the oldest style designs
available (see Fig. 2.11). Basically, they use the
same seating position as a wheelchair with the
cranks in front of the seat. Upright handcycles
are mostly used as a transport device. They are
particularly popular in areas where there are
bicycle pathways or walking zones in cities;
these allow people to use their upright handcy-
cle for socializing and shopping. Add-on hand-
cycles are a fifth wheel that attaches to the front
of a person’s wheelchair temporarily convert-
ing it to a handcycle (see Fig. 2.12). This pro-
vides the user with the benefits of an upright
handcycle when desired and a wheelchair oth-
erwise. This is beneficial for exercise, for
reducing the strain on the arms, and for shop-
ping/socializing.

Recumbent and kneeling handcycles are
used for racing or at least for rigorous exercise.
When using a recumbent handcycle, the user is
positioned nearly flat in the seat just a few
inches from the ground (see Fig. 2.13). The

rider’s legs straddle the front wheel, while his/
her head is between the rear wheels. The cranks
are position above the rider’s chest at a dis-
tance that allows the rider to provide power
over the largest portion of the 360° crank cycle.
The recumbent position lowers wind resistance
and allows a rider with little trunk control to
push and pull on the cranks while maintaining
balance.

In a kneeling handcycle, the rider sits in a
forward-leaning position with the shoulders
placed above the cranks (see Fig. 2.14). This
position is typically used by individuals with
lower limb amputations or impairment that
maintain their sitting balance and have good
trunk musculature. The kneeling position
allows the rider to lean into the cranks while
pushing downwards providing maximum
power, much like a bicyclist. Kneeling hand-
cycles tend to be faster in sprints or on uphill
sections due to the ability to apply more power.
However, on flat surfaces, the benefits of kneel-
ing and recumbent handcycles tend to balance
each other.
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Fig.2.12 Add-on
handcycle used to
convert a manual
wheelchair temporarily
into a handcycle for
touring, shopping, and
socializing

Fig. 2.14 Kneeling handcycle used for racing and
exercise

Fig. 2.13 Recumbent handcycle used for racing and
exercise
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Conclusion

With the increasing popularity of wheelchair
sports, there has been a corresponding demand
for high-technology wheelchairs designed
specifically for each event. When designing a
sports wheelchair, it is vitally important to
understand the forces acting on the user dur-
ing an athletic event. Current wheelchair tech-
nology allows athletes to compete at the
highest levels, and as wheelchair technology
improves, so will athletic performance.
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Technology and Biomechanics
of Adaptive Sports Prostheses

Arthur Jason De Luigi

Introduction

With advances in medicine and an emphasis on
maintaining physical fitness, the population of
athletes with impairments is growing. There is an
estimated 55 million persons with impairments in
the United States according to the United States
Census Bureau [1-3]. Although the number of
people with an impairment who participate in
sporting activities is increasing, there are still
only about two million recreational and competi-
tive athletes with impairments in the United
States [2—4]. Despite an increase in the develop-
ment of a number of recreational and competitive
sports programs, about 60% of the persons with
an impairment do not participate in any regular
physical activity or sports [5]. Two of the primary
factors that limit participation in sports and exer-
cise are lack of awareness and access to all of the
opportunities available for athletic participation
[5]. It is incumbent upon healthcare practitioners
to make every effort to inform these individuals
of growing and diverse opportunities and encour-
age their safe participation through counseling
and education.

Participation in athletic and exercise activities
is universally beneficial, and several publications
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have made recommendations regarding the effi-
cacy of regular physical activity [6-8]. It is
known that physical inactivity increases the risk
of many disease pathologies and is a major risk
factor in cardiovascular disease [9-11].

There are clear benefits for participating in
exercise and athletic activities. Athletes with
impairments demonstrate increased exercise
endurance, muscle strength, cardiovascular effi-
ciency, flexibility, improved balance, and better
motor skills compared with individuals with
impairments who do not participate in athletics.
In addition to the physical benefits, the psycho-
logical benefits of exercise include improved
self-image, body awareness, motor development,
and mood. Athletes with impairments have fewer
cardiac risk factors, higher high-density lipopro-
tein (HDL) cholesterol, and are less likely to
smoke cigarettes than those who are disabled and
inactive [3, 12]. Individuals with limb deficien-
cies who participate in athletics have improved
proprioception and increased proficiency in the
use of prosthetic devices [3, 13].

Benefits to Participating
in Adaptive Sports for Persons
with a Limb Deficiency

Physical activity has many specific benefits for
the population with physical impairments,
including a decrease in self-reported stress, pain,
and depression, as well as a general increase in
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the quality of life [14]. Participation in physical
activity has also shown a positive relationship
with improved body image for many persons
with limb deficiency [13]. Lower limb deficiency
due to amputation or congenital defect does
indeed constitute a major physical impairment
that can lead to functional and professional dis-
abilities [15]. A commonly referenced survey
revealed that persons with lower limb deficien-
cies had a strong interest in participating in
sports and recreation with the majority of respon-
dents indicating that their quality of life could be
enhanced if the prosthesis did not limit their
ability to move quickly and run [16]. Another
survey showed that the 20-39-year-old age
group had a similar distribution of interests
between high-, moderate-, and low-energy activ-
ities. The same survey reported a high ability to
perform these activities while using a prosthesis
[17]. The information suggests that the prosthe-
sis is no longer the primary limiting factor when
participating in desired activities. However, it is
imperative to set realistic goals based on the
physical capabilities of the athlete of when to
begin a transition from a general use to sport-
specific prosthesis following supplement endur-
ance training from a deconditioned state [18].
Given the opportunities for participation in
sports that are currently offered to persons with a
limb deficiency, the demand for new, innovative
prosthetic designs is challenging the clinical and
technical expertise of the prosthetist.

Limb regeneration of a deficient limb has not
yet been accomplished in humans. Although
technological advances in prosthetics continue
to evolve and may one day surpass human capa-
bilities, a prosthesis cannot exactly replace what
the individual was born without or lost in trauma
or disease. Aggressive rehabilitation and appro-
priate prosthetic provision will enhance the abil-
ity of limb-deficient individuals to pursue
athletic activities. Understanding the biome-
chanics of the sport and the physical characteris-
tics of the remnant limb is the first step in
determining what a prosthesis can provide. The
following sections present principles involved in
the design of prostheses suitable for sports and
recreational activities.

Advances in Sports Prosthetics

General Use Versus Sports Prosthesis:
Principles of Design for Prostheses

There can be significant differences between a
prosthesis developed for general use compared to
a sport-specific prosthesis. Typically, there is
planning between the person with limb defi-
ciency, physician, and the prosthetist to deter-
mine the appropriate modifications to the general
prosthetic design to make it compatible with the
given sport.

Standard General Use or Utility

Prosthesis

Although the residual limb is undergoing
expected shape and volume changes, it is impor-
tant to consider using the prosthesis for as many
activities as possible. In most instances, prosthe-
ses that allow the limb-deficient athlete to par-
ticipate in a wide range of activity, including
selected sports, can be designed. Current options,
such as elastomeric gel liners that provide socket
comfort and skin protection that are required
during everyday ambulation can suffice for many
recreational activities. Careful choice of the
prosthetic foot allows the person with limb defi-
ciency to walk faster and achieve a more equal
step length on both sides, thus facilitating recre-
ation and routine walking [19]. The prosthetic
foot that has been aligned for comfort and effi-
ciency during walking can still function ade-
quately for intermittent, moderate bouts of
higher activity. Although it has been shown that
persons with limb deficiency find it difficult to
accurately report their activity level versus mea-
sured activity level, the focus should be to
develop ambulatory skills with a general pros-
thesis before advancing into sport-specific limbs
during the early stages of rehabilitation [20].
Once the person with limb deficiency commits to
participation and training for a particular sport, a
specific prosthesis or component may be neces-
sary. When a single-use prosthesis is provided,
the optimized design facilitates full and poten-
tially competitive participation in the desired
activity [21].



3 Technology and Biomechanics of Adaptive Sports Prostheses 37

Another approach is to utilize the current
daily-use socket with additional foot and/or knee
combinations. The socket can be coupled with
interchangeable distal components that have been
selected to facilitate different tasks. A quick
release coupler can be provided to permit inter-
changing knee and foot/ankle components. This
alternative, when appropriate, can be more time-
effective and cost-effective than multiple indi-
vidual prostheses [21].

Sport-Specific Prosthesis

When the physician and prosthetist are evaluat-
ing the athlete with a limb deficiency for adaptive
equipment, it is pertinent to take into consider-
ation several aspects. Compared to the prosthetic
device intended for everyday use, sports prosthe-
ses incorporate various design modifications that
meet the functional demands of the sport. Of par-
ticular importance is the weight of the prosthesis,
particularly in sports where increased weight
may affect speed. Depending on the specific
sport, there are other aspects of the prosthesis to
consider. There are times where there may be an
advantage with a conventional prosthesis rather
than a prosthesis with advanced technology for a
given individual with limb deficiency. Prescribing
prosthetic components that facilitate higher
activities is typically based on the experience of
the prescribing physician and of the prosthetist
[22]. It is useful to clearly understand the func-
tional and biomechanical demands of a specific
sport when formulating a prosthetic prescription
so that the functional characteristics of the com-
ponents match these criteria. Participation in
most sports can be facilitated by adaptations of
conventional socket designs combined with com-
mercially available components, but some activi-
ties are best accomplished with unique
custom-designed components. Also, during the
prescription of a prosthesis, the clinician should
consider alignment, prosthetic foot dynamics,
shock absorption, and the possible need for trans-
verse rotation [21]. As more persons with physi-
cal impairments pursue opportunities to
participate in adaptive sports, it becomes impera-
tive that medical providers begin the discussion
about these recreational options. The componen-

try of the prosthesis may vary significantly
between the various sports.

Depending on individual choice, patients can
opt to participate in sports without a prosthesis.
Swimming is one example of an activity in
which use of a prosthesis is not always desired.
The prosthesis can be used to reach the water
and then removed prior to entry. During
Paralympic competition, the International
Paralympic Committee (IPC) requires that all
prosthetics are removed prior to competition.
The International Amputee Soccer Association
(IASC) requires that all athletes with a lower
limb deficiency participate without a prosthesis
and use bilateral forearm crutches. In contrast,
the Paralympic alpine skiing discipline allows
athletes with a unilateral limb deficiency to
choose use of a single ski, outriggers, or prosthe-
ses; however, athletes with upper limb deficien-
cies usually compete without using poles. When
prostheses are not worn, it is advisable that ath-
letes with limb deficiency wear some form of
protection on the residual limb. It can be as sim-
ple as using the liner typically used under the
prosthesis. However, if the athlete desires
increased protection from high-impact falls, then
a custom limb protector can be fabricated.

Prosthetic Design Alignment
and Componentry

General Alignment for Sports

Prostheses

Several studies demonstrate that alignment is not
as critical as volume change in affecting skin
stress on the residual limb [23-25]. In the context
of this evidence, it still remains a critical aspect
of optimal sports performance. Alignment of the
socket and shank of a lower limb prosthesis criti-
cally affects the comfort and dynamic perfor-
mance of the person it supports by altering the
manner in which the weight-bearing load is
transferred between the supporting foot and the
residual limb. Furthermore, alignment of the
lower extremity prosthesis for sports activities
may be significantly different than what is opti-
mal for other activities of daily living. Water and
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snow skiing are good examples of sports requir-
ing increased ankle dorsiflexion. However, when
the prosthesis is optimally aligned for these
sports, it will not function well for general ambu-
lation. In these instances, either a special-use
prosthesis or interchangeable components will be
necessary, and it is imperative to educate the
limb-deficient athlete on properly change compo-
nents to protect the limb from misalignment [21].

Biomechanics and Force Reduction

in Sports Prostheses

When the multidirectional forces that give rise to
pressure and shear stresses are expected to
increase because of athletic activity, a socket
liner made from an elastomeric gel is often rec-
ommended. Patients with conditions such as skin
grafts or adherent scars will have a reduced toler-
ance for shear [26]. For transfemoral limb-
deficient athletes, special consideration should be
given to the proximal tissue along the socket brim
and the ischial tuberosity. Patient comfort can be
increased by the use of a flexible plastic inner
socket supported by a rigid external frame. This
combination simultaneously maintains the struc-
tural support and integrity of the socket while
allowing for increased hip range of motion
because of the flexibility of the proximal portion
of the inner socket [21].

The heels of prosthetic feet can dissipate sig-
nificant amounts of energy during loading [27].
Prosthetic feet have been shown to be capable of
dissipating up to 63% of the input energy. Once a
running shoe was added, the dissipation capacity
increased to 73%. Even with the encouraging
capability of the foot to absorb energy, once it has
reached its limit, the forces are transferred to the
socket and then ultimately the limb. Shock-
absorbing pylons can be added between the socket
and foot if additional impact reduction is desired.
They may be an independent component or an
integral part of a distal lower extremity integrated
system. Some shock-absorbing pylon systems are
pneumatic and easily adjusted by the user; other
systems must be adjusted by the prosthetist to pro-
vide the optimal amount of vertical travel. The
addition of a shock-absorbing pylon may show
few quantitative kinetic or kinematic advantages

with ambulation, but pylons do show a force
reduction during loading response. Furthermore,
prosthetic users also reported improved comfort,
particularly at higher speeds [28, 29]. It is impor-
tant to consider that when negotiating a descent
on stairs or a step, the transfemoral limb-deficient
athlete may gain added effect from an energy-
absorbing pylon because of the increased lower
extremity stiffness secondary to a lack of shock-
absorbing knee flexion of a mechanical knee.

A prosthetic torque absorber component can
be provided that will allow up to a 40-degree
range of internal and external rotation between
the socket and foot. Although multiaxial ankles
offer some rotational movement, a separate
torque-absorbing component performs this most
effectively. There are many torque absorber
options commercially available, but none can
effectively match or be adjusted to the asymmet-
rical internal and external torque seen in able-
bodied individuals [30]. Even given the
importance of minimizing transverse plane shear
stress on vulnerable soft tissue, this component
should still be considered even though it cannot
exactly match the characteristics of the intact
contralateral limb [21].

The development and prescription of energy
storage and return prosthetic feet instead of con-
ventional feet is largely based upon the experience
between prosthetist and athlete with limb defi-
ciency. The clinical decision making for the use of
prosthetic feet is not always based upon the com-
parative biomechanical analysis of energy storage
and return and conventional prosthetic feet but
also incorporates the feedback of the athlete with
limb deficiency. Despite the history of compara-
tive prosthetic literature and continued analysis of
prosthetic components, there remains a missing
link between the scientific evidence and clinical
experience of the medical providers [31]. Although
there may not have statistically significant changes
in gait or performance parameters, these subtle
changes and differences are perceived by athletes
with lower limb deficiencies to affect their prefer-
ences and perception of foot performance.
Variations in prescription may allow for benefits
such as greater propulsive impulses by the residual
leg that contributes to limb symmetry [32, 33].
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Considerations for Various Sport-
Specific Prostheses

Running Prosthesis

There are numerous prototypes of running pros-
theses which have been developed. The most
individualized aspect of the running prosthetic is
the socket. The socket is formed fitted to the indi-
vidual amputee to allow direct contact to maxi-
mize function and decrease complications. Given
the increased energy cost of ambulation in an ath-
lete with transfemoral limb deficiency, there has
been limited evaluation of the best knee devices
for running. However, running has frequently
been performed by lower extremity limb-deficient
athletes with single axis, hydraulic, pneumatic,
and computer microprocessor knee devices. The
majority of the variations are in the type of termi-
nal device. Most running legs will have a flexible
keel, which is energy storing. The goal of the
flexible keel is to simulate propulsion caused by
plantar flexion. There are different tensile
strengths leading to a varied amount of kinetic
energy stored in the flexible keel, and they can be
molded as predominantly linear or curvilinear.
There is less kinetic energy being stored in the
prosthetic designs with a greater bend in the car-
bon graphite keel. Therefore, curvilinear flexible
keels are utilized for recreational running or jog-
ging. However, the competitive athletes will uti-
lize a linear flexible keel with a less pronounced
curve re-creating the foot.

The topic of the comparative kinetic energy in
the flexible keel to the human leg is controversial.
There is specific concern as to the length of the
prosthetic limbs and subsequently the amount of
energy stored in the keel. Typically the longer,
more linear flexible keels will store the most
energy. The more energy which is stored in the
flexible keel, the greater the force of propulsion.
This has led to controversy when an athlete with
lower limb deficiency has attempted to compete
against an able-bodied athlete.

Transtibial Running Prostheses
Prior to running, it is helpful to understand the
goals of the adaptive athlete. If the individual’s

primary desire is to jog for cardiovascular fit-
ness, a slow jog occurs at about 140 m/min. The
heel has minimal effect because the primary ini-
tial contact point is the middle portion of the
foot at this speed. It may be advantageous, to
use a specific running foot without a heel com-
ponent, because the heel is minimally used or
virtually eliminated as speeds up to approxi-
mately 180 m/min [34]. Prosthetic limb kine-
matics has been shown to mimic this able-bodied
data [35]. The running foot is light and respon-
sive with a significant amount of deflection on
weight bearing that adds to the shock-absorbing
qualities. Further weight reduction can be
achieved by the adherence of running shoe tread
to the plantar surface. The heel is more impor-
tant if a decrease in speed occurs (e.g., jogging
with intermittent walking), and a more versatile
utility foot should be chosen. A sprint-specific
foot should be considered if the limb-deficient
athlete desires to sprint and short bursts of speed
are the goal. In general, the sprint foot is
designed with a much longer shank that attaches
to the posterior aspect of the socket. The longer
shank provides a longer lever arm for increased
energy storage and return. For sprinting, the
socket/limb interface should be a more intimate
fitting that will maximize the transfer of motion
from the limb to the socket. As with any run-
ning, use of gel liner interfaces is recommended.
Choosing a thinner (3-mm-thickness) liner will
reduce the motion of the tibia in the socket. For
jogging, the liner should be 6 mm thickness or
9 mm thickness to maximize the shock-absorb-
ing capabilities over a longer duration of the
activity [21]. Suspension is a key factor in
movement and shear reduction on the limb, and
an airtight sleeve and expulsion valve can give
the best limb stability [36].

Transfemoral Running Prostheses

The guidelines to design of a transfemoral run-
ning limb are similar to the transtibial running
limb. The component choices are based on defin-
ing the goal of the athlete with regard to jogging
and sprinting. There are not any specific
differences or criteria with foot choices for either
transtibial or transfemoral limbs.
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The major variant in the design decision involves
whether to incorporate a knee or begin with a non-
articulated limb. It is a viable option to begin with-
out a knee when stability is a concern or in
individuals with limited cardiovascular endurance.
Training begins with a circumducted gait to allow
foot clearance in swing. If a patient intends to par-
ticipate in distance running, a non-articulated sys-
tem eliminates the mental concern of inadvertent
knee flexion and is less demanding for a longer run.

A knee component is generally recommended
when sprinting is the goal. There are several good
choices available that use hydraulic control of
flexion and extension resistance and that inter-
face well with the sprint feet [21]. The overall
limb alignment must be fine-tuned to the indi-
vidual needs of the patient. Interlimb asymmetry
has been shown to increase significantly when an
athlete with transfemoral limb deficiency runs.
Therefore, special attention to alignment, compo-
nent adjustments, and training is particularly
important [37, 38]. Maximum sports perfor-
mance may require specialized components or
significant deviations from standard alignment
techniques to help improve interlimb symmetry
and running velocity [39].

Adaptive Cycling Prostheses

Adaptive cycling is a very popular sport and rec-
reation for limb-deficient athletes. Adaptive
cycling is an excellent exercise that is non-weight
bearing and indicated for individuals who may
have impact restrictions or cannot tolerate higher-
impact activities. There are significant variances
in the adaptive cycling equipment for limb-
deficient athletes given their specific level of limb
deficiency which may also lead to which type of
cycle they will utilize. In competitive cycling for
limb-deficient athletes, the types of cycles used
in competition are the bicycle, tricycle, tandem
bicycle, recumbent cycle, or handcycle. Once
proper fitting of the bicycle has been completed,
the prosthesis will need some accommodations if
more than recreational cycling is intended.

The most significant differentiation is whether
the limb deficiency involves the upper or lower

extremity. Athletes with upper extremity limb
deficiencies usually compete with the traditional
upright bicycles but may also choose to compete
with recumbent or handcycles. The upper extrem-
ity limb-deficient athlete can utilize a specialty
terminal device for hand breaking or upper
extremity propulsion. It can either be a terminal
device which can be opened and closed or can be
directly clipped into the handle bars or hand
crank. Other than the specialized upper extremity
terminal devices, it is much less frequent for a
limb-deficient athlete to utilize adaptive equip-
ment when competing with either a recumbent or
handcycle.

An athlete with lower extremity deficiency
has more options in regard to the adaptive equip-
ment. The lower extremity limb-deficient athlete
may ride any type of cycle, and they may or may
not ride with a prosthesis. The lower extremity
limb-deficient athlete can still utilize a standard
upright bicycle. Transtibial limb-deficient ath-
letes will frequently ride with a prosthesis; how-
ever, it is possible to ride without one.
Comparatively, it is more common for an athlete
with transfemoral deficiency to ride without a
prosthesis. When a prosthesis is utilized, it can
either be a standard foot or can be a specialty ter-
minal device attached to the socket which will
clip directly into the foot pedal.

For the athlete with transtibial limb defi-
ciency, knee flexion restriction must be mini-
mized. Suspension systems that cross the knee,
such as suction with gel sleeves, can be replaced
with more advanced distal pin-and-lock options.
If athlete with limb deficiency still prefers a
sleeve, choose one that is pre-flexed and just
tight enough to maintain an adequate suction
seal. The posterior brim of the socket may be
restrictive in full knee flexion and therefore is
designed adequately low to allow full knee flex-
ion during cycling yet still able to comfortably
support the limb during ambulation. Otherwise,
the limb-deficient athlete will need to remove his
prosthesis for cycling and replaced with another
for ambulation [21].

The athlete with transfemoral limb deficiency
must be provided adequate clearance between
the ischial tuberosity and the cycle seat. Careful
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adjustments to the socket in this region can usu-
ally provide comfort for limited ambulation and
extended seat time. The choice of knee compo-
nentry will be based on the type of cycling that is
intended. Typically, a knee that allows free
motion on the bike will be easier to use. However,
it is also important to choose a knee component
that is safe for walking in free swing mode. The
foot stiffness can be increased to ensure maxi-
mum transfer of energy to the pedal, leaving the
foot excessively stiff for comfortable ambulation
but more efficient for cycling. The sole of the
biking shoe can be removed and attached directly
to the prosthetic foot if additional weight and
control are needed [21]. Unilateral transtibial
limb-deficient cyclists have been shown to
exhibit more pedaling asymmetry than the able-
bodied population. During the time trial condi-
tion, pedaling with the flexible foot resulted in
force and work asymmetries of 11.4 and 30.5%,
the stiff foot displayed 11.1 and 21.7%, and the
intact group displayed 4.3 and 4.2%, respec-
tively [40].

Adaptive Golfing Prostheses

Adaptive golfing is a sport that is amenable to a
wide array of impairment groups and is per-
formed either recreationally or competitively.
The longevity of potential participation in this
sport may be a major factor in its popularity. Golf
is a sport that can be played throughout one’s
lifetime. It requires good balance and truncal sta-
bility and can be played either standing or seated.

A correct golf swing requires tri-planar move-
ments at the ankle, hip, and shoulder joints.
Unfortunately, prosthetic feet cannot duplicate
the three-dimensional movement of the ankle;
therefore, torque absorbers or rotational adapters
can be introduced. Limb-deficient golfers report
that these components can help them achieve a
smooth swing and follow-through and can reduce
the uncomfortable rotational shear that would
otherwise occur between the skin of the residual
limb and the socket, leading to improved hip and
shoulder rotations, particularly in the left-sided
limb-deficient athlete [41, 42].

There are different specialty adaptive devices
available to the athlete with limb deficiency of
either the upper or lower extremity. Additionally
the athlete may opt to participate without any
adaptive equipment, particularly in an upper
extremity athlete who may utilize only one arm
for the golf swing. The upper extremity limb-
deficient athlete who chooses to golf utilizing a
prosthetic device would incorporate a specialty
terminal device to assist with maintaining a
proper grip on the golf club. Athletes with lower
extremity limb deficiency may play with a tradi-
tional lower extremity prosthesis, or they can uti-
lize a specialty prosthesis. Specific modifications
to the lower extremity prosthesis for golfing may
utilize a torsion adapter to allow more motion
and reduce stress on the residual limb and pros-
thetic components. Additional options include
adding a rotational component to the shank or a
swivel component to the ankle.

Winter Sports Adaptive Equipment

Adaptive Alpine (Downhill) Skiing
Equipment

The person with limb deficiency interested in
winter sports currently has an unprecedented
opportunity for participation. There are numer-
ous options for adaptive skiing equipment for the
limb-deficient athlete. Individuals with limb defi-
ciency can ski recreationally or in competition.
There are a variety of options for adaptive sports
equipment in alpine skiing for persons with limb
deficiency. The adaptive equipment will vary as
the limb-deficient athlete can opt to either ski
standing or seated. Additionally, the equipment
varies based on whether they have upper or lower
extremity limb deficiency.

Upper extremity amputees will typically ski
standing and may opt for no additional adaptive
equipment. However, if they opt for additional
equipment, it would be either a prosthesis with a
hand to hold a ski pole or a specialty terminal
device with the ski pole attached at the end. An
outrigger is a modified forearm crutch
(Lofstrand), attached to ski tips. These ski tips
may be attached in a fixed position or can have a
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special release to allow them to alter between a
flat and pointed position and is then known as a
“flip-ski.” For the individual with a deficient
lower extremity interested in alpine skiing, there
are multiple prosthetic options that vary between
persons with transtibial and transfemoral limb
deficiencies. The skier with lower extremity defi-
ciency can either ski standing or seated. However,
sit skiing is typically only pursued in persons
with bilateral lower extremity limb deficiencies
and most commonly at the transfemoral level.
The skier with a single lower extremity defi-
ciency may opt to ski standing with or without a
prosthesis. Unilateral transfemoral limb-deficient
skiers will usually opt to use a single ski with
bilateral outriggers.

Many skiers with unilateral lower limb defi-
ciency, particularly at the transtibial level, con-
tinue to use a prosthesis. When a person with
lower extremity limb deficiency opts for a skiing
prosthesis for recreational skiing, it is important
for the physician to be aware of how these pros-
theses should be prescribed. Although a walking
limb can be adapted and used, a ski-specific
alignment should be performed for the duration
of the activity. The major differences between the
skiing prosthesis for the person with a transfemo-
ral and transtibial deficiency are the socket and
the addition of a knee unit. Many knees can be
utilized but typically would initially utilize a sin-
gle axis knee, and some advanced skiers may
consider more dynamic options as their skill level
progresses. The center of gravity for the prosthe-
sis should be set in front of the ankle. The ante-
rior socket brim should be 1 in. behind the
prosthetic toe, and the prosthesis length should
be reduced to create a flexed lower limb in an ath-
letic stance. Additional foot dorsiflexion and
external knee support should be added. For
advanced users, specialty feet that eliminate the
boot are available. The plantar surface of the ski
foot is modeled after the boot sole and can be
attached directly to the ski bindings, thus elimi-
nating the boot altogether. This eliminates excess
weight but, more importantly, enhances energy
transfer to the sporting equipment for more effi-
cient performance. Another option is to utilize a
traditional foot as the terminal device, so the

limb-deficient athlete can doff the ski and con-
tinue to ambulate normally with their prosthesis
inserted into a ski boot. The foot can vary from a
solid ankle cushioned heel (SACH) foot to
dynamic-response feet. However, when placing
the prosthetic foot into the ski boot, a 1 in. heel
wedge should be placed under the heel to provide
a forward cant.

Adaptive Nordic (Cross-Country) Skiing
Equipment

Nordic skiing, also referred to as cross-country
skiing, is skiing over a groomed or natural terrain
using upper/lower extremities synchronized in a
striding and gliding motion that creates a full-
body aerobic workout. Adaptive equipment for
the sport is tailored to those who can stand and
ski and those who sit ski. Equipment can be mod-
ified to accommodate nearly any ability or injury.
The limb-deficient athlete can participate with or
without a prosthesis and be seated or standing.

In classic standing Nordic skiing, the athlete
skis in or out of a groomed track with the skis and
arms moving in a parallel motion fore and aft
with arms and legs moving diagonally with
respect to each other (similar to walking or jog-
ging). As a stand-up adaptive Nordic skier pro-
gresses, the initial shuffling motion becomes
more fluid and transitions to a kick and glide
motion. The skier remains in an athletic stance,
balanced over the center of the ski. When
approaching an uphill grade, the skier moves the
center of gravity slightly back onto the heels of
the ski, allowing the ski to grip the snow. When
approaching a downbhill, the skier moves over the
center of the ski, bends a little at the waist, and
pushes the tails in to a wedge shape, creating
more friction and slowing the skier down.

There are a variety of options for a prosthesis.
Given the nature of Nordic skiing, the focus on
the prosthesis is for endurance and typically has a
lighter weight design. The prosthesis will incor-
porate a torsional component to assist with the
standard skiing technique of this sport.

Standard equipment consists of skis, boots,
and poles. These skis are longer and narrower
than alpine skis, which creates less drag and
makes the ski easier to propel. The length of the
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ski is determined by the skier’s height, weight,
and skiing ability. Generally, a shorter ski is eas-
ier to control, while a longer ski adds stability
and glides farther. Pole length for the classic
technique should be between the axilla and top of
the shoulder and between the chin and mouth for
the skate skiing technique.

The adaptive equipment for seated Nordic ski-
ing varies significantly compared to the sit ski
utilized in alpine skiing. Typically the frames
will sit lower to the ground and will be light-
weight. Similar to the alpine sit ski, there is a
seating system attached to the frame. The sit ski
may utilize additional suspension given the ter-
rain; however, many will not add the extra weight
of suspension given that the typical terrain is rela-
tively flat. The Nordic sit ski typically utilizes a
shorter frame for more turning power. The skis
used for are similar to those used when standing.

Adaptive Snowboarding Prostheses

There is a limited amount of adaptive equipment
that has been developed specifically for snow-
boarding. Until recently, para-snowboarding has
not been a competitive sport and was only per-
formed recreationally. However, the sport has
evolved thanks to popular extreme sport events
such as the Winter X Games and for the first time
was included in the Paralympics at the 2014
Winter Games in Sochi, Russia.

At present, the only configuration has the ter-
minal device attached directly to the snowboard,
and the terminal device can be directly attached
to the distal socket by a quick release coupler.
This allows the limb-deficient athlete to utilize
their traditional prosthesis, detach the walking
terminal device, and attach the snowboard and
specialty terminal device once the athlete reaches
the slopes.

Snowboarding has been performed by in per-
sons with bilaterally transfemoral limb deficiency.
The feat has been achieved through the develop-
ment of prosthetic knee components with shocks
and by directly attaching the prosthesis to the
board. The immense popularity of snowboarding
has accelerated developmental designs for the
transfemoral limb-deficient athlete. A recently
released knee has been designed specifically for

sports that require a loaded, flexed knee position.
This design utilizes a Bartlett Tendon which is a
specialized shock absorber which aids in knee
extension and utilizes the weight load and unload-
ing to assist with knee flexion and extension.
Snowboarders are in bilateral dynamic hip, knee,
and ankle dorsiflexion as they negotiate the hill.
This knee is adjustable and produces the weighted
knee flexion necessary to snowboard successfully.
The transtibial snowboarder needs additional
ankle dorsiflexion range and flexibility in the
prosthetic foot.

Water Sports

Water sports are also a popular activity for limb-
deficient individuals. Depending on geographical
location, water sports may be part of the culture.
Most prostheses will tolerate occasional, mini-
mal moisture exposure, particularly when pro-
tected under a layer of clothing. As with any
everyday prosthesis, the prosthesis should be
resistant to splashes that occasionally occur,
especially when living in a wet climate. A spe-
cialized, waterproof design is necessary when the
athlete with limb deficiency will have regular
exposure to water, especially if complete immer-
sion is intended. For the bilateral transfemoral-
deficient swimmer, prosthetic devices are usually
bypassed in favor of specialty seating systems
that allow participation at the highest levels [37].

Adaptive Swimming Prostheses

A person with limb deficiency can choose to
train with or without a prostheses; however, no
prostheses are worn during competition. There
are certain advantages for the limb-deficient ath-
lete to utilize a swimming prosthesis such as
exercising the residual limb musculature,
increased stability when diving, climbing on the
ladder to exit the pool, and to protect against
injury. A limb-deficient athlete who would pre-
fer to use a prosthesis for swimming has several
options. The most simplified adaptive prosthesis
would be to attach a specialty terminal swim-
ming fin directly to the socket. However, there
are more specialized prostheses which can be
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made for the athlete. For the transfemoral limb-
deficient athlete, there are knee devices which
are beneficial for swimming. The locking knee
allows the knee joint to bend for walking around
the pool or at the beach and then can lock in
extension to put the leg in a straight position for
use in the water. The buoyancy of the prosthesis
will allow the distal leg to float. Another knee
option is the Aulie Nylon Knee, which was
designed specifically for water use. It utilizes a
locking pin system and is available with or with-
out hydraulic control. There are also several
swimming ankle options to choose from. The
benefits of a swimming ankle are that it can be
adjusted to accommodate both swimming and
walking. The swimming ankle will allow the
swimmer to lock the foot into a pointed position
for swimming to simulate the natural position of
the foot when swimming but then can be locked
in a neutral position for walking. Specific exam-
ples of the various swimming ankles are the
Ortholite Leisure ankle which utilizes a lever to
enable the athlete with lower limb deficiency to
change the foot from a walking to a swimming
position versus the Activankle and Swimankle
which also enable the athlete with lower limb
deficiency to change the foot position from
walking to swimming.

Adaptive Kayaking Prostheses

Kayaking requires stabilization of the legs inside
the boat to assist with turning and most impor-
tantly to assist in righting the kayak if it capsizes.
Traditional prosthetic feet are difficult to fit in
and out of the kayak and can slip easily off of the
foot pegs. A monolithic design connects the pros-
thesis to the foot peg using a bungee cord allow-
ing multiaxial movement and can facilitate quick
exit out of the kayak.

Adaptive Rock Climbing Prostheses

Rock climbing has been increasing in popularity
in the recent years. No longer does one have to
travel to the natural outdoors to enjoy the exhilara-
tion of this experience. Local indoor and outdoor
climbing systems are available in many locations.

As with all the other sports covered in this arti-
cle, rock climbing can be either a recreational
activity or a competitive sport. There are several
adaptive modifications that be made for the indi-
vidual with limb deficiency whose chooses to pur-
sue this recreational activity. Climbers with upper
extremity deficiencies need to use a prosthesis with
an alternative cable system, as the typical motions
which provide tension to open and close standard
terminal devices could cause the climber to fall
from the climbing wall or cliff. There also needs to
be a robust design for the suspension of the pros-
thetic socket which mainly utilizes a vacuum sus-
pension to prevent the socket from detaching while
the athlete with limb deficiency is climbing.
Another option is to incorporate a specialized ter-
minal pick that would attach directly into the socket
and is designed for either rock or ice climbing.

An adaptive prosthetic modification for the ath-
lete with a lower limb deficiency incorporates a
specialty terminal device with rock climbing feet.
The specialty rock climbing feet will allow better
purchase on the wall and can be designed with the
ability to adjust the length of the prosthesis for dif-
ferent climbs. Commercially produced prosthetic
feet are typically unsuitable for rock climbing. The
toe must be rigid enough to support the full-body
weight when only that portion of the prosthesis is
in contact with the rock face. The foot should be
shortened to decrease the torque and rotation
found with a longer lever arm. The shape of the
foot should be contoured to take advantage of
small cracks, crevices, and contours of the climb-
ing surface. Once an acceptable shape has been
obtained, completely covering the foot with the
soling from climbing shoes will give the texture
needed for optimum grip. Making the prosthesis
easily height adjustable allows the user to optimize
limb length for different types of climbs. A quick
disconnect coupler facilitates changing quickly
back into feet designed for hiking. If no prosthesis
is used, limb protection should be provided.

Hiking Prostheses

Hiking can be performed with either a everyday
prosthesis; however, more advance terrain may
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require a specialty prosthesis. Hiking on uneven
terrain requires consideration of a multiaxial
ankle, allowing the prosthetic foot to conform to
irregular surfaces, thus reducing the forces trans-
ferred to the residual limb.

As the limb-deficient individual enters mid-
stance on the prosthesis, the foot should accommo-
date uneven terrain and help control advancement
of the tibia. If tibial advancement is too abrupt, the
athlete with lower extremity deficiency will resist
this knee flexion moment, increasing the forces on
the residual limb within the socket. When aligning
and adjusting a new prosthesis, the athlete with
lower extremity deficiency should be evaluated on
surfaces similar to those that will be encountered in
the athletic activity.

Perhaps even more significant than multiax-
ial feet and torque absorbers is a motorized
ankle. This type of ankle senses electronically
when the user is on an incline or decline rather
than generate propulsive power. The ankle
requires two strides to sense the orientation, and
then it will consequently plantar flex or dorsi-
flexed the foot to ease the moments that are
induced on the knee and the forces that act on
the residual limb [21].

Energy Cost of Ambulation

Amputation of a lower extremity significantly
affects the energy cost of ambulation. There are
various measurements that have been utilized to
quantify the “cost” of ambulation in persons
with limb loss, and these calculations can be
expressed in functions of distance, rate, and
velocity. Persons with limb loss typically will
walk slower than non-amputees to maintain a
similar oxygen consumption rate. Therefore, in
athletic competition the amputee athlete will
need to increase their rate of oxygen consump-
tion in order to maintain a similar velocity of a
non-amputee athlete. When comparing ambula-
tion of amputees to non-amputees, the rate of oxy-
gen consumptions per unit distance is increased in
the limb-deficient population [43—45]. This infor-
mation should be of particular interest in the
future discussions of the competition of amputee

athletes versus non-amputee athletes. There are
not any current studies in the literature compar-
ing the energy cost of ambulation of an individ-
ual born with congenital limb deficiency with an
able-bodied person.

Controversies

Advances in rehabilitation medicine and adaptive
technology in the development of prosthetic
devices have led to some controversy in competi-
tion against other athletes with disability. Access
to different types of technology and materials can
differ greatly depending on the athlete’s socio-
economic status and country of origin, creating
the potential for significant competitive imbal-
ance between similarly disabled and conditioned
athletes.

These advances have also been cause for con-
troversy in competition against able-bodied ath-
letes, with continued improvements in prosthesis
weight and energy storage capabilities being a
potential source of a competitive imbalance. The
topic of the comparative kinetic energy in the
flexible keel to the human leg is controversial.
There is specific concern as to the length of the
prosthetic limbs and subsequently the amount of
energy stored in the keel. Typically the longer,
more linear flexible keels will store the most
energy. The more energy which is stored in the
flexible keel, the greater the force of propulsion.
This has led to controversy when a lower extrem-
ity limb-deficient athlete has attempted to com-
pete against an able-bodied athlete.

However, many of these comparisons do not
take into effect the increased energy cost of
ambulation for the limb-deficient athlete.
Therefore to fully assess the energy-storing
advantages in the prosthetic limb, the investigator
needs to also be cognizant of the additional
energy for the limb-deficient athlete needs to uti-
lize to ambulate with the prosthetic device.
Determining the most appropriate methods for
assessment and rectifying any potential
competitive imbalance in either case will likely
be an area of considerable evolution in the near
future.
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Conclusion

When generating a prosthetic prescription,
physicians and prosthetists should consider the
needs and preferences of the athlete with limb
deficiency, as well as the functional demands
of the sports activity. Physical training status
should be evaluated before intensive participa-
tion, particularly in sports unfamiliar to the
participant. As an individual begins sports par-
ticipation, a standard prosthesis can be used or
partially adapted so that it functions adequately
for the sport. As the athlete with limb defi-
ciency progresses and the demands of partici-
pation increase, a specialized prosthesis can be
provided. A properly designed prosthesis can
substantially expand the opportunities for par-
ticipation in sports and augment the overall
goals of the rehabilitation plan for each patient.
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Introduction
Evolution of Paralympic Sports

Few sporting events have seen such a rapid pace
of change as the Paralympics. There has been an
exponential increase in participation starting
from 16 individuals with spinal cord injury com-
peting in the first Stoke Mandeville Games,
which took place on the opening day of the 1948
London Olympic Games. Fast forward to the
more than 4000 athletes that took part in the
London 2012 Paralympic Games with packed
audiences and worldwide coverage. The increase
in participation has paralleled the addition of
many new sports (Table 4.1), changes in the
amount of individual participation, advance-
ments in technology, and inclusion of additional
impairment types. Understanding the rapid evo-
lution of Paralympic sport helps one to compre-
hend the variability in literature concerning the
risks of participation in the Paralympics.

In 1976 the Paralympic Games allowed par-
ticipation of athletes with visual impairment and
athletes with limb deficiency for the first time.
Held in Toronto, these Games were known as the

L. Rudolph, MD ¢ S.E. Willick, MD (P<)

Division of Physical Medicine and Rehabilitation,
University of Utah, 590 Wakara Way, Salt Lake City,
UT 84108, USA

e-mail: Stuart. Willick@hsc.utah.edu

© Springer International Publishing AG 2018

Table 4.1 Comparison of sports included in 1960 vs.

2016-2018

9th Annual International
Stoke Mandeville Games
(1960, Rome)

Archery

Athletics

Dartchery

Snooker

Swimming

Table tennis

Wheelchair basketball
Wheelchair fencing

A.J. De Luigi (ed.), Adaptive Sports Medicine, DOI 10.1007/978-3-319-56568-2_4

Paralympic sports
planned for 2016-2018
Winter:
IPC Alpine Skiing
IPC Biathlon
IPC Cross-Country
Skiing
IPC Ice Sledge
Hockey
Wheelchair curling
Summer:
Archery
IPC Athletics
Badminton
Boccia
Canoe
Cycling
Equestrian
Football 5-a-side
Football 7-a-side
Goalball
Judo
IPC Powerlifting
Rowing
Sailing
IPC Shooting
Sitting volleyball
IPC Swimming
Table tennis
Taekwondo
Triathlon
Wheelchair
basketball
IPC Wheelchair
Dance
Wheelchair fencing
Wheelchair rugby
‘Wheelchair tennis
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Olympiad for the Physically Disabled. In 1980
athletes with cerebral palsy and athletes with
physical disabilities not fitting into the previ-
ously defined categories (Les Autres, French for
“the others”) were also included in the Games, at
that time called The Arnhem Summer Olympics
for the Disabled. Although athletes with intellec-
tual disabilities have participated in some
Paralympic Games in the past, injuries in this
athletic population will not be a focus of this
chapter.

Changes in amount of individual participation
impose a further complication for interpreting the
available data. In the 1970s and 1980s, it was not
uncommon for an individual athlete to compete
in multiple sports at the Paralympic Games. For
example, a survey of 128 athletes, published in
1985, found 79% of these athletes were compet-
ing in track events, 71% in wheelchair basketball,
57% in road racing, and 60% in field events [1].
Although it was commonplace initially, this
occurrence is rare in elite adaptive sports today.

Advancements in technology have also
changed performance parameters and injury risk
characteristics during the past two decades.
Designs for wheelchairs and prostheses are
quickly evolving. Lightweight, high tensile
strength materials continue to improve. In addi-
tion, training protocols and access to specialized
trainers, coaches, and medical personnel have
progressed in the last 20 years. Subsequently,
comparisons between injury patterns seen
10-20 years ago with those seen currently may
not be appropriate and findings from older
research articles in this area may not reflect the
current environment in elite Paralympic sport.

Definition of Injury

The interpretation of study results is additionally
challenging with a lack of consensus on what con-
stitutes an injury and when it should be reported.
The definitions of injuries reported vary between
studies. Without fail, the definition of injury influ-
ences both the data collected and the risk assess-
ment of the sports studied. For instance, several
retrospective questionnaire studies included minor

soft tissue injuries, listed as blisters or abrasions,
for which no medical attention was sought.
However, other research efforts, which were based
on the organizing committee’s medical services at
the Paralympic Games, did not include such minor
soft tissue injuries.

Review of the Literature

The aim of this chapter is to review the current
literature on adaptive sports epidemiology, ulti-
mately in a quest to provide the best care for
Paralympic athletes. Source material for this
review were primarily published articles and
reports from a literature search of PubMed and
SPORTDiscus. Information was also collected
and evaluated from Congressional proceedings as
well as both published and unpublished articles
known to the authors but not identified through
these database sources. Articles published in
English were used primarily, but some German
texts were incorporated when translation was
available. Search terms involved permutations
and combinations of Paralympic, sport, disabil-
ity, injury, cerebral palsy, visually impaired, and
wheelchair.

The unique grouping of sports by disability in
Paralympic sport is complex and makes obtaining
a clear picture of injury risk difficult. There are
currently 30 Paralympic sports (Table 4.1) which
include 25 summer events planned for Rio 2016
and five winter events planned for PyeongChang
2018. Some sporting events such as Athletics
allow participation by athletes with different
impairments, including athletes with spinal cord
injury, visual impairment, limb deficiency, and
cerebral palsy. Other sporting events are unique to
a particular disability category. For example,
goalball only allows competition by athletes with
visual impairment, whereas wheelchair rugby has
sole participation by athletes with impairment in
all four limbs. Clearly this makes investigating the
risk of injury related to a particular sport for the
upcoming 2016-2018 Games quite challenging.
Further, some sports are modified by equipment
specific to impairment such as a sledge for ice
hockey. Comparatively, alpine skiing features
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multiple events (downhill, super-G, super com-
bined, giant slalom, slalom, and snowboard), and
its participants have options between multiple
types of equipment (single ski, sit ski, or orthope-
dic aids) adapted to the athlete’s impairment.
Some sporting events such as basketball require
multiple classes of disability to be included on the
same team.

Caution is also required when interpreting
studies where the investigation is focused on the
risks related to a particular class of disability
across different sports. For example, an athlete
with a lower limb deficiency may compete with a
prosthesis for track athletics or cycling, without a
prosthesis for swimming or high jump, or in a
wheelchair for sports such as basketball and ten-
nis. Athletes with cerebral palsy may be ambu-
lant or wheelchair users depending upon their
degree of impairment. Some more recent studies
have used a combination of impairment and sport
specificity to limit these confounders but so far
have relatively few athlete numbers [2—4].

In order to review the literature and better
understand possible patterns of injury, this chap-
ter is broken down into three categories: location,
type, and rate of injury. For the location of injury,
we attempt to identify common anatomic loca-
tions prone to injury. In the type of injury, we dis-
cuss both the etiology and medical diagnosis of
injury and acute versus chronic injury patterns.
Whereas for the rate of injury, we review injury
incidence rates divided by winter and summer
Sports.

Anatomic Location of Injury
Winter Sports

Lower limb injuries are frequent in winter sports
such as alpine skiing and ice sledge hockey.
However, through the research efforts of the
International Paralympic Committee, certain ice
sledge hockey injuries have become less com-
mon following regulation changes on protective
equipment and sledge height. Specifically,
Webborn et al. [5] reported four lower limb frac-
tures occurring in spinal cord-injured ice sledge

hockey athletes during the 2002 Winter Games.
After rule changes were made to improve protec-
tion, only one lower limb fracture occurred in ice
sledge hockey over both the 2006 and the 2010
Winter Games combined. Interestingly, athletes
in seated alpine ski racing classes consistently
had more upper limb injuries than lower limb
injuries in the 2002, 2006, and 2010 Winter
Paralympic Games [5—7]. Injuries to the head and
neck in both ice sledge hockey and alpine events
were also common.

Summer Sports

Upper limb injuries are common among wheel-
chair athletes and Paralympians participating in
the Summer Games. The upper limb, particularly
the shoulder, is the most common site of injury in
studies involving athletes who compete in wheel-
chairs. The prevalence of shoulder injury ranges
from 19% [8] across multiple wheelchair sports to
72% in female wheelchair basketball players [9].
However, Webborn and Turner [10] noted in their
report on 244 British athletes seen during a
4-week period, including the buildup to and the
competition in a Summer Paralympic Games, that
although the shoulder was the most common site
of subjective pain in wheelchair athletes (30%),
the spine was more often the actual objective site
of pathology. Specifically, the cervical spine
(59%) and thoracic spine (8%) were identified as
the cause of shoulder pain in wheelchair athletes
who presented with a chief complaint of shoulder
pain, while in 33% of these athletes the shoulder
was the actual site of pathology. Irrespective of
impairment type and adaptive technology used,
the distribution of injury by body part was great-
est in the upper limb (50.2% of all injuries) during
the 2012 London Summer Games [11] with
shoulder injuries being most prominently reported
location of injury (17.7% of all injuries).
Although common, an upper limb injury was
not the most common injury in all sports and
disability groups. When looking at a more specific
athlete population, such as standing volleyball
players with an impairment, shoulder injury was
not the most common location of injury, thus
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showing variation by individual sport. Reeser [12]
identified the foot and ankle as the most common
site of injury (21%), followed by the shoulder
(18%), wrist and hand (18%), and the knee (14%)
in a report of injury patterns among elite disabled
standing volleyball players, which involves athletes
with upper and lower limb impairments including
amputation. In this study, the distribution of injury
locations was not related to the specific type of dis-
ability. Similarly in a 4-year study examining injury
in thirteen Brazilian footballers with visual impair-
ment [2], the greatest proportion of injuries reported
were lower limb (80%), head (8.6%), spine (5.7%),
and upper limb injuries (5.7%).

Table 4.2 Distribution of injury onset: acute vs. chronic

Type of Injury
Acute vs. Chronic

Table 4.2 shows the percent distribution of acute
and chronic injuries reported in the literature for
most winter and summer Paralympic sports with
acute injuries being slightly more prevalent [1—
7, 11-20]. Over all sports studied, there is a
55:45 mean ratio of acute to chronic injuries.
However, there is marked variation by sport,
understandably with differences seen between
contact and endurance sports. Most of the inju-
ries recorded in the injury registry for the 2002

Impairments
Study included Type of sport
Winter sports
Ferrara et al. [20] SC, A, LA Alpine skiing
Webborn et al. SC, A, CP, LA, VI  Alpine skiing

[5]

Webborn [6]

Webborn et al.
(7]

Summer sports
Curtis and Dillon
(1]

Ferrara and
Davis [13]
Burnham et al.
[14]

Richter et al. [15]
Ferrara et al. [16]
Taylor and
Williams [17]
Reeser [12]
Ferrara et al. [18]
Nyland et al. [19]

Magno e Silva
et al. [2]

Magno e Silva
et al. [3]

Magno e Silva
et al. [4]

Willick et al. [11]

SC, A, CP, LA, VI

SC, A, CP, LA, VI

SC, A,CP, LA

SC

SC, A, CP, LA, VI
CP

SC, A, CP, LA, VI
SC

A, LA

SC, A, CP, LA, VI
SC, A,CP, LA

VI

VI

VI

SC, A, CP, LA, VI

Ice sledge hockey
Nordic skiing
Alpine skiing
Ice sledge hockey
Nordic skiing
Ice sledge hockey

Wheelchair sports

Wheelchair sports

Summer Paralympic

Summer Paralympic
Summer Paralympic
Wheelchair racing

Standing volleyball
Multisport

Summer Paralympic
Football 5-a-side

Swimming
Track and field athletics

Summer Paralympic

Sample Injuries Acute/chronic (%)
68 68 50:50
194 24 91:9
134 12 83:17
88 3 50:50
190 23 78:22
112 12 64:36
132 5 80:20
118 40 40:60
1200 128 40:60
19 19 65:35
151 108 49:51
75 27 73:27
426 137 46:54
53 38 41:59
89 41 60:40
1360 1037 77:23
304 254 67:33
13 35 80:20
28 41 20:80
40 77 18:82
3565 633 68:32

SC spinal cord-related impairment, A amputee, CP cerebral palsy, LA Les Autres, VI visually impaired
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Winter Games were of acute, traumatic onset
and involved the disciplines of alpine skiing and
ice sledge hockey [5]. This variation by sport
may, in part, be a function of when the injury
data were collected with competition surveys
reporting more acute injuries [12, 19, 21] and
longitudinal surveys reporting more chronic
injuries [1, 16].

Diagnosis

The most common diagnoses represented in the
2002 Winter Games [S] were sprains (32%),
fractures (21%), strains (14%), and lacerations
(14%). In winter Paralympic sports, contusions,
fractures, and concussion are more prevalent
than in Summer Games likely because of the
impact potential and high speeds obtained dur-
ing play. For example, in the 2002 Ice Sledge
Hockey Games, fractures comprised 33% of
injuries, and after modifications in regulations
on protective equipment and sledge height, frac-
tures accounted for 7.5% of all sledge hockey
injuries in 2010. In Nordic and alpine skiing,
there were four head injuries in the 2010 Winter
Games, three of which prevented further partici-
pation in competition.

In summer Paralympic sports, strains
(mean = 25%; range, 4-60%) and sprains
(mean = 22.8%; range, 3.7-48%) were reported
to be the most common injury types by the
authors of a previous review published in 2009
[22]. However, self-report data was used in the
majority of these studies, which has inherent lim-
itations. In addition, the percent of strains and
sprains reported varied greatly between studies.
Three longitudinal studies [2-4] of visually
impaired athletes competing in swimming, foot-
ball 5-a-side, and athletics (track and field)
reported injuries during a S-year period in one
national team squad. Two of the studies describe
“muscle spasms” as the most common injury
type but without further explanation as to whether
this definition indicates muscle cramp, neurally
mediated spasm, or was fatigue related. Thus, the
true etiology and its significance for injury pre-
vention remain unclear.

Rate of Injury

A comparison of injury rates (IRs) for both win-
ter and summer sports has been reported in pro-
spective and retrospective research and is
summarized in Table 4.2. Some of these studies
include multiple impairment groups whereas
other studies cover only a single impairment
group, and some studies report on individual
sports whereas other studies survey multiple
sports. Regardless, IRs show variation by indi-
vidual sport within both Winter and Summer
Games.

Winter Sports

The injury risk reported during the 2010
Vancouver Winter Paralympic Games was sig-
nificantly greater than that recorded during the
2002 and 2006 Winter Paralympic Games.
Injuries were reported in 24% of all athletes par-
ticipating in the 2010 Winter Games [7] as com-
pared to 9.4% in the 2002 Winter Games and
8.4% in the 2006 Winter Games [6]. This may
reflect improved injury surveillance methodol-
ogy and data capture. Alternatively, the increased
number of injuries reported during the 2010
Winter Games may have been due to the inclu-
sion of athletes who presented to the polyclinic
for sports massage, which generated a diagnosis
of “muscle pain” in the injury database. The
2010 Vancouver study [7] also highlights the
high risk of injury in the sports of alpine skiing
and ice sledge hockey in particular as well as an
increased injury risk in 2010. There were a total
of 120 injuries among the 505 athletes at the
Vancouver Winter Games (incidence proportion
24%, 95% CI 20.1-27.7). In alpine skiing, 22%
of these competitors presented with an injury as
compared with 13% in 2002 and 12% in 2006.
For ice sledge hockey, 34% of competitors pre-
sented with injury in 2010, compared with 14%
in 2002 and 11% in 2006. Although the injury
data from the Sochi 2014 Winter Paralympic
Games has not yet been published at the time of
this writing, the researchers noted exceedingly
high injury rates in alpine skiing as well, possibly
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due to poor course conditions created by warm
temperatures (personal communication).

For comparison, Nordic skiing (18.6%) and
wheelchair curling (18%) had lower injury rates
in 2010. IRs in wheelchair curling were consis-
tently low across the two Winter Games in which
the sport was included (2006 and 2010). In fact,
there were no recorded injuries in 2006. In 2010,
although nine of 50 curlers sought medical atten-
tion, none of these were acute injuries, and five of
the nine encounters were for non-sport-related
symptoms that started prior to the Games. Similar
to able-bodied athletes, it is likely that athletes
with impairments are more prone to injury at
higher levels of competition and that alpine ski-
ing at the recreational level carries less risk of
injury. For example, a multicenter study pub-
lished in 1985 describing injuries occurring in
disabled recreational alpine skiers reported an
injury incidence of only two injuries per 1000
skier days [23].

Summer Sports

The first study to attempt to quantify exposure
data was a 2-year prospective study of 319 ath-
letes with various impairments competing in sum-
mer Paralympic sports [16]. Ferrara et al. reported
an overall IR of 9.3 injuries per 1000 participation
hours. Unfortunately no sport-specific details
were provided and self-reported symptoms were
used. The robust and comprehensive London
2012 study reported an overall injury incidence
rate of 12.7 injuries per 1000 athlete days (95%
CI 11.7-13.7). The overall injury incidence pro-
portion was 17.8 injuries per 100 athletes (95% CI
16.5-19.0). There were marked variations by
sport with the greatest injury rates in football
5-a-side, goalball, powerlifting, wheelchair fenc-
ing, and wheelchair rugby with IRs of 22.4, 19.5,
19.3, 18.0, and 16.3 (injuries/1000 athlete days),
respectively. Sports with the lowest IRs were sail-
ing, rowing, and shooting (4.1, 3.9, and 2.2 inju-
ries/1000 athlete days, respectively).

A separate study describing Polish athletes
also reported on the 2012 London Summer
Games, as well as the 2008 games in Beijing [24].

Gawronski et al. found an incidence rate of 29.8
per 1000 athlete days (95% CI 22.1-37.6) in 91
Polish Paralympians at the 2008 Summer Games.
However they found an incidence rate of only 15
per 1000 athlete days (95% CI 9.0-21.0) in 100
Polish athletes at the 2012 Summer Games, sug-
gesting that IRs decreased from the 2008 to 2012
Summer Games. Three studies examining injury
in elite Brazilian visually impaired athletes
recorded longitudinal data during the period of
2004-2008 in three separate sports. However,
sample size was small and limited to one nation
[2, 4]. Allen [25] reported an injury prevalence of
6.3% in a survey of sailors with various impair-
ment types at the International Foundation for
Disabled Sailing World Championship (n = 24
teams). McCormick and Reid [8] reported the
prevalence of injury in basketball (30.9%), athlet-
ics (30.6%), and road racing (12.1%) in a retro-
spective survey of wheelchair athletes. However,
blisters and abrasions formed approximately 50%
of these injuries, many of which did not require
formal medical treatment.

Discussion

A variety of methodological limitations were evi-
dent in the literature, which confounds compari-
sons across studies. This was particularly
prominent in earlier studies. Limiting factors
included a lack of standard definitions for report-
able injury and injury details, short study time
frames, poor or absent exposure data, use of self-
report surveys that did not include a confirmed
medical diagnosis, small sample sizes, and the
unique grouping of sports by disability. Most
early studies lacked exposure data and were
therefore unable to calculate incidence rates. The
studies that use self-reported data raise questions
about the validity of injury diagnoses in these
works. Physician or therapist diagnosis was the
basis for diagnoses in studies by Burnham et al.
[14] and Webborn et al. [5] and thus are more
applicable to clinical practice.

In addition to a variety of limitations in the lit-
erature, there has been a rapid evolution in
Paralympic sports with changes in technology
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and increased participation. Ultimately a broad
overview of injury patterns in Paralympians loses
sight of risk factor relationships for specific sport-
ing events and impairment types. Conversely, the
small sample size of a particular combination of
sport plus impairment type tends to lack statistical
power making it more difficult to apply data in
clinical practice. In an attempt to address some of
these issues, the International Paralympic
Committee implemented an Injury Surveillance
System, which started with the 2002 Salt Lake
City Winter Paralympic Games and continued at
all subsequent Winter Games. The first summer
injury and illness survey was implemented during
the London 2012 Summer Paralympic Games.

Historically, data was lacking but several more
recent studies have made significant strides
toward helping to better establish injury patterns.
The largest and most comprehensive epidemio-
logical report examining injuries in Paralympic
athletes to date is the injury and illness survey
conducted around the London 2012 Summer
Games [11]. Willick et al. captured data from
3565 athletes (84% compliance by athletes) from
160 delegations (98% compliance by delegation)
during training and competition in the 20 sum-
mer sports. A total of 49,910 athlete days were
monitored during which a total of 633 injuries in
539 athletes were documented. This was the first
study to capture exposure data for all athletes at
the Paralympic Games.

Conclusions

The literature examining injuries in athletes
with physical impairments during the past two
decades contains significant variability with
regard to injury definitions, research designs,
data collection methodology, and analytic
approaches. However, patterns of injury are
emerging with assistance from injury surveil-
lance studies. Injury rates and anatomical
location of injury differ according to sport and
impairment. These findings highlight the need
for longitudinal event-specific, sport-specific,
and impairment-specific studies. Ultimately,
to inform injury prevention strategies in the
Paralympic athlete population, it is imperative
that the International Paralympic Committee

continue the Injury Surveillance System while
also encouraging and supporting longitudinal
sport-specific studies.
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Medical Considerations
in Adaptive Sports

Anthony Beutler and Patrick Carey

All athletes, including adaptive athletes, may
have medical conditions and injuries that impact
their ability to participate in sports. However,
injuries and illnesses for an adaptive athlete can
pose a unique and complex challenge for physi-
cians. To provide quality care during competition
and training, physicians should be familiar with
common medical conditions in athletes in each of
the six disability categories: wheelchair athletes,
athletes with amputations, athletes with cerebral
palsy, visually impaired athletes, athletes with
intellectual impairment, and athletes classified as
les autres [1].

Pre-participation Physical
Examination

A thorough pre-participation evaluation (PPE) is
critical to determining the health status of any
athlete. The PPE screens for injuries or medical
conditions that may place an athlete at risk of fur-
ther injury [2]. In contrast to the 1-3% incidence
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of sport-significant abnormalities found in able-
bodied athletes, in Special Olympians the inci-
dence is closer to 40% [3]. The standard
recommendation is that the evaluation be per-
formed at least 6 weeks in advance of competi-
tion to allow adequate opportunity for any
identified health concerns to be addressed, and
lead time is particularly critical in athletes with
disabilities where complex equipment and widely
diverse medical issues are more likely to be pres-
ent. In addition to the standard aspects of the PPE
for able-bodied athletes, there are additional con-
siderations for the sports medicine physician
when evaluating adaptive athletes. The current
PPE monograph endorsed by the American
Academy of Family Physicians, American
Academy of Pediatrics, American College of
Sports Medicine, American Medical Society for
Sports Medicine, American Orthopaedic Society
for Sports Medicine, and American Osteopathic
Academy of Sports Medicine includes a supple-
mental history form for the adaptive athlete in
addition to the recommended history and physi-
cal examination form for able-bodied athletes
[4]. A similar PPE monograph recently proposed
by a team of sports medicine specialists in
Canada is based on the International Olympic
Committee consensus statement and includes a
more comprehensive format for the adaptive ath-
lete. Some of these additional recommendations
include assessment of functional daily activities
and evaluation of orthoses and other adaptive
devices [2]. Current recommendations are that a
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PPE be performed upon entry into sports and
should be repeated at least every 2-3 years,
depending on the age and participation issues of
the athlete. An interim evaluation (often just a
brief history and blood pressure) prior to each
sport season may be necessary to determine if the
athlete’s health condition has changed [5].

The medical team involved in the longitudinal
care of the adaptive athlete should perform the
PPE, since as knowledge of baseline functioning
is critical to proper recommendations and protec-
tions for the athlete. Physicians should complete
the PPE in a systematic and comprehensive fash-
ion and should avoid the common mistake of
becoming overly focused on the athlete’s impair-
ment/disability and overlooking other medical
and pre-participation issues. The evaluation of an
adaptive athlete often requires a multispecialty
team approach. For example, a physician special-
izing in sports medicine and a spinal cord injury
specialist may work together to jointly assess an
individual with spinal cord injury (SCI) and
safely clear them for participation.

The sport, level of participation, athletic orga-
nization, clinical indications, and medical condi-
tions of the athlete determine the required
elements of the PPE. The PPE should provide
information to guide the athletic organizer, ath-
lete, trainer, coach, and team physician toward
safe participation for the athlete [5].

The PPE should achieve the following
objectives [5]:

e Identify conditions that require further
evaluation before training, require close
supervision during training, or may pre-
dispose them to injury

* Determine the athlete’s general health
and fitness level

e Counsel the athlete on health-related
issues and methods for safe participation

Cardiovascular and pulmonary evaluations
seek to identify conditions that may lead to dis-
ease progression or sudden cardiopulmonary

collapse. Suggested guidelines for cardiovascular
screening of the athlete are available from
the 36th Bethesda Conference: Eligibility
Recommendations for Competitive Athletes With
Cardiovascular Abnormalities [4, 6].

Additional elements of the PPE for adaptive
athletes should include an assessment of pre-
disability health, present level of training, current
medications and supplements used, presence of
impairments, level of functional independence
for mobility and self-care, history of prior sports
participation, and anticipated needs for adaptive
equipment. Assessment of sensory deficits, neu-
rologic impairment, and joint stability, range of
motion (ROM), muscle strength, and skin integ-
rity are even more important in the population of
adaptive athletes compared to able-bodied ath-
letes. An evaluation of the athlete-equipment
interface is critical to a proper PPE. For instance,
during the musculoskeletal examination of an
athlete who uses a wheelchair, the physician
should evaluate the stability, flexibility, and
strength of the commonly injured body sites
(e.g., shoulder, hand and wrist, and lower extrem-
ities) as well as the trunk. Special attention should
be made during the PPE for skin breakdown on
insensate pressure areas (e.g., buttocks and back)
as well as sites that come in contact with orthot-
ics/prosthetics. A careful history of heat/cold
injuries and changes in neurologic function
should also be solicited [5].

Additional musculoskeletal testing is recom-
mended for limb-deficient athletes due to
amputations or congenital deformity. The muscu-
loskeletal examination of an individual, who has
had a lower extremity (LE) limb deficiency,
should assess the stability, flexibility, and strength
of the trunk, as well as the hip girdle and the
unaffected and affected LE with and without the
prosthesis. For individuals with upper extremity
(UE) limb deficiency, the stability, flexibility, and
strength of the shoulder girdle must be assessed
in the unaffected and affected extremity with and
without prosthesis, in addition to a trunk and LE
evaluation [5].

Careful evaluation of the athlete’s wheelchair,
prosthetics, orthotics, and assistive/adaptive devices
should also be performed prior to competition.
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This is usually facilitated by consultation with the
individual’s orthotist, prosthetist, or other health-
care specialists with experience in this area [5].

In summary, pre-participation evaluation of
the adaptive athlete should encompass all the
aspects of the able-bodied clearance exam but
with additional attention paid to key areas of
unique concern to that individual athlete. A com-
prehensive, systematic, and multidisciplinary
team approach is critical to identifying and man-
aging both disability-related and non-disability-
related conditions in the adaptive athlete.

Medical Complications

Physicians covering adaptive sporting events
experience a high volume of visits to the medical
treatment area and significant acuity of medical
conditions. For instance, 82% of participating
athletes at a recent Paralympic Games utilized
provided medical services most for prior existing
medical conditions [7]. The general medical con-
ditions and category-related injuries that adaptive
athletes experience are covered here in this chap-
ter, while sport-specific considerations and injury
patterns are covered separately and in greater
depth in the following chapters.

Spinal Cord Injuries

Most wheelchair athletes have spinal cord injuries;
however, athletes with a deficiency of multiple
limbs due to amputations or congenital deformity,
cerebral palsy, polio, or other neurologic disorders
are eligible to compete in this category. The condi-
tions experienced by athletes with spinal cord inju-
ries may be applicable to other wheelchair athletes,
depending on the extent of trunk and upper extrem-
ity function, level of sensation, and preservation of
bowel and bladder function [8].

General (Thermoregulation)

The extent of the thermoregulatory impairment is
directly related to the level of SCI. Loss of motor

and sensory function as well as lack of control of
autonomic function (dysautonomia) can inhibit
cardiovascular and thermoregulatory function-
ing. Loss of blood flow regulation via the CNS,
loss of temperature sensation, and inability to
sweat or shiver below the level of injury prevent
autonomic control of temperature regulation.
Therefore, depending on the environmental con-
ditions, these athletes are at much higher risk of
both hypothermia and hyperthermia. Event medi-
cal support teams should be aware of wet clothes
and prolonged pool time even in normal ambient
temperatures. In warm environments precooling
and cooling strategies during competitions can
reduce thermal strain and improve functional
capacity [9].

Dermatologic

As many athletes with SCI are often insensate
below the level of injury, the examiner needs to
pay particular attention looking for occult injuries
(pressure sores, fractures, dislocations, and vis-
ceral injuries). Prolonged pressure over bony
prominences combined with shearing forces from
activity and moist, insensate skin can cause local
tissue ischemia and injury. Athletes in wheel-
chairs who have a pressure ulcer should not be
cleared for sports participation until there is com-
plete healing of the wound [4]. Frequent monitor-
ing is key to pressure sore prevention. Prevention
tactics include skin checks, shifting of weight
every 15 min to relieve pressure, the use of appro-
priately fitting seat cushions, and maintenance of
a dry environment. Cold weather injuries (frost-
bite) are of particular concern as athletes with spi-
nal cord injuries have impaired sensation and
require frequent visual monitoring [8, 10].

Nervous System

Autonomic dysreflexia (AD) is a medical emer-
gency caused by unregulated sympathetic out-
flow due to interruption of neural pathways after
spinal cord injury at or above the level of T6.
Noxious stimuli below the level of injury can
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cause reflexive sympathetic activity that cannot
be modulated by supraspinal centers of control,
resulting in high levels of sympathetic activity
below the level of injury and incomplete para-
sympathetic compensation above the level of
injury. Symptoms include headache, skin flush-
ing, piloerection, and diaphoresis above the level
of spinal cord injury [8]. If suspected the athlete
should be immediately removed from competi-
tion or activity. Treatment should include sitting
the person upright, removing restrictive clothing,
and searching for the source of the noxious stim-
ulus, which is commonly a distended bladder or
impacted colon, pressure sores, or other injury
[8]. Transportation to an appropriate facility for
further management should be a strong consider-
ation. For acute blood pressure control, chewable
nifedipine or nitro paste can be used [10]. Most
athletes know the danger of intentionally causing
AD, which is banned by the International
Paralympic Committee. Therefore, the practice
“boosting,” which is an effective ergogenic aid
[11], is rarely employed.

Wheelchair athletes (WCA) are at a signifi-
cantly increased risk of upper extremity entrap-
ment neuropathies, with the most common being
carpal tunnel syndrome with reported prevalence
rate of greater than 50% [10]. Prevention tech-
niques include maintaining a relaxed rather than
a firm grip to minimize the increases in intracar-
pal pressures experienced during propulsion. Use
of padded gloves for skin protection is a common
practice; however, it may not be effective at pre-
venting carpal tunnel syndrome. Perhaps the sec-
ond most common upper extremity neuropathy
observed in WCA is ulnar neuropathy at Guyon’s
canal or the cubital tunnel which may cause pain
and weakened grip strength. Racquet sports may
place WCA at increased risk. Counterforce
braces, emphasis on proper technique, and use of
appropriately tensioned racquets may assist with
prevention of ulnar neuropathy [12].

Orthostatic hypotension (OH) occurs in most
SCI patients and is caused by decreased sympa-
thetic efferent activity in the vasculature below
the level of the injury resulting in venous pool-
ing. Symptoms include light-headedness and diz-
ziness; syncope may occur if uncorrected.

Prevention includes lower limb compression
stockings and abdominal binders, maintenance of
hydration, and salt supplementation [10]. Non-
pharmacologic prevention should be attempted
before the use of pharmacologic agents for
wheelchair athletes who experience orthostatic
hypotension. Pharmacologic treatment with
World Anti-Doping Agency (WADA) banned
stimulants (midodrine, fludrocortisone, or ephed-
rine) are often helpful but would disqualify the
athlete from competition [10]. For a list of
banned substances visit the WADA website
(www.globaldro.com). Each organization has
specific guidance regarding therapeutic use
exemptions (TUE) for medications banned by
WADA. TUE forms are available on the WADA
website (www.wada-ama.org).

Musculoskeletal

Wheelchair athletes are susceptible to the same
overuse injuries experienced by able-bodied ath-
letes. However, their reliance on upper limbs for
mobility and activities of daily living places signifi-
cant importance on recognizing, treating, and pre-
venting upper limb injuries. Their functional
impairment is magnified compared with able-bodied
athletes as relative rest to allow injuries of the upper
limb to heal may not be possible. Additional treat-
ment considerations should include splinting,
orthotic prescriptions, home and equipment modifi-
cations, and additional assistance with home care.
Sometimes admission to an inpatient facility is
required to allow proper rest of the extremity.

Following traumatic brain injury (TBI), SCI,
burns, and arthroplasty, heterotopic ossification
(HO) or pathologic bone formation may develop
around major joints and restrict range of motion.
Up to 36% of patients with spinal cord injuries
may develop HO [8]. Common areas affected are
the hip joints, but the knee, elbow, and shoulder
may also be impacted [10, 13]. Restricted motion
and the presence of hardened bone within soft tis-
sues can increase the risk of pressure sores and
entrapment neuropathy.

Spasticity is velocity-dependent increase in
muscle tone that occurs after injury to the upper
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motor neuron. It is a common complication of
SCI which may limit athletic participation by
interfering with voluntary movements and restrict-
ing range of motion. An increase in spasticity may
be an indicator of an occult systemic condition.
For example, infections, intra-abdominal pathol-
ogy (e.g., appendicitis), skin breakdown, or blad-
der distension may be otherwise asymptomatic in
an athlete with SCI. Therefore, a sudden increase
in spasticity should lead to a search for underlying
pathology. Treatment for spasticity includes oral
medications (baclofen, dantrolene, tizanidine,
benzodiazepines) or injectables such as botuli-
num toxin and intrathecal medications such as
baclofen. If spasticity is resistant to conservative
treatment, surgery for tendon lengthening may
improve hygiene, activities of daily living, and
functional activities including participation in ath-
letics [8, 10].

Visceral

A common condition in wheelchair athletes is
bladder dysfunction causing retention, often
necessitating indwelling, suprapubic, or intermit-
tent catheterization and resulting in increased
rates of urinary tract infections and stone forma-
tion. The athlete may not adhere to appropriate
frequency or technique of clean intermittent cath-
eterization during competition events. Signs of
urinary dysfunction include fever, fatigue, gen-
eral sense of unease, discomfort, autonomic dys-
reflexia, incontinence, and an increased level of
muscle spasticity [8]. Often times in SCI athletes
the first sign of a kidney stone, urinary retention,
or infection may be signs of AD.

Bowel dysfunction is another condition com-
mon to wheelchair athletes. These athletes need to
maintain their regular bowel programs for effec-
tive defecation and avoidance of incontinence.
Again during competition events it is important to
adhere to appropriate timing of their bowel pro-
gram. One goal would be to time the bowel pro-
gram to evacuate the bowel prior to competition to
avoid any effect on performance. Clinicians
should counsel athletes on the importance of
bowel and bladder management, which has

significant performance and practical implica-
tions. Athletes should also be counseled to
undergo slow alterations in bowel management to
best accommodate their expected competition
schedule at upcoming events and to always be
cognizant regarding the available facilities for
bowel and bladder management at each venue [8].

Limb-Deficient Athletes
General

Athletes with partial or full loss of limbs are eli-
gible to compete under the classification of ath-
letes with limb deficiency. Limb deficiency may
be due to congenital, traumatic or acquired (usu-
ally due to chronic) conditions and involve the
upper limbs, lower limbs, or both. The nature of
limb loss and associated conditions will lead to
clues to the overall health of the athlete.

Dermatologic

Athletes with limb deficiency (AWLD) are at risk
for developing several skin disorders as the distal
portion of the residual limb transitions to a
weight-bearing surface. An adequately healed
incision is necessary before prosthetic gait train-
ing and advancement to recreational and sports
activities. This is key as AWLD may require sur-
gical revisions and must be patient with wound
healing before returning to play. Common skin
conditions associated with prosthetic use include
ulcers, inclusion cysts, calluses, contact
dermatitis, hyperhidrosis, verrucous hyperplasia,
lichenification, and infections [8, 10, 13, 14].
When these complications occur, medical man-
agement and prosthetic adjustments are often
necessary.

As shear forces generated across the skin
within a prosthesis increases, the lower the pres-
sure required to cause tissue breakdown [14].
Pressure and shear forces can easily rise to tissue-
damaging levels causing ulcerations during train-
ing and competition. AWLD with impaired
sensation in the residual limb combined with
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exertional sweating can make skin breakdown
more likely. Proper socket fitting, silicone liners,
padded sleeves, socks, and additional padding
can help prevent injury. Some athletes may pro-
phylactically treat their residual limb with an
antiperspirant to decrease the amount of perspira-
tion [10]. Relative rest of the residual limb while
treating ulcerations may allow the athlete to be
ambulatory while waiting for the ulcer to heal.
Verrucous hyperplasia is a wartlike lesion that
may develop at the distal end of the residual limb.
It may occur as a result of proximal residual limb
constriction leading to vascular compromise or
from chronic bacterial infection. Prevention con-
sists of equal distribution of pressure through the
residual limb, as in a total contact socket. Shrinker
socks and modification of the socket to apply
appropriate pressures to the distal end may also
help to resolve this problem. Topical antibacterial
agents can be used for bacterial overgrowth [14].
Overall, the best treatment of dermatologic
issues is prevention, which can be achieved through
education, close monitoring of prosthesis fit, strate-
gic timing of donning a prosthesis, considerations
of the time out of the prosthesis and liner, and
responding to environmental factors [10].

Nervous System

A neuroma occurs at the distal end of a transected
nerve which is often the case in the residual limb of
an amputee. A neuroma at or near a weight-bearing
structure can create paresthesia, dysesthesia, and
radiating pain when exposed to pressure. Thus lim-
iting ambulation, weight bearing, and the athlete’s
ability to train and compete. Treatments include
prosthetic modifications to relieve pressure on the
neuroma, oral antiepileptics and tricyclic antide-
pressants, and injection of corticosteroids. Surgical
resection may be an option if conservative treat-
ments are unsatisfactory [8, 10].

Musculoskeletal

Heterotopic ossification (HO) which typically
develops within the first 6-12 months after

amputation is the formation of bone in tissues
that are not normally ossified. Traumatic brain
injury (TBI), spinal cord injury (SCI), burns, and
total arthroplasty and residual limbs after trau-
matic amputation are risk factors for developing
HO [8]. HO in residual limbs may increase the
risk of skin breakdown or cause pain with weight
bearing. Socket modification to accommodate
the ectopic bone may alleviate symptoms.
Monitoring for skin breakdown should be
increased in limb-deficient athletes with HO. If
conservative measures are unsatisfactory, surgi-
cal excision of the ectopic bone may be required
to restore adequate levels of function [8, 10].

Cerebral Palsy (CP)

Fifty percent of athletes with cerebral palsy par-
ticipate in wheelchair sports and the other 50%
are ambulatory [11]. Athletes with impairments
resulting from stroke or traumatic brain injury are
often placed under the CP classification. In addi-
tion to movement-related limitations, they may
also have disturbances of sensation, cognition,
communication, perception, and behavior.
However, as this category covers a broad spec-
trum cognition may be fully intact [8]. Because
of intracranial pathology, these athletes may have
also have seizure disorders.

Disorders of speech, hearing, and vision can
impact the ability to communicate. Athletes with
communication or cognitive disorders might not
readily report symptoms of heat or cold intolerance
[15]. Athletes with high supportive needs are less
able to take fluids during sports without assistance
[15]. Although CP is not normally associated with
impaired thermoregulation, these athletes may
need increased oversight to prevent heat and cold
environment-related injuries.

Dermatologic

Athletes with CP are subject to the same derma-
tologic conditions as wheelchair athletes (SCI).
Pressure sores and skin breakdown in flexural
creases can interfere with training, competition,
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and activities of daily living. Athletes in wheel-
chairs who have a pressure ulcer should not be
cleared for sports participation until there is com-
plete healing of the wound [4]. Preventing skin
breakdown with frequent position changes, pad-
ding vulnerable areas, bracing, and diligent mon-
itoring are the keys to keeping these athletes in
the game.

Nervous System

Epilepsy affects approximately half of all patients
with cerebral palsy [8]. Although athletes with
CP have higher rate of seizure disorders than
able-bodied athletes, there is minimal risk of
exertional seizure; therefore, participation is per-
missible if seizures are well controlled [4].
However, stress from intense training or dehydra-
tion might induce seizures [4, 7, 15]. Therefore,
the sports medicine physician should individu-
ally assess athletes with poorly controlled sei-
zures for fitness for participation in higher-risk
sports. Antiepileptic drugs may contribute to the
risk for thermoregulatory impairment, impaired
vision, and decreased bone mineral density [8].

Cardiovascular

The average athlete with CP has decreased car-
diorespiratory endurance and expends more
energy than their able-bodied counterparts due to
reduced muscle volume and desynchronization
of agonist/antagonist muscle groups [8].
However, at the elite level, athletes with CP may
have the capability to achieve a more equitable
exercise response [16].

Musculoskeletal

Athletes with CP have difficulty with motor coor-
dination due to spasticity, ataxia, and involuntary
movements (athetosis). Anterior flexor muscles
usually have more strength than the posterior
extensors. This muscle imbalance reduces flexi-
bility and functional strength.

The topic of spasticity that is also covered in
wheelchair athlete section above is a common
musculoskeletal complication in athletes with
CP. The increased velocity-dependent muscle
tone necessitates stretching to maintain range of
motion but if done too close to activity can
impair performance. Stretching, started after a
period of warm-up, should be slow and sustained
to prevent activation of stretch reflex [11].
Botulinum toxin can be used in the management
of spasticity, remember any medical treatment
that improves function can also change the ath-
lete’s classification [15, 17].

Athletes with CP are at increased risk for
overuse syndromes, muscle strains, and patello-
femoral pain syndromes because of muscle
imbalances [11]. Hip development is typically
poor in persons with cerebral palsy and can cause
acetabular dysplasia and hip subluxation [8].

Osteopenia is common among athletes with
CP, given the combination of antiepileptic drugs,
lack of mobility, and nutritional deficiencies
complicating their condition. Seventy-seven per-
cent of persons with moderate to severe CP have
reduced bone mineral density (BMD). Therefore,
athletes with cerebral palsy should have BMD
assessed and deficiencies addressed before par-
ticipation in contact sports [8].

Medications

Neurostimulants such as modafinil or methyl-
phenidate are often prescribed after traumatic
brain injury. These place the athlete at increased
risk for arrhythmia and heat exhaustion.
Likewise, anticholinergic medications used for
treatment of neurogenic bladder can also
increase susceptibility to heat-related illness.
Many of the medications prescribed for this
population are banned by WADA; therefore,
they require therapeutic use exemptions (TUE).
Each organization has specific guidance
regarding TUE for medications banned by
WADA. For a list of banned substances, visit
the WADA website (www.globaldro.com).
TUE forms are available on the WADA website
(www.wada-ama.org) [8].
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Visually Impaired

Legal blindness refers to visual acuity of 20/200
or less in the better eye even with correction or an
angular field of vision no greater than 20° [11].
Visually impaired athletes may possess a number
of different conditions that limit visual acuity;
therefore, this category could potentially include
a broad range of medical conditions ranging from
isolated ocular trauma in an otherwise healthy
person to congenital and acquired syndromes
also affecting sight.

Musculoskeletal

Athletes with visual impairments may be particu-
larly prone to acute injuries of the distal, lower
extremities. Visually impaired athletes also may
be at risk for chronic overuse injuries due to
altered biomechanics, induced by poor proprio-
ception and loss of the visual component of bal-
ance [8].

Intellectually Disabled Athletes

Intellectually disabled athletes (IDA) frequently
have underlying ocular and visual defects, con-
genital cardiac anomalies, and atlantoaxial insta-
bility that predispose them to injuries [1]. The
most common diagnoses discovered during the
PPE are vision loss (15%) and seizures (16%)
[3]. Obesity affects about half of all IDA, while
hypothyroidism and sleep apnea are primarily
found in adults with Down syndrome, 40 and
50%, respectively [18].

General (Thermoregulation)

Antiepileptic medications commonly taken by
IDA may cause thermoregulatory impairment.
Additionally, athletes with communication or
cognitive disorders might not readily report
symptoms of heat or cold intolerance; therefore,
the sports medicine team must be vigilant for
signs of heat- or cold-related injury.

Nervous System

Fifteen percent (range, 10-40%) of people with
Down syndrome have atlantoaxial instability
(AAD) [3]. Symptoms suggestive of AAI include
easy fatigability, abnormal gait, neck pain, limited
cervical range of motion, torticollis, incoordina-
tion, spasticity, hyperreflexia, clonus, extensor
plantar reflex, sensory deficits, and other upper
motor neuron and posterior column signs [4, 11].
The highest risk for AAI has been reported to be
between 5 and 10 years of age [11].

Athletes with Down syndrome are at risk for
spontaneous or traumatic subluxation of the cer-
vical spine. Radiographic screening for AAI in
asymptomatic athletes is controversial, because
there is little evidence to suggest it is a significant
risk factor for subsequent development of
AAI However, in addition to the PPE, lateral cer-
vical spine radiographs in flexion and extension
are required for all Special Olympians and are
recommended for all patients with Down
syndrome. Although a large majority of persons
with Down syndrome who have radiographic
AAI (defined by the Special Olympics as
>4.5 mm of odontoid-atlas separation) are
asymptomatic, all athletes with AAI should be
restricted from participation in sports activities
that pose a risk for neck injury or inherently
require excessive neck flexion/extension [4, 8].
The above-listed neurologic signs and symptoms
may be more predictive of risk of injury progres-
sion than radiographic abnormalities in asymp-
tomatic athletes [3].

Atlanto-dens interval of less than 4.5 mm in
asymptomatic individuals is considered to be
within normal limits and tends not to change over
time [11]. Therefore, annual radiographic evalua-
tions are not necessary unless there has been an
interim injury [3]. However, the Special Olympics
as the governing body provides specific guidance
for evaluation and participation.

Certain high-risk sports should be avoided if
radiographic evaluation demonstrates AAI: div-
ing, gymnastics, pentathlon, squat lift in power-
lifting, high jump, soccer, alpine skiing,
swimming using flip turns, butterfly stroke, div-
ing starts, or any competitive event or warm-up
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exercise that places undue stress on the head and
neck [4, 3]. Athletes with AAI must sign a Special
Olympics waiver to participate in certain sports
[19]. More details are available at (www.special-
olympics.org).

Seizure disorders are common in people with
intellectual disabilities, with about 26% affected.
Special Olympics guidance to clinicians warns of
anecdotal reports of athletes purposefully skip-
ping doses of antiepileptics in order to improve
athletic performance [19]. As with CP the sports
medicine physician should individually assess
athletes with poorly controlled seizures for fit-
ness for participation in higher-risk sports.

Cardiovascular

Cardiovascular conditions are prevalent among
athletes in this category. Approximately half of all
persons with intellectual disabilities have congen-
ital heart problems, and most common is atrioven-
tricular canal defects. Also, due to chronotropic
incompetence, the peak heart rate is only 84-85%
of the age-predicted maximum for males and
females with Down syndrome [3]. Although as
with CP [16] some studies suggest that exercise
training may improve the deficit [11]. Fragile X
syndrome is associated with mitral valve prolapse
and aortic root dilatation [8].

The high prevalence of cardiac defects and the
use of medications that may induce a dysrhyth-
mia place these athletes at much higher risk for
sudden cardiac death than the general population.
Therefore, clinicians should obtain a detailed his-
tory soliciting input from caregivers and consider
further screening when indicated. Cardiac testing
including stress testing and echocardiography
may be necessary [8].

Musculoskeletal

Likely due to a combination of inherent collagen
and bone abnormalities and effect of antiepileptic
medications, low bone density occurs in 20% of
Special Olympics athletes [19]. Although injury
rates for IDA are generally lower than the general

population, ligamentous laxity can lead to com-
mon disorders. About 5% of athletes with Down
syndrome will have acquired hip instability lead-
ing to recurrent dislocation, while patellofemoral
dislocation occurs in 4-8% of athletes. The com-
mon foot and ankle conditions, pes planus and
hallux valgus, are not generally bothersome when
treated with appropriately fitting shoes [18].

Medications

Athletes with intellectual disabilities commonly
take antipsychotic and antiepileptic medications
which are associated with weight gain, sun sensi-
tivity, long QT syndrome, thermoregulatory
impairment, impaired vision, and decreased bone
mineral density. Appropriate pre-participation
evaluations, proper referrals, and monitoring
throughout participation enable identification
and early intervention.

Les Autres

As discussed in the classification chapter, ath-
letes in this category could have a range of differ-
ent congenital and acquired conditions and
syndromes. Some of these include multiple scle-
rosis, osteogenesis imperfecta, muscular dystro-
phy, and dwarfism [8]. A team approach to
assessment and care of these athletes is often nec-
essary given the complexity of conditions. Sports
medicine physician’s assessment of the athlete’s
condition and impact on thermoregulation, der-
matologic, nervous system (seizures), cardiovas-
cular, musculoskeletal, visceral, and medications
will enable informed recommendations regarding
the choice of sport and pre-competition planning
in order to enable a safe environment for the
maximum number of participants.

Injury Prevention and Treatment

The injury patterns for adaptive athletes are simi-
lar to those for able-bodied participants [7]. This
is likely because all athletes are subject to similar
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biomechanical stress and complications from
physical exertion. However, adaptive athletes
may have specific conditions caused by or result
from a disability leading to increased risk of par-
ticular injuries and complications.

For example, lower extremity injures are more
common in ambulatory athletes (limb deficient,
visually impaired, cerebral palsy) [7]. Fifty-three
percent of injuries reported by athletes from the
United States Association for Blind Athletes
(USABA) were to a lower extremity [11]. Upper
extremity injuries are more frequent in athletes
who use a wheelchair [7]. The injuries reported
by United States Cerebral Palsy Athletic
Association athletes involved knee (21%), shoul-
der (16%), forearm/wrist (16%), and leg/ankle
(15%) [11]. It is also common for the limb-
deficient athlete to sustain injury to the intact
limbs as well as the spine from repetitive com-
pensation for the loss of limb function. Cervical
and thoracic spine injuries are commonly seen in
individuals with upper extremity amputations
due to strength, weight, and activity imbalances
and unequal movements. Likewise, lower extrem-
ity limb-deficient athletes often have low back
pain as a result of excessive lumbar spine lateral
flexion (side bending) and extension.

Increased injuries to the intact limb are also a
concern. The athlete may increase the stress
applied to the intact limb resulting in overuse
injuries such as plantar fasciitis, Achilles tendon-
itis, or stress fractures [1]. Therapy focusing on
core and back strengthening and flexibility can
assist in minimizing these problems [1]. Also
maximizing the use of assistive devices and
ensuring proper ergonomics of training and com-
petition equipment may prevent injuries caused
by abnormal forces.

Environmental lliness

Many adaptive athletes are at higher risk for heat-,
cold-, and altitude-related environmental injuries
for a combination of reasons. Intrinsically some
may have a disruption of neuro-regulatory sys-
tems involved in control of body temperature.
Many are taking medications that further inhibit

thermoregulatory function and increase dehydra-
tion risk.

Prevention requires heightened awareness and
monitoring, use of appropriate clothing and
equipment, availability of rehydration, and avoid-
ance of extremes of temperature when possible.

Frostbite is of particular concern for insensate
athletes during cold weather events. Athletes
with SCI and athletes with impaired communica-
tion require frequent visual monitoring to prevent
cold injuries.

In many winter sports, competition at high
altitudes may precipitate acute mountain sickness
(AMS). AMS involves a constellation of symp-
toms (headache, nausea, weakness, shortness of
breath) and occurs with exposure to high alti-
tudes. Given their altered neurophysiology and
anatomy, athletes with spinal cord injury may be
at higher risk of developing AMS. Acetazolamide
may be used as prophylaxis in high-risk scenar-
ios. Definitive treatment is decreasing altitude,
while supplemental oxygen, acetazolamide, and
dexamethasone are temporary adjuncts [10].

Conclusion

Physicians caring for adaptive athletes must
be prepared to treat medical conditions
common to the respective six categories and
have a fundamental understanding of the
unique biomechanics of the athlete and adap-
tive equipment required for participation.
Clinicians can then apply preventive and reha-
bilitative principles to both prevent, treat, and
rehabilitate injury and illness. This may
require a multifunctional team of medical and
equipment management professionals to prop-
erly care for adaptive athletes. With proper
preparation, support, and knowledge, adaptive
sports can be safe, fun, and inclusive.
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Emergent Care of the Adaptive

Athlete

Ahmer Khan, Kevin Blythe,
and B. Elizabeth Delasobera

Introduction

The number of individuals with disabilities par-
ticipating in athletics, either in competition or for
recreation, continues to increase, as technology
improves to allow participation. As of 2014, it is
estimated that about 2 million individuals with
disabilities participate in recreational sports [1].
The growth of the Paralympic Games, from 16
participants in 1948 to greater than 4000 in 2012,
reflects the larger overall growth in participation
[2]. As participation continues to increase, it is
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important that medical providers become com-
fortable managing the acutely injured adaptive
athlete on the field and in a medical setting. These
athletes incur many of the same emergent injuries
that other athletes suffer from, such as overuse
musculoskeletal injuries, extremity fractures,
traumatic brain injury, heat illness, and cardiac
disease. There are also unique injuries to these
athletes based on their disability and their sport
of competition. The provider caring for these
individuals must be comfortable with the basic
principles of evaluation and management of
acutely injured individuals. They need to also be
mindful of the unique injuries and factors that
should be considered when managing the indi-
vidual athlete, with their specific disabilities.
This chapter will discuss a basic approach to
emergency care, placing special emphasis on the
aspects of care that make these individuals
unique.

Emergency Department Care

The initial approach to any patient evaluated in
the emergency department starts with the assess-
ment of the patient’s airway, breathing, and circu-
lation (A, B, Cs). The remainder of this chapter
will go through the specifics of evaluating each
one of these systems. Using this systematic
approach reminds the provider to pay particular
attention to the critical life-enabling systems ini-
tially, without being distracted by more periph-
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eral injuries that may not carry the same
immediate mortality risk. Any disorder detected
during this primary survey should be immedi-
ately addressed before proceeding forward with
the survey. Assessment of the A, B, Cs is fol-
lowed, naturally, by D—evaluation of neurologic
disability—and E exposing the patient. This ini-
tial primary evaluation of the patient should be
followed by a systematic and thorough secondary
head-to-toe evaluation, looking for signs of inju-
ries that may not be immediately apparent on the
primary survey.

After establishing the stability of the patient, it
is important to gain as much information about
the mechanism of injury as possible. This infor-
mation alerts the provider to have a higher index
of suspicion for certain injuries that follow a cer-
tain mechanism of injury. Family, coaches, and
EMS who were at the scene may be great addi-
tional resources to get an understanding of the
injury. This history should also include general
health information such as comorbid conditions,
medications, prior injuries, extent of prior dis-
ability, and allergies, as this will affect your
work-up and treatment plan.

It is important to get an initial set of vital signs
to assess for the stability of the cardiopulmonary
and thermoregulatory status of the injured or ill
athlete. Many of these will be part of the primary
survey—respiratory rate (RR) and oxygen satu-
ration during the assessment of the patient’s
breathing and blood pressure and heart rate dur-
ing the circulatory evaluation. It is important to
obtain the injured athlete’s temperature, includ-
ing a rectal temperature if the athlete is altered or
you have a high suspicion for heat-related or
cold-related illness. According to a 2002 review,
rectal temperature remains the most accurate way
of measuring core temperature in the athlete [3].
Especially in the altered or confused patient, con-
sider finger-stick glucose as an additional vital
sign. Failure to recognize and respond to hypo- or
hyperglycemia may cause poor outcomes for the
patient. Remember to get a new set of vital signs
if there is any change in clinical condition or any
significant intervention was done.

In any acutely injured patient, it is important
to obtain intravenous (IV) access for laboratory

testing, administration of intravenous contrast for
imaging, medication administration, and intrave-
nous fluid rehydration. While a single IV may be
sufficient in many patients, in a hypotensive
patient or one who is acutely ill, two large bore
IVs may be required for adequate resuscitation. If
unable to provide access via an IV line, intraosse-
ous access is an alternative method to provide
medication and resuscitation fluids to patients.

Airway

The assessment of an acutely ill or injured indi-
vidual should begin with the determination if the
patient has a patent and protected airway. A
patent-protected airway is necessary for oxygen-
ation and ventilation, as well as to prevent aspira-
tion of gastric contents. It is important to first
observe for anatomic deviations that may cause
mechanical obstruction of the airway, such as a
large neck hematoma or posterior displacement
of a fractured maxilla and midface. Further eval-
uation should be completed to assess the func-
tionality of the airway. A quick approach that is
recommended to determine if the airway is patent
is to have the patient verbally respond to a ques-
tion. This simple response informs the provider
that the patient (1) has no upper airway obstruc-
tion, allowing them to transmit air through the
vocal cords, and (2) has a high enough level of
consciousness to listen, integrate data, and give
an appropriate response. This approach is not
appropriate for the hearing impaired or individu-
als who are nonverbal at baseline secondary to a
previous stroke or intellectual/social impairment.
Another reliable indicator of a patent airway is
the patient’s ability to swallow their own secre-
tions. A patient with pooling secretions in the air-
way, copious drooling, or gurgling respirations is
not maintaining a patent airway and may need
urgent intervention to establish one. Additionally,
the provider can listen for stridor, which may
indicate an upper airway obstruction or vocal
cord dysfunction. Historically, the absence of a
gag reflex has been described as an indicator of
someone failing to maintain an airway. However,
12-25% of normal adults have an absent gag
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reflex, making this technique less useful than the
other’s previously discussed [4].

Patients with cerebral palsy, or other neuro-
logic disorders affecting the brainstem, may have
diminished airway reflexes at baseline. It is
important to keep this in mind and minimize any
aspiration risks [5]. With cerebral palsy affecting
muscles of movement, posture, and swallowing,
approximately 90% of patients with CP have
some degree of oropharyngeal dysphagia. This
inability to consume sufficient food and fluids
safely can lead to respiratory complications and
has a direct correlation with the severity of gross
motor skill function [6].

The first step in helping to keep the airway
patent is to have the patient in a neutral airway
position, such as the “sniffing position.” Lifting
the chin superiorly places the neck in a slightly
extended position placing the upper airway into a
more neutral open alignment (Fig. 6.1) [7].

In the past for helmeted and padded athletes,
the recommendations were always to leave equip-
ment on for transport and to access the chest or
face by removing only the front of the pads or
face mask, respectively [8]. Recently, recommen-
dations have advised that prehospital providers or
sideline physicians can and in some cases should
remove helmets and other protective equipment
prior to transport to a primary emergency facility
[9]. Recent research has demonstrated basic life-
support skills including chest compressions and
ventilations may be compromised in the setting
of athletic equipment [10]. However, this is still a

Fig. 6.1 Lifting chin to
place in sniffing position
and open airway

very controversial topic, and equipment removal
needs to be done in the hands of an experienced
provider. If there are ample prehospital and expe-
rienced physician providers on the sideline and
the equipment can be safely removed, then this
would be the recommendation. Otherwise, wait-
ing until after transport, especially if there are no
life-threatening injuries, should be considered.

The jaw thrust maneuver helps to prevent
posterior deviation of the tongue into an
obstructing position in the oropharynx. Moving
the angle of the mandible anteriorly lifts the
base of the tongue forward and away from the
posterior oropharynx, without the manipulation
of the cervical spine that can occur with the
head tilt-chin lift. The helmet has been cited as
complicating jaw thrust maneuvers or providing
bag-valve mask placement for ventilations,
along with the chin strap obstructing a proper
seal for the mask [11].

In addition to opening the airway with jaw
thrust, it is important to look into the airway for
any source of obstruction: a mouth guard, gum, a
displaced tooth, etc. It is no longer recommended
to perform a blind sweep of the oropharynx; but
if an obstructing object is visually identified,
using a finger sweep or forceps to remove an
obstructing object is definitely indicated.

If these maneuvers are not sufficient to main-
tain a patent airway, or the provider suspects that
the patient’s clinical condition may continue to
deteriorate, it may be necessary to provide an air-
way adjunct to maintain patency. A nasopharyn-
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geal airway may be placed in a sedated or awake/
alert patient to allow oxygenation/ventilation
past an oropharyngeal obstruction. Note that this
technique is contraindicated for a patient with a
suspected midface fracture. An oropharyngeal
airway can also be used in this matter but will not
be tolerated in the awake patient. Ultimately
these techniques are temporizing maneuvers.
Patients that require this level of intervention will
likely need to have an advanced airway placed
that is secured allowing oxygenation/ventilation
while protecting the patient from aspiration of
gastric contents. Supraglottic airway devices can
be placed quickly using a blind technique. These
devices provide an airway until a definitive secure
airway can be established safely. Placement of an
endotracheal tube using a rapid sequence intuba-
tion (RSI) technique should be attempted when it
is clear that the patient will need prolonged air-
way or ventilatory support. The patient’s
hemodynamic and oxygenation level should be
optimized prior to any intubation attempt, unless
the patient is acutely declining and not able to be
oxygenated or ventilated with bag-valve mask
and adjunct airway ventilation (Fig. 6.2) [12].
Evaluation of the airway is paramount in
emergency department assessment. Athletes with
hearing or communication impairments may not
give the same auditory confirmation of airway

Fig. 6.2 Various airway
adjuncts

patency that is generally tested. It is important to
look and listen for other signs of airway obstruc-
tion before proceeding to the next step of the pri-
mary survey.

Breathing (Respiratory)

Assessment of the patient’s respiratory status
begins with observation of the patient’s overall
work of breathing—keeping in mind that they
may have just been participating in a physically
taxing activity. Tachypnea, costal retractions, and
use of accessory respiratory muscles are all signs
of increased work of breathing. Auscultate the
lungs for unequal breath sounds or wheezing.
Unilateral, absent, or diminished breath sounds
may indicate hemothorax or pneumothorax
depending on the mechanism of injury. Diffuse
wheezing in an athlete may be due to exercise-
induced asthma, but may be due to an acute exac-
erbation of chronic asthma, a severe allergic
reaction, or from an exacerbation of chronic
obstructive pulmonary disease (COPD). The
remainder of the history and physical should help
to put these lung exam findings in the proper
context.

Pulse oximetry is an important adjunct in
assessing the functionality of breathing—provid-
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ing oxygen to the tissues. It is important to pro-
vide supplemental oxygen via nasal cannula or
non-rebreather face mask in order to maintain
oxygen saturations greater than 95%. As oxygen
saturations fall below 90%, arterial oxygen con-
centration and tissue oxygenation decrease pre-
cipitously. If a patient has underlying lung
disease, such as COPD, their underlying normal
oxygen saturation may normally be around 92%.
In this case tolerating a lower oxygen saturation
close to their baseline would be appropriate.

If the patient has significant respiratory distress,
tracheal deviation and/or absent breath sounds con-
tralateral to the direction of tracheal deviation, the
provider must strongly consider the likelihood of a
tension pneumothorax. Tension pneumothorax is a
life-threatening emergency that could ultimately
lead to cardiopulmonary arrest. Needle decompres-
sion or thoracostomy is indicated in this setting.

Patients who are not making any spontaneous
respiratory efforts or are only taking agonal
breaths require ventilation via bag-valve mask,
with or without airway adjuncts as previously
described. Per ACLS guidelines, a respiratory
rate of 10-12 breaths per minute is sufficient for
most patients. Further ventilator management is
beyond the scope of this text.

Circulation

Evaluation of the cardiovascular system starts
with assessment of pulses. Absence of a carotid
or femoral pulse after 10 s should prompt the ini-
tiation of ACLS techniques beginning with chest
compressions and acquisition of a defibrillator.
Next should be checking for peripheral perfusion
in each of the extremities, done by palpating dis-
tal extremity pulses and looking for cool, cya-
notic, or mottled extremities. Other signs of
impending shock include tachycardia, diaphore-
sis, and significant external hemorrhage.

Blood pressure obtained manually or with an
automated device is used as a quantifiable surro-
gate for tissue perfusion. Ideally the patient’s
mean arterial pressure (MAP) will be greater
than 65 mm Hg, allowing for appropriate perfu-

sion to the brain. If the patient has signs of shock
on exam or a significantly decreased blood pres-
sure, then resuscitation, beginning with intrave-
nous fluids and then blood products, is required.
Shock in the athlete can be caused by hypovole-
mia, hemorrhage, infection (sepsis), anaphylaxis,
cardiac/pulmonary injury, or spinal cord injury
(autonomic  dysfunction). Wheelchair-bound
individuals may have infected pressure ulcers
over the sacrum, coccyx, or ischial tuberosities
that may be an occult source of infection. These
should be adequately treated with appropriate
intravenous fluids, broad-spectrum IV antibiot-
ics, proper wound care, and surgical evaluation as
deemed necessary.

Individuals with high spinal cord injuries often
have impaired sympathetic nerve activity, due to
disruption of the paraspinal sympathetic chain. At
baseline, there is a general state of parasympa-
thetic dominance, resulting in a decreased cardiac
output and relative hypotension. These individu-
als may have episodes of autonomic dysreflexia,
which is a condition where they can have surges
of significantly elevated blood pressures [13]. For
reasons not completely understood, but involving
cerebral remodeling and loss of supraspinal inhib-
itory control after an acute spinal injury, irritation
of gastrointestinal or urinary system can result in
an unopposed sympathetic-like response resulting
in elevated blood pressures. Competitive athletes
with spinal cord injuries may attempt to volun-
tarily induce an autonomic dysreflexic response.
This is termed as “boosting” [14]. One technique
described is intentionally clamping their indwell-
ing Foley catheter. This results in bladder disten-
sion, which triggers a sympathetic-like surge that
may boost their performance. While there are few
studies to show predictable harm or improved ath-
letic performance with this technique, there are
numerous case reports of myocardial infarction,
intracranial hemorrhage, and seizure. Current
guidelines suggest treating autonomic dysreflexia
by elevating the patient’s head, loosening all
clothing, and evaluating for any urinary system or
bowel obstruction, including urinary tract infec-
tion, which may be causing the elevated blood
pressure [15].
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Orthostatic hypotension is another frequent
complication that should be recognized and
addressed in the adaptive athlete with high spi-
nal cord injuries. It results due to decreased
sympathetic efferent activity in vasculature
below the level of the injury and also due to
decreased reflex vasoconstriction. The result is
venous pooling in dependent areas (lower limbs
or abdomen) that occur with changes in posi-
tion [15]. Symptoms may include light-headed-
ness, dizziness, and syncope. Treatment is
aimed at elevating the legs and pelvis approxi-
mately 45° from ground level in the acute set-
ting. For repeated occurrences, pharmacologic
treatment with midodrine, fludrocortisone, or
ephedrine may be helpful. Prevention includes
the use of lower limb compression stockings,
abdominal binders, maintenance of hydration,
and salt supplementation [15].

Recognizing signs of shock and preventing
end organ damage due to poor perfusion is one
of the critical roles of the emergency medicine
physician. Normal blood pressure measurements
may be different in individuals with sympathetic
nervous system derangements, making it impor-
tant to pay attention to other signs of poor perfu-
sion. Physical exam, lactic acid measurements,
and other lab testings can help to determine the
perfusion for each individual patient.

Disability

After identifying any immediate life-threaten-
ing abnormalities, going through the A, B, Cs,
it is important to take a snapshot of the patient’s
neurologic function. Usually this means using
the Glasgow Coma Scale (GCS) to give an
objective measure of the patient’s global neuro-
logic status. Originally published in 1974 by a
pair of neurosurgery professors from Scotland,
the scale was designed to assess the level of
consciousness of patients with traumatic brain
injury in an ICU setting [16]. Since then it has
been used by first aid personnel, emergency
medical services, and physicians in establishing
the mental status of all acute medical and
trauma patients. The score has three compo-
nents: eye opening, verbal, and motor response
as seen in Fig. 6.3 [17].

There are obvious limitations to using this
scale in certain populations. Failure to recog-
nize individuals with hearing impairments may
result in falsely lower GCS scores, as the
patient may fail to follow verbal commands.
Nonverbal individuals cannot have an overall
GCS score, since their verbal component will
be abnormal at baseline. It is important to have
an understanding of the baseline neurologic
exam of patients with spinal cord injuries,

Best response = 15 (totally alert and oriented)

1 2 3 4 5 6
Eye Does not Opens eyes to Opens eyes Opens eyes N/A N/A
open eyes painful stimuli to voice spontaneously
Verbal Makes no Incomprehensible Utters Confused, Oriented, N/A
sounds sounds inappropriate Disoriented Converses
words normally
Motor Makes no Extension to Abnormal Withdrawal to Localizes Obeys
movement painful stimuli flexion to painful stimuli painful Command
painful stimuli stimuli

Comatose patient = 8 or less (requiring definite airway in proper clinical setting)

Totally unresponsive = 3

Fig. 6.3 Glasgow Coma Scale
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cerebral palsy, multiple sclerosis, or other
neurologic dysfunction. Another important
concept to consider in the adaptive athlete is
thermoregulatory disturbances that can alter
his or her mental status. Below the level of the
lesion, an athlete with a spinal cord injury can
have impaired shivering to produce heat and
impaired sweating and vasodilation to dissi-
pate heat. It is expected that these athletes will
have greater increases in body temperature
with exertion, and greater decreases in temper-
ature with exposure to cold weather, thus low-
ering their threshold for developing heat stroke
and hypothermia, respectively [18]. The
patient, family members, or coaches are great
resources to identify any new neurologic
changes from baseline. Specific extremity or
nerve deficits are assessed during the second-
ary survey. At this point in the exam, only the
patient’s general level of alertness is being
determined.

Conclusion

Evaluation of the acutely injured adaptive ath-
lete follows the same principles of any emer-
gency evaluation. Assessment of the athlete
using the ABC mnemonic helps keep the pro-
vider focused first on life-threatening injuries.
This is followed by a brief neurologic evalua-
tion—using individuals familiar with the ath-
lete to identify changes from the athlete’s
baseline along with considering potential
environmental exposures. After this brief pri-
mary survey is complete, a more thorough
head-to-toe evaluation of the athlete can be
completed—Xkeeping in mind to expose the
patient to find any occult injuries or sources of
infection. This general approach is the corner-
stone of emergency evaluation, but it is impor-
tant that the physician recognize the normal
exam findings and specific injury patterns that
the athlete may have based on their underlying
disability and the sport that they are participat-
ing in. These will be discussed at greater
length throughout this text.
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Surgical Considerations
in the Adaptive Athlete

Kevin O’Malley, Tyler Kent, and Evan Argintar

Introduction

As the world of competitive sports continues to
expand and evolve, there are more opportunities
than ever for adaptive athletes. For example, the
Paralympic Games are now the second largest
sporting event in the world [1]. There are ten
classes of participation based on impairment
type, and there are various subclasses within each
class. Competitions now recognize athletes with
a range of disabilities from impaired muscle
power, limited passive range of motion, limb
deficiency, visual impairment, as well as to those
with intellectual disabilities.

The benefits of exercise in this population
appear to be numerous with multiple studies
showing increases in quality of life, mental
health, and physical health [2, 3]. As Dr. Ludwig
Guttmann, founder of the Paralympic Movement,
stated, “The aims of sport embody the same
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principles for the disabled as they do for the able-
bodied; in addition, however, sport is of immense
therapeutic value and plays an essential part in
the physical, psychological and social rehabilita-
tion of the disabled.”

This diverse group of athletes presents unique
challenges in the surgical management of their
injuries. With such a diverse patient group, high
quality research is limited. To complicate mat-
ters, many adaptive athletes are hesitant to
undergo surgery for fear of adverse outcomes or
a loss of independence. With an ever-growing
need for treatment, clinicians are increasingly
being called upon to treat this specialized popula-
tion. Because this group of athletes requires such
specialized care, there is a need for greater under-
standing of treatment strategies, expected out-
comes, and therapeutic goals.

This chapter will explore published surgical
outcomes, define the prevalence of injury based
on impairment type and injury pattern, discuss
the most common comorbid conditions and how
they affect the postoperative course, and provide
our recommendations for future steps to be taken
to improve the care given to the adaptive athlete.

Surgical Outcomes
Introduction

There are few published research studies on surgi-
cal outcomes in the adaptive athlete. There are
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two possible reasons for this limited information.
First, only recently has there been a demand for
surgery in this group. The ability to perform at an
elite level is a relatively new development in the
world of adaptive athletics. The bulk of informa-
tion relating to surgery focuses on maximizing
quality of life, rather than enhancing performance.
For example, rotator cuff repair in a wheelchair-
bound patient is more commonly examined
through the lens of ability to perform activities of
daily living (ADLSs) after surgery rather than the
length of time before return to sport. Second, sur-
gery in this group is a much more extensive
undertaking. Not only can it be more difficult to
heal from the surgery, but the further disability
imposed by surgery imposes significant limita-
tions on this population. Loss of function in one
arm affects lifestyle in myriad ways [4]; ADLs,
transfers, locomotion, and employment become
nearly impossible without assistance. This makes
adaptive athletes much less likely to undergo sur-
gery simply for performance enhancement or the
ability to return to sport.

Injuries encountered in adaptive athletes are
most common in the upper extremity. Overuse
injuries of the shoulder are especially common,
and overhead sports are noted to be an indepen-
dent risk factor for rotator cuff disease in paraple-
gic athletes [5]. Bicipital tendon injury, rotator
cuff tears, and impingement syndrome are all
common in adaptive athletes [6-8]. Elbow pain
secondary to lateral epicondylitis, olecranon bur-
sitis, and triceps tendonitis are seen in wheelchair
athletes [9]. Upper extremity entrapment neurop-
athies are also very common at the carpal tunnel
and Guyon’s canal with some postulating that
repetitive microtrauma is causative force.
Prevalence of these neuropathies is estimated to
be nearly 50% and most frequently encountered
in the paraplegic weightlifters [7, 10].

While there is a wide range of possible upper
extremity injuries in the adaptive athlete popula-
tion, the majority of surgical outcomes research
has focused on shoulder pathology. Paraplegics
have a high prevalence of shoulder pain and
injury with reported rates between 32 and 72%
[6, 7, 11]. Shoulder injuries are especially com-
mon in adaptive athletes participating in track,

road racing, and basketball [12]. This is an impor-
tant consideration because nearly all adaptive
athletes rely on at least one functional upper
extremity for sport. For example, 16 out of 20
summer Paralympic sports use a wheelchair at
least some of the time. Consequently, we will be
referring primarily to the shoulder when we refer
to surgical outcomes. However, while the shoul-
der is likely to be the most commonly encoun-
tered area of injury, it is not an exclusive focus;
there are many possibilities that can present
themselves. It is imperative that the surgeon and
athlete collaborate to find the best solutions and
extrapolate their approach based on the best
available outcomes.

Before continuing, it is important to under-
stand the issues that factor into the high preva-
lence of rotator cuff injuries (RCIs) and shoulder
pain in wheelchair-bound patients. First, there is
increased load on the shoulder when using a
wheelchair with the shoulder becoming the
weight- bearing joint of the body [13—18]. During
transfers and wheelchair propulsion, the vertical
forces on the shoulder increase by over 300%
[19]. This significant force has been postulated to
result in superior translation of the humeral head,
leading to increased stress on subacromial struc-
tures ultimately resulting in RCI. Second, even in
the healthy population, RCIs increase with age.
This effect is exacerbated in paraplegics due to
the increased loads and strain placed on their
shoulders. Third, the level of spinal cord injury
(SCI) can determine functionality and degree of
impairment of the shoulder, and it is not uncom-
mon to have referred pain from the neck that is
felt in the shoulder [20, 21]. Thus, it is necessary
to determine the correct source of pain prior to
treatment.

We will now examine the most commonly
reported metrics used to evaluate results and
measure progress. As previously stated, there are
very few clinical studies with reported surgical
results. A literature review revealed only seven
papers dealing with shoulder surgery in paraple-
gics. Five discussed rotator cuff repair and two
discussed arthroplasty. There are several com-
mon themes that appear repeatedly and are
similar to those reported in the literature related
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to non-impaired patients. These are the American
Shoulder and Elbow Surgeons Standardized
Assessment (ASES) score, Constant score,
strength, range of motion, the role of radiogra-
phy, patient demographics, and pain.

Outcome Scores

It is standard practice to employ objective rating
scales as a means to determine functional out-
comes. They allow the clinician to have a stan-
dard method to evaluate all patients, they remove
bias, and they also streamline and balance sub-
jectivity by using the same set of questions and
rating scales.

Some of the most common rating systems are
the ASES and Constant scores. The ASES score
is a patient questionnaire that attempts to quan-
tify pain, function, and disability. There are vari-
ous scoring options, but the most common uses a
100-point scale with 100 being less pain and bet-
ter function. The Constant score combines patient
responses with clinical examination in order to
assess pain, ability to perform activities of daily
living, ROM, and strength. These scales are pop-
ular because they require little training to per-
form or evaluate, can be completed quickly, and
are validated [22, 23].

Other scales used are the Neer and Functional
Independence Measure (FIM) classifications.
The Neer is based on the classic principles devel-
oped by Charles Neer over half a century ago and
evaluates pain, motion, strength, function, and
patient satisfaction. Results are reported as excel-
lent, satisfactory, or unsatisfactory. The FIM
gauges a patient’s ability to function indepen-
dently, and scores range from 18 to 126.

Outcomes

There were several problems encountered during
review of available literature. First, outcome
measures utilized vary widely. This made com-
parison difficult. Second, several studies did not
use any objective measure but rather used subjec-
tive measures (e.g., “no improvement” versus

“improved”). Third, follow-up duration varied
widely with a range of 2.5-84 months [4, 11, 16,
24-27]. Lastly, many of the studies focused on
the SCI population instead of the adaptive athlete
population. Surgical repairs and physical healing
occur at different intervals, and without a com-
mon follow-up time, it is impossible to compare
results. However, overall trends were apparent
for the two most reported surgeries: shoulder
arthroplasty and rotator cuff repairs.

Arthroplasty

There are but two published papers on shoulder
arthroplasty in paraplegic patients [25, 26].
Garreau de Loubresse et al. required a multi-
center retrospective review in order to identify a
total of five patients who had undergone the pro-
cedure. In total, 11 paraplegic patients in pub-
lished literature have received shoulder
arthroplasty. Thus, there is little formal guidance
for those considering the procedure.

The two papers showed similar demographic
data. The average age of the patient at the time of
surgery was 70 and 69 years old. The average
length of time they had been paraplegic prior to
surgery was 20 and 41 years. Interestingly, all 11
patients were female. The average time of fol-
low-up was 30 and 84 months. Garreau de
Loubresse et al. did not comment on how many
different surgeons performed the five cases, but
seeing as it was a multicenter study there were
likely multiple. Hattrup and Cofield reported five
surgeons for six cases. However, there was not
any commonality regarding the type of implant
used. For example, some used cement while oth-
ers did not, and multiple styles of implants were
used. Hattrup and Cofield reported surgeries
being performed from 1982 to 2006. They point
out that there has been a significant evolution in
technique and implants over that time. So, though
the patient demographics were similar, the proce-
dures performed were not [26].

Postoperative results are promising. Garreau de
Loubresse et al. used both Constant and ASES
scores to evaluate results. Absolute Constant score
average improved from 30 to 52 (out of 100).
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After adjustment for age and sex, an adjusted
Constant score improved from 43.9 to 75.8. ASES
score average improved from 28 to 37 (out of 55).
Pain score average improved from 5 to 10 (out of
15, with 15 being pain-free). Hattrup and Cofield
used a modified Neer classification which uses
improvement in degrees of range of motion and
subjective pain scales to rate outcomes as excel-
lent, satisfactory, or unsatisfactory. One patient
had an excellent outcome, four had satisfactory
outcomes, and one had an unsatisfactory outcome.
Thus, both groups had improvement in function
and pain scores.

Complications varied, but eight of eleven
patients had a reported complication. Garreau de
Loubresse et al. reported two complications: the
need for an early revision due to a technical error,
and the migration of a cemented glenoid implant
with resultant increase in pain and decrease in
function. Hattrup and Cofield reported complica-
tions in five of six patients. However, they
included complications not directly related to the
arthroplasty (pressure ulcer, pneumonia in two
patients, and ileus). Complications directly
related to the procedure included the need for
early reoperation due to an undiagnosed greater
tuberosity fracture present at the time of surgery
and a brachial plexopathy. Not unexpectedly,
complication rates were high. However, this
should not overshadow the fact that most patients
were pleased with the overall outcome.

As in any shoulder arthroplasty, radiography
becomes increasingly important to evaluate long-
term results. For example, loosening of compo-
nents can occur over time, which could eventually
lead to failure. Both publications used X-ray for
follow-up and determined that there was no loos-
ening of components and no radiolucency discov-
ered in 10 out of 11 patients. However, Hattrup
and Cofield noted that anterior or superior (or
both) glenohumeral subluxation occurred in all
patients at an average of 76 months. This suggests
that long-term arthroplasty results may be less
promising than anticipated in paraplegic patients.
Nevertheless, the fact remains that radiography is
necessary in any patient receiving arthroplasty.

Overall outcomes are promising when viewed
through the lens of the enormity of the challenge

of this procedure in this population. As previ-
ously discussed, the increased load placed on the
shoulders of those using wheelchairs or other
assistive ambulatory devices leads to a high prev-
alence of chronic shoulder pathology. Nine of 11
patients had some form of rotator cuff tear diag-
nosed at the time of surgery. This can affect the
type of surgery performed and the quality of the
expected results. Postoperatively, patients are
required to protect their shoulder for approxi-
mately 12 weeks, but the rigorous demands of
daily life are likely to cause increased long-term
complication rates. For example, as previously
noted, Hattrup and Cofield noted eventual gleno-
humeral subluxation in all patients. That being
said, both groups stated that they would continue
to offer this procedure to appropriately selected
patients due to improvement in function and
relief of pain, despite the less than perfect results
[25, 26].

Rotator Cuff Repair

Rotator cuff repair is the most thoroughly studied
procedure in paraplegic population. Although the
available research is largely limited to case
reports and retrospective studies, general trends
are apparent.

First, however, we must discuss some unique
characteristics of this population and how they
pertain to rotator cuff surgery. It is known that
RCIs are more prevalent with increasing age due
to the fact that most non-acute tears are degenera-
tive in nature. The average age of paraplegic
patients operated on was 57.7 years old [4, 11,
16, 24-27]. Simply based on the age of this
cohort, one could predict worse outcomes.
Furthermore, in the literature reviewed, the aver-
age time from spinal cord injury until surgery
was 27.7 years [11, 16, 24-27]. Given what we
know about the increased load and strain placed
on the shoulders of wheelchair-bound patients,
one could expect that RCIs would be more severe
with time in this population. As Kerr et al.
showed, wheelchair-bound patients have different
tear characteristics with more anterosuperior pat-
terns of injury [28].
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The acuity of the tear also has been shown to
have important prognostic value for patients
undergoing repair in the general population. Only
one study performed surgery in response to acute
injury [4]. Not surprisingly, this study also
showed the largest improvement in ASES score.
This observation highlights the fact that long-
standing or chronic tears are not as amenable to
repair as acute tears. Thus, it may be advisable
that adaptive athletes who suffer an acute injury
have it repaired as soon as reasonably possible.

One of the first studies analyzing rotator cuff
repair in the paraplegic population was done by
Robinson et al. in 1993. Robinson et al. reported
a case series on four spinal cord injury patients
with impingement syndromes and incomplete or
complete supraspinatus tears. All patients failed
non-operative  management. Postoperatively
PROM was started at 3 days, active assisted range
of motion at 2 weeks, and full active ROM at
3 weeks. Follow-up (5 weeks to 1 year) and out-
come measures varied considerably. However,
the authors reported overall success: “functional
capacity that approached or equaled premorbid
levels” and decreased pain complaints [27].

This study was followed by Goldstein et al. in
1997. Goldstein carried out another retrospective
case series with five patients who underwent side-
to-side rotator cuff repair between 1987 and 1997.
The majority (4) had large full-thickness tears of
the supraspinatus with atrophy of the supraspina-
tus without discrete history of trauma or acute
event. One patient had a smaller supraspinatus
tear without atrophy. After repair and acromio-
plasty, all patients’ postoperative protocols varied
widely. In general, patients were immobilized for
at least 2 days and then restricted to PROM only
for at least 6 weeks with some patients starting
wheelchair propulsion at 3 weeks. At an 8-10-
week follow-up, none of the large full-thickness
tears had improved shoulder function or range of
motion. The one patient with a smaller tear with-
out atrophy had increased shoulder function,
ROM, and decreased pain. These poor results
were attributed to tobacco use, poor baseline
ROM, and chronicity of the tears [11].

After Goldstein et al.’s largely discouraging
results, another study by Popowitz et al. was con-

ducted retrospectively on eight shoulders in five
SCI patients. Each patient was given a trial of
nonoperative management for 1-3 months. Then
patients underwent rotator cuff repair via a mini-
open deltoid-split incision. Postoperatively
patients were limited to PROM for 6 weeks, then
gradual active assisted, and at 8§ weeks they began
active ROM. They were followed for at least
1 year postoperatively. They found overall favor-
able results with reduced pain, improved trans-
fers, and minimal loss of function. However, two
of five patients required revision rotator cuff
repairs after reinjury that was attributed to the
weight-bearing nature of shoulders in this popu-
lation [4]. Fattal et al. carried out a prospective
study on 28 patients with spinal cord injury
largely mirroring Goldstein et al.’s results with
small decreases in FIM scores (2.3 points) and
significant improvements in pain control [24].
The most recent studies on rotator cuff repairs
in the wheelchair population were done by Jung
et al. and Kerr et al. Jung et al. carried out a retro-
spective study on 13 paraplegic patients who
failed conservative management and underwent
rotator cuff repair between 1995 and 2011. The
majority of tears were classified as massive intra-
operatively (69%), and tears were repaired by a
single surgeon either open or mini-open with
acromioplasty and double mattress technique.
Postoperatively PROM was fully started by day 3
and strengthening exercises started after brace
removal at 2 months. Patients were advised
against using the shoulder for propulsion for
6 months. Outcomes measured were the Constant
score, ASES score, ROM, muscle strength, and
imaging at 1 year to measure re-tear rate.
Follow-up ranged from 13 to 71 months. At a
1-year follow-up, 14 out of 16 repaired tendons
showed signs of recovery, while two showed evi-
dence of re-tear. Overall, ASES scores, Constant
scores, ROM, and muscle strength increased sig-
nificantly [16]. Lastly, Kerr et al. carried out a
retrospective case series analyzing full-thickness
rotator cuff repairs in 46 wheelchair-dependent
patients. All patients underwent surgery with a
single surgeon and there was no discussion of
technique. Postoperatively patients were hospi-
talized for 10 weeks, limited to PROM only for
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6 weeks when manual wheelchair use was started
again. Patients were encouraged to continue PT
for 1 year. Patients were reevaluated with ultra-
sound at an unknown interval for integrity of
repair. A high rate of repair failures (33%) was
encountered, but in these patients Constant and
ASES scores still had significant improvements.
Overall, at a mean follow-up of 46 months, ASES
and Constant scores increased significantly [28].

After careful analysis of the available research,
it is apparent that rotator cuff repair in wheelchair-
dependent patients who have failed non-operative
management has good results. The applicability
of these results to the adaptive athlete population
will remain in question until further studies are
completed. Most of the studies on rotator cuff
repair showed improved pain control [16, 24, 27,
28]. Recent studies from 2015 also indicated
improved functional scores even in patients with
structural failure of their repairs. High rates of
rotator cuff repair failure (12-33%) were encoun-
tered in both recent studies with relatively short
follow-up periods [16, 28]. This is likely due to
the high demand these patients place on their
shoulders as well as the difficulty adhering to
postoperative protocols when limited to the func-
tion of one upper extremity. In terms of postop-
erative protocols, there appears to be no consensus
between authors with each study utilizing a dif-
ferent protocol.

Conclusion

In conclusion, current literature for surgical
intervention in the adaptive athlete population
is lacking. Further research is needed with
higher-quality studies on rotator cuff repair,
and additional research analyzing other upper
extremity conditions in this population is
essential. However, from the available
research, it is apparent that adaptive athletes
are candidates for rotator cuff repair with
improvements in functional outcomes, ROM,
strength, and pain. It is also apparent from the
two available studies in adaptive athletes that
shoulder arthroplasty results in improvement
of functional outcomes but is associated with
a high rate of complications.

Given the fact that surgical outcomes pre-
sented on RCI are increasingly positive in the
wheelchair-bound population, it could also be
anticipated that other areas of injury will
respond satisfactorily to surgery. As we con-
tinue to gain more insight into this unique
group of patients, so too will our ability to
provide desirable results.
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Rehabilitation of the Adaptive

Athlete

Ashley Lazas Puk and Arthur Jason De Luigi

Introduction

Although sports can be traced back thousands of
years, the concept of adaptive sports has only
begun to make traction in the last century. In
1888, the Sports Club for the Deaf was founded
in Berlin [1], making it one of the first known
organized sports programs for adaptive athletes.
By 1940, the Paralympic Movement began taking
off, and the first international competition took
place in Stoke Mandeville, England [1]. Over the
past decade, opportunities and awareness have
broadened for athletes with disabilities. This has
shown to be beneficial for these athletes on and
off the court.

The Progression of the Adaptive
Games to Present

The first Stoke Mandeville Games were held in
1948. There were only 16 athletes competing on
teams at this time that came from only two
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rehabilitation facilities [1]. In 1951 there was as
many as 126 athletes from 11 different hospitals
that came out to participate in four different
sports which included archery, netball, javelin,
and snooker [1]. In 1952 participation interna-
tionally was started [1]. This was a result of the
athletes participating in the events being there to
represent their individual countries. The transi-
tion of the Stoke Mandeville Games allowed dis-
abled athletes to be a part of a sporting movement
instead of as a tool for medical purposes [1]. The
Stoke Mandeville Games were held in the same
location and venue as the Olympics in 1960 [1].
Since then, the Paralympic Games have been
held every year and in the same city or country as
the Olympics [2]. Then, 29 years later in 1989 the
International Paralympic Committee (IPC) was
formed [1]. In 2001 the IPC and International
Olympic Committee started working together
and decided that both the Olympics and
Paralympics would be held in the same city,
working under the committee and would be held
in the same venues each year [1]. The number of
athletes competing in the Paralympics continued
to increase throughout the years, and in 1996
Paralympic Games there were 3500 athletes that
represented 118 countries [2]. By 2008 there
were a total of 3951 athletes from 148 different
countries competing in the Beijing Paralympic
Games [1]. Coming second to the Summer
Olympics in popularity and viewership was now
the Summer Paralympic Games [1]. During this
event, worldwide, there were about 3.8 billion
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viewers [1]. This had increased the awareness of
athletes with various disabilities to participate in
various sporting events. Today, there are about
4000 Paralympic athletes in the 20 summer sports
and 500 Paralympic athletes in the five winter
sports every 4 years [3]. There are also about
4500-6000 disabled athletes that participate in
organized sports in the United States [2].

Major Contributors
to the Movement

There are several significant athletes that have
shaped adaptive sports into where it is today. At
the Stoke Mandeville Games in England in the
1940s, Sir Ludwig Guttmann, a neurologist,
started encouraging spinal cord injury patients to
participate in sports as a form of rehab [1].
Athlete Oscar Pistorius who is a South African
double below-knee amputee has been a world
record holder in Paralympic running events. He
has also recently competed in the London
Olympics as well as the Paralympic Games [1].
The case of Pistorius has done a great job world-
wide at helping athletes with disabilities show
that they are fully capable at succeeding at their
sport. Tatyana McFadden was another important
individual involved with the Paralympic
Movement. Tatyana McFadden was a wheelchair
athlete on the United States Paralympic team
who was responsible for the passage of the
“Fitness and Athletics Equity for Students with
Disabilities Act” in Maryland in 2008 [1]. This
law requires that schools allow students with dis-
abilities to participate in physical education
classes as well as athletic activities [4]. This law
also allows students with disabilities to try out for
school athletic teams [4].

The Benefits of Exercise
and Competition for Adaptive
Athletes

There are a number of benefits of exercise and
competition for adaptive athletes. Participating
in activities as well as competitions helps

adaptive athletes focus more on the positive
than the negative. It helps them look at the
physical abilities that they do have rather than
just focusing on their disability. Adaptive ath-
letes who participate in exercise are shown to
have an increase in self-esteem as well as a
self-perceived quality of life. It was also shown
in a study of 30 men with tetraplegia that the
self-efficacy in sports is also shown to increase
self-efficacy in activities of daily living [1]. In
this study, the individuals stated that the spe-
cial skills that were involved with their sport
helped with the skills of daily living such as
bed to chair transfers. Disabled athletes who
participate in exercise and competition also
tend to have an increase in body image and
empowerment. Once a disabled athlete partici-
pates in a sport and/or competition, they have a
continued motivation for involvement in sports.
In 2010 Annekin et al. showed physical exer-
cise to be a cause of increase in quality of life
[1]. There was also a positive correlation
between physical activity and rate of employ-
ment [1]. There has also been a correlation
between participation in sports and positive
mental health in disabled athletes. With so
many benefits of exercise and competition for
adaptive athletes, it is encouraged that these
individuals participate in sports and get
involved in the community.

Types of Disabilities Involved

There are a number of disabilities that are
involved with the Paralympics and sports. The
following disabilities are involved: amputees,
spinal cord injury patients, cerebral palsy,
wheelchair-bound athletes, and the visually
impaired. There are other types of disabilities;
however, these are the ones that we will focus on.
There will be different types of injuries that are
more prevalent in each of the disabilities. The
types of injuries seen in each disability depend on
the type of disability, the mechanics of the sports,
and the equipment used [3].

The most common injuries seen differ between
lower extremity and upper extremity amputees.
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For lower extremity amputees, it is common to
see fractures as a result of decreased
proprioception from prostheses [3]. A number of
these athletes also present with low back pain due
to muscular imbalances. Lower extremity ampu-
tees are more susceptible to overuse injuries such
as plantar fasciitis, Achilles tendinitis, and stress
fractures in the intact limb [3]. Upper extremity
amputees are more susceptible to cervical and
thoracic spine injuries. This is a result of the
imbalance and inequality of use between limbs.

Cerebral palsy athletes also have a high
prevalence of fractures. Fractures may be seen
as a result of decreased coordination which in
turn is causing falls [3]. In cerebral palsy ath-
letes it is common to see both upper and lower
extremity injuries. In cerebral palsy athletes
knee injuries are very common. They most
commonly involve the patellofemoral joint and
tight quadriceps and hamstrings [5]. Athletes
with cerebral palsy also have an increased risk
of metatarsalagia and ankle disabilities as a
result of their ankle and foot deformities [5],
such as equinus and pes valgus.

Spinal cord injury patients are the most com-
mon disability athletes that are using a wheel-
chair in athletics. Autonomic dysreflexia is a
medical emergency that is usually seen in spinal
cord injury athletes [5]. Spinal cord injury ath-
letes also tend to have difficulty with thermo-
regulation [5]. In wheelchair athletes, the most
common injuries were muscular injuries of the
upper extremity. These injuries are a result of
the high demand of the muscles in the upper
extremity used in propulsion [5]. A majority of
injuries in wheelchair athletes are overuse [2].
You will also commonly see bicipital tendinitis
and rotator cuff impingement [5]. The median,
ulnar, and radial nerves are the most commonly
seen affected in overuse injuries [2]. Carpal tun-
nel syndrome is seen to be the most common
overuse neuropathy in wheelchair users [2].
Ulnar neuropathy is the second most common
neuropathy seen in the upper extremities of
wheelchair athletes [2]. Muscular hypertrophy
is commonly seen in wheelchair athletes which
may increase their chances of developing nerve
entrapments [2].

Visually impaired athletes have an increased
risk of fractures as a result of falls from decreased
proprioception and unseen obstacles (unfamiliar
places) [3]. Lower extremity injuries are com-
mon due to abnormal gait and biomechanics.
Ankle sprains and shin contusions appear to be
the most common.

Rehabilitation and Care
for Disabled Athletes

Many different medical professionals are
involved in the progression of care for these ath-
letes. The individuals taking part in the care of
disabled athletes must be knowledgeable in both
musculoskeletal injuries as well as neurorehabili-
tation [1]. These professionals include the
following:

e Athletic trainers

e Physical therapists

e Physiatrists

e Orthopedic surgeons
e Family practitioners
» Pediatricians

e Prosthetists

e Orthotists

All of these professionals play an important
role in the initial care and treatment of the
athletes.

Athletes, in particular wheelchair athletes, are
classified by their impairment and functional
skills. Involved with the classification are physi-
cal therapists, occupational therapists, physi-
cians, and technical representatives [2]. The team
of health professionals completes both a neuro-
muscular and functional evaluation. The neuro-
muscular evaluation includes muscle strength,
joint range of motion, posture, trunk balance,
sensation, and spasticity [2]. The functional eval-
uation involves putting the athlete through vari-
ous sport-specific activities [2].

When completing rehabilitation and treatment
for disabled athletes, it is extremely important to
discuss the treatment and expectations of the pro-
gram between the athlete and the caregiver.
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You should be able to set and discuss achievable
goals of the program. There are a few differences
between rehabilitation for disabled athletes ver-
sus non-disabled athletes. The injuries that dis-
abled athletes experience may have greater
consequences than those same injuries in non-
disabled athletes. Musculoskeletal injuries will
affect disabled athletes with their activities of
daily living as well as their long-term quality of
life [1]. When completing rehabilitation for both
disabled and non-disabled athletes, it is impor-
tant to discuss both exercises and treatment that
will be completed in the clinic as well as exer-
cises that need to be completed at home with
caregivers. It is also important to discuss return to
play protocols and set realistic goals for when the
athlete will be able to return back to his/her sport.
Each injury as well as disability has different
rehabilitation goals. Each disability focuses on
different musculature and mechanics.

Wheelchair athletes are more susceptible to
shoulder injuries. As a result of propulsion,
wheelchair athletes have strong anterior muscu-
lature and weak posterior musculature. For
rehabilitation it is important to stretch anterior
shoulder muscles and strengthen the muscles of
the posterior capsule. Muscular imbalance is a
main contributor to shoulder pain in wheelchair
athletes. Shoulder abductors are stronger than
both adductors and internal/external rotators
[5]. Wheelchair athletes also have weak scapu-
lar stabilizers [5]. As far as rehabilitation, rest-
ing the shoulder in wheelchair athletes is
impractical due to the high demand of the upper
extremity for ambulation. Acute shoulder pain
should be treated with ice and NSAIDs [5] as it
would be in non-disabled athletes as well.
Another treatment option may also include sub-
acromial corticosteroid injections [S]. While
completing rehab the physical therapists and
athletic trainers should focus on stretching mus-
cles of the anterior shoulder, strengthening
adductors, internal/external rotators, and work-
ing on scapular stabilization [5].

For athletes with cerebral palsy, treatment
should include physical therapy, medications,
and bracing [5]. Rehabilitation should include
stretching and a warm-up and cooldown.

With cerebral palsy patients, benzodiazepines
may help decrease muscle tone [5]. Bracing
may also help to improve ambulation and con-
tribute to decreasing muscle tone [5]. Amputee
athletes should complete physical therapy that
focuses on back and core stabilization as well as
flexibility [5].

The treatment of injuries for blind athletes
does not differ from non-disabled athletes [5].
Athletes who are visually impaired should take a
tour of their rehabilitation facility prior to starting
their treatment. This will help them become
familiar with their environment which will help
decrease their risk of injury and falls [5].

The rehabilitation goals and focus points dif-
fer depending on the disability and sport of the
athlete. Treatment should focus on the specific
demands of their specific sport.

Conclusion

Paralympic sports have come a long way since
their start in 1888. Disabled athletes are par-
ticipating in sports and competition world-
wide. Athletes have been able to increase their
quality of life as well as their mental and phys-
ical health by participating in exercise and
sport. It is important to set realistic goals when
rehabbing athletes depending on their specific
disability and injury.
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David Hryvniak, Jason Kirkbride,
and Christopher S. Karam

Introduction/History

Adaptive sports grew in the mid-twentieth cen-
tury during the rehabilitation and reintegration
of wounded veterans from World War II, the
Korean War, and the Vietnam War back into
society. One of the pioneers was neurologist
Sir Ludwig Guttmann of the Stoke Mandeville
Hospital in England, where he cared for many
patients with spinal cord injuries. In 1948, while
the Olympic Games were being held in London,
he organized a sports competition for wheel-
chair athletes known as the Ist Annual Stoke
Mandeville Games. These annual competitions
laid the foundation for what would become the
Paralympic Games [1]. The first International
Stoke Mandeville Games were held in Rome,
Italy in 1960 and featured 400 athletes from 23
countries. In 1976, people with limb deficien-
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cies and visual impairment were included in the
program, followed by those with cerebral palsy
in 1980. In 1985, the term Paralympic was first
used to describe the international competition
that was considered “parallel with the Olympics.”
Currently, cities bid to host both the Olympics
and Paralympics together in succession. The
International Paralympic Committee (IPC) was
formed in 1989 as the international organization
governing elite sports for athletes with disabili-
ties including physical and visual impairments.
Together with the International Sports Federation
for Persons with Intellectual Disability (INAS-
FID) and Special Olympics, representing solely
athletes with intellectual disability, the IPC acts
as the representative body for adaptive sports.
With athletics being the cornerstone of the
Summer Olympic Games every 4 years, adaptive
track and field became one of the first adaptive
sports introduced and one of the most popular.
The sport offers a wide range of events, is open to
male and female athletes in all impairment
groups, and always attracts the largest number of
spectators. The events on the Paralympic pro-
gram include sprints, middle- and long-distance
events, the marathon, field events, and the pen-
tathlon. In addition, wheelchair road racing has
become increasingly popular with larger and
more competitive fields at most major marathons.
The first wheelchair-borne marathon competitor
competed in the 1975 Boston Marathon. In 2015,
40 years later, 50 push-rim wheelchair partici-
pants completed the 119th Boston Marathon [2].
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Disability Groups

To be eligible for adaptive competition in athlet-
ics, a person must have an impairment and dis-
ability which is evaluated to be severe enough to
have an impact on the sport of athletics. The level
of impairment is scored through a standardized
process known as classification. According to the
International Paralympic Committee, there are
six disability groups that comprised of ten eligi-
ble impairment types including eight physical
impairments as well as visual impairment and
intellectual impairment [3]. The eight physical
impairments include impaired muscle power,
impaired passive range of motion, limb defi-
ciency, ataxia, athetosis, hypertonia, short stat-
ure, and leg length difference. Descriptions of
these impairments along with the aforementioned
visual and intellectual impairments are seen in
Table 9.1.

Classification

To ensure fair and equal competition, a classifica-
tion system is used to group athletes into sport
classes based on impairment and activity limita-
tions (Table 9.2) [3]. The aim of classification in
IPC athletics is to minimize the impact of eligible
impairments on the outcome of competition.
According to the IPC, athletes with impairments
that have a similar impact on sport performance
will generally compete in the same sport class.
The system ensures that athletes do not succeed
simply because they have an impairment that
causes less of a disadvantage than their competi-
tors but because of their skill, determination, tac-
tics, fitness, and preparation. In order to be
classified, the participant must submit a copy of
the IPC Medical Diagnostic Form and all relevant
documentation that is completed by their physi-
cian. For athletes competing in road races, such
as the Boston Marathon, there may be different
classification systems used (Table 9.3) [4].

Table 9.1 IPC eligible impairment types

The muscles in the limbs or trunk are
completely or partially paralyzed as a
consequence of conditions such as
spinal cord injury, polio, or spina
bifida

Range of movement in one or more
joints is permanently reduced due to
trauma, illness or congenital
deficiency (e.g., conditions such as
arthrogryposis or joint contracture
resulting from trauma)

Impaired
muscle power

Impaired
passive range
of movement

Limb
deficiency

A total or partial absence of bones or
joints, from birth, as a consequence of
trauma (e.g., traumatic amputation) or
illness (e.g., amputation due to
cancer)

Lack of muscle coordination due to
problems with the parts of the central
nervous system that control movement
and balance, typical of conditions
such as traumatic brain injury and
cerebral palsy

Ataxia

Athetosis Repetitive and more or less continual
involuntary movements caused by
fluctuating muscle tone arising from
problems in the central nervous
system, typical of conditions such as
cerebral palsy

Abnormal increase in muscle tension
with reduced ability of muscles to
stretch and joint stiffness, slowness of
movement, and poor postural
adaptation and balance, due to
problems in the central nervous
system, typical of conditions such as
cerebral palsy, traumatic brain injury,
and stroke

Hypertonia

Short stature ~ Standing height and limb length are
reduced due to conditions such as

achondroplasia and osteogenesis

imperfecta
Leg length Minimum of 7 cm leg length
difference difference due to trauma, illness, or
congenital conditions
Visual Vision is impacted by either an
impairment impairment of the eye structure,
optical nerve/pathways or the part of
the brain controlling vision (visual
cortex)
Intellectual Limited intellectual functions and
impairment adaptive behavior, which must be

diagnosed before the age of 18
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Table 9.2 [IPC sport classification track/running events

Athletes with visual impairment

T11- Athletes in these classes have a visual impairment,

T13  which is severe enough to impact on sport
Athletes with intellectual impairment

T20 Athletes in this class have an intellectual
impairment that impacts on the activities of
running (400 m—marathon)

Wheelchair racing

T32— These athletes compete in a wheelchair typically

34 secondary to coordination impairments
including hypertonia, ataxia, and athetosis (i.e.,
cerebral palsy, head injury, or stroke)

T51  Athletes usually have decreased shoulder muscle
power and difficulty straightening the elbows for
a pushing action required for wheelchair racing
propulsion. There is no muscle power in the
trunk. Wheelchair propulsion is achieved with a
pulling action using the elbow flexor and wrist
extensor muscles

T52  Athletes use their shoulder, elbow, and wrist
muscles for wheelchair propulsion. There is
poor to full muscle power in the fingers with
wasting of the intrinsic muscles of the hands.
Muscle power in the trunk is typically absent

T53  Athletes typically have full function of the arms
but no abdominal or lower spinal muscle
activity (grade 0)

T54  Athletes have full upper muscle power in the
arms and some to full muscle power in the trunk.
Athletes may have some function in the legs
Track running

T35- These athletes typically have coordination

38 impairments including hypertonia, ataxia, and
athetosis but are able to functionally run (i.e.,
cerebral palsy, head injury, or stroke)

T40- There are two classes depending on the body

41 height of the athlete and the proportionality of
the upper limbs. Athletes in classes T40 have a
shorter stature than T41

T42  Athletes have a single above-knee amputation or
impairments that are equivalent to an
amputation above the knee

T43  Athletes have double below-knee amputations
or impairments that are equivalent to a double
below-knee amputations

T44  Athletes have a single below-knee amputation
or impairments that are equivalent to a single
below-knee amputation

T45  Athletes have double-arm amputations above or
below the elbow or equivalent impairments

T46  Athletes have a single above- or below-elbow
amputation or impairments that are equivalent to
a single-arm amputation

Table 9.3 Boston Marathon wheelchair racing classifications

Quad class

Class 1  Have functional elbow flexors and wrist
dorsiflexors. Have no functional elbow
extensors or wrist palmar flexors. May have

shoulder weakness

Class 2  Have functional elbow flexors and extensors,
wrist dorsiflexors, and palmar flexors Have
functional pectoral muscles. May have finger
flexors and extensors

Open class

Class 3 Have normal or nearly normal upper-limb
function. Have no abdominal muscle function.
May have weak upper-spinal extension

Class4 Have normal or nearly normal upper-limb
function. Have no abdominal muscle
function. May have weak upper-spinal
extension

Equipment

Prostheses for Amputee Athletes

The prototypical prosthesis used by athletes for
running and track and field is the “running blade
(Fig. 9.1).” These are also known as energy, stor-
ing, and returning (ESR) prostheses or running-
specific prostheses (RSP). Running prostheses
are made from a carbon fiber polymer that is
designed to store kinetic energy, similar to the
way a spring functions. ESR prostheses are
attached to the athlete using a socket, with liners
and pads used to enhance fit and prevent skin
breakdown. Sockets (Fig. 9.1) are created simi-
larly for both athletic and non-athletic purposes,
but sockets for athletes are commonly made of
carbon fiber. This adds considerably to the cost
but also improves durability and weight. ESR
prostheses are designed for energy storage and
propulsion. There are different designs to the
ESR prostheses to allow for different distances
and speeds of racing. There is no ankle joint or
heel, making standing still with ESR prostheses
difficult. Different surfaces can be attached to the
bottom of the prosthesis for traction and improved
wear. Athletes typically cut soles from running
shoes and attach them to the prosthesis with glue
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Fig.9.1 The athlete in the figure is shown with his run-
ning blade attached to his custom-made socket. Photo
courtesy of Lawall Prosthetics and Orthotics

or velcro. The Nike Sole is a shoe made specifi-
cally for attaching to running blades.

The energy cost of ambulation and running
with a prosthesis is greater than an able-bodied
athlete, which can vary based on speed, cardio-
vascular fitness, level of amputation, reason for
amputation, and the properties of the prosthesis
itself. The running-specific ESR prostheses can
lower heart rate during exercise and lower the
total energy cost to the athlete, when compared to
a typical prosthesis. There is considerable debate
about whether ESR prostheses offer an unfair
advantage to disabled athletes during competi-
tion against able-bodied athletes and among other
limb-deficient athletes. There have been multiple
studies on the subject, yet no consensus has been
reached. Some have concluded that there is no
physiological advantage when compared with
non-amputee athletes [5, 6], while others feel that
the use of an ESR prostheses does provide an
advantage [7-9]. Of note, there is some evidence
to suggest the energy cost of an individual run-
ning with an ESR prosthesis is very similar to an
able-bodied athlete. The length of the running

blades has also been identified as a potential area
for an unfair advantage among limb-deficient
athletes [10, 11]. The IPC has set rules related to
the length of prosthetic limbs used in competition
by dictating a maximum allowable standing
height (MASH) for athletes with prosthesis, com-
monly referred to as the MASH rule. These rules
should be referenced when a limb-deficient ath-
lete is being fitted for a prosthesis that will be
used for competitive purposes.

It is also important for close follow-up of the
limb-deficient athlete to ensure proper fit of the
socket and prosthesis. Athletes can often develop
skin breakdown, residual limb swelling, and pain
secondary to a poorly fitted socket creating pres-
sure points, poor circulation, and shear forces on
the residual stump. Typical prostheses can last
several years, but a change in fit and wear on the
other components can often necessitate a revision
or replacement.

Racing Wheelchairs

Racing wheelchairs consist of two larger rear
wheels and a single wheel up front. The front
wheel is smaller in diameter and extends well in
front of the seat elongating the chair (Fig. 9.2).
This provides improved stability and shock
absorbance at the expense of maneuverability.
The athlete is generally placed in a kneeling posi-
tion, suspended in a sling, though a seated posi-
tion in the chair is possible as well. Appropriate
padding is necessary to prevent shear force and
pressure to the weight-bearing surfaces. The ath-
lete is fit tightly into the wheelchair to increase
stability [12]. Similar to most sport wheelchairs,
the wheels are cambered. They use pneumatic
tires and aim to be very lightweight, most often
with frames constructed of aluminum. The
majority of wheelchairs tend to be custom fit;
however, many athletes begin with a basic racing
wheelchair that meets IPC regulations. When
making custom adjustments, careful consider-
ation should be paid to the IPC rules so that eligi-
bility of the chair is retained (Table 9.4) [13].
Athletes are allowed one-hand rim per wheel,
and they must have the ability for hand-operated
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Fig.9.2 Susannah
Scaroni is shown
demonstrating
wheelchair propulsion
mechanics. Photo
courtesy of New York
road runners. 2016
United Airlines half
marathon

Table 9.4 IPC rules: racing wheelchair

Rule The wheelchair shall have at least two large
159 wheels and one small wheel.

Para 1

Rule No part of the body of the chair may extend

159 forwards beyond the hub of the front wheel

Para2  and be wider than the inside of the hubs of
the two rear wheels. The maximum height
from the ground of the main body of the
chair shall be 50 cm.

Rule The maximum diameter of the large wheel

159 including the inflated tyre shall not exceed

Para3 70 cm. The maximum diameter of the small
wheel including the inflated tyre shall not
exceed 50 cm.

Rule Only one plain, round hand rim is allowed

159 for each large wheel. This rule may be

Para4  waived for persons requiring a single arm
drive chair, if so stated on their medical and
Games identify cards.

Rule No mechanical gears or levers shall be

159 allowed, that may be used to propel the chair.

Para 5

Rule Only hand operated, mechanical steering

159 devices will be allowed.

Para 6

Rule In all races of 800 m or over, the athlete

159 should be able to turn the front wheel(s)

Para7  manually both to the left and the right.

Rule The use of mirrors is not permitted in track
159 or road races.

Para 8

Rule No part of the chair may protrude behind the
159 vertical plane of the back edge of the rear
Para9 tires.

Rule
159 to ensure the wheelchair conforms to all the

It will be the responsibility of the competitor

Para 10 above rules, and no event shall be delayed
whilst a competitor makes adjustments to the
athletes chair.

Rule Chairs will be measured in the Marshalling

159 Area, and may not leave that area before the

Para 11 start of the event. Chairs that have been
examined may be liable to re-examination
before or after the event by the official in
charge of the event.

Rule It shall be the responsibility, in the first

159 instance, of the official conducting the event,
Para 12 to rule on the safety of the chair.

Rule Athletes must ensure that no part of their
159 lower limbs can fall to the ground or track
Para 13 during the event.

mechanical steering and braking; however, there
is not any gearing allowed. The rear wheels are
limited to 70 cm diameter and the smaller front
wheel 50 cm.

Wheelchair Propulsion Techniques

There are two propulsion techniques for wheel-
chair racers with retained upper extremity func-
tion. The first, called conventional technique or
thumb technique, uses the hand in a finger-flexed
position with the thumb extended. Athletes posi-
tion themselves with a forward lean to allow the
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Fig.9.3 Aaron Pike is
shown demonstrating
wheelchair propulsion
techniques. Photo
courtesy of New York
road runners. 2016
United Airlines half
marathon

use of their trunk muscles and weight to generate
force. Initial contact is made with the push rim
contacting between the first joint and knuckle of
the thumb. The shoulders are internally rotated and
forearm pronated. Once contact is made, the dor-
sal surface of the 1st phalanx of the index and
middle fingers makes contact with the push rim by
supination of the forearm and “flick of the wrist.”
To protect against skin breakdown, heavy padding
and taping are used over contact surfaces. The sec-
ond technique is named the para-backhand tech-
nique and requires use of a specialized glove. The
hand position starts with the fingers flexed and
thumb pressed against the index finger. Initial con-
tact occurs at the 1st phalanx on the dorsal surface
of the index and middle finger. As the hand travels
around the lateral surface of the push rim, contact
moves to the base of the thumb and the 3rd pha-
lanx of the index, middle, and ring fingers. Athletes
are shown demonstrating these propulsion tech-
niques in Figs. 9.2 and 9.3. A comparison of the
two techniques revealed similar work per stroke;
however, para-backhand had a longer push phase,
which is ideal for endurance athletes as it requires
a less explosive push stroke [14].

Injuries and Injury Prevention

Medical coverage of endurance races for able-
bodied and adaptive athletes is similar, with some
unique conditions the sports medicine physician

should be aware of. Prevalent conditions include
skin conditions, hyponatremia, heat illness,
exercise-induced asthma, and overuse injuries.
Providing education to participants regarding
injury prevention is increasingly important in
adaptive sports.

Skin problems are very common given the
repeated contact with the wheelchair rim, tire,
and locking mechanism. The upper arm and
axilla region can also come into contact with the
rim when trying to brake; therefore protection is
critical. These can progress quickly, so routine
skin checks are recommended. Often the camber
of the wheelchair can be adjusted to allow more
clearance of the axilla. Athletes should ensure
they have proper padding and clothing to prevent
skin breakdown, including on the upper arms.
Gloves, taping, and callus formation can be suc-
cessful at preventing hand skin breakdown in
wheelchair athletes. Moist clothing should also
be minimized. Given the positioning in the
wheelchair, pressure sores can also be an issue.
For long races, performing pressure relief tech-
niques to unload the affected area and allow for
circulation can be critical to preventing skin
breakdown and formation of ulcers.

Overuse injuries, like in able-bodied athletes,
typically arise from training errors, biomechani-
cal problems or a combination of both. Common
culprits include a recent change in training vol-
ume, an increase in training intensity, or a change
in one’s biomechanics or equipment, so all areas
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should be reviewed with the athlete. Overuse
injuries in a limb-deficient athlete may be seen
due to misaligned or poorly fit prostheses. In uni-
lateral limb-deficient racer, the altered biome-
chanics of running and loading patterns with a
prosthesis can put the contralateral limb at risk
for osteoarthritis, stress fractures, plantar fasci-
itis, patellofemoral syndrome, and other overuse
injuries commonly seen in runners.

The muscles most involved for wheelchair
racing include the triceps, pectorals, deltoid,
flexor carpi radialis, and the rotator cuff muscles
and, as such, are usually most affected by overuse
injuries [14]. Seating position is an important
factor in the amount of muscle activation that
occurs in propulsion. A lower seating position
has been attributed with a smoother motion and
more efficient pushing pattern [15]. The rotator
cuff especially is at risk with these athletes as the
biomechanical stress placed on these muscles is
significant in wheelchair racing. Rotator cuff
injury can be prevented through proper warm-up,
proper mechanics, and a scapular stabilization
and strengthening program. Typically these inju-
ries can be managed conservatively; however,
obtaining the necessary rest of the shoulder gir-
dle musculature is difficult due to the need for
continued daily use in a wheelchair-bound indi-
vidual. Given the importance of the shoulder
joint to mobility in a wheelchair athlete, surgical
consultation should be considered early if not
responding to typical conservative management.

Nerve entrapments, especially upper extrem-
ity, are a common condition in wheelchair ath-
letes with rates greater than able-bodied athletes
[16]. The most common sites are the median
nerve at the wrist, the ulnar nerve at the wrist and
elbow, and the distal radial sensory nerve. These
often present with numbness, weakness, and pain
in the hands and fingers in the distribution of the
nerve affected. Physical examination, includ-
ing a positive Tinel’s sign at site of entrapment,
and muscle weakness and/or atrophy, along with
electrodiagnostics can be helpful to diagnose
these nerve entrapments. It has been reported that
while only 23% of wheelchair athletes present
with clinical symptoms, approximately 64% of
these athletes have some type of electrodiagnos-
tic abnormality. One study found despite all the

addition time training, wheelchair athletes have
a similar or lower risk of median mononeuropa-
thy than the general wheelchair-using population
[17]. Conservative treatment for mild-moderate
cases can include wrist splints, anti-inflamma-
tories, and steroid injections; however, in the
more severe cases often surgical management is
required.

It has been shown that lower extremity inju-
ries are more common in ambulatory athletes
(visually impaired, amputee, cerebral palsy),
while upper extremity injuries are more frequent
in athletes who use a wheelchair [18]. Injury pat-
tern studies based on the IPC functional classifi-
cation system of athletes have produced similar
results with wheelchair athletes most commonly
sustaining upper extremity injuries, while limb-
deficient runners most commonly sustain injuries
to the residual limb, spine, or intact limbs.
Athletes with cerebral palsy often suffer injuries
involving the foot and knee, and visually impaired
athletes most commonly suffer lower extremity
injuries [19].

Special Considerations

In athletes with spinal cord injury (SCI), it is
important to be aware of some unique consider-
ations. These include autonomic dysreflexia and
impaired thermoregulation.

Autonomic Dysreflexia/“Boosting”

Autonomic dysreflexia (AD) is an abnormal
overreaction of the autonomic nervous system to
some type of stimulation and should be consid-
ered a medical emergency. AD can develop in
athletes with a neurologic level of injury at T6 or
higher. A noxious stimulus below the level of
injury, commonly bladder or bowel distension,
can trigger symptoms. AD is characterized by
sudden onset of hypertension (systolic blood
pressure of at least 40 mm Hg over baseline),
facial flushing, sweating, headache, and slowed
heart rate. Keep in mind that individuals with
a SCI often have a low baseline blood pres-
sure; therefore, a blood pressure that may seem
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reasonable in another population could poten-
tially be significantly elevated in the SCI popula-
tion. AD can lead to seizures, cerebral
hemorrhage, hyperthermia, cardiac arrhythmias,
and pulmonary edema. The treatment of AD aims
to identify and remove the noxious stimulus to
therefore reduce the blood pressure. The athlete
should remain upright, and all clothing and straps
should be loosened or removed. The urinary cath-
eter should be checked for kinks and flushed to
ensure there is no obstruction, and the bowel may
need to be dis-impacted. Blood pressure should
be closely monitored and rechecked often. If
there is not any noxious stimulus which can be
readily identified, a short-acting antihypertensive
is often given such as nitropaste or immediate
release nifedipine. Males with SCI are often on
PDES inhibitors and use should be determined
before the use of nitrates. It is important for med-
ical staff, coaches, and competitors to be familiar
with the symptoms, triggers, and treatment of AD
as this is unique to the SCI population.

Boosting is defined as the intentional induc-
tion of AD to gain a performance benefit.
Boosting is considered doping and has been
banned by the IPC due to the significant medical
risks involved (Table 9.5) [20]. It has been shown
to enhance performance over a 7.5 km race by
nearly 10% [21]. Prevalence of boosting is high,
with one study showing that more than 15% of
athletes with SCI above T6 have voluntarily
induced AD to improve their performance [22].
Athletes will typically induce AD by clamping a
urinary catheter to cause bladder distension,

Table 9.5 IPC handbook, April 2009, IPC position state-
ment on autonomic dysreflexia and boosting

1 Persons with cervical or high thoracic spinal injuries
can suffer from an abnormal sympathetic reflex
called Autonomic Dysreflexia. This reflex is caused
by painful stimuli to the lower part of the body,
particularly distension or irritation of the urinary
bladder. The symptoms of dysreflexia are a rapid
rise in blood pressure, headache, sweating, skin
blotchiness, and gooseflesh. In serious cases,
confusion, cerebral haemorrhage and even death can
occur. This reflex may happen spontaneously or
may be deliberately caused (“Boosting”). As this is
a health hazard, the IPC forbids athletes to compete
in a hazardous dysreflexic state.

2 An examination may be undertaken by physicians
or paramedical staff appointed by the IPC and may
be undertaken at any time including in the call up
room or such other areas used by athletes for
warm-up purposes prior to the competition. If an
athlete fails to co-operate, the athlete will not be
permitted to compete at that competition.

3 A hazardous dysreflexic state is considered to be
present when the systolic blood pressure is
180 mm Hg or above.

4 An athlete with a systolic blood pressure of
180 mm Hg or above will be re-examined
approximately 10 min after the first examination. If
on the second examination the systolic blood
pressure remains above 180 mm Hg the person in
charge of the examination shall inform the
Technical Delegate to withdraw the athlete from the
particular competition in question.

5 Any deliberate attempt to induce Autonomic
Dysreflexia is forbidden and will be reported to the
Technical Delegate. The athlete will be disqualified
from the particular competition regardless of the
systolic blood pressure. In addition, a report on the
deliberate attempt to induce Autonomic Dysreflexia
will be provided to the IPC Legal and Ethical
Committee for subsequent investigation in relation
to the nonrespect of legal and ethical principles by
the athlete and/or athlete support personnel.

6 If an athlete who has a spinal cord lesion at T6 and
above is hypertensive, the athlete must produce
medical evidence prior to competition supporting
this. This medical evidence must outline the level of
the athlete’s resting blood pressure over a minimal
period of 14 days preceding the competition, and
what particular treatment the athlete is taking.

7 The issue of monitoring Autonomic Dysreflexia is
primarily the responsibility of the athlete’s NPC,
especially its medical team. This responsibility
includes:

7.1. Ensuring that their athlete(s) are not
dysreflexic prior to entering the call-up area;

7.2. Ensuring that their athlete(s) are not using a
mechanism which may cause or provoke
dysreflexia;

7.3. Providing the authorised person who
examines for autonomic dysreflexia, upon
demand, with a list of resting blood
pressures of their athletes concerned.

overly tightening their leg straps, introducing
electric shocks to their lower extremities/inguinal
region, sitting on ball bearings or breaking a
bone, most often a toe, prior to competition [23].

The IPC handbook considers AD to be present
when the systolic blood pressure is greater than or
equal to 180 mm Hg. The athlete’s blood pressure
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should be re-tested 10 min after the initial detec-
tion. If the blood pressure remains unchanged
upon rechecking, or an athlete attempts to self
induce AD, they will be excluded from competi-
tion. If an athlete with SCI at T6 or higher has
hypertension, the pre-existing hypertension needs
to be clearly clinically documented prior to com-
petition, including documentation of the resting
blood pressure over the preceding 14 days and the
current treatments [24, 25].

Impaired Thermoregulation

Individuals with SCI are at much higher risk for
heat illness due to the autonomic nervous sys-
tem’s impaired blood flow to the skin and ability
to sweat distal to the level of injury. In addition,
the relatively poor mechanical efficiency of upper
limb exercise increases internal heat production
[26]. Mild heat illness can present as heat cramps,
while more severe heat illness can present as heat
exhaustion or heat stroke. Heat stroke is a medi-
cal emergency with dangerously high core body
temperatures (>104 °F), lack of thermoregulation
with cessation of sweating, and concomitant
mental status changes [27]. Treatment includes
rapidly cooling an athlete by getting them out of
the sun, applying ice water-soaked towels, and
submerging the athlete in an ice water tub.
Frequent mental status checks should be per-
formed to monitor the patient’s status along with
measuring a core body temperature using a rectal
thermometer. Oral hydration may be attempted,
but frequently IV hydration with isotonic saline
must be administered for fluid replacement. The
athlete should be properly cooled prior to medi-
cal transport to a hospital. Athletes suffering
from heat stroke can often experience a rebound
hyperthermia after being cooled so they should
be transported for advanced medical care and
monitoring. Planning can be key to the medical
director’s prevention of heat-related emergen-
cies. Weather predictions must be monitored for
the week leading up to an event with Wet Bulb
Globe (WBG) temperature being important fac-
toring in temperature, humidity, and solar radia-
tion. It is the medical director’s responsibility to

use this information to adequately inform the
race director and participants about risk of activ-
ity and perhaps recommend canceling the event if
WBG temperature exceeds 90 °F. Adequate pre-
event hydration, acclimatization, and proper
clothing are critical in preventing heat illness.

Conclusion

Adaptive sports, especially adaptive running
and wheelchair racing, have been increasing in
popularity and participation over the last cen-
tury worldwide. The Paralympics and World
Marathon Majors wheelchair races, including
the Boston Marathon, are world-class athletic
events with significant prize money and elite
competition. It is important for the sports medi-
cine team to be aware of the unique require-
ments regarding classification and participation
in these events. Likewise, it is essential to
understand the equipment, regulations, and dis-
tinctive biomechanical requirements of running
prostheses and racing wheelchairs. Adaptive
runners and wheelchair racers have many of
the same sports medicine conditions arise as
able-bodied athletes; however there are some
unique circumstances that the sports medicine
practitioner must be aware of. Education and
prevention can be critical in preventing signifi-
cant morbidity in care of adaptive athletes.
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Introduction

The realm of adaptive cycling is broad in scope in
terms of both participants and adaptations. From
handcycles, recumbent bicycles, traditional
upright bicycles, and wheelchair systems, the
cycle or wheelchair used must be designed with
the patient’s health and sport-specific needs in
mind. There is a wide, diverse array of sports that
support adaptive cyclist participation.

The Adaptive Sports Cycle
and Wheelchair

The fleet of adaptive cycles comprises an array of
different styles and components and should be
equipped specific to the individual’s physical
challenge(s). Adaptive sports cycles may be classi-
fied by the sport for which they are designed to
assist. There are indoor training rollers, everyday
wheelchairs, competitive handcycles, tennis wheel-
chairs, recreation handcycles, racing wheelchairs,
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basketball wheelchairs, and wheelchairs for
extreme sports, such as all-terrain wheelchairs for
mountainous trails. Other sports that support adap-
tive cyclists even include archery, triathlon, and
hunting.

A variety of para-athletes may use these,
including athletes with limb deficiency due to
amputation or congenital deformity, spinal cord
injury (paraplegia and quadriplegia), hemiplegia
due to stroke/brain injury, visually impaired ath-
letes, and those with cerebral palsy/intellectual
disability. In particular, adaptive athletes with
visual impairments and/or those who are intellec-
tually disabled may cycle with sighted, tandem
cyclists who are trained in aiding the visually
impaired and/or intellectually disabled cyclist.

Adaptive Cycling History
and as a Paralympic Sport

Adaptive cycling has grown into an interna-
tional phenomenon, enabling those with physi-
cal challenges to overcome them and integrate
more seamless into society. The US Paralympic
Cycling Team has athletes with limb deficiency,
visual impairment, spinal cord injury, traumatic
brain injury, cerebral palsy, and stroke [1]. Since
the mid-1980s, adaptive handcycling has been
organized as a competitive sport, become recog-
nized by the International Paralympic
Committee (IPC) as a form of paracycling in
1999, and finally part of the Paralympic Games
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Table 10.1 Governed paracycling events

Road events Track events

e Road race (men and e Tandem sprint (men
women) and women)

e Individual time trial e Team sprint (men and
(men and women) women, mixed event)

e Handcycling team e 500 m time trial (men

relay (men and women,
mixed event)

and women) or 1 km
time trial (men and
women)

e Individual pursuit (men
and women)

e Scratch race (men and
women)

Eight discrete events for both men and women compose
the road and track races governed by the Union Cycliste
Internationale (UCI). Road events include road races,
individual time trials, and team relays. Formal track
events are divided into tandem sprint, team sprint, time
trial, individual pursuit, and scratch races

for the first time in 2004 in Athens [2].
Governance of paracycling was transferred from
the IPC to Union Cycliste Internationale (UCI)
in February of 2007, and the discipline sepa-
rated into road and track races for a total of eight
events (Table 10.1). The principal international
competitions for adaptive cyclists include the
World Championships, the Paralympic Games,
and the World Cup [3].

The Paralympic Movement website (Paralympic.
org) details the different classifications of para-ath-
letes that may compete in adaptive cycling. The four
main classes of adaptive cycling include handcy-
cling, tricycling, bicycling, and tandem cycling
depending on the degree and type of impairments.
Of the ten eligible impairments for the Paralympics,
eight qualify for inclusion in adaptive cycling:
impaired muscle power, impaired passive range of
movement, limb deficiency, leg length difference,
athetosis, hypertonia, ataxia, and visual impair-
ment. Those with intellectual impairment or short
stature are excluded from competitive adaptive
cycling.

Handcycling has five classes (HI-HS5)
(Table 10.2) with lower numbers indicative of
more severe impairment(s). H1 athletes are tet-
raplegic (C6 or above) and generally have severe
upper limb impairment with no ability to use
their trunk or leg. H2 athletes are also tetraplegic
(C7/C8) with severe athetosis, ataxia, and/or

Table 10.2 Classification of adaptive cyclists

Handcycling H1  Tetraplegic (C6 or above)
(H1-H5) H2  Tetraplegic (C7/C8)

H3  TI1-T10 injury

H4  T11 down—reclining

H5 TI11 down—kneeling
Tricycling (T1-T2) Tl1 Severe athetosis, ataxia,
dystonia

T2  Moderate athetosis, ataxia,

dystonia

Bicycling (C1-C5) C1  Grade 3 spasticity

C2  Grade 2 spasticity

C3  Less spasticity in upper
limb (grade 1)

C4  Grade 1 spasticity
C5  Minimal impairment

Tandem cycling B1  No sight
(B1-B3) (for B2  Visual acuity 2/60, visual
visually impaired) field <5°

B3  Visual acuity between 2/60
and 6/60, 5° < visual field
angle <20°

Each classification level of handcycling (H1-HS5), tricy-
cling (T1-T2), bicycling (C1-CS5), and tandem cycling
(B1-B3) is meant to better place each adaptive cyclist into
brackets of competition with athletes of similar ability: (a)
handcyclists are limited in their ability to use their trunk
and/or lower extremities and (b) tricyclists are generally
afflicted with coordination or balance deficits. An adap-
tive tricyclist may not be an amputee; (c) bicyclists are
capable of riding a traditional upright bicycle; however,
they need accommodations and/or adaptations secondary
to a loss of muscle power or amputation. It is important to
distinguish that C1-C4 cyclists may be single or double
amputees, whereas a C5 cyclist may only be a single
amputee; (d) tandem cyclists are visually impaired and
ride with a sighted pilot cycler [4, 5]

dystonia. H3 athletes may have spinal cord
lesions anywhere from T1-T10 (or equivalent
injury) with limited trunk stability. H4 athletes
will have impairment from T11 down, with nor-
mal or almost normal trunk stability, but be
unable to kneel. Those competing in classes H1—
H4 compete in a reclined position and compete
on a recumbent handcycle, whereas H5 class
athletes are paraplegics (T11 or below) and
amputees who distinguish themselves from H1-
H4 by being able to kneel and compete on a
kneeling handcycle. Those competing in classes
H1-H4 compete in a reclined position, whereas
HS5 competitors are capable of sitting on their
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knees and may use both their arm and trunk.
Examples of H1-H4 athletes include those with
spinal cord injury, cerebral palsy, or multiple
sclerosis. HS athletes may have leg amputation
or congenital limb deficiency, paraplegia, or
ataxia [4].

Tricycling has two classes (T1-T2) (Table 10.2),
again with the lower number corresponding to a
higher degree of impairment. Adaptive cyclists
will use a tricycle if their coordination or balance
is affected enough to require the tricycle for stabil-
ity while riding. T1 tricyclists have severe atheto-
sis, ataxia, or dystonia and generally with grade 3
spasticity or higher. T2 tricyclists have more mod-
erate athetosis, ataxia, or dystonia with more fluent
movements, grade 2 spasticity for hemiplegic and
quadriplegic patients, and grade 3 spasticity for
diplegic athletes.

Adaptive cyclists capable of riding a tradi-
tional upright bicycle will compete in one of five
classes (C1-C5) (Table 10.2), once again with
lower numbers corresponding to the highest
degree of impairment. C1 cyclists have grade 3
spasticity in upper and/or lower limbs with poor
strength in the trunk and/or extremities and can
have single or double amputations. C2 cyclists
have grade 2 spasticity throughout with greater
lower limb involvement. C3 cyclists will have
less spasticity in the upper limb (grade 1) versus
the lower limb (grade 2) and with less athetosis,
ataxia, or dystonia than C1 or C2 cyclists. C4
cyclists generally have grade 1 spasticity with the
lower limb more involved and mild to moderate
athetosis, ataxia, or dystonia. C5 cyclists have
minimal impairment such as monoplegia spastic-
ity with clear neurologic signs or single amputa-
tion. Classes C1-C4 may be amputees, whereas
CS5 athletes may not and have minimal impair-
ments compared to the other classes. Examples
of adaptive bicyclists include those with amputa-
tions, impaired muscle power or range of motion,
and coordination deficits.

Tandem cyclists are typically visually
impaired and ride with a sighted “pilot” cycler to
their front. Visual impairments are classified
from B1-B3 (Table 10.2), and they all typically
compete together in the same event(s). B1 ath-
letes have no sight. B2 athletes have the ability to

recognize the shape of a hand up to visual acuity
of 2/60 and/or visual field of less than 5°. B3 ath-
letes have visual acuity of 2/60 up to 6/60 and/or
visual field of more than 5° and less than 20°.

Adaptive Cycle Design
and Technology

Initially designed for impaired military veterans
after World War I to help them navigate more dif-
ficult terrain, the adaptive handcycle has evolved
into a popular mode of cycle that allows adaptive
cyclists to participate in cycling both recreation-
ally and competitively. Four basic designs of
handcycles exist: (1) an arm-crank add-on unit
which attaches to the athlete’s own wheelchair,
(2) upright arm-crank units where the athlete is
positioned similar to that of being in their own
wheelchair, (3) cycles where athletes kneel with
their torso straight up or leaning forward over the
cranks, and (4) recumbent cycles in which the
athlete lies supine while manning cranks above
their chest. The main two designs used in the
Paralympics are the latter “kneeling” and “recum-
bent” handcycles (Fig. 10.1). Road racing hand-
cycles are usually three-wheeled with the front
wheel chain controlled and operated by the adap-
tive athlete using their upper limb(s) and/or torso,

Recumbent position handcycle

Kneeling position handcycle

Fig. 10.1 Recumbent and kneeling position handcycles
(adapted from Cooper and De Luigi, PM R 2014, S37)
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contingent on their disability. Handcycles are
more efficiently driven than standard pushrim
wheelchairs, making them more ideal for road
racing [2].

Tricycle and bicycle design and technology
generally echo the standard design for able-bod-
ied individuals with specific, limited adaptations
(i.e., attachment for lower limb prosthesis to foot
pedal, etc.). General considerations with regard
to bicycle and tricycle design include the cyclist’s
body segments and bicycle/tricycle components,
as well as the interface points of the body with
the cycle (i.e., the perineum contact on the seat,
the handgrip point on the handlebars, and shoe/
pedal interface), which can all affect the upper
and lower body reach of the cyclist. Changes in
rider body position will directly affect aerody-
namics and frontal surface area resistance. UCI
regulations also only allow a standard diamond-
shaped frame for upright bicycles during compe-
tition with various more aerodynamically
designed frames outlawed [6].

A tandem cycle will generally take the form of
a “two-seat” bicycle with the sighted “pilot”
cycler seated in the back behind the visually
impaired adaptive cyclist. Mechanical design of
the tandem cycle must enable the riders to be as
close as possible in order to optimize aerodynam-
ics. The pilot controls steering, gear changing,
and tactics, whereas the visually impaired cyclist
must instantly react to cadence increases as well
as changes from standing to seated positions on
verbal cue. The visually impaired cyclist must
also be able to remain calm and composed during
sudden movements of the tandem cycle and
changes in road slope or other race conditions [6].

Important variables when designing any
adaptive cycle include saddle height, saddle set-
back, saddle tilt, the length of handlebar/hand
control reach from the saddle, the handlebar
height drop from the seat, crank length, and the
saddle tube angle. Changes in cycle setup can
influence trunk angle, which in turn can influ-
ence muscle recruitment and intermuscular
dynamics throughout the body. Ideal adjustment
of these variables in relation to one another will
optimize power output for and race performance
by the adaptive cyclist [6].

Prosthetic Design and Technology
for Limb Deficient Adaptive Cyclists

Athletes with limb deficiency who participate in
adaptive cycling will likewise be subject to an
array of complications that can evolve from fac-
tors that include amputee biomechanics, athlete
physiology, and prosthetic design. Once an adap-
tive athlete with an amputation is properly fitted
to their cycle, the prosthetic(s) will require spe-
cial adaptations in order to avoid complications
involving such aforementioned factors. The
cycling socket should be lightweight, optimize
aerodynamics as well as energy storage and
return, and allow for both range of motion and
stability. The socket must also be customized for
the type, intensity, and duration of activity that
corresponds with the adaptive cyclist’s typical
competition speed(s). As of 2014, the UCI
declared that all prosthetic devices used by com-
petitors in paracycling competition must be for-
mally approved for use [7].

Of paramount importance is whether the pros-
thetic is for the upper or lower extremity. Those
who use upper extremity prosthetics will typi-
cally ride a standard upright bicycle but may also
use a recumbent or kneeling handcycle. Athletes
with upper extremity limb deficiency may need a
specific terminal device capable of hand braking
and/or upper extremity propulsion. Typically,
though, those upper extremity amputees who use
a handcycle will not need much else in terms of
adaptations. Those with lower extremity limb
deficiencies encompass a wider spectrum of
options for riding with or without a lower limb
prosthesis and may also ride any type of cycle.
Athletes with lower extremity limb deficiency
can still ride a standard upright bicycle.
Transtibial amputees ride with prostheses more
often than transfemoral amputees. The types of
lower extremity prostheses used range from a
standard foot or specific terminal device that can
be clipped directly onto the foot pedal [8].

Adaptive cyclists with transtibial limb defi-
ciencies (Fig. 10.2a) benefit from suspension sys-
tems that cross the knee in order to best enable
maximal knee flexion while cycling. Typical suc-
tion/gel sleeve systems are commonly replaced
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Fig. 10.2 (a) Transtibial amputee on standard upright bicycle. (b) Transfemoral amputee on standard upright bicycle
(adapted from Fergason and Harsch, Care of the Combat Amputee, 2009)

with pin-and-lock mechanisms, but the athlete
may still elect to use a more traditional gel sleeve
that is already flexed and able to maintain suction
for a good seal. It is also critical to keep the pos-
terior rim of the socket low enough so that it does
not cut into the athlete’s leg while in more flexed
positions [8, 9].

Athletes  with  transfemoral deficiency
(Fig. 10.2b) need their cycle seat adapted to allow
proper space between the ischium and the seat so
that the leg may clear the seat while cycling, and
the cyclist may be comfortable while seated for
an extended period. Knees that allow free motion
are typically easier for athletes with transfemoral
deficiency to manage while riding [8, 9].

Foot stiffness of both transtibial and transfem-
oral prostheses may be increased in order to maxi-
mize energy of the cycling motion. This is not
without trade-off, as this is excessively stiff for
walking. Additional control and stability may be
achieved by attaching the prosthetic foot directly
to the foot pedal and/or biking shoe in order to
avoid unintentional displacement or doffing of the

prosthesis during cycling. Athletes with unilateral
transtibial deficiency also demonstrate more
asymmetry with pedaling than completely able-
bodied cyclists, resulting in more force applied
and work done by those limb deficiencies [8, 9].

Sports Wheelchair Technology

Briefly, as other adaptive wheelchair sports are
more comprehensively covered in another chap-
ter, adaptive sports wheelchairs are generally clas-
sified by the sport for which they are designed to
assist. Sports wheelchair design, similar to cycles,
must optimally fit the athlete, minimize weight,
offer significant support and stability, be easily
maneuverable, and simultaneously be sport spe-
cific [10]. Frames for these chairs utilize alumi-
num, titanium, or composites. Elite athletes will
favor composite materials as, while they are typi-
cally more expensive and require more labor to
fabricate, they can offer more significant stability
than their aluminum or titanium counterparts.
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Injuries and Medical Concerns

As adaptive cycling is so diverse, so is the array
of medical complications and injuries they may
sustain. Injuries often mirror those seen com-
monly in particular conditions, such common
diagnoses encountered in more traditional reha-
bilitation diagnoses such as spinal cord injury or
stroke.

Autonomic Syndromes, Environment,
and Boosting

Patients with spinal cord injuries are unable to
maintain and regulate normal body temperature
above the T8 level [11]. Therefore athletes with
paralysis at the T8 level or above may be at
increased risk for heat exhaustion or heat stroke
during competition. Those with spinal cord inju-
ries at the T6 level or above are at risk for auto-
nomic dysreflexia (AD) as well as orthostatic
hypotension [11]. Some adaptive cyclists may be
also excessively sensitive to heat, cold, or alti-
tude, particularly cyclists with higher level spinal
cord injuries whose autonomic function can be
dysregulated.

There has been concern over the years for
doping by para-athletes to self-induce AD
(“boosting”) that could in turn enhance para-
athlete performance. AD is a very potent sym-
pathetic reflex that is caused by a massive
release of noradrenaline [12]. Boosting is often
induced by overdistending the bladder via
ingestion of a large amount of fluid before
competing [13]. While this practice improves
performance, it also can increase blood pres-
sure substantially, which could be dangerous to
the athlete’s health. Deliberate attempts to
boost by adaptive athletes are expressly pro-
hibited by the IPC and can lead to disqualifica-
tion and investigation if detected [12]. Only
recently has testing for AD in handcycling
competitions been implemented, and they have
yet to yield a positive test nor have any adap-
tive handcyclist been disqualified. This poten-
tially offers hope that testing can serve as a
reliable deterrent to AD [12, 14].

Musculoskeletal, Neurologic,
and Pain Syndromes

Adaptive cyclists, whether they have paralysis,
hemiplegia, or limb deficiency, share many of the
same musculoskeletal and neurologic complica-
tions as those who do not participate in adaptive
sports. In the upper extremity, adaptive cyclists
may sustain injuries to the palms of their hands,
as well as their wrist, shoulder, and elbow joints.
Pain can also occur in the spine and pelvic region
and the lower extremities such as the hip, knee,
leg, ankle, and foot. There may also be an
increased risk of compartment syndrome in the
extremities of adaptive cyclists, especially if
there is undue pressure from a prosthetic compo-
nent or if they have difficulty moving their
extremities leading to increased intra-compart-
mental pressures and pain. If compartment syn-
drome is suspected, compartment pressure testing
should be done as soon as possible.

Upper extremity neuropathy such as carpal
tunnel syndrome or ulnar neuropathy occurs in as
many as 2/3 of spinal cord patients, so even
higher vigilance must be paid to adaptive cyclists
in these regards. Myelopathy from syringomy-
elia, thoracic outlet syndrome, and spasticity are
also very common in spinal cord injury patients
and can easily be seen in adaptive cyclists [11].

Itis very frequent for persons with SCI to have
upper extremity issues as 70% of chronic SCI
patients will report pain in their upper limbs.
Tetraplegic athletes will be at higher risk for
upper extremity pain than paraplegics. As such, it
is important to have a high index of suspicion for
common causes of upper extremity pain in adap-
tive athletes. The shoulder will be most com-
monly affected as it is used as a weight bearing
joint in wheelchair athletes. Tendinitis, (subacro-
mial) bursitis, rotator cuff injury, capsulitis, myo-
fascial pain, and cervical radiculopathy are
common reasons for upper extremity pain in
these cases.

Heterotopic ossification (HO) often develops
in those with SCI or other sedentary paraplegic/
quadriplegic conditions, and likewise such adap-
tive athletes may have HO-related pain.
Treatments include physical therapy, modalities,
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dry needling, and oral medications including
acetaminophen, NSAIDs, oral steroids, and
bisphosphonates (particularly for HO). Injectable
treatments also include steroids, prolotherapy,
viscosupplements, and platelet-rich plasma.
Physical therapy should focus on range of motion,
scapular stabilization, and rotator cuff strength-
ening to promote stable, balanced shoulder and
upper extremity movements so that while cycling
the adaptive athlete has optimal posture and kine-
siology. Functional electrical stimulation may be
used to help conditioning and muscle bulk/
strength as well. Stress or pathologic fracture is
also a risk as such adaptive athletes may have
decreased bone density in the setting of impaired
ambulation.

For those patients with cervical spinal cord
lesions, tendon transfer or nerve grafting proce-
dures may be necessary to restore more optimal
function to the upper extremity in order to allow
better ability to control a handcycle. Upper
extremity neuropathy such as carpal tunnel syn-
drome or ulnar neuropathy occurs in as many as
2/3 of spinal cord patients, so even higher vigi-
lance must be paid to adaptive cyclists in these
regards. Myelopathy from syringomyelia, tho-
racic outlet syndrome, and spasticity are also
very common in spinal cord injury patients and
can easily be seen in adaptive cyclists [11].

Neuropathic pain, characterized more by
burning, tingling, or shocking pain, can also arise
in such athletes and should be treated first with
neuropathic agents such as gabapentin or prega-
balin, as well as tricyclics such as nortriptyline or
amitriptyline. One may also try treating neuro-
pathic pain with anticonvulsants such as carbam-
azepine or even topicals such as capsaicin,
lidocaine, or diclofenac. Complex regional pain
syndrome (CRPS) can also be seen in adaptive
cyclists if they have a specific focal injury result
in nerve damage [11].

Pudendal nerve entrapment has been more fre-
quently seen in upright bicyclists and those who
use a stationary bike for exercise. They are
increased risk due to chronic perineal microtrauma
resulting in inflammation and/or fibrosis in the
pudendal canal and sacrotuberous/sacrospinous
ligaments where the pudendal nerve lies [15].

Treatments for pudendal nerve entrapment and
nerve irritation include adjusting and/or changing
the saddle as well as rider position, prescription of
neuropathic agents as listed above, and image-
guided pudendal nerve blocks with steroid and/or
anesthetic.

Gastrointestinal/Genitourinary

Adaptive cyclists with spinal cord injury will
commonly present with neurogenic bowel and
bladder and already have interventions in place
(i.e., suprapubic catheter, bowel program) for
which adaptations need to be made to the ath-
lete’s cycle in order to accommodate them.
Neurogenic bowel and/or bladder dysfunction
may occur by dysregulation and/or injury to both
central and peripheral neural pathways that can
affect innervation to the gastrointestinal tract
and/or bladder [11].

Unfortunately, there exists controversy with
regarding to “boosting” in Paralympic athletes in
which adaptive cyclists intentionally overdistend
their bladder to activate autonomic dysreflexia.
This doping method increases the sympathetic
response just prior to competition, resulting in a
noradrenaline surge. There has yet to be an adap-
tive handcyclist who has had a positive test for
this as per IPC testing guidelines as previously
discussed [12, 14].

Cardiopulmonary

Sedentary or impaired individuals are commonly
at higher risk of deep vein thrombosis or pulmo-
nary embolism and this is of particular concern
in paraplegic/tetraplegic athletes. Adaptive
cyclists can also have (exercise induced) asthma
requiring intermittent or chronic treatments
including inhalers and nebulizers, as well as res-
cue inhalers available. Amputees are known to
have higher energy consumption than able-bod-
ied athletes, so cardiopulmonary demand in such
cyclists can be higher [11]. Arrhythmias, coro-
nary artery disease, and heart failure can be seen
in adaptive cyclists with associated physical



110

A.H. Gordon and A.J. De Luigi

decompensation. Adaptive cyclists may also
have peripheral vascular disease resulting in
claudication and decreased functionality of their
extremities [11].

Dermatologic and Skin Conditions

Careful attention should be paid to areas where an
adaptive cyclist may place excess pressure or fric-
tion while cycling leading to weight bearing and/
or overuse injuries. The gluteal and buttock
regions could be unusually susceptible to pressure
ulcers or friction abrasions depending on posi-
tioning and stress while cycling. The upper and
lower extremities could also be susceptible to
blisters and friction abrasion. Areas of increased
pressure on the body of an adaptive cyclist can
function as niduses for skin breakdown, infection,
and systemic disease. Particularly with regard to
athletes with paraplegia or tetraplegia from spinal
cord injury, vigilance with regard to skin care is
essential in these athletes. The adaptive cyclist
may or may not have sensation depending on
whether they have a spinal cord lesion and the
location. This decreased sensation could decrease
awareness of the athlete with regard to skin break-
down. Lacerations, pressure ulcers, rashes, and
callous formation could all lead to skin break-
down in the sensate or insensate athlete, particu-
larly at the seat of the cycle where there would be
prolonged pressure on bony prominences (i.e., the
ischial tuberosity) where the athlete sits [11].

Dermatologic conditions are also of height-
ened importance in limb deficient athletes: fol-
liculitis, boils, abscesses, verrucous hyperplasia,
lichenification, tinea corporis and cruris, epider-
moid cysts, contact/allergic dermatitis, and
excessive sweating can lead to skin lesions,
infection, and further systemic complications if
not controlled [11].

In each of these cases, traditional wound
healing measures would include cleaning and
irrigating the affected area (usually with iso-
tonic saline), applying the appropriate dressing,
and taking antibiotics if there is suspicion for
bacterial infection. Vitamin supplements (mul-
tivitamin, zinc, vitamin C, copper, arginine)

may be taken for severe cases. Also, if the
wound fails to heal by conservative measures, a
wound vacuum and/or surgical intervention
may be necessary [11].

Endocrine

Diabetes or thyroid disease could affect neuro-
logic function and/or cause skin breakdown in
adaptive cyclists. Adaptive cyclists  with
decreased mobility could have decreased bone
density and osteoporosis. In these regards, vita-
min D and calcium levels should be monitored
and appropriate patients sent for bone density
scans to assess the degree of bone loss. Adaptive
cyclists with traumatic brain injury may also suf-
fer from hypopituitarism/hypogonadism which
in turn can promote osteoporosis [16].

Psychological Factors

Handcyclists with spinal cord injury, amputa-
tions, traumatic brain injury, or other impairment
are already facing psychological challenges
intrinsically associated with their impairment(s).
Engaging in adaptive handcycling can help such
athletes cope in these regards. Simultaneously,
they are also susceptible to any range of depres-
sion, anxiety, (post-traumatic) stress, or other
emotional dilemma (possibly pre-existing prior
to their impairment) that could require counsel-
ing or management with psychotropic medica-
tions. A psychiatrist should be consulted for any
adaptive cyclist with suicidal ideation, psychotic
features, or lack of response to multiple psycho-
tropic medications. Also adaptive cyclists may
require intervention by a sports psychologist just
as an able-bodied athlete would [11].

Conclusion

Adaptive cycling is a Paralympic sport that is
now globally embraced, experiencing rising
popularity with more participating athletes
and formal international competitions. The
athletic population seen in adaptive cycling is
quite diverse, as exemplified by the array of
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physical challenges and complications seen in
these athletes, as well as the complexity of
adaptations/equipment needed for them. The
emergence of adaptive cycling has allowed
para-athletic men, women, and children to
find a new avenue for athletic activity capable
of improving their physical, emotional, and
co