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Abstract

Elite sport poses the athlete at a risk for sustaining a sports-related injury or illness.
As Paralympic athletes’ performances and professionalism are steadily improving,
there is an increasing need to understand the epidemiology of sports-related injuries
and illnesses in Paralympic athletes. Therefore, the overall aim of this thesis was to
describe and gain an in-depth understanding of the epidemiology of sports-related
injuries and illnesses in Swedish Paralympic athletes, in order to assist the future
development of evidence-based preventive measures adapted for Paralympic
athletes.

A methodological pluralism was used to assess sports-related injuries and illnesses
in Paralympic athletes. First, 18 Swedish Paralympic athletes were interviewed to
explore Paralympic athletes’ perceptions of experiences of sports-related injuries.
Based on this a study protocol for epidemiological research was structured. An
eHealth application for self-reported data collection of injuries and illnesses adapted
to Paralympic athletes was developed and evaluated in a pilot feasibility and
usability study. Finally, data on retrospective period and point prevalence and
weekly annual incidence of injuries, illnesses and athlete health were collected from
107 Swedish Paralympic athletes.

The results revealed that Paralympic athletes' perceptions of their experiences of
sports-related injuries are complex, and in several ways differ from able-bodied
athletes. It was common with injuries related to the impairment, overuse symptoms,
and a risk behaviour. Accordingly, all these features need to be considered in
epidemiological research of Paralympic athletes, which was described in the study
protocol.

The method to collect self-reported eHealth based data was feasible and usable, but
the content and technique of data collection needed to be adapted to Paralympic
athletes' pre-existing impairments and prerequisites. Retrospective data revealed
that the l-year period prevalence of severe injuries was 31%, and the point
prevalence of all injuries was 32%. More severe injuries were reported by young
athletes, and athletes reporting pain and using analgesics. The behaviours
‘continuing training injured’ and ‘feeling guilt when missing exercise’ were
associated with a severe injury. A history of a previous severe injury, having pain,
using analgesics and being upset when unable to exercise were associated with a
current injury. The period prevalence of severe illnesses was 14%, and 13% of the



athletes reported a current illness. A previous severe illness, being female and a
history of feeling anxious/depressed were associated with an ongoing illness.

Prospective data collected weekly during 52 weeks showed that the annual
incidence proportion for injury was 68% and for illness 77%. The injury incidence
rate was 6.9/1000 hours of sport exposure and the illness incidence rate 9.3/1000
hours of sport exposure. Most injuries occurred during training and 34% were
classified as severe. For 59% of the injuries the impairment was involved in the
injury mechanism. An increased injury risk was observed among athletes in team
sports, athletes with a previous severe injury and male athletes. The most common
illness type was infection (84%). For 28% of the illnesses the impairment was
involved in the cause of illness. Athletes in team sports and males with a previous
severe illness had a higher illness risk.

In conclusion, this thesis reveals that it is feasible and usable to collect self-reported
eHealth-based data on sports-related injuries and illnesses in Paralympic athletes.
Qualitative and quantitative data demonstrate that sports-related injuries and
illnesses among Swedish Paralympic athletes are a concern affecting both the
individual athlete as well as athlete availability. The results from this thesis can be
used in the development of preventive measures targeting Paralympic athletes.
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Preface

The human anatomy, physiology and behaviour have always fascinated me, and this
was the reason why I chose to study Physiotherapy. Injuries and illnesses to the
human body soon began to interest me even more. Understanding the mechanism,
treatment, rehabilitation and prevention of such incidents became a crucial part in
my early career.

My interest in research started when I was a bachelor exchange student at
Melbourne University in 2009, which is a seat of learning that is striving for research
excellence. After finishing my master degree in Sports Science and Medicine at
Lund University, it was therefore a natural step for me to continue with the PhD-
programme. I have also continued to work as a clinical Physiotherapist during my
PhD studies.

My first encounter with Para sport was when I met my supervisor at a sports
medicine seminar in 2013. Defending my thesis was then something far away in the
future and looking back I have gained a lot of experience. After having interviewed
18 Paralympic athletes and then followed 107 Paralympic athletes for 52 weeks I
have gained a deep and humble understanding of the health of Paralympic athletes.
The clinical work with the athletes at competitions around the world has also
provided me with an exceptional insight into on-field work within the Paralympic
movement.

Most of all, I have gained experience of science during these years. Although both
quantitative and qualitative approaches to research have unique merits, it is common
that researchers are educated to uniquely align themselves to one school of thought.
I am thus delighted that I had the opportunity to use them both in my PhD-project.
I have also presented my research at several international conferences, attended
courses, supervised students and lectured, which all have improved my research
skills. I have met colleagues from all around the world, which has engaged me into
ongoing and future collaborations.

I hope to continue combining research and clinical work in the future. One of my
main goals is to continue understanding and developing safe and sound participation
in sports. PhD-studies are an exciting and challenging journey in life, and my
reflection is that the knowledge and experiences that I have gained from this thesis
are in many ways unique.

15



Context of this thesis

This PhD-project was carried out within the Rehabilitation Medicine Research
group, Faculty of Medicine, Lund University. The project has been pursued in direct
dialogue with athletes and stakeholders at Parasport Sweden and the Swedish
Paralympic Committee. Close collaboration has also been established with the
Athletics Research Centre, Linkdping University.

The knowledge about sports-related injuries and illnesses in Paralympic athletes
was very limited at the start of this project in 2013. Together with my main
supervisor, Professor Jan Lexell, I first conducted and published the critical review
“Sports-related injuries in athletes with disabilities . ] was then accepted as a PhD-
student in 2014, and together with my supervisors Jan Lexell, Jenny Jacobsson,
Orjan Dahlstrém and Toomas Timpka I designed the research project the Sports-
Related Injury and Illness in Paralympic Sport Study (SRIIPSS). I first conducted a
qualitative study where I interviewed 18 Swedish Paralympic athletes. This study
was conducted in collaboration with Professor Anna Forsberg, Lund University.
Based on this data a study protocol for longitudinal epidemiological data collection
was developed and described. An eHealth application for data collection adapted to
Paralympic athletes was then developed in collaboration with the software company
Briteback. The eHealth application was later evaluated in a pilot feasibility and
usability study. Finally, data on retrospective and point prevalence and weekly
incidence of injuries, illnesses and athlete health were collected from 107 Swedish
Paralympic athletes for 52 weeks.

Each week I followed up data, sent out closure forms and provided technical support
to the athletes. 1 have developed the project plans, research questions,
questionnaires, performed the data analyses and written the manuscripts for all the
studies in this PhD-project, all in close collaboration with my supervisors. | have
also written two applications to the Regional Ethical Review Board, attended ten
PhD courses, presented my research at twelve scientific conferences, supervised two
bachelor students, applied for external grants and lectured at the Faculty of
Medicine, Lund University.

To the best of my knowledge, this is the first project with a longitudinal approach
that has monitored Paralympics athletes’ health over time, that has adapted the data
collection methods to athletes with an impairment and has assessed the athletes’
own perceptions of injuries. The results from this thesis thus serve as a starting point
for a greater knowledge of sports-related injuries and illness in Paralympic athletes.

16



Introduction

Sport is today one of the largest movements in Sweden, with more than three million
people being members of a sports club.! Participation in sport leads to several health
benefits as it improves both physical and mental health. For example, it reduces the
risk for cardiometabolic disease, fractures, dementia, mental illness and some cancer
types.? Sport also supports the development of social skills during different periods
in people’s lifetime. Sport has therefore a great impact on the quality of life for the
individual person as well as for our health economics, as it can prevent and treat
disease.” The interest in sport and its associated benefits for persons with an
impairment (Para sport) has also increased in the last few decades.® Para sport is,
however, still a young sporting discipline and despite the fact that sport poses the
athlete at a risk for suffering a sports-related injury or illness few studies have
assessed the burden of such incidents in Para sport.

The development of Para sport and Paralympic sport

The history of modern Para sport stretches back to the Second World War.
Morbidity and mortality rates were high with many wounded soldiers and civilians,
and a lack of independence, social exclusion and physical inactivity were common
among individuals with an impairment. There were few treatment and rehabilitation
protocols available at this time for individuals with a chronic impairment, and
injuries such as severe spinal cord injury (SCI) were often fatal due to medical and
psychological complications.*>

To improve health and well-being, the neurosurgeon Sir Ludwig Guttmann,
innovatively recognised sport as a tool to restore physical strength, cardiorespiratory
fitness, psychological health and social inclusion. Consequently, organised sport
was implemented as rehabilitation at Stoke Mandeville Hospital, England, near to
the end of the Second World War, and Guttmann described sport “as a tool to enable
self-worth, connection and meaning”. The popularity of sport grew fast and on the
same day as the London Summer Olympics 1948, the first Stoke Mandeville Games
were organised.*’

The event developed quickly, and in 1960 the first official Paralympic Games were
held in Rome, in parallel to the Olympic Games.® The first Winter Paralympic
Games were then held in Ornskoldsvik, Sweden in 1976. Since 1988, the
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Paralympic Games have been held in the same venues as the Olympic Games, and
one year later the International Paralympic Committee (IPC) was established.® The
2012 Paralympic Games in London brought about a major change in attitudes, about
Para sport, in terms of performances, participation, social inclusion and legacy.¢

The terminology disability sport was commonly used for describing sports for
individuals with an impairment when this project was initiated. However, during the
past years the terminology has changed to Para sport and Paralympic sport. More
specifically, Para sport refers to sports for persons with an impairment at all levels
whereas Paralympic sport is elite sports that is contested at the Paralympic Games.
Similarly, Para athlete is the term for all sportspersons with an impairment, and
Paralympic athletes indicates that the athlete is at a level to be able to compete at
the Paralympic Games.*

The Para athlete and Paralympic athlete

What characterises Para and Paralympic athletes is the existing impairment, whether
it is physical, visual or intellectual.® According to the World Health Organization
(WHO) the definition of an impairment is: “a problem in body function or
structure”.” Depending on the nature of the impairment the athlete may also have a
greater risk for suffering from secondary health complaints, early age related health
conditions, health risk behaviours and higher rates of premature death.’

For example, individuals with SCI may be predisposed to infections, skin
breakdown, osteoporosis, contractures, spasticity, pain, depression, fatigue,
hyperthermia, bowel dysfunction and cardiorespiratory insufficiency.®!? Several of
these health complaints may also be present in individuals with other neurological
diseases such as multiple sclerosis (MS), stroke, traumatic brain injury and cerebral
palsy (CP).'"""* Individuals with more rare diagnosis such as Becker muscular
dystrophy, Duchenne muscular dystrophy and Friedreich’s ataxia may in addition
suffer from health complaints such as heart arrhythmias and a malformed
skeleton.'*!> Joint contractures and muscle fibrosis are present in individuals with
arthrogryposis, which often leads to musculoskeletal problems.'® The biomechanics
is often altered among individuals with limb deficiency, which may cause stress
fractures, tendinopathies and osteoarthritis. Also stump conditions such as phantom
pain, rashes and heterotopic ossification are common. Furthermore, alterations in
the vascular physiology may induce cardiac disease.'®!’

Individuals with visual impairment have in general a greater risk for morbidity and
unintentional injury and illness such as cardiometabolic disease, depression, falls
and fractures.'®2° Other health conditions that are sometimes present with diagnoses
related to visual impairments are joint problems, obesity, hearing impairment,
diabetes and development delay." Individuals with intellectual impairments have
more often a poor mental and physical health compared to the rest of population.

18



Higher rates of health complaints, such as gastrointestinal disease, obesity, epilepsy,
cardiometabolic disease and mental illness have been reported.?! Altogether, the
Para athlete and Paralympic athlete have other conditions due to the impairment and
the sometimes associated health complaints when entering sports in comparison
with an able-bodied athlete, which possibly could affect training behaviour as well
as the epidemiology and consequences of sports-related injuries and illnesses.

Classification in Para sport

To be eligible to compete in Para sport, the athlete must fit into one of the ten
impairment categories in the IPC classification system, adopted as described in the
WHO’s International Classification of Functioning, Disability and Health (ICF)
(Table 1).2* In this system the athletes are classified by an independent classifier, by
the degree of activity limitation resulting from their impairment and its impact on
performing the activities of a specific sport. The main goal is to group athletes into
classes, the aim of which is to ensure that the impact of the athletes’ impairment is
minimised and sporting excellence decides which athlete wins.* %

Table 1. The ten eligible impairments for participation in Para sport.

Impaired muscle power Reduced force generated by muscles, e.g. (for example) spinal cord injury,
spina bifida, polio

Impaired passive range Reduced range of movement in one or more joint permanently, e.g.

of movement arthrogryposis

Limb deficiency Total or partial absence of bones or joints, e.g. accident, bone cancer,
dysmelia

Leg length difference Bone shortening in one leg, e.g. congenital deficiency, trauma.

Short stature Reduced standing height due to abnormal dimensions of bones, e.g.
achondroplasia, growth hormone dysfunction

Hypertonia Abnormal increase in muscle tension and a reduced ability of a muscle to

stretch due to a neurological condition, e.g. cerebral palsy, brain injury,
multiple sclerosis

Ataxia Lack of co-ordination of muscle movements due to a neurological condition,
e.g. cerebral palsy, brain injury, multiple sclerosis
Athetosis Unbalanced, involuntary movements and a difficulty in maintaining a

symmetrical posture due to a neurological condition, e.g. cerebral palsy,
brain injury, multiple sclerosis

Visual impairment Defect of the eye structure, optical nerves, optical pathways or visual cortex,
e.g. cataract, glaucoma, retinitis pigmentosa

Intellectual impairment Limitations in intellectual functioning and adaptive behaviour as expressed in
conceptual, social and practical adaptive skills that originates before the age
of 18

In order to structure the data, research studies from the Paralympic Games have
categorised athletes into groups with similar impairments!, which has also been
conducted in this project. Subsequently, the athletes were categorised into: athletes
with visual impairment (VI), athletes with intellectual impairment (II), and athletes
with the following physical impairments (PI); SCI, limb deficiency (amputation,
dysmelia and congenital deformity), central neurological impairment (CP, MS,
traumatic brain injury, stroke and other neurological impairments) and les autres
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(e.g. Friedreich’s ataxia, Duchenne muscular dystrophy, polio).?* In this project, the
athletes were also grouped into being ambulatory (walking) or a wheelchair user.

Paralympic sport and the Paralympic Games

The interest of Paralympic sport has continued to grow during the last years, and the
Paralympic Games are nowadays one of the largest sport events in the world. The
number of participating athletes and the number of international competitions are
increasing each year, and Paralympic athletes’ performances and professionalism
are also steadily being improved.?®?” For example, new world records were set in
14 of 20 of the 100 meter athletic sprint races during the Paralympic Games in Rio
2016. It is also noteworthy that the visually impaired 1500 meter Paralympic
Champion ran faster than the 1500 meter Olympic Champion in 2016.%® With
improved technology and more focus on performance enhancement strategies it has
been hypothesised that Paralympic athletes’ performances will continue to increase
even more during the coming decade.**

Twenty two summer sports and six winter sports were included in the Paralympic
Programme at the time of the data collection for this thesis (Figure 1). Sailing and
football-7-a-side have been removed from the coming Paralympic cycle while
badminton and tackwondo have been added.

Summer sports: Archery, Boccia, Winter sports: Alpine Skiing,

Canoe, Cycling, Equestrian, Biathlon, Cross-Country Skiing,

Football-5-a-side, Football-7-a- Para Ice Hockey, Snowboard,
side, Goalball, Judo, Para Wheelchair Curling

Athletics, Para Swimming, Power
lifting, Rowing, Sailing, Sitting
volleyball, Shooting, Table tennis,
Triathlon, Wheelchair Basketball,
Wheelchair fencing, Wheelchair

Rugby, Wheelchair Tennis

Figure 1. The Paralympic summer and winter sports at the start of this project.

Most sports are similar to those in the Olympic programme. However, other
equipment such as wheelchairs, sledges and running blades are, for example, used
in several of the sports. Another difference compared to able-bodied sports are that
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some athletes, for example with VI or severe PI, are dependent on a guide in
activities such as running, jumping or moving around the court.? Most sports allow
athletes from different impairment categories to compete, and the athletes are
divided into classes within the sport depending on their activity limitation (Figure
2).

Figure 2. Atlhetes with different impairments competing in some of the Paralympic sports. Photo: THE SWEDISH
PARALYMPIC COMMITTEE

In some sports, such as wheelchair basketball, all athletes compete together but
athletes with different impairments are classified into point classes on the court
based on their functional ability. Sports such as goalball, football 5-a-side and judo
are solely for athletes with visual impairment and boccia is only for athletes with
impaired motor skills.?*?° The sports are either individual or team sports as for able-
bodied sports, which may influence training behaviour and the type of and risks for
certain injures and illnesses.*! The following Paralympic sports are team sports:
football 5-a-side, football 7-a-side, goalball, sitting volleyball, wheelchair
basketball, wheelchair rugby, para ice hockey and wheelchair curling,
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Sports-related injuries and illnesses

Epidemiology of sports-related injuries

In addition to the already existing impairment, the Paralympic athlete is, like all elite
athletes, exposed to the risk of suffering a sports-related injury.® Despite all the
positive health effects of sports, sports-related injuries are a concern in most elite
sports settings, as they may lead to morbidity, an ending of the sport career, long-
term disability and mortality.32** Sports-related injuries are also a cost and burden
for society. It has been estimated that 112 000 persons are injured during sports
participation and seek health care in Sweden each year.* Furthermore, 10-19% of
all injuries in the Scandinavian emergency rooms are related to sports.**” However,
there are no data on the overall sports injury burden in Sweden. In the USA as many
as 8.6 million sports injuries are reported each year®®, and recent data has shown that
there are global tendencies of an increasing annual rate of hospital-treated sport
injuries in western countries.***

Traumatic sports injuries, such as concussion, ligament sprains, joint distortions or
fractures may, for example, lead to brain damage, osteoarthritis and chronic pain for
the individual athlete.’**! Catastrophic injuries leading to spinal injuries and death
are less common, but still a concern in several sports.*> Overuse-related injuries may
also cause several health complaints such as inflammation, degeneration and
chronic pain.* Recent research has suggested that the risks associated with sports-
related injuries and its consequences are unacceptable when evaluated against
acceptable criteria from occupational health.*

In addition, an injury generally leads to time loss from sport. A training interruption
due to an injury decreases physical output and resilience in training and competition,
which affects sports performance both for the individual athlete as well for a team.*
Remaining free from injury has thus become an important component of successful
sports performance.*®

Epidemiology of sports-related illnesses

Sports-related illnesses have also received more focus during the last decade.
However, studies concerning the epidemiology of sports-related illnesses are still
underrepresented in comparison to sports injury epidemiology. There are only a few
studies that have specifically assessed prospectively the burden of illnesses over
time. This is a concern as several sports-related illnesses are serious conditions.*
Potentially serious illnesses that can be related to participation in sports are; heart
arrhythmias, exercise-induced bronchospasm, gastrointestinal bleeding, viral
myocarditis, splenomegaly, heatstroke, exercise-associated collapse and
hyponatremia.*>*’ Some events, such as sudden cardiac arrest, seem to be more
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common among athletes compared to non-athletes, because of an increased risk
associated with strenuous exercise.*® Other illnesses that commonly are reported
among athletes are upper respiratory tract infections and mental illness.*>

Surveillance of sports-related injuries and illnesses

To establish the extent, aetiology and risk factors for sports-related injuries, injury
surveillance has been described and implemented in several able-bodied sports, such
as athletics, football, tennis, cricket, rugby, aquatic sport and horse racing.’!->® Based
on such epidemiological data, specific prevention programmes with the aim of
reducing injuries have been implemented.”*®' Successful injury prevention
programmes have, for example been implemented and evaluated in football and
handball®***, with a recent meta-analysis showing that a majority of anterior cruciate
ligament injuries can be prevented by injury prevention programmes.®

To structure data and improve the quality and evidence of sports injury prevention
research, ‘the sequence of prevention® was described by van Mechelen et al. 1992.
In this four step model (i) the extent and severity of the problem is first outlined
through injury surveillance, (ii) the aetiology, mechanisms and risk factors are then
identified, (iii) preventive measures are introduced, and (iv) the effectiveness of
prevention is measured by repeating the first step (Figure 3).°!

i. Establishing " L
the extent of the M- Est?bllshlng
L X the aetiology and
injury problem: =—» -
: mechanism of
-Incidence ——
-Severity lJ y
iv. Assessing its iii. Introducing a
effectiveness by <— preventive
repeating step i) measure

Figure 3. "The sequence of sports injury prevention™ by van Mechelen et al. 1992.

To obtain valid results a surveillance system should be sufficiently sensitive to
answer the questions; i) how many; ii) how often, iii) how long; and iv) how serious?
It has also been suggested that the sensitivity of a surveillance system largely
depends on the definitions applied.®® Another crucial aspect in the design of sports
injury surveillance systems and prevention programmes is to understand and include
items related to sport specific causes and risk factors.®"*” Moreover, it has been
emphasised that high quality surveillance systems should be designed to target the
specified population and expose athletes, coaches and staff to minimal workload.®®
However, understanding the causes and mechanisms of injuries may be challenging,
as sports injuries often are complex with a multifactorial nature, and external and
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internal risk factors that may interact with each other (Figure 4).3°. Dynamic
factors, for example, time of injury, sport situation and forces may also influence

the risk.?!

Risk factors for

Injury mechanism

injury (distant (proximal to
from outcome) outcome)
5 Predisposed Susceptible f
Internal risk factors athlgte — athlepte ———+  Injury

-Age (maturation,
ageing)
-Gender .

-Body composition

(body weight, fat mass,
boné mass,
anthropometry)

-Health (history of

previous injury "and
illness

Exposure to external
risk factors
-Human factors (team
mates, opponents,

Inciting event
_-Joint motion (e.g.
kinematics, joint forces
and moments)

-Physical fitness coach, referee) -Playing/sport situation
muscular -Protective equipment (e.g. skills performed
strength_!p_oweré -Sports eguipment -Training programme
Ckuntake, iﬂlht ROM) -Environment (weather, -Match/competition
-Anatomy (alignment, snow, surface, floor, schedule
bone width; joint

stabilit maintenance)

-Skill level 3(%por‘t
specific technigue,
postural stability)

Figure 4. A dynamic, multifactorial model of sports injury aetiology, adapted from Meeuwisse (1994) and Bahr & Holme
(2003). Internal risk factors such as age, gender and physical fithess may interact with external risk factors such as
human factors, the enviornment and equipment at the same time that uncontollable factors in the inciting event can
affect the injury mechanism.

Recent research has also shown that psychological traits and athlete behaviour may
increase the risk for sports-related injuries.®“®7 Subsequently, a surveillance
system should be adapted to multifactorial risk factors, the specific sport context
and the athletes of interest.

Sports illness surveillance is less common, although data collection methods and
definitions have been described in for example athletics and swimming.>%

Sports-related injuries and illnesses in Para sport and
Paralympic sport

Epidemiology of sports-related injuries

Few studies concerning sports injury epidemiology in Para sport and Paralympic
sport had been carried out when this project started, and there are still no evidence-
based prevention programmes.”! Existing research shows that the overall rates of
injuries are considerably high, with a trend towards more injuries among Paralympic
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athletes compared to able-bodied athletes.’>7>7” It has been suggested that the

insertion of new sports, poor environment and increases in training loads have

contributed to this.

72,74,76

Table 2. Studies of sports-related injuries among Paralympic athletes or Para elite athletes.

Author, year

Setting, population

Method, injury definition
(yes/no), outcome

Main results

measures

Derman et al. Paralympics 2018, 567 Prospective, y IR: 20.9/1000 athlete
2019 athletes IR, IP days, IP: 19.8%
Fagher et al. Great Britain Judo Grand Retrospective, y, 1-year Prevalence 84 %
2019 Prix, 45 athletes prevalence

Derman et al. Paralympics 2016, 3657 Prospective, y IR: 10/athlete days,
2018 athletes IR, IP IP: 12.1%

Wieczorek et al.
2017

Derman et al.
2016

Blauwet et al.
2016

Webborn et al.
2016

Willick et al.
2016

Bauerfind et al.
2015

Willick et al.
2013

Gawronski et al.
2013

Magno e Silva et
al.

2013 a

Magno e Silva et
al.

2013 b

Magno e Silva et
al.

2013 ¢

Chung et al.
2012

Webborn et al.
2012
Patatoukas et al.
2011
Athanasopoulos et
al. 2009
Webborn et al.
2006

Sobiecka et al.
2005

Ferrara et al.
2000

Nyland et al.
2000

Taylor & Williams
1995

Ferrara et al.
1992

Ferrara et al.
1992

Burnham et al.
1991

Ferrara & Davis
1990

21 Polish amputee soccer
players

Paralympics 2014, 547
athletes

Paralympics 2012, 977
athletic athletes
Paralympics 2012, 977
football players
Paralympics 2012, 977
weight lifting athletes

9 months, 14 Polish
wheelchair rugby athletes
Paralympics 2012, 3565
athletes

Paralympics 2008, 2012,
91 Polish athletes

5 competitions 2004-2008,
28 Brazilian swimmers

5 competitions 2004-2008,
13 Brazilian football
players

5 competitions 2004-2008,
40 Brazilian athletic
athletes

5 competitions 2004-2008
3 years, 14 Hong Kong
wheelchair fencers
Paralympics 2010,

505 athletes

National competition, 139
Greek athletes
Paralympics 2004, 3806
athletes

Paralympics 2002, 416
athletes

Paralympics 2000, 114
Polish athletes

World Games 1990, 220
athletes

Paralympics 1996, 304
American athletes

1 year, 53 British
wheelchair racers
National competition 1989,
426 American athletes
National competition 1989,
68 American skiers
Paralympics 1988, 151
Canadian athletes

1 year, 19 American
wheelchair athletes

Prospective, y, number of
injuries, IP
Prospective, y
IR, IP
Prospective, y
IR, IP
Prospective, vy,
IR, IP
Prospective, y
IR, IP
Prospective, n,
IR
Prospective, vy,
IR, IP
Prospective, y,
R, IP
Prospective, y
R, IP

Prospective, vy,
R, IP

Prospective, vy,
IR, IP

Prospective, vy,

IR

Prospective, vy,

P

Retrospective, y, number of
injuries

Retrospective, n,
prevalence

Prospective, n,

P

Cross-sectional, n, number
of injuries

Cross-sectional, y, number
of injures

Cross-sectional, y, number
of injuries

Retrospective, y, prevalence

Retrospective, y, prevalence

Cross-sectional, y, number
of injuries

Retrospective, n, number of
injuries

Retrospective, y, number of
injuries

16 injuries, IP: 38%

IR: 26.5/1000 athlete
days, IP: 24.5%

IR: 22.1/1000 athlete
days, IP: 18.4%

IR: 22.4/1000 athlete
days, IP: 31.4%

IR: 12.7/1000 athlete
days, IP: 12%

IR: 0.3/training day

IR: 33.3/1000 athlete
days, IP: 23.3%

IR: 15-30/1000 athlete

days, IP: 31-54.9%
IR: 0.3/competition,
IP: 64%

IR: 0.12/competition,
IP; 86%

IR: 0.39/competition,
IP: 78%

IR: 3.9/1000 hours
IP: 23.8%

178 injuries
Prevalence: 3%
IP: 9%

125 injuries
1037 injuries
254 injuries
Prevalence: 72%
Prevalence: 32%
100 injuries

84 injuries

50 injuries
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Existing retrospective studies have reported a prevalence ranging from 3-84%
(Table 2). Prospective studies have reported incidence proportions (IP) ranging from
9% to 78%, and inconsistent incidence rates (IR) varying from 0.12
injuries/competition to 33.3 injuries/athlete days. Only one previous study have
assessed IR based on actual exposure to sport (Table 2). It is also notable that three
deaths among Paralympic athletes have been reported during major championships,
2016, 2017 and 2019.7

Most studies have been conducted during competitions, and at the start of this
project there had not been any studies with a prospective design where the burden
of injuries during athletes” training and competition periods was assessed weekly
(Table 2). Moreover, many of the existing studies had not described injury
definitions in detail, with several studies only reporting injuries related to trauma
and medical attention”""”, and several studies lacked information about severity,
mechanisms and risk factors for injuries.”!*

Furthermore, few studies have assessed impairment-related mechanisms and risk
factors for sports-related injuries. It could be hypothesised that sports-related
injuries among Paralympic athletes may differ from able-bodied athletes due to the
pre-existing impairment and sometimes associated health complaints, and it has
been suggested the impairment itself should be considered as an intrinsic risk factor
for injury.! The use of other external equipment, such as wheelchairs and
prosthesis, may also expose the athletes to other risks. For example, it is well known
that shoulder complaints are common among wheelchair users in general.®
Research concerning risk factors such as training load and athlete behaviour is also
very limited.”""83 Altogether, there is still a major lack of evidence-based data
concerning the epidemiology of sports-related injuries in Paralympic athletes.
Moreover, few studies have assessed the consequences of sports-related injuries in
Paralympic athletes. For example, it could be hypothesised that a wheelchair athlete
that suffer from a shoulder injury will be affected differently in comparison to an
able-bodied athlete that suffer from a shoulder injury.

Epidemiology of sports-related illnesses

Few studies have described the epidemiology of sports-related illness in Para sport
and Paralympic sport, while there is no study that has assessed the burden of
illnesses outside competition (Table 3). The existing studies from the Paralympic
Games 2012, 2014, 2016 and 2018 have shown a considerably greater proportion of
illness compared to the Olympic Games.**””8337 The overall IR has varied from
10.0-18.7 illnesses/athlete days (Table 3). The most common reported illnesses are
in the respiratory system.?%7

Existing studies have emphasised the importance of further research that examines
reasons for the high illness incidence in Paralympic athletes compared to Olympic
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athletes.®> Moreover, repeated longitudinal illness surveillance outside the
Paralympic Games has been recommended to indicate which areas of health require
attention and intervention.®’

Table 3. Studies of sports-related illnesses among Paralympic athletes or Para elite athletes.

Author, year Setting, population Methods, iliness Main results
definition (y/n),
outcome measures

Derman et al. Paralympic Games 2018, Prospective, vy, IR: 12.8/1000 days, IB: 6.8
2019 567 athletes IR, IB, IP days lost/1000 days, IP: 13.6%
Groebler et al. Para athletics WC 2015, Retrospective, y, IR: 2.9/1000 days, IP: 3.8%
2019 1225 athletes IR, IP

Derman et al. Paralympic Games 2016, Prospective, vy, IR: 10.0/1000 days,

2018 3657 athletes IR, IP IP: 12.4%

Derman et al. Paralympic Games 2014, Prospective, vy, IR: 18.7/1000 days,

2016 547 athletes IR, IP IP: 17.4%

Schwellnus et al.  Paralympic Games 2012, Prospective, vy, IR: 13.2/1000 days,

2013 3565 athletes IR, IP IP: 14.2%

Gawronski et al. Paralympics 2008-2012, Prospective, vy, IR: 31-46/1000 athlete days,
2013 91 Polish athletes IR, IP IP: 31-55%

Burnham et al. Paralympics 1988, 151 Retrospective, n, 83 illnesses

1991 athletes number of injuries

Athlete health surveillance in Paralympic sport

The IPC has successfully and systematically conducted injury and illness
surveillance during the Paralympic Games since 2012.** However, there is still a
lack of longitudinal prospective data following Paralympic athletes over time, both
during training and competition periods.”"”** To allow specific analyses of injuries
and illnesses regular collection of data over time are necessary in order to find
complex patterns and risk factors behind the mechanisms of both injuries and
illnesses.’! A need to improve the understanding of the major medical issues in each
impairment group has also been emphasised.® Prospective long-term data following
athletes during both training and competition periods, as well as data on sport- and
impairment specific risk factors are thus needed.

Moreover, there is still a lack of data collection methods, injury and illness
definitions and surveillance systems that are adapted for Paralympic athletes, which
have resulted in limited accessibility and validity.®® Given the fact that Paralympic
athletes already have an impairment, it could be hypothesised that injury and illness
definitions, questionnaires and data collection methods in Para sports medicine
epidemiology need to be adapted to the athletes’ impairment and possible
impairment-related health conditions. One of the key factors that should be
considered when designing a surveillance system is that it is feasible for the athlete
population.®® To improve the quality of athlete health surveillance, recent research
has shown that it is beneficial to include athletes’ perspectives of athlete health when
designing and implementing a surveillance measure.®® There were no studies that
had described Paralympic athletes’ own perceptions of sports-related injuries when
this project started.
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Self-reported data on athlete health

Several recently conducted studies have shown that self-report measures are
sensitive and reliable tools for monitoring athletes’ health, which has led to a trend
of using self-reports in sports medicine research.’'**%* Self-reports are cost effective
and can be used in different contexts, for example, in sports with a wide
geographical distribution and in sports with a lack of medical staff during training.®?
Recent research has also shown that medical staff frequently underestimated and
missed reporting injuries compared to athletes themselves due to a busy schedule,
different staff, misclassification of events and barriers in communication and
logistics.”** Moreover, there is a growing evidence showing that gradually
developing overuse injuries are common in several sports’®®, and it has been
demonstrated that athletes’ self-reports better capture overuse-related conditions
compared to data that are collected by medical staff.”’** Recent research has also
shown that self-reports measure training load with a greater level of sensitivity and
consistency compared to objective measures.”

Subsequently, evidence-based longitudinal athlete health surveillance based on self-
reports have been implemented and used in several sports for able-bodied
athletes.’!>%%> However, there is a concern that the existing surveillance systems
have not been adapted for athletes with an impairment. For example, questionnaires
and response alternatives do not include impairment-related conditions such as
spasticity and stump conditions. Nor has the technology been adapted, for example,
for athletes with visual impairment.®® There is thus a need to develop and evaluate
a surveillance system based on self-reports that are specifically adapted to athletes
with an impairment. This would allow us to obtain a comprehensive
epidemiological data collection of Para and Paralympic athletes’ health.

eHealth technology

eHealth is the use of information and communication technologies for health.”*8
eHealth is a growing field in medical informatics and public health, and it has been
estimated that eHealth has the potential to play a major role in the development of
an improved global health.”

In Sweden, eHealth has already been implemented within the healthcare sector with
the aim of using digital tools to achieve and maintain a good level of physical,
mental and social well-being (Figure 5).° Moreover, there is a growing scientific
and commercial interest in health apps, and medical monitoring and alarms.*
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Figure 5. There is a growing intererest of using eHealth within the Swedish healthcare sector to achieve and maintain
a good level of physical, mental and social well-being. Photo: Kristina Fagher

eHealth has also been used in studies in sports medicine epidemiology to
communicate data on able-bodied athletes’ health.’ Through its digital technique,
relatively low cost and easy access, eHealth empowers most individuals to
communicate health outcomes and the need for healthcare, and thereby improving
the knowledge, reach and equity of medicine.””-!°%1°! Another advantage is that
eHealth allows individuals to provide real time data immediately and securely.'"!
The Swedish Agency for eHealth has also suggested in a recent report that eHealth
has the beneficial potential of empowering health efficiency and autonomy for
persons with a disability due to more accessible opportunities for communicating
one’s health.” No study had developed, adapted, evaluated and implemented an
eHealth-based intervention to assess Paralympic athletes’ self-reported health when
this project started.
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Rationale

There was limited knowledge of the epidemiology of sports-related injuries and
illnesses in Paralympic athletes at the start of this project. The few existing
epidemiological studies were of a variable quality, lacking definitions of injuries
and illnesses, and risk factors based on sports exposure and related to the impairment
had not been explored. Most studies had only been conducted during short
competition periods, and data collection methods had not been adapted for Para
athletes and Paralympic athletes.

Longitudinal prospective data are needed to increase our knowledge of the
epidemiology of sports-related injuries and illnesses among Paralympic athletes. In
order to collect such data there is, however, a need to develop methods that target
the specific population and outcomes of interest. One suitable method is eHealth-
based athlete monitoring using self-reports, but this has never been applied and
evaluated in the Paralympic population. Recent research has also highlighted the
importance of including athletes’ perceptions to improve the feasibility and usability
of such methods and future preventive measures. Furthermore, there is growing
evidence that other health parameters such as athlete behaviour, pain, sleep and
well-being may contribute to the development of injury and illness. No studies had
assessed the association of these health parameters among Paralympic athletes with
sports-related injuries and illnesses at the start of this project.

An improved understanding of the epidemiology of sports-related injuries and
illnesses in Paralympic athletes will have direct implications for the development
and implementation of preventive measures of injuries and illnesses, and thus in the
long-term allow safe sport participation and maximise Paralympic athletes’
performance.
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Aims

Overall aim

The overall aim of this thesis was to describe and gain an in-depth understanding of
the epidemiology of sports-related injuries and illnesses in Paralympic athletes, in
order to assist the future development of evidence-based preventive measures
adapted for Paralympic athletes.

Specific aims

The specific aims of this thesis were:

L

IL

III.

Iv.

VL

To explore Paralympic athletes’ perceptions of their experiences of
sports-related injuries, risk factors and preventive possibilities.

To present a protocol for a prospective longitudinal study: The Sports-
Related Injuries and Illnesses in Paralympic Sport Study (SRIIPSS).

To develop an adapted eHealth based application that allows self-report
data to be collected from Paralympic athletes.

To perform a 4-week pilot study and evaluate the monitoring feasibility
and system usability of a novel eHealth application for self-reported
sports-related injuries and illnesses, and report preliminary data on
sports-related injuries and illnesses.

To describe among Swedish Paralympic athletes the 1-year
retrospective period prevalence of severe sports-related injuries and
illnesses, the point prevalence of all sports-related injuries and illnesses,
and to examine differences in prevalence proportions between athletes
with different impairments, behaviours and sport characteristics.

To describe the annual incidence, type and severity of injuries and
illnesses among Swedish Paralympic athletes and to assess risk factors
based on sports exposure.
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Study design and overview

This project started with a review article in 2013, in which it was shown that there
was a paucity of literature concerning sports-related injuries and illnesses in
Paralympic sport (SRIIPS). Five studies were thus conducted in a step-wise
progression in order to gain greater knowledge and identify possible preventive
measures for SRIIPS. First, to obtain an understanding of sports-related injuries in
Paralympic sport a qualitative study concerning Paralympic athletes’ own
perception of experiences was conducted. Based on these results, a study protocol
was formulated to establish and improve the epidemiological data collection of
SRIIPS. Thereafter, an eHealth application for data collection of epidemiological
data was developed based on the two previous studies, and qualitatively evaluated
in a feasibility and usability study. Finally, the Sports-Related Injury and Illness in
Paralympic Sport Study (SRIIPSS) was implemented. A cross-sectional study was
first conducted to assess athlete demographics, athlete behaviour and to estimate the
prevalence of SRIIPS. Thereafter, a 52-week prospective study was conducted to
examine the incidence, severity and risk factors of SRIIPS. The studies included in
this thesis are all summarised in Figure 6 and Table 4. In the following chapters, the
methods and results are then presented for each study.

. <%

W

s

Literature search ~ Athletes’ Development & Development &  Prevalence of Incidence,

and critical perceptions of  structure of evaluation of injuries & severity and risk

review experiences study protocol eHealth ilinesses. Athlete factors of injuries

Fagher & Lexell 2014 Fagheret al. 2016 Fagheret al. 2016 app"caﬁon demographics & & illnesses
Fagheret al. 2017 behavior Manuscript submitted

Fagheret al. 2019

» 2019
2013 2014-2015 2015-2016 2016 2017 2017-2018

Figure 6. Timeline of the development and progression of the sudies in this thesis. Photo: Kristina Fagher
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Table 4. Overview of the five studies in this thesis.

Study I.

Aim To explore Paralympic athletes’ perceptions of their experiences of sports-related
injuries, risk factors and preventive possibilities

Study design Qualitative study

Setting 18 Swedish Paralympic athletes with PI, VI and Il

Data collection Semi-structured interviews

Analysis Phenomenography

Study Il

Aim To present a study protocol for a prospective longitudinal study: The Sports-Related
Injuries and llinesses in Paralympic Sport Study (SRIIPSS)

Study design An argument-based method for investigation of design problems was used to structure
a study protocol

Setting Not applicable

Data collection

Synthesis of previous research, athletes’ own perceptions and the structure of
Paralympic sport

Analysis Design argumentation

Study Il

Aim To perform a 4-week pilot study and (1) evaluate the monitoring feasibility and system
usability of a novel eHealth application for self-reported SRIIPS and (2) report
preliminary data on SRIIPS

Study design Prospective pilot feasability and usability study

Setting 28 Swedish Paralympic athletes with PI, VI and Il

Data collection

eHealth based athlete self-reports of SRIIPS during 4 weeks. System use. Qualitative
post survey assessment

Analysis Descripitve statistics. Thematic analysis

Study IV.

Aim To describe among Swedish Paralympic athletes the 1-year retrospective period
prevalence of severe SRIIPS, the point prevalence of all SRIIPS, and to examine
differences in prevalence proportions between athletes with different impairments,
behaviour and sport characteristics

Study design Retrospective cross-sectional study

Setting 104 Swedish Paralympic athletes with PI, VI and Il

Data collection

Study specific eHealth-based baseline questionnaire

Analysis Descriptive statistics, chi square statistics, Cramers V, log-linear analysis

Study V.

Aim To describe the annual incidence, type and severity of injuries and illnesses among
Paralympic athletes and to assess risk factors based on sports exposure

Study design Prospective longitudinal study

Setting 107 Swedish Paralympic athletes with PI, VI and Il

Data collection
Analysis

Study specific eHealth-based athlete self-reports of SRIIPS during 52 weeks

Descriptive statistics, Kaplan-Meier survival analysis, log-rank test, cox proportional
hazard regression, Mann-Whitney U test, Kruskal Wallis test, chi square statistics
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Paralympic athletes’ perceptions of
sports-related injuries (Study I)

Study design

The first step in this project was to obtain an in-depth understanding of the nature
and preventive possibilities of sports-related injuries in Paralympic sport. A
qualitative study exploring Paralympic athletes’ own perceptions of experiences of
sports-related injuries was thus conducted. Qualitative research enables us to
understand human thoughts and behaviour concerning a phenomena in a holistic
manner.'” Recent research has also emphasised the importance of including the
athletes’ perspective when designing and implementing injury and illness
surveillance and preventive measures, as the uptake of such interventions is
suboptimal.®®1% For this study, the qualitative method phenomenography was used.
Phenomenography originates from educational research and rests on a non-dualistic
ontology. The assumption is that we perceive, conceptualise and communicate a
phenomena in the world we experience.'*>!* The focus in this study was thus to
gain an understanding of the athletes’ perceptions that stem from the experiences of
a sports-related injury. These perceptions are most likely to be able to influence
future research and interventions.

Setting and recruitment

A total of 25 athletes from the Swedish Paralympic programme were invited to
participate in this study. To be eligible for the study, the participants had to be
between 18 and 45 years of age, and have had at least one sports-related injury. To
ensure variation in gender, impairments and sports a purposive sampling procedure
was used. The first 18 athletes (11 men and 7 women, with PI (r=9), VI (n=8) and
IT (n=1)) who accepted the invitation were interviewed. The athletes represented ten
different Paralympic summer and winter sports.
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Data collection and analysis

Data were collected through individual interviews from September—November
2014. A semi-structured interview guide centred on a few initial questions about the
athletes’ perceptions of experiences of sports-related injuries, their mechanisms,
risk factors and consequences, and the possibilities to prevent them was used. Two
pilot interviews were conducted to ensure suitability of the method. All the
interviews were performed by the PhD-student and Physiotheapist (KF). The
interviews were audiotaped and transcribed verbatim.

The interviews were then analysed using phenomenography, according to the 7-step
model described by Sjostrom and Dahlgren 2002 (Table 5).!%? Data were condensed
into domains, categories and essences. To improve the scientific quality, the
Consolidated criteria for Reporting Qualitative research (COREQ) was followed.'®

Table 5. The 7-step model described by Sjostrom & Dahigren (2002) used for the qualitative
phenomenographic analysis.

Step Action

1 Familiarisation: the interviews were read through

2 Compilation: the most important parts of the informants’ responses were identified

3 Condensation: the individual responses were reduced in order to identify the most central parts
of longer responses or dialogues

4 Grouping: similar responses were tentatively grouped or categorised

5 Comparison: a preliminary comparison of the categories was made to find associations
between them after which they were revised

6 Naming: the categories were named for the purpose of highlighting their essence

7 Contrastive comparison: the unique character or essence of each category and the linkage

between them were described

Paralympic athletes’ perceptions of experiences of
sports-related injuries

In summary, the athletes’ perceptions of sports-related injuries focused on three
parts: the causes of injuries, the consequences of injuries and the possibilities to

prevent injuries. The qualitative analyses then revealed nine different categories
with a corresponding essence (Figure 7).
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Figure 7. Paralympic athletes’ perceptions of experiences of causes, consequences and posssibilities to prevent
sports-related injuries described as domains (boxes), categories (baloons) and essence (small boxes).

Causes of sports-related injuries

The athletes perceived that the impairment was one of the causes of a sports injury.
Athletes with different impairments spoke of the injury pattern varying depending
on their impairment. For example, athletes with VI perceived that several incidents
were related to collisions and falls. Athletes with II talked of the injuries that could
occur because of lack of attention, whereas athletes with PI stated that factors such
as weak muscles, loss of innervation, spasticity and wheelchair use could predispose
them to injuries.

“When you are visually impaired and take part in sport, you have to accept that
you get more injuries than other athletes”

Several athletes described that impairment-related energy demands both in their
daily life and in sports, such as wheelchair use or poor vision, could increase the
risk for injury. The general perception was that Paralympic athletes’ bodies are more
vulnerable in sport, in combination with a reduced recovery function, which could
increase the risk for injury.

“I spend three times as much energy as you when I go the same distance, so I push
myself much harder”

The essence was interpreted as awareness, as most athletes were aware of the effects
from the impairment (Figure 7).

Another perception was that sports overuse could cause injuries. They spoke of
overuse injuries being common in Paralympic sport, and that too much monotonous
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training, a rapid increase in training volume, continuous training with pain, training
beyond the body’s capacity, absence of recovery, training sessions without quality
and too much sport specific training could cause injuries

“I have overuse problems in my shoulder, it’s because I expose it more than its
capacity and I have no innervation to the muscles around my shoulder blades”

There was also a perception that intense training at a young age could lead to
injuries. The essence was interpreted as an incapacity to train optimally when having
an impairment (Figure 7).

Finally, the athletes perceived that injures sometimes occurred due to their own
behaviour. Many of them talked of choosing to train while having pain or being
injured because they lacked knowledge, were negligent, had reduced well-being
because of not training, had too little time prior an important competition and there
were too few athletes during competitions. A common perception was that it was
difficult to admit to oneself that one is injured.

“I had pain, but I continued to train. I could easily have prevented the injury if |
had listened to myself and stopped in time”

Moreover, the perception was that one’s carelessness could cause an injury. For
example, inattention, forgetting protection gear, using analgesics to decrease
symptoms and a lack of patience during injury prevention training could lead to an
injury. Many athletes spoke of continuing to train due to failure and the guilt of
having pain or being injured, and the essence was interpreted as guilt.

Consequences of sports-related injuries

The athletes’ perception was that the consequences of a sports injury were often
related to functional limitations that affected them both in their daily life and in
sports.

“It’s hard with an injury, when you are already disabled, you feel like you have a
disability even before you start”

The perception was that a disabled body is more vulnerable during an injury, and
they experienced that tasks in daily life consumed more energy when they were
injured and that life in general, transportation and household work became more
difficult. Another consequence of an injury was a decrease in sports performance,
affecting both the individual athlete and sometimes an entire team. The essence was
interpreted as a burden (Figure 7).

Another consequence of an injury was psychological stressors. The athletes
perceived that an injury often lead to feelings of fear and insecurity about what could
happen to one’s body.
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“I’m often thinking, what will happen if I get an injury to my non-disabled side, [
wouldn’t be able to manage my daily life. That’s what I am afraid of”

Other perceptions of their experiences were that an injury led to sadness, stress,
concentration difficulties, depression, anxiety, and decreased motivation. The
essence was interpreted as concern (Figure 7).

Most athletes perceived that pain was a consequence emanating both from
participation in sports and from an injury. The athletes’ experiences were that pain
should be seen as a warning signal for injury. Pain following an injury often led to
anxiety and fear. All the athletes had experienced pain when participating in sports,
and the perception was that pain is something that is associated with Paralympic
sport. The athletes perceived that sports-related pain persisted in daily life and that
impairment-related factors such as changed biomechanics, weak muscles, spasticity
and wheelchair use also caused pain. The essence was described as adjustment, as
the athletes interpreted pain as something normal in Paralympic sport (Figure 7).

“What can reduce my pain is to stop doing sport or to stop using my wheelchair”

Another consequence of a sports injury was the exposure to health hazards. The
athletes’ perceptions were that elite sport is dangerous, risky and unhealthy. The
perception was that the consequences of elite sport could lead to harmful incidents
to the musculoskeletal and cardiovascular system.

“Elite sport is not healthy, you are close to the limit of your body”

The athletes’ experiences were that training intensities and competitiveness had
increased the last years, which intensified the health hazards. In a first order
perspective, this domain was described as the risk and consequences of injuries.
However, in a second order perspective, the athletes stated that it was worth being
an elite athlete, and it was a choice they had made. The essence was interpreted as
hazard acceptance (Figure 7).

The possibilities of preventing sports-related injuries

The athletes’ perceptions were that several sports-related injuries could be
prevented. One perception was that each individual should take responsibility for
listening to his/her body, to not train while being injured and to use optimal
equipment. Other perceptions were that strategies such as warming-up, core
stability, balance and flexibility could prevent injuries. However, in order to move
towards prevention, the athletes requested better information about preventive
measures to improve their own knowledge about how to train and prevent injuries.
The essence was interpreted as assets (Figure 7).

Finally, the athletes’ perceptions were that the prerequisites for Paralympic sport
compared to sport for able-bodied were unequal, which limited the possibilities to
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prevent injuries. Unequal prerequisites were found to be linked to support from
sporting organisations, the healthcare services, sports clubs and the environment.
The athletes’ experience was that it was difficult to find coaches who had knowledge
about both training and the impairments. Another perception was that healthcare
professionals sometimes did not take sports injuries in Paralympic sport seriously.

“If you go to the primary healthcare centre they just tell you to rest or continue to
train.”

The experience was also that the access to medical help was sufficient during
competitions, but not during training. Some athletes expressed difficulties in finding
a health insurance because of the impairment. Several athletes also stated that they
experienced a high level of demands from the Paralympic organisations to achieve
sporting excellence, without having the optimal resources of being an elite athlete
and at the same time having a disability. The essence of this category was interpreted
as inequality (Figure 7).

’

“Don’t forget that we are disabled, we are not just athletes.’
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The development of a study protocol
(Study II)

Impairment-related injuries, sports overuse, pain, a risk behaviour, psychological
stressors and other prerequisites were identified in the results in Study [ as common
features in Paralympic sport. In order to enhance the quality of epidemiological data
collection in Paralympic sports medicine, a study protocol for a prospective
longitudinal study of electronically self-reported injuries and illnesses among
Swedish Paralympic athletes was thus developed according to the Standard Protocol
Items: Recommendations for Interventional Trials (SPIRIT) guidelines.'” A study
protocol facilitates an assessment of methodological and ethical issues before a
research project begins.!% Another crucial aspect of sports medicine epidemiology
is to define an injury/illness.®

Since this is a young research field with a heterogeneous population, an argument-
based method for investigation of design problems was used to structure the study
protocol. In this operational research process, an interdisciplinary approach was
used to establish logical theories, test accuracy, and thereafter establish a design
rationale.!”!%® The focus of the design rationale was to document both the
development process and resulting design.!®® The research team, comprising sports
medicine epidemiologists, physicians, physiotherapists and disability researchers
thus conducted an argumentation including discussions about the types of data that
should be collected, outcome measures, definitions, data storage, and ethical,
methodological and logistical considerations. Examination of the requirements was
followed by iterated drafting of protocol specifications based on previous research
within sports medicine, the athletes’ own perceptions of experiences of sports-
related injuries (Study I) and the context of Swedish Paralympic sport. The
following protocol specifications were drafted in the study protocol:

. Design and rationale . Definitions of injury and iliness
. Setting and participants . Outcome measures

. Recruitment . Psychological profile

. Inclusion criteria . Weekly e-diary

. eHealth based data collection . Injury and illness report form

. Pilot evaluation . Injury and iliness closure form
. Protocol implementation . Statistical analysis plan
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Requirements

The argument-based method identified three different requirements for
epidemiological studies of sports-related injuries and illness in Paralympic sport

(Figure 8).
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Figure 8. The requirements for epidemiological studies of sports-related injuries and illnesses in Paralympic sport
based on previous research, Paralympic athletes’ perceptions (Study I) and the structure of Paralympic sport are:
long-term prospective studies over time, surveillance specifc to Paralympic athetes and eHealth based self-reported
data.

Prospective studies over time

In previous research, several studies have had a retrospective design, and have had
a poor description of the methods and definitions. Based on the study design several
studies had not analysed risk factors, with only a very few studies analysing
impairment-related risk factors. Moreover, most studies have solely recorded
injuries and illnesses during short competition periods. One of the primary
requirements of athlete health monitoring in Paralympic sport is thus to conduct
long-term prospective studies over time, to analyse risk factors based on sports
exposure and to record injuries and illnesses both during training and competition.

Surveillance specifically for Paralympic athletes

In Study I, the Paralympic athletes revealed that impairment-related factors, pain,
overuse symptoms, a risk behaviour and psychological stressors were common
features in Paralympic sport. Another requirement is thus to conduct a surveillance
study with questions, response alternatives and definitions adapted for Paralympic
athletes. The use of sport and impairment-related aids and equipment such as
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wheelchairs, prosthesis, blind folds, orthoses and guides also require the data
collection and response alternatives to be adapted specifically for Paralympic
athletes.

eHealth-based data

The structure of Paralympic sport in Sweden requires that epidemiological data on
sports-related injuries and illnesses are collected online directly from the athletes
themselves. The Paralympic athletes have at present the possibilities of competing
in 28 different sports, spread all over Sweden, which is the largest country in
Scandinavia. Several of the athletes have an individual training behaviour and the
access to medical staff is limited. The final requirement for longitudinal athlete
health monitoring in Paralympic sport is for the data collection to be eHealth-based.

Definitions of injury and illness

Definitions of injuries and illnesses were established in accordance with the
definitions that have been used in previous injury and illness surveillance studies in
athletics, football, rugby and during the Olympic Games.>71%!10 An injury was
defined as:

“Any new musculoskeletal pain, feeling or injury that results from participation in
Paralympic sport (training or competition) and cause changes in normal
training/competition to the mode, duration, intensity or frequency, regardless of
whether or not time is lost from training or competition.”

An illness was defined as:

“Any new illness or psychological complaint that causes changes in normal
training/competition to the mode, duration, intensity or frequency, regardless of
whether or not time is lost from training or competition.”

Survey design

Based on the requirements presented above, a weekly e-diary for longitudinal data
collection of SRIIPS and athlete health data was structured (Figure 9) (Appendix 1).
The weekly e-diary started with a question concerning participation in normal
training, or whether an athlete was injured, ill or did not train for another reason.
Exposure to sport was then reported as number of sessions, hours and minutes
involved in sport and the rate of perceived exertion (RPE).*® Thereafter the weekly
e-diary contained questions regarding use of analgesics, general well being (Likert
scale 1-7), weekly average hours of sleep per night, and self-reported
anxiety/depression and pain (using the EQ-5D-3L).!'1:112 The final two questions in
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the e-diary concerned any new injuries or illnesses and were based on the
injury/illness definitions for these.

Sub-questions
new injury: Injury
g Body location closure
Ruiteiitiite Questions in Injury type (o
reminder weekly report: Injury mechanism _Final
sentevery | | pariicipation in Symptoms diagnosis
Thursday to normal training Contact with Contact with
tho;e who -Exposure to medical staff medical staff
did not sport (sessions) Missed training Time loss
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Figure 9. Flowchart of the weekly longitudinal data collection. Each week the athletes responeded to twelve questions
concerning their previous training week. If they reported an injury or iliness additional sub-questions were
automatically provided. The data were followed up every week and injury and closure forms were sent out to those
reporting being back in normal training.

For a new injury, sub-questions concerning body location, injury mechansism,
injury type, symtoms, missed training sessions, contact with medical staff and
diagnosis were added. For a new illness, there were sub-questions concerning
affected body system, symtoms, causes, missed training sessions, contact with
medical staff and diagnosis. To monitor the incidents in real time and provide
unbiased data on the final diagnosis, the e-diary was constructed in such a way that
required a manual follow up each week. Injury and illness closure forms concerning
final diagnosis, contact with medical staff, time loss, impairment involvement and
possible preventive measures were developed with the aim of sending these when
the athlete reported returning to normal training (Appendix 2 and 3) (Figure 9).

Furthermore, based on the study’s requirements, a baseline survey concerning
athlete demographics, athlete behaviour and previous injuries and illnesses was
developed (Appendix 4). A psychological profile based on the Body Consciousness
Scale, The Brief Cope instrument, The Perceived Motivational Climate in Sport
Questionnaire, The Commitment to Exercise Scale and the hyperactivity definition
in the Diagnostic and Statistical Manual of Mental Disorders (DSM-IV) was also
added. Further details about the different instruments can be found in the Study
Protocol.!'?
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Pilot feasibility and usability study
(Study III)

Study design

Based on the results from Studies I and II, an eHealth application for self-reported
longitudinal data collection of sports-related injuries and illnesses among
Paralympic athletes was developed and evaluated in a pilot feasibility and usability
study. The eHealth application was established together with Briteback survey
tool®, a tool that is built on team communication research and integrated software
development.''* The prototype eHealth application was developed and adapted for
Paralympic athletes based on a theoretical foundation of Paralympic athletes’
perceptions of experiences of sports-related injuries (Study I), the requirements
from the study protocol (Study II), existing research within athlete
surveillance?*>!15 and the Web Content Accessibility Guidelines 2.0 (WCAG 2.0).
According to WCAG 2.0 an application should be robust, understandable,
perceivable and operable (Figure 10).''¢

& B &
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Accessibility to the eHealth ’ '@}

= application
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Figure 10. To improve accessibility for users with PI, VI and Il, the eHealth application was adapted as follows: text
alternative could be changed to large print or speech, all functionalities were available from a keyboard, users were
provided with sufficient time to read and understand the content, which was designed in a way that would not cause
seizure, the content was easy to read and understand, the user had the opportunity to see and hear the content including
separating foreground from background, it was possible to correct mistakes, the application was adapted to current user
agents (including assistive technologies), the application was adapted for both smartphones, tablets and computers.
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Moreover, an eHealth based intervention should be easy to use, and target the
population.””!!” It is therefore important to consider potential sources of errors, such
as poor definitions, difficulties in interpreting questions, and failures in
implementation and data collection before implementing an eHealth based
intervention.!'”!" In order to move towards evidence-based eHealth interventions
it has thus been recommended that the feasibility and usability is evaluated.'” In
this context, feasibility refers to the ability of users to adopt a new system in their
daily routines. Important feasibility features to evaluate were acceptability, demand,
practicality, adaptation, integration, expansion, and implementation.''® Usability
indicates whether a system easily can be used technically by the specified users to
achieve goals with regard to learnability, efficiency, effectiveness, satisfaction and
error recovery.'?*!?! To structure and present the data on feasibility and usability
goals, The Fit between Individuals, Task, and Technology (FITT) framework of
information technology (IT) adoption was used (Figure 11). The framework is based
on the idea that IT adoption in a practical setting depends on the fit between the
attributes of the individual users, attributes of the task and attributes of the

technology.'??
Efficiency,
effectiveness, IT
Teohnolegy ) =\ mabilty, adoption
satisfaction

Figure 11. The FITT framework suggests that IT adoption in health sciences is dependent on socio-organisational-
technical factors including the individual, the task and the technology. Adapted picture from Ammenweth et al.
2006.'22
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Setting and recruitment

A pilot cohort of 37 athletes stratified to represent different impairments, gender,
and sports were invited in June 2016 to participate in the study. The following
inclusion criteria were used: age 18 to 55 years, being a registered athlete within the
Swedish Paralympic Program, being classified according to the IPC, being able to
communicate in Swedish, and being able to answer an e-diary weekly for four
weeks. A total of 28 athletes (9 women and 19 men) aged 20 to 51 years with visual
impairment (n=11), physical impairment (n=15), and intellectual impairment (n=2)
accepted to participate. The athletes were active in 13 different Paralympic summer
and winter sports.
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Data collection and analysis

The athletes were asked to weekly report any new sports-related injury or illness
and additional training and health data, according to the study protocol, during a
four week study period (July-August 2016) (Figure 9).!"* All data and any technical
issues were followed up weekly by the PhD-student and Physiotherapist (KF).
Closing reports concerning final diagnosis were sent to those reporting being back
in normal training (Figure 9). After having completed the four week pilot period,
the athletes were asked to assess the method using the Post-Study System Usability
Questionnaire (PSSUQ)!%, and open ended questions concerning the feasibility and
usability to Paralympic sport and athletes.

Quantitative data such as: athlete demographics, system use, completed self-reports,
number of reported incidents, type of incidents, missing answers, and system errors
were analysed using descriptive statistics. To analyse and report patterns of practical
feasibility and usability data a qualitative thematic analysis were used.'?* The key
parts of the data, including the athletes’ observations, were first extracted. The focus
was to identify opinions about the eHealth application, detecting methodological
issues, and determining whether the method matched the users’ needs and behavior.
Sentences containing aspects of relevance to feasibility and usability were
transformed to codes, themes and meaning units by all authors.!**

Feasibility and usability of athlete health monitoring

Quantitative feasibility and usability evaluation

A total of 1643 responses concerning athlete health were submitted by the 28
athletes during the four week pilot period. The overall weekly response rate was
95%. In the weekly reports, 2.3% of the data were missing. A majority (76%) of the
missing answers were horizontally displayed checkboxes from athletes with VI. The
average weekly time spent on training was 7.6+2.1 hours. A total of 15 new injuries
were reported, resulting in an IR of 18 injuries/1000 hours of sport exposure. Most
injuries (80%) were related to overuse, and tissue inflammation and pain (67%) was
the most common symptom. A total of 14 new illnesses were reported, resulting in
an IR of 17 illnesses per 1000 hours of sport exposure. Upper respiratory tract
infections were the most common illness (64%). During the four week pilot period,
37% of the athletes reported weekly anxiety/depression, 56% reported weekly pain,
and 33% reported weekly use of analgesics.

Twenty one athletes provided complete post use feasibility and usability data. Two
athletes with VI reported technical errors related to the use of a speech synthesiser.
No other system use errors were reported. A majority (71%) of the athletes reported
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that it was easy to complete the weekly task. However, more than one third (38%)
of the athletes reported that the eHealth application was not optimally adapted for
Paralympic athletes and sport. Moreover, 24% of the athletes found it difficult to
define a new illness, and 48% found it difficult to define a new injury. Concerning
the injury and illness closure forms, 76% of the participants reported that it was easy
to use and understand them. Overall, most athletes (86%) were satisfied with the
experience of performing the task, and a majority of the athletes (90%) found it
important to conduct this study.

Qualitative feasibility and usability evaluation

The qualitative post study feasibility and usability evaluation revealed four different
themes (health monitoring in Paralympic sport, survey design, impairment diversity
and usability, and longitudinal athlete eHealth monitoring) related to athlete health
monitoring in Paralympic sport (Figure 12).

First, the athletes expressed that some parts of the health monitoring were not fully
adapted and feasible for Paralympic athletes. Several athletes found it difficult to
know how to identify and define a new injury or illness when their impairment was
involved in the cause or mechanism. The athletes’ opinion were thus that more
survey items and response alternatives related to the impairment were needed, as
the perception was that sports-related incidents sometimes occur due to the
impairment. The athletes also found it relevant to report all new injuries and
illnesses, as some incidents that occurred due to the impairment affected their
participation in sport.

Concerning the survey design, the athletes found it difficult to report complex
incidents. The opinion was that there were insufficient options for describing
multifactorial incidents, including for example an injury, and the impairment. The
athletes made suggestions to improve the survey design, which had originally been
developed for able-bodied athletes, these included opportunities to better describe
their incidents through more multiple check box alternatives and free text.

Regarding impairment diversity and usability, athletes with PI or II did not report
any usability problems. However, athletes with VI reported usability difficulties
related to tasks involving horizontal reply alternatives and a visual analogue scale.
These usability problems were found to be due to a technical problem with the
connection between the eHealth application and their speech synthesiser.

Finally, most athletes stated that it was important to carry out longitudinal athlete
eHealth monitoring. The athletes’ opinion was that the use of the eHealth
application was feasible, and easy to understand and use. Most athletes perceived
that the terminology was intelligible, and that it was easy to understand which
parameters they should report. They also stated that athlete health monitoring in
Paralympic sport could be extended to longer periods of time.
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Based on the findings in the quantitative and qualitative post study feasibility and
usability evaluation, issues related to feasibility and usability were corrected. For
example, the eHealth application was further adapted to athletes with VI, the injury
definition was better adapted to the impairments, the visual analogue scale was
removed and more answer alternatives were added.

e

Figure 12. The athletes perceptions were that health monitoring in Paralympic sports needs to be adapted for athletes
with an impairment. Morover, the survey design should allow reporting for multiple and complex incidents. Concering
usability, athletes with VI requested better technical improvement. Finally, the athletes stated that it is important to
carry out longitudinal athlete health monitoring in Paralympic sport. Photo: Kristina Fagher
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The Sports-related injury and 1llness
in Paralympic sport study (Studies IV
and V)

Study design

After having conducted a qualitative study concerning the Paralympic athletes’ own
perceptions of sports-related injuries (Study I), a study protocol with requirements
for future research in Paralympic sports medicine (Study II), and a feasibility and
usability evaluation of epidemiological data collection (Study III), the
epidemiological cohort study “The Sports-related injury and illnesses in Paralympic
sport study” (SRIIPSS) was implemented and conducted. This study contained two
parts, one prevalence study (Study IV) and one incidence study (Study V). Both
studies followed the Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) guidelines'* and are registered at ClinicalTrials.gov
[NCT02788500].

The ultimate goal of epidemiology is to study the distribution and occurrence of
health incidents, and to understand its patterns, causes and risks in a population of
interest.!?® This understanding can then be used to mitigate and prevent injury and
illness and to promote health.'?’

Setting and recruitment

Participants were recruited through the Swedish Paralympic Program, which
includes all candidates (N=150) for the Summer and Winter Paralympic Games.
The following inclusion criteria were used: i) age 18-65 years; ii) being able to
communicate in Swedish; and iii) having the ability to respond electronically to the
eHealth application. Parasport Sweden and the national team coaches were informed
about the study prior to its commencement. The project was also presented to
athletes participating in the elite sports school, and at the Paralympic pre-camps
2015 and 2017. Contact details were obtained from Parasport Sweden and national
team coaches during the autumn 2016. All 150 athletes were invited and received
written, and if needed, oral information about the study. A total of 107 (71%)
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athletes accepted the invitation, 28 declined to participate and 15 did not respond
(Figure 13). A closed cohort design was then applied.

Swedish
Paralympic
athletes Declined
invited to to Females (n=16)
participate participate Males (n=27)
(n=150) (n=28) Athletes with:
Retired Physical impairment
from sport (n=36)
(n=1) - Visual impairment
Dropped Accepted to Did not (n=2)
out during participate respond Intellectual
Other the study (n=107; Mdn (n=15) impairment (n=5)
reasons (n=4) age=29) -
(n=3)
i i . i i
Team sports (n=47; Wheelchair users Men (n=70; Summer sports (n=88; Athletes with:
Mdn= age 32) (n=53; Mdn age=30) Mdn age=29) Physical impairment
Individual sports Mdn age=33) Women Winter sports (n=19; (n=79;
(n=60; Mdn age=27) Ambulatory (n=37; Mdn age=31) Mdn age=31)
participants (n=54; Mdn age=26) Visual impairment
Mdn age=26) (n=22;
Mdn age=27)
Intellectual impairment
(n=6;
Mdn age=26)

Figure 13. Flowchart of the recruitment process and demographics of the 107 athletes included in The Sports-related
Injury and lliness in Paralympic Sport Study (SRIIPSS).

Prevalence study (Study IV)

A cross-sectional study was conducted to assess athlete demographics, to test
hypotheses concerning athlete behaviour and to estimate the proportion of athletes
affected by an injury or illness. The period prevalence of SRIIPS one year
retrospectively was assessed to estimate the burden of severe long-term incidents
(with a time loss from sport for >21 days), and the need and distribution of resources.
Period prevalence has also the capability to capture incidents with insidious onset,
for example overuse problems. Point prevalence was then used to estimate athlete
availability and the need and distribution of resources at a single point in time, for
example prior to a championship.®®%!26128 The athletes were asked to report all
existing injuries and illnesses at one single point in time.

The athletes were further asked about: i) socio-demographics; (ii) impairment
characteristics; iii) sport characteristics; iv) anxiety/depression; v) pain (pain in
daily life and during sports participation, and use of analgesics) and vi) behaviour
(excessive exercise and maladaptive behaviour). The Commitment to Exercise
Scale (CtES)'® was used to assess features of excessive exercise and maladaptive
behaviour, and EQ-5D-3L!"'! was used to assess pain and anxiety/depression.
Furthermore, women were asked about their period and use of contraceptives. The

54



athletes filled in this baseline questionnaire in the beginning of January 2017
(Appendix 4).

Incidence study (Study V)

To estimate the incidence and risk factors of SRIIPS, a 52 week prospective
longitudinal cohort study was conducted. The assumption of such studies is that the
causal action of an exposure comes before the development of an incident as a
consequence of the exposure. Thus, by measuring the incidence of new events and
time to an event, data can be used to estimate the average risk for a population to
suffer from an outcome. The design is also efficient in studying multiple outcomes
from a single exposure.f!?® Prospective data were then collected weekly for a 52
week period, starting in January 2017. The athletes received a web survey via email
and/or text message each Sunday containing questions concerning their training
week. The weekly e-diary consisted of the 12 questions and additional sub-questions
described in the study protocol. A reminder was sent to those who did not respond.
The weekly data were followed up every week by the PhD-student and
Physiotherapist (KF), and closure forms were sent to those reporting returning to
normal training (Figure 9) (Appendix 1, 2 and 3).

Categorisation (Studies IV and V)

Athlete categorisation

The athletes were first categorised into sex and age group according to the
categorisation that has been used in previous studies from the Paralympic games.”®%
In a second step, the athletes were categorised into impairment at a broad level (PI,
VI and II), and into sub-classes that have been used in previous studies (visual
impairment, intellectual impairment, limb deficiency, SCI, central neurological
impairment and les autres). Furthermore, the athletes were categorised into using a
wheelchair as their main transportation mode or being ambulatory. In a third step,
the athletes were categorised into participating in either a summer or winter sport,
or a team sport or individual sport. A total training load rank index (TLRI) was
quantified for each athlete by multiplying the weekly rate of perceived exertion
(RPE) with minutes of training during each week throughout the year.*>! TLRI was
categorised into low, middle or high, based on the 33" and 67" percentiles.

Injury and illness categorisation

Injuries were categorised into a matrix based on the 10th revision of the
International Statistical Classification of Disease and Related Health Problems
(ICD-10) according to injury type, body location and diagnosis.*® Two sports
physiotherapists (KF and JJ) independently formed ICD-10 codes. For illnesses, KF
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and one physician (JL) independently formed ICD-codes. The reported illnesses
were thereafter categorised into affected body systems. Any variety in the
classification was a matter for clarification and consensus between the authors.

Injury and illness severity

Injury and illness severity were determined by time loss (number of days) from
regular participation in sports. The incidents were classified as follow: slight (0-3
days), minor (4-7 days), moderate (8-20 days), severe (=21 days) and long-term (>3
months).’®° The onset of injury was categorised as traumatic (an injury caused by
an identifiable single external transfer of energy), overuse with sudden onset (an
injury to which no identifiable single external transfer of energy can be found) and
overuse with gradual onset (an injury that manifests gradually over a period of time,
without a single identifiable event being responsible for the injury).>* Furthermore,
injuries were categorised as being primary, new subsequent, exacerbation, recurrent
or multiple."® The cause of illness was categorised as transmission, stress,
overtraining, the impairment, medications, exacerbation, exhaustion/dehydration or
other.%?

Statistical methods (Studies IV and V)

Descriptive data

Descriptive data were assessed for normality and were analysed with descriptive
statistics (mean, median, frequency, proportion, standard deviation and a 95%
confidence interval (CI)). Prevalence was calculated by dividing the proportion of
athletes affected by an injury or illness divided by the total number of athletes
studied at the given time point.'?® To assess the probability for an athlete to sustain
a new injury or illness throughout the year the incidence proportion (IP) was
calculated. IP was calculated by dividing the number of athletes who sustained an
injury or illness by the total number of athletes followed in each category.'*® To
examine the number of new cases in the population at risk, incidence rate (IR) was
calculated by dividing all reported injuries and illnesses by the total time of exposure
in each category.!

Associations and risk factors

Chi-square statistics were used to examine differences in proportions of injuries and
illnesses among athletes with different characteristics (Studies IV and V). Three-
way interactions were analysed using log-linear analysis (Study IV). Comparisons
of IR between different subgroups were analysed using the Mann-Whitney U test or
the Kruskal-Wallis test (Study V). To measure the fraction of athletes training
without an injury or illness during the 52-week period, the Kaplan Meier time-to-
event methods was used (Study V). The primary endpoint was median time to first
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injury and illness, respectively. The cumulative survival probability (SP) was
estimated for each subgroup, and log-rank tests were performed to compare
differences in survival times between the subgroups. Cox proportional hazard
regression analyses were conducted to analyse the actual risk of sustaining an injury
or illness. To test for risks associated with each variable, univariate models were
first performed. Multivariate models with two explanatory variables and their
interactions were thereafter examined to account for co-variates (sex, age,
impairment (VI vs PI or II, ambulatory vs wheelchair user), sport (team vs
individual, winter vs summer) training load and previous severe injury or illness)
and differences in risk between different subgroups. A 5% significance level was
used in all analyses. The IBM SPSS Statistics version 23, 24 and 25 were used for
the analyses.

Sports-related injuries, illnesses and health among
Paralympic athletes

Athlete demographics (Studies IV and V)

In total 107 athletes accepted to participate in SRIIPSS, the number of athletes in
each category are presented in Figure 14. The athletes were engaged in 15
Paralympic (2016) summer sports; para athletics (n=9), boccia (n=3), canoe (n=2),
cycling (n=38), equestrian (n=7), goalball (n=13), judo (n=2), shooting para sport
(n=4), para swimming (n=J5), sailing (n=1), table tennis (n=7), triathlon (n=1),
wheelchair basketball (n=10), wheelchair rugby (n=7) and wheelchair tennis (n=35).
The remaining athletes were active in four Paralympic (2018) winter sports; para
alpine skiing (n=2), para cross country skiing (n=2), para ice hockey (n=9) and
wheelchair curling (n=7).

Number of athletes in each category
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Figure 14. The number of athletes in each category that participated in SRIIPSS (n=107).
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Concerning type of impairment and diagnoses, the athletes represented as many as

36 different diagnoses (Table 6).

Table 6. The athletes” diagnoses grouped into impairment categories.

Visual Intellectual Limb Spinal cord Central Les autres
impairment impairment deficiency injury neurological

impairment
Anoridis Attention Dysmelia Myelitis Cerbral paresis Arthrogryposis
Cataract deficit Hemiplevictomy  Spina bifida with diplegia Becker muscular
Colubom hyperacitivity Spiral condyle Traumatic spinal Cerebral paresis  dystrophy
Glaucoma disorder fracture cord injury at with hemiplegia Charcot-Marie-
Microtalmi Autism Transfemoral cervical level Cerebral paresis Tooth disease
Occular albinism Develop- amputation Traumatic spinal  with tetraplegia Duchenne
Optic nerve mental Transtibial cord injury at Functional muscular
injury disability amputation thoracic level paralysis dystrophy
Retinitis Traumatic spinal Ischemic stroke Nail patella
pigmentosa cord injury at Multiple syndrome
Retinoblastoma lumbar level sclerosis Perthes disease
Stargardt’s Traumatic brain Plexus brachialis
disease stem injury injury

In total 104 athletes (97%) responded to the baseline questionnaire. At baseline, the
athletes reported that their mean time of training was 10.043.9 hours per week. A
majority of the athletes (96%) did some additional training to sport specific training;
69% did cardiovascular training, 76% trained strength, 50% did neuromuscular
training, 39% trained flexibility and 8% trained yoga (Figure 15).

Additional training to sport specific training
100%
90%
80%
70%
60%
50%
40%
30%
20%
0,

% m m

o 2 & o X
< _\00_3 *:\Q&'é‘ q}‘§ g 7}@} p c}§b
((\Q; c_}s S &\)
&
X

Figure 15. Proportion of athletes performing some additional trainining to sport specific training.

A total of 53% of the athletes had a congenital impairment, whereas 47% had
acquired their impairment later in life. Half of all the athletes (50%) used a
wheelchair as their main transportation mode, 11 % used a blind cane, and 11% used
crutches. Two thirds of the athletes (66%) had a part-time or full-time employment,
23% were students, 3% had disability pension and only 8% were fulltime athletes.
One third of the athletes (33%) used alcohol every month, and 22% reported use of
supplements (Figure 16).
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Occupation Alcohol use Supplement use

Disability Full-time athlete Seldom Yes
pension 8% 23% 22%
3% Monthly
33%
Student
23%
Working
66% : > A copuple
S timeslyear No —_—
S 44% 78%

Figure 16. lllustration of Paralympic athletes (n=107) occupational status, alcohol use and supplement use.

About half (47%) of the athletes reported that they had a club coach with relevant
knowledge about Para sport. Seventeen percent of the athletes did not have a club
coach at all. One third of the athletes (32%) reported that their national team coach
had no or some knowledge about Para sport (Figure 17).

Club coach with knowledge about National team coach with
Para sport knowledge about Para sport
Don’t have a Partly
coach 27%
17% °
Yes
47%
Partly No
24% 5%
Yes
68%
NO™ " —

12%

Figure 17. lllustration of the coaches” knowledge about Para sport reported by Paralympic athletes (n=107).

Approximately one fifth (23%) of the athletes had received help to plan their diet.
Concerning health care, 59% of the athletes had regular contact and easy access to
a known healthcare professional, and 47% used prescribed medication (Figure 18).
Overall, the use of 71 different prescribed medications were reported, of which
many require therapeutic use exemption.

Support to plan diet Medical contact person Prescribed medications

Yes
23%

No
41% Yes

No 47%

Yes 53%
59%

No
7%

Figure 18. lllustration of Paralympic athletes (n=107) support to plan diet, and healthcare status.
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Concerning women’s health, almost one third (31%) reported amenorrhea, and 62%
of the women used hormone contraceptives.

Athlete behaviour

Regarding athlete behaviour and commitment to exercise, 59% of the athletes
reported that they continued to train while injured and 83% continued to train unwell
or sick. A majority (82%) felt upset when unable to exercise and 77% felt guilt when
missing a training session.

Prospective athlete health data (Study V)

The athletes provided weekly prospective data for 52 weeks after the baseline
survey. A total of 4046 weekly reports were collected and analysed. Four athletes,
all with physical impairment, dropped out during the year (Figure 13). The weekly
response rate was 72%. The median of answered reports per athlete was 45 (IQR
25-52, min-max 1-52). The median of answered reports for athletes with VI was 47
(IQR 27-52, min-max 8-52), for athletes with II 23 (IQR 2-49, min-max 1-51), and
for athletes with PI 45 (IQR 28-52, min max 1-52). The weekly training data is
presented in Table 7.

Table 7. Average (mean, SD, range) weekly training data by impairment and sport reported from Swedish
Paralympic athletes (n=107) during 4046 training weeks.

Training sessions per week 4.9+3.1 (0-22)
Hours of training per week 6.81+4.8 (0-34)
Physical Impairment (n=79) 6.6+5.0 (0-34)
Les autres (n=14) 6.214.5 (0-26)
Spinal cord injury (n=36) 5.9+4.7 (0-37)
Limb deficiency (n=11) 5.945.0 (0-26)
Central neurological impairment (n=18) 8.845.4 (0-34)
Intellectual impairment (n=6) 6.3£3.5 (0-19)
Visual impairment (n=22) 7.54.4 (0-30)
Ambulatory athletes (n=54) 7.4+4.5 (0-30)
Wheelchair athletes (n=53) 6.2145.0 (0-34)
Summer sports (n=88) 6.7£4.7 (0-34)
Winter sport (n=19) 6.9+5.2 (0-31)
Alpine skiing (n=2) 3.0+£2.8 (0-14)
Athletics (n=9) 6.9+3.7 (0-20)
Boccia (n=3) 7.4+4.8 (0-20)
Canoe (n=2) 8.4+10.7 (0.8-16
Cross country skiing (n=2) 10.415.6 (0-24)
Cycling (n=8) 6.5+3.8 (0-21.5)
Equestrian (n=7) 5.3+4.4 (0-22)
Goalball (n=13) 7.0%4.0 (0-30)
Judo (n=2) 8.5+3.7 (0-18)
Para ice hockey (n=9) 6.61+4.4 (0-28)
Sailing (n=1) 10.0£5.7 (0-24.)
Shooting (n=4) 5.746.4 (0-39)
Swimming (n=5) 11.3+4.6 (0-22)
Table tennis (n=7) 5.8+4.5 (0-22)
Triathlon (n=1) 10.9+4.2 (8-20)
Wheelchair basketball (n=10) 5.4+4.2 (0-26)
Wheelchair curling (n=7) 7.615.8 (0-31)
Wheelchair rugby (n=7) 5.6+4.6 (0-27)
Wheelchair tennis (n=8) 7.415.9 (0-34)
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The weekly athlete health data concerning sleep, anxiety/depression, use of
analgesics and pain are presented in Figure 18 and Figure 19. On average, 59%
(95% CI 57-62) of all athletes reported that they slept 7 hours or less per night each
week. One third of the athletes (34%; 95% CI 32-35) reported that they felt
anxious/depressed each week (Figure 18).

Proportion (%) of athletes reporting sleep <7 hours and anxiety/depression

uolssaidagiyaixuy

Figure 18. Proportion (%) of athletes (n=107) reporting weekly sleep <7 hours and symptoms of anxiety/depression
during the 52 weeks.

On average, 17% (95% CI; 15-18) of the athletes reported weekly use of analgesics
to handle sports-related pain, and 48% (95% CI 46-50) reported moderate or
extreme pain (Figure 19).

Proportion (%) of athletes reporting use of analgesics and pain

Analgesics
ured

Figure 19. Proportion (%) of athletes (n=107) reporting weekly use of analgesics during sports and pain during the 52
weeks
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Injuries — prevalence and incidence

The prevalence and incidence of injuries are presented in Table 8.

Period prevalence and point prevalence (Study 1V)

Almost one third (31%; 95% CI 23-40) of the athletes suffered from a severe injury
during the previous year. Athletes in the young age group, 18-25 years, reported a
higher period prevalence (37%; 95% CI 23-54) compared to the other age groups.
Athletes with limb deficiency were the impairment group that reported the highest
period prevalence (40%; 95% CI 17-69). Ambulatory individuals also reported a
higher prevalence (37%; 95% CI 25-50) compared to wheelchair users (25%; (95%
CI 15-38). The period prevalence among athletes participating in summer sports was
higher (39%; 95% CI 29-50) compared to athletes in winter sports (26%; (95% CI
11-49) (Table 8).

Table 8. Period prevalence, point prevalence, incidence proportion and incidence rate of sports-related
injuries.

Subgroups of athletes Period Point Incidence Incidence rate
prevalence prevalence proportion  (IP)  (IR)1000 hours of
(%) (95% CI) (%) (95% CI) (%) (95% CI) exposure (95% Cl)

All 31 (22-41) 32 (23-42) 68 (59-76) 6.9 (6.0-8.0)
Sex

Male 32 (21-44) 38 (26-50) 74 (63-83) 6.9 (2.0-23.7)

Female 29 (15-46) 20 (8-37) 57 (41-71) 6.9 (1.2-40.1)
Age

18-25 37 (21-55) 31 (17-49) 57 (41-72) 5.4 (1-30.1)

26-34 28 (14-45) 28 (14-45) 79 (63-89) 8.1 (1.3-50.7)

35-63 27 (13-46) 36 (20-55) 67 (51-81) 6.8 (1.3-35.1)
Impairment

Visual 33 (15-57) 33 (15-57) 77 (56-91) 9.8 (0.9-110.2)

Intellectual 33 (4-78) 33 (4-78) 67 (29-91) 6.7 (0.5-1426.9)

Physical 30 (20-41) 31 (21-43) 66 (55-75) 5.9 (2.0-17.8)

Central neurological 37 (16-62) 26 (9-51) 6 (34-76) 4.7 (0.8-28.6)

Les autres 21 (5-51) 21 (5-51) 43 (21-68) 3.1(0.5-19.4)

Limb deficiency 40 (12-74) 50 (19-81) 82 (50-97) 7.8 (0.2-318.0)

Spinal cord injury 26 (13-44) 32 (17-51) 75 (59-87) 7.5 (1.1-53.5)
Summer vs Winter

Summer 32 (22-43) 33 (23-44) 66 (56-75) 6.7 (2.2-20.3)

Winter 26 (9-51) 26 (9-51) 79 (56-93) 7.4 (0.7-75.5)
Team vs Individual

Team 34 (21-49) 34 (21-49) 81 (67-90) 8.3 (1.7-41.2)

Individual 28 (17-42) 30 (18-43) 58 (46-70) 5.6 (1.6-19.7)
Wheelchair vs Ambulatory

Wheelchair 25 (14-39) 25 (14-39) 70 (56-81) 6.3 (1.6-25.3)

Ambulatory 37 (24-51) 38 (25-53) 67 (53-78) 7.5 (1.7-32.6)
Previous severe injury

Yes - 47 (31-64) 88 (71-96) 9.8 (1.1-88.7)

No - 25 (16-36) 61 (50-72) 5.6 (1.9-16.6)

A majority of the severe injuries (91%) occurred during training, with the remaining
9% occurring during competition. In 64% of the injuries, the impairment was a
contributing factor in the injury mechanism. One fourth (25%) of the injuries were
traumatic. Of the remaining injuries, 50% had a gradual overuse onset and 25% a
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sudden overuse onset. Concerning body location, the injuries were distributed to the
lower extremities (44%), to the upper extremities (41%) and to the vertebral column
and head (15%). The most single affected body location (25%) was the knee.

Furthermore, one third (32%; 95% CI 24-41) of the athletes had an existing injury
when measuring the point prevalence. Male athletes reported a higher prevalence
(38%; 95% CI 27-50) compared to female athletes (20%; 95% CI 10-37). For
impairment groups, athletes with limb deficiency again reported the highest
prevalence (50%; 95% CI 24-76). Similarly, ambulatory participants also reported
a higher prevalence (39%; 95% CI 26-52) compared to wheelchair users (25%; 95%
CI 15-38). Athletes in summer sports again had a higher prevalence (40%; 95% CI
30-51) compared to athletes in winter sports (26%; 95% CI 11-49) (Table 8).

Most injuries were related to overuse; 79% were overuse related with a gradual
onset and 15% overuse with a sudden onset. Only 6% of the injuries were traumatic.
More than half (58%) of all injuries were located in the upper extremity, 33% were
in the lower extremity and 9% in the vertebral column and head. The most single
affected body location (33%) was the shoulder.

Incidence rate and incidence proportion (Study V)

A total of 179 injuries were reported by 73 (68%) athletes during the 52 week study
period (Table 8). The median number of reported injuries per athlete was two (IQR
1-3), and the median time to first injury was 19 weeks (95% CI 10-27). Forty-one
percent of the injuries were primary, 37% new subsequent and 21% recurrent. The
median number of reported injuries per week by all athletes was three (IQR 2-4)
(Figure 20).

Number of injuries reported each week

Injuries
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Figure 20. Total number of injuries reported each week by the 107 athletes during the 52 week study period.
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The overall IR of injuries was 6.9 injuries/1000 hours of sports exposure. Athlete
subgroups that reported a slightly higher IR were; athletes with VI (9.8; 95% CI 0.9-
110.2), athletes aged 26-34 (8.1; 95% CI 1.3-50.7), athletes in team sports (8.3; 95%
CI 1.7-41.2), athletes in the low TLRI category (8.1; 95% CI 0.8-86.4) and those
with a previous severe injury (9.8; 95% CI 1.1-88.7) (Table 8).

A majority of the injuries occurred during training; 53% occurred during sports
specific training, 17% during other training and 15% during competition. The
remaining 16% of the injuries occurred outside sport, but was sports-related. Most
injuries had an onset that was related to overuse; 52% was classified as overuse with
gradual onset and 16% as overuse with sudden onset. Almost one third (32%) of the
injuries were traumatic. The athletes reported that the impairment was a contributing
factor in the injury mechanism in 59% of the injuries. Other contributing factors to
the injury mechanism were collision with an object (12%), collision with other
person (10%) and surface/weather (5%). Diagnoses linked to inflammation, pain
and soft tissue disorders were most frequent (47%), followed by sprain, strain and
rupture (15%). About one third (34%) of all injuries were classified as severe. Injury
severity due to time loss from sport was as follows: 0-3 days (33%), 4-7 days (24%),
8-20 days (10%), >21 days (23%) and >3 months (11%).

Most injuries occurred in the upper extremities (40%), with the shoulder being the
most single affected body location (23%), followed by the lumbar spine (12%) and
the elbow/forearm (11%). The athletes reported that they sought medical care for
68% of the injuries. The athletes’ opinion were that 32% of all injuries could have
been prevented.

Associations and risk factors of injuries
Prevalence data (Study 1V)

Athletes in the age group 18-25 reported significantly more severe traumatic injuries
(p=.025) compared to the other age groups (Table 9). Moreover, athletes who did
not use an assistive device (p=.036) reported more severe period prevalence injuries
compared to athletes who used assistive devices such as a wheelchair, crutches or a
blind cane. Furthermore, a history of reporting pain during sports (p=.011), and
monthly use of paracetamol (p=.015) and non-steroid inflammatory drugs (NSAID)
(p=.003) were associated with more severe injuries. Athletes who reported ‘always
feeling guilt due to missing an exercise session’ (p=.041) and ‘always continuing
training when injured’ (p=.026) also reported a significantly higher prevalence of
severe injuries.

Reporting a previous severe injury was associated with an existing point prevalence
injury (p=.027) (Table 9). There were also strong associations between an existing
injury and a history of reporting pain during sports (p=.001) and pain in daily life
(p=.001). Athletes who reported ‘always being upset when unable to exercise’ were
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more likely to suffer from an existing injury (p=.024). There were no significant
associations between an injury, a specific impairment or a sport, for any of the injury
prevalence measures

Table 9. Significant differences in injury prevalence proportions, time to injury, injury incidence rate and
multiple injuries.

Subgroups of athletes Period Point Time to  Comparisons Comparisons of
prevalence prevalence injury (log- of IR (Mann multiple injuries
(x® test (X2 test rank test (p-  Whitney, (Mann Whitney,
(p-value))  (p-value))  value)) Kruskal Wallis  Kruskal ~Wallis
(p-value)) (p-value))
Sex
Male .024 .29 41
Female 729 .067
Age
18-25 .025 .745 14 13 .092
26-34
35-63
Impairment
Visual .795 .996 .83 .055 .004
Intellectual
Physical
Central neurological .891 733 31 .54 .56
Les autres

Limb deficiency
Spinal cord injury
Summer vs Winter
Summer 642 575 .254 .66 .60
Winter
Team vs Individual
Team 43 .552 .005 .20 18
Individual
Wheelchair vs Ambulatory
Wheelchair .202 14 723 .34 12
Ambulatory
Previous severe injury - .027 <.001 .38 45
(ves)

Incidence data (Study V)

Log-rank tests emerging from survival analyses revealed statistically significant
variations in time to injury and survival probability (SP) with regard to gender
(p=.024), type of sport (p=.005) and previous severe injury (p<.001) (Table 9). The
median time to injury for men was 16 weeks (95% CI 10.3-21.7) with a SP of 26%,
compared to women who had a median time of 46 weeks (95% CI123.9-62.1) and a
SP of 43%. Athletes in team sports had a median time to injury of 14 weeks (95%
CI 1.9-26.1) and a SP of 19%, compared to individual sports that had a median of
33 weeks (95% CI 25.4-40.6) and a SP of 42%. The SP of athletes with a previous
severe injury was 12% (median time to injury 6 weeks; 95% CI 1.4-10.6), compared
to 39% (median time to injury 29; 95% CI 16.5-41.5) among athletes without a
history of severe injury (Table 9) (Figure 21).
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Cumulative proportion of non-injured
Cumulative proportion of non-injured
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Figure 21. Kaplan-Meier curves for time to first injury (a-c) and illness (d) and survival probability displayed by
subgroups with a significant difference revealed by log-rank tests (p<.05).

Cox proportional hazard regression analyses using univariate models revealed that
athletes with a previous severe injury had more than twice the risk (HR=2.37; 95%
CI 1.47-3.83) (p=<.001) for suffering a new injury. Moreover, athletes in team
sports had a higher risk for sustaining a new injury (HR=1.88; 95% CI 1.19-2.99)
(p=.007), as well as male athletes (HR=1.76; 95% CI 1.06-2.93) (p=.029). No
multivariate models including co-variates were statistically significant.

There were no significant differences in injury IR between the different subgroups
(Table 9). Comparisons of multiple injuries revealed that athletes with VI suffered
from more multiple injuries (p=.004) (Table 9). Concerning the distribution of
injuries by body region and type of injury, athletes with SCI and wheelchair users
suffered from significantly more injuries to the upper extremities and the shoulder
(p<.001). Ambulatory participants had more injuries to the lower extremities
(p=.012), with athletes with VI reporting more injuries to the lower leg/calf
(p=.018). Furthermore, VI athletes suffered from more traumatic injuries (p=.008)
compared to the other impairment groups.
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Illnesses — prevalence and incidence
Period prevalence and point prevalence (Study 1V)

The overall period prevalence of severe illnesses was 14% (95% CI 9-23). Athletes
in the young age group 18-25 was the age category that reported the highest
prevalence (23%; 95% CI 12-40) of severe illnesses. Regarding impairment
category, athletes with an intellectual impairment was the impairment group that
reported the highest prevalence (33%; 95% CI 9-71). Moreover, ambulatory
participants had a slightly higher prevalence (17%; 95% CI 9-30) compared to
wheelchair users (12%; 95% CI 5-24). Athletes in summer sports reported a slightly
higher prevalence (15%; 95% CI 9-25) compared to those in winter sports (11%;
95% CI 1-34) (Table 10). Finally, athletes participating in endurance sports showed
a higher prevalence (31%; 95% CI 9-61), when being compared to athletes in
explosive sports (14%; 95% CI 7-25) and precision sports (5%; 95% CI 0-23). The
most prevalent affected body system was the respiratory system (35%), followed by
the psychological system (27%).The most common cause of illness was due to
infection (53%). The athletes estimated that the impairment influenced the
occurrence of illness in 42% of all illnesses.

Table 10. Period prevalence, point prevalence, incidence proportion and incidence rate of sports-related
illnesses.

Subgroups of athletes Period Point Incidence Incidence rate
prevalence(%) prevalence proportion (IP)  (IR)/1000 hours of
(95% CI) (%) (95% CI) (%) (95% CI) exposure (95% CI)

Al 14 (8-23) 13 (8-22) 77 (68-84) 9.3 (8.2-10.6)
Sex

Male 16 (8-27) 9 (3-18) 79 (42-61) 8.9 (2.2-36.1)

Female 11 (3-27) 23 (10-40) 70 (54-83) 10.1(1.2-85.4)
Age

18-25 23 (10-40) 14 (5-30) 66 (49-79) 9.6 (0.8-118.6

26-34 14 (5-29) 8 (2-22) 84 (69-93) 12.9 (1.2-137.7)

35-63 6 (1-20) 18 (7-35) 79 (63-90) 7.3(1.3-39.9)
Impairment

Visual 24 (8-47) 19 (5-42) 86 (65-97) 12.4 (0.8-187.7)

Intellectual 33 (4-78) 17 (0-64) 50 (19-81) 13.7 (0.5-318.4)

Physical 10 (5-19) 13 (6-23) 76 (65-84) 8.0 (2.2-28.9)

Central neurological 0 (0-18) 0(0-18) 72 (49-88) 6.6 (0.8-57.0)

Les autres 14 (2-43) 14 (2-43) 86 (58-98) 11.0 (0.4-347.3)

Limb deficiency 10 (0-45) 20 (3-56) 73 (43-91) 8.3 (0.9-384.0)

Spinal cord injury 15 (5-31) 15 (5-31) 75 (59-87) 7.5 (1.1-53.5)
Summer vs Winter

Summer 15 (8-25) 13 (7-22) 75 (65-83) 9.4 (2.5-35.2)

Winter 11 (1-33) 16 (3-40) 84 (61-96) 8.8 (0.7-111.9)
Team vs Individual

Team 13 (5-26) 11 (4-23) 89 (77-96) 10.8 (1.7-67.2)

Individual 16 (7-28) 14 (6-26) 65 (52-76) 7.9 (1.8-35-3)
Wheelchair vs Ambulatory

Wheelchair 12 (4-23) 15 (7-28) 79 (66-88) 11.8 (1.8-78.5)

Ambulatory 17 (8-30) 12 (4-23) 74 (61-84) 6.9 (1.7-28.3)
Previous severe illness

Yes - 40 (20-64) 80 (54-94) 11.7 (0.3-439.4)

No - 10 (4-17) 78 (68-85) 8.9 (2.6-30.6)
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The point prevalence of existing illnesses was 13% (95% CI 8-22). Female athletes
reported a higher prevalence (23%; 95% CI 12-40) compared to male athletes (9%;
95% CI 3-18). Athletes with limb deficiency was the impairment category that
displayed the highest prevalence (20%; 95% CI 4-53). Wheelchair users reported a
point prevalence of 15% (95% CI 8-28), and ambulatory participants a prevalence
of 12% (95% CI 5-24). The prevalence of existing illnesses among athletes
participating in winter sports was 16% (95% CI 4-39), whereas it was 13% (95% CI
7-22) among athletes in summer sports. The upper respiratory tract was the most
commonly affected body system (57%), followed by the psychological system
(29%). Fifty-seven percent of the illnesses was caused by an infection.

Incidence rate and incidence proportion (Study V)

A total of 241 illnesses were reported by 82 (77%) athletes throughout the year. The
median number of reported illnesses per athlete was two (IQR 1-4), and the median
time to first illness was nine weeks (95% CI 1-17). The median number of reported
illnesses by all athletes per week was four (IQR 3-7) (Figure 22).

19 L Number of ilinesses reported each week

71 © o000 -] [} @ Q

llinesses

uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm

Figure 22. Total number of ililnessses reported each week by the 107 athletes during the 52 week study period.

The overall IR of illnesses was 9.3 illnesses/1000 hours of sports exposure. Athlete
subgroups who reported a slightly higher IR were; athletes with intellectual
impairment (13.7; 95% CI 0.5-318.4), athletes with VI (12.4; 95% CI 0.8-187.7),
athletes aged 26-34 (12.9; 95% CI 1.2-137.7), wheelchair athletes (11.8; 95% CI
1.8-78.5) (Table 10), and those in the middle TLRI category (22.0; 95% CI 0.9-
562.4).

A majority (84%) of the illnesses were classified as infections, followed by
spasticity (5%) and psychological illness (4%). Regarding affected body system, the
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upper respiratory tract (68%) was the most affected body system, followed by the
digestive/gastrointestinal body system (10%) and the urogenital/gynaecological
system (7%). The most common symptom was sore throat (34%), followed by fever
(25%) and coryza (10%). The cause of illness was reported to be related to
overtraining and stress (45%), the impairment (28%) and transmission (17%).
Illness severity due to time loss from sport were: 0-3 days (38%), 4-7 days (42%),
8-20 days (14%), >21 days (5%) and >3 months (2%). The athletes reported that
they sought medical care for 22% of the illnesses. The athletes’ opinion was that
15% of the illnesses could have been prevented.

Associations and risk factors of illnesses

Prevalence data (Study 1V)

Female athletes suffered from significantly more existing illnesses than male
athletes (p=.046). An existing illness was also associated with a previous severe
illness (p=.005) (Table 11). Moreover, athletes who reported use of prescribed
medications had a higher point prevalence (p=.019). There was also an association
between an existing illness and a history of reporting anxiety/depression (p=.001).
There were no significant associations between an illness, a specific impairment or
a sport, for any of the illness prevalence measures. It is notable that athletes who
reported moderate to extreme anxiety/depression also reported more psychological
diagnoses for both illness prevalence measures (p=.03)

Incidence data (Study V)

Survival analyses with corresponding log-rank tests showed that athletes in team
sports had a significantly lower SP (11%, median time to illness 8 weeks; 95% CI
4-12) compared to athletes in individual sports (35%, median time to illness 12
weeks; 95% CI 0-46) (p=.022) (Figure 21). Cox proportional hazard regression
analyses using univariate tests showed that athletes in team sports had a significantly
higher risk for illness (HR=1.64; 95% CI 1.05-2.54) (p=.048). Furthermore, cox
regression multivariate analyses revealed that athletes in a summer team sport
(goalball, wheelchair basketball and wheelchair rugby) had twice the risk for illness
(HR=2.01; 95% CI 1.29-3.29) (p=.005). Finally, male athletes with a previous
severe illness had twice the risk for a new illness (HR=2.13; 95% CI 1.29-4.36).

Regarding IR illness data, athletes in the middle TLRI reported a higher illness IR
(22 illnesses/1000 hours) (p=.019) compared to those in the low and high TLRI
groups. Athletes with SCI and wheelchair athletes had a higher proportion of
illnesses in the urogenital/gynaecological system (p=.002) compared to ambulatory
athletes and athletes with other impairments. Moreover, ambulatory athletes
suffered from more multiple illnesses compared to wheelchair athletes (p=.046)
(Table 11).
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Table 11. Significant differences in illness prevalence proportions, time to iliness, illness incidence rate and

multiple illnesses.

Subgroups of athletes Period Point Time to Comparisons Comparisons of
prevalence prevalence injury of IR (Mann multiple
(X2 test (x® test (p- (log-rank Whitney, illnesses (Mann
(p-value))  value)) test (p- Kruskal Wallis  Whitney,
value)) (p-value)) Kruskal ~ Wallis
(p-value))
Sex
Male 0.405 .71 .59
Female .536 .046
Age
18-25 143 481 146 .59 169
26-34
35-63
Impairment
Visual 142 724 15 .78 A1
Intellectual
Physical
Central neurological .252 .551 247 .81 .23
Les autres
Limb deficiency
Spinal cord injury
Summer vs Winter
Summer .593 742 0.995 48 .81
Winter
Team vs Individual
Team 721 49 .022 .88 24
Individual
Wheelchair vs Ambulatory
Wheelchair 402 .566 0.683 .63
Ambulatory .046
Previous severe illness - -005 578 16 24

(yes)
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Ethical considerations

While the primary purpose of medical research involving human subjects is to
generate new knowledge, this purpose can never overhaul the rights and interests of
individual research subjects. Medical research is thus subject to ethical standards
that ensure and promote respect for all human research subjects. It is thus the duty
of a medical researcher to protect the health, dignity, integrity, privacy, and
confidentiality of human research subjects'*?, which has been considered in this
project. First, the Sports-related Injury and Illness in Paralympic Sports Study was
approved by the Regional Ethical Review Authority in Lund, Sweden (Dnr
2016/169) and (Dnr 2014/439). The project follows the World Medical
Association’s (WMA) Declaration of Helsinki Ethical Principles for Medical
Research Involving Human Subjects. Participation in the studies was voluntary and
informed consent was obtained from all participants for Studies I, III, IV and V. The
athletes could at any time terminate their study participation, without stating the
cause.

An ethical concern that may occur in observational studies is observations of severe
or life-threatening medical conditions. No life-threatening incidents were reported
during the study period, and athletes with a severe SRIIPS were contacted and asked
to take part in an examination by a physician or physiotherapist. Another ethical
concern in medical research is that individuals with a severe disability sometimes
are excluded from research due to the disability itself, co-morbidity or poor access
to data collection instruments. All the athletes, regardless of disability, were invited
to participate in this project to improve inclusion and equality. Moreover, the data
collection methods were adapted for individuals with intellectual, visual and severe
physical impairments. Personal assistance was also provided if necessary, and the
PhD-student and Physiotherapist (KF) had in average contact with four athletes per
week throughout the 52-week prospective data collection period.

We chose not to present sport specific data to protect athletes’ integrity due to the
small number of athletes in some of the Paralympic sports. Although data were
collected with individual interviews in Study I and during 52 weeks in Study V, the
participants did not report any discomfort. However, three athletes dropped out from
the longitudinal study because of lack of time. The overall impression is that the
participants’ participation in this project will be beneficial for the athletes and future
generations of athletes.
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Discussion

General discussion

A methodological pluralism was used in this project to understand and describe
sports-related injuries and illnesses in Swedish Paralympic athletes. By combining
narrative and holistic methods with empirical and systematic ones, both science and
practice can be influenced being as each methodological approach used to study a
phenomenon will uncover new insights of the complexity in real-world issues.!'*?
The combination of qualitative and quantitative research is supported by current
trends within sports medicine!®*!3 and a strength of this project is that future
prevention research will be based both on the athletes’ own perceptions and on
statistical data collected prospectively during 52 weeks. Overall, the Paralympic
athletes reported a considerably high incidence and prevalence of sports-related
injuries and illnesses, which is a concern as this athlete population already have an
impairment.

Sports-related injuries: type, severity and risk factors

Overuse injuries

A large proportion of the injuries reported in this project were related to overuse,
which are injuries to the muscle, tendon, bursa, bone or neurovascular structure due
to repetitive loading without adequate recovery to allow for structural adaptation,
and without an identifiable traumatic cause.!*>!3¢ Overuse injuries are a concern as
they may lead to long-term time loss from sport and permanent disability related to,
for example, tendon degeneration.'*® The injury nature is often multifactorial, and it
is a challenge to understand an individual’s risk for developing such an injury. It has
been suggested that factors such as excessive and incorrect loading are risk
factors'*®, which are features that the athletes in this study perceived could lead to
sports overuse.

In addition to sports overuse, Paralympic athletes are also at risk for overloading
specific body parts due to the impairment. For example, a wheelchair athlete
commonly loads the shoulders in all day activities, an amputee athlete may load one
leg in all day activities and an athlete with CP may be exposed to constant use of
the muscles due to spasticity.®!*!37 Previous studies have also proposed that overuse
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injuries are related to a decrease in the sensory input leading to a dysfunction in the
natural alarm system.** The sensory input is often reduced in athletes with, for
example, a neurological impairment.'” An altered inflammation response due to
chronic-low grade inflammation may also increase the risk for overuse injuries.'*
Further studies are thus warranted to evaluate the mechanisms of overuse injuries
among athletes with neurological and inflammatory diseases.

It is notable that, despite a low weekly training load, several of the injuries were
reported to be related to overuse. It could thus be hypothesised that the overuse
phenomena, under preparedness and under loading because of insufficient training
contribute to overuse injuries.'*® Recent research has shown that a high chronic
training load can protect the athlete from injury whereas acute short time bouts of
training and under loading increase the risk for injury.*® This is supported by the
results in this study showing that athletes with a high training load, in fact, reported
a lower IR of injury compared to athletes reporting a low or middle training load.
Under loading due to loss of function because of the impairment may also put the
athlete at risk for overuse injuries such as tendon degradation and stress fractures.'*°
Other factors that could have contributed to under preparedness are the high
proportion of athletes with a severe injury, illnesses and insufficient support related
to training, rehabilitation and nutrition. Altogether, some of the factors that may
contribute to under preparedness are related to the prerequisites in Paralympic sport,
and it is thus recommended that improvements are made to the Paralympic athletes’
preparedness for elite sport, both at an individual and structural level. This is also
an area for further research.

Traumatic injuries

Several traumatic injuries such as concussions, fractures, luxations and anterior
cruciate ligament injuries were also reported. Collisions were the most common
cause of traumatic injuries. A concern is that young athletes reported significantly
more severe traumatic injuries, which may end their career too early. The
International Olympic Committee has presented safeguarding measures to move
towards the development of healthy, capable and resilient youth sport'*, and it is
recommended that similar recommendations are composed within Para sport to
protect young athletes. Furthermore, athletes with VI reported more traumatic
injuries. Traumatic injuries among VI athletes have also been shown to be a concern
in previous studies.'**'** Given that individuals with VI have a higher risk in general
for unintentional injury, falls and fractures®, action should be taken to evaluate the
injury mechanisms more in detail in the blind sports.

Severity of injuries
As many as one third of the athletes reported a severe injury with a time loss from

sport of more than 21 days, both one year retrospectively and one year
prospectively. No differences in severity were present when adjusting for factors
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such as impairment, sport, gender or type of injury. The high number of severe
injuries reported in this project in comparison to the studies from Paralympic Games
is a matter for concern. A majority of the injuries during the competition period of
the Paralympic Games have not lead to any time loss from sport, with only 3% of
the injuries classified as severe during the recent Paralympic Games.”>’® Further
analyses are needed to evaluate whether severe injuries are more common during
the athletes” normal season. The results also emphasise the need to conduct injury
surveillance in different settings in order to provide optimal medical service and
targeted prevention. Another aspect concerning severity and time loss due to an
injury is the impact on performance. Recent research has shown that injuries, and
their influence on training availability are major determinants of an athlete's chance
of reaching the planned performance goals.'*!

Shoulder injuries

The shoulder was the most injured body location over time, which is in agreement
with many other studies.”>”’® In particular, wheelchair users and athletes with SCI
suffered from shoulder injuries. The shoulder girdle is used in most tasks in both
daily life and in sports among wheelchair users, which increases the risk for overuse
injury.® Factors such as loss of innervation to muscles and altered joint mobility
due to contractures may also aggravate shoulder problems. The forward seated
position in many wheelchair sports and sport specific activates, such as throwing
and propulsion, may contribute to injury due to impingement (Figure 23).%

Figure 23. Shoulder protraction, internal rotation, muscle imbalance, weak muscles, poor trunk control and overuse
may contribute to the high proportion of shoudler injuries in wheelchair athletes. Photo: THE SWEDISH
PARALYMPIC COMMITTEE.

Especially wheelchair propulsion leads to high peak muscle forces in the rotator cuff
in particular, which is a muscle group that is easily fatigued during repetitive
movements.'4>82143 Other symptoms such as subacromial pain, hypermobility and
acromioclavicular pathology have been reported as common among wheelchair
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users®2, which is in accordance with the results from this project. Despite a common
problem of shoulder complaints among Paralympic athletes there are few evidence-
based prevention programs. This is an area for future study.

Injuries and athlete behaviour

The athletes’ perceptions were that different behaviours, such as training while
feeling pain or injured, negligence, use of analgesics, lack of patience and a risky
behaviour, could cause injuries. This was supported by data from Study IV, in which
an injury was associated with behaviours, such as feeling guilt when missing
exercise, continuing training when injured, being upset when unable to exercise and
using analgesics regularly. Previous studies among able-bodied athletes have also
shown that athlete behaviours related to self-blame, excessive training and
ineffective coping are associated with injuries.®'** Based on these findings, it is
recommended that future preventive measures include behavioural strategies related
to psychological flexibility, coping and education.®43

Injuries among male athletes

Male athletes suffered a significantly higher risk for injuries over time. Such risk
has not been demonstrated in the studies from the Paralympic Games.””® However,
arecent study assessing injuries one year retrospectively among Paralympic judokas
revealed that male athletes reported significantly more injuries.'*® There are also
contradictory results concerning gender differences among able-bodied athletes, but
a recent large cohort study from New Zealand showed that male athletes had an
overall higher risk for sports injuries.'*® Moreover, it is well-known that males have
a greater risk for unintentional injuries and accidents compared to women, and it
has been suggested that a risk-taking behaviour contributes.'*’ Several athletes in
this project reported a risk-taking behaviour, and further analyses will assess if there
are gender differences in risk-taking behaviours.

Previous injuries

A previous injury was associated with a new injury. A previous injury is also one of
the strongest risk factors for a new injury among able-bodied athletes. 3148149
Designing preventive measures that prevent injuries at a primary level before they
occur is therefore crucial in injury prevention research.'™® It is also important to
prevent injuries at secondary and tertiary levels as it has been suggested that changes
in strength, biomechanics and motor control as well as early return to sport
following an injury may affect the occurrence of a new injury.'*!>! Based on this
the importance of complete recovery, rehabilitation and testing should thus be
emphasised before allowing the athlete return to sport. Moreover, there is a need for
valid instruments to evaluate return to sport tailored for the specific population.'
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Injuries in team sports

Prospective data revealed that athletes in team sports had a higher risk for injury,
even when adjusting for factors such as gender and type of injury. Team sports also
had high injury IRs during the Paralympic Games, and it has been suggested that
factors such as collisions, equipment and unawareness from coaches and officials
may influence the risk.”>”>!53 Successful injury prevention measures have so far
been implemented in Para ice hockey. By adjusting the sledge height and
introducing protective leg gear, the proportion of lower limb fractures have been
greatly reduced.” An ongoing project is aiming to reduce head injuries in football-
5-a-side.'* However, the results from this project show that athletes in the
Paralympic team sports are still at risk for suffering an injury, and the Paralympic
team sports should be in focus in the sports safety work within the Paralympic
movement.

Injuries related to the impairment

Several of the athletes described that the impairment itself caused sports injuries,
and the impairment was involved in the injury mechanism in a large part of the
injuries. This is also supported by previous research, in which it has been suggested
that impairment-related factors such as vision loss, orthopaedic defects, poor
proprioception, pain and spasticity may be risk factors for injuries among
Paralympic athletes.®!3*!55 Notably, no impairment group had a higher risk for
injury. Different impairment groups suffered, however, from different types of
injuries. Wheelchair athletes and athletes with SCI suffered from significantly more
upper extremity injuries, ambulatory athletes had more lower extremity injuries and
VI athletes reported more injuries to the lower leg/calf, and multiple and traumatic
injuries. Altogether, the results demonstrate that there is a need to prevent
impairment-related injuries. Depending on the nature of impairment, different
athletes will need different types of preventive measures.

The results also demonstrate the importance of designing injury and illness
surveillance systems that are adapted to athletes with an impairment (Figure 24).
Paralympic athletes may, for example, be exposed to internal risk factors such as
overuse, pain, loss of function and spasticity. External risk factors may be mobility
aids, technical aids other specific sports equipment such as sledges or straps,
dependency on others (e.g. guides), non-adapted sport facilities and other
prerequisites (e.g. limited coaching and medical service). Most of the previous
injury surveillance systems used in Para sport have not included these risk factors.
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Figure 24. The dynamic, multifactorial model of sports injury aetiology from Meeuwisse (1994) and Bahr & Holme
(2003), adapted to atlhetes with an impairment. Paralympic athletes may be exposed to other internal and external
risk factors compared to able-bodied athletes. These risk factors should thus be included in athlete health surveillance
systems and preventive measures.

Sports-related illnesses: type, severity and risk factors

This is the first study that has reported the incidence of illnesses in Paralympic
athletes outside a competition period. A rather high illness incidence rate was
reported, and a majority of the athletes (77%) reported an illness during the year.
Similar studies among able-bodied athletes have reported illness IPs ranging from
60-75%°>156, The athletes reported an average of 2.3 illnesses per year here
compared to 0.8 per season (9 months) among elite male football players.'>” Higher
illness IPs (12-17%) have also been reported during the Paralympic Games
compared to the Olympic Games (5-9%).%*778587 1t is notable that more illnesses
than injuries were reported over time, which emphasises the need for also including
illnesses in athlete health surveillance and preventive measures.

Respiratory tract infections

A majority of the reported illnesses occurred in the respiratory tract and were related
to infections, which is in agreement with studies among able-bodied athletes.”!!%6157
A concern is that the median time to illness was only nine weeks. This could be
explained by the study start in the middle of the Swedish flu and common cold
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season.'® It is considered normal to experience 1-3 common colds per year.'s’
However, for athletes a common cold is of great concern as it leads to an impaired
muscle metabolism and decrease of efficacy in the cardiopulmonary system.*’-14!
Other exercise-related complications that may follow respiratory tract infections are
viral myocarditis and post-viral fatigue syndrome.*’

Transmission is the main cause of infections, but hard training in combination with
life stress may lead to impairments in immunoregulatory hormones due to an
activation of the hypothalamic pituitary adrenal axis, which puts the athlete at a
higher risk for infections.*’ In this study, the athletes reported that the onset of illness
was due to overtraining and stress in 45% of the illnesses, and it can be
recommended to reduce such stress in order to prevent infections. Other
recommendations to prevent infections among athletes are; avoiding use of shared
water bottles, washing hands and/or use alcohol gel regularly, informing about good
sleeping and eating habits, avoiding continuous exposure to polluted air and air-
condition, early reporting of symptoms and early isolation of athletes with
symptoms. Other effective preventive measures that have been used in elite sport
settings are flu vaccination, easy access to medical staff, avoidance of crowds prior
to competitions and screening for airway problems. 60161

1lInesses related to the impairment

The athletes reported that the impairment was involved in the cause of illness in
almost one third of the illnesses. A higher proportion of illnesses in the urogenital
system was reported in this study compared to studies among able-bodied
athletes.”"1%%157 Athletes with SCI and wheelchair users reported significantly more
illnesses in the urogenital systems, which can be explained by a neurogenic
bladder.!® Other impairment-related risk factors that were reported to contribute to
illness were respiratory problems, bowel dysfunction and an impaired immune
system. It is notable that skin problems were not a specific concern in this population
in comparison to data from the Paralympic Games.®” This could possibly be
explained by the Swedish National Quality Registry for Ulcer Treatment, which has
led to a reduction in the prevalence of pressure ulcers as well as shorter treatment
times.'%?

Based on the results from this PhD-project, the screening and education of athletes
about symptoms and prevention of impairment-related illnesses is recommended.
The results also emphasise the need for quick and adequate medical support for
Paralympic athletes.

lllnesses in team sports

Athletes in team sports had a higher risk for illness. Previous studies among able-
bodied athletes have also shown that athletes in team sports are more often exposed
to infectious disease due to close contact with other athletes and surfaces.'®! In
addition, both team wheelchair athletes and VI athletes are regularly exposed to
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contaminated arena floors due to wheelchair propulsion and marked lines on the
floor (Figure 25).

Figure 25. Athletes in the Paralympic team sports are often exposed to contact with each other, contanimated arena
floors and balls, at the same time as they have to rely on their hands during navigation, eating, drinking and maybe
using a catheter. Photo: THE SWEDISH PARALYMPIC COMMITTEE

At the same time the athletes often use their hands to drink, remove sweat and maybe
use a catheter. Preventive measures such as discouraging the sharing of water
bottles, regular hand washing and distance keeping have successfully been
implemented among able-bodied team athletes.'®® It is thus recommended that
similar prevention measures among Paralympic team athletes are reinforced, and
that stakeholders are informed about the cleaning of arena floors and equipment
more regularly.

Mental health and illness

Few studies have assessed the burden of mental illness among Paralympic athletes,
which has been linked to barriers and insecurity of studying disabled individuals’
mental health.'®* Prospective data here showed that 4% of all illnesses (reported by
6% of the athletes) were an ICD-10 by physician classified mental illness, which
could be considered as relatively low. Similar studies among able-bodied elite
athletes have reported proportions ranging from 5-35%.'* A limitation of the
present project is that the illness definition only included illnesses that changed
participation in normal sports participation, which might have underestimated the
burden. Recent research has shown that mental illnesses such as attention-deficit
disorders, eating disorders and substance use tend to be more common among
athletes compared to the general population®®, but these disorders may not cause
changes in sports participation. It is notable that the athletes also registered a higher
weekly rate of self-reported depression/anxiety compared to the general population
in Sweden.'® 1t is thus recommended that future studies evaluate mental health
among Paralympic athletes.
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Athlete health and well-being

Sleep

Almost 60 % of the athletes reported that they slept seven hours or less per night,
which is a concern as low sleep quantity may affect athletic performance
negatively.!® Recent research has also shown that there are associations between
insufficient sleep and the risk of pain, injury and illness in sports.'*¢-1 It has been
suggested that insufficient sleep is related to high training demands and lack of
awareness among able-bodied athletes.'®® Poor sleep may also be related to the
impairment in the population in the present study. Individuals with VI are more
prone to circadian rhythm disturbances'® and general sleep disturbances are
common among individuals with SCI'’° and MS.!”! Any associations between sleep,
SRIIPS and the impairment will be analysed in future studies. Furthermore, it can
be recommended to educate both the sports community and athletes about the
importance of sleep.'®

Pain

The athletes described qualitatively that pain is a phenomenon that belongs to
participating in Paralympic sport. Almost half of the athletes reported weekly
moderate or extreme pain during the 52 weeks. Reporting pain during sports was
associated with a history of a previous severe injury. Pain is also a common problem
that compromises physical and mental health, and decreases performance among
able-bodied elite athletes.'”* It could be hypothesised that pain is a more widespread
problem among Paralympic athletes since individuals with an impairment report a
higher prevalence of pain in general.!®!7*!7* There are few other studies that have
assessed the burden of pain among Paralympic athletes, and it is recommended to
further address its nature, consequences and treatment.

Use of analgesics

Seventeen percent of the athletes reported weekly use of analgesics to handle sports-
related pain, which is considerably high for a period of a year. It was also shown
that a previous severe injury was associated with regular use of analgesics. The
widespread use of analgesics in sports has recently been considered as a problem
due to side effects such as prolonged healing, bleeding and substance abuse.'”?
Research has also shown that athletes who use analgesics are more prone to using
doping substances.!” The current recommendations are thus to only use analgesics
at the lowest effective dose for the shortest period, and to combine medications with
non-pharmacological treatment.!’? The use of analgesics among Paralympic athletes
could be motivated because of pain related to the impairment. However, a recent
study highlighted that side effects and dependency should be considered when
prescribing analgesics to Paralympic athletes since the athletes may already be
exposed to other prescribed medications.!”
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Training load

The athletes reported a low number of training hours per week (6.8+4.8 hours)
compared to, for example, Swedish able-bodied elite athletics athletes (12.5-18
hours)®! and swimmers (>20 hours).!”® Studies of international Paralympic judokas
(12 hours/week) and German Para athletes (14.4 hours/week) have also reported
more training hours.®®!13% A concern is that there are few studies on how athletes
with an impairment should train and how the training load influences the risk for
injury and illness. It is thus recommended to further evaluate training load,
performance and athlete health both objectively and subjectively in future studies.

Prevention and future research

What do these epidemiological data reveal?

This project focuses on the first and second steps in van Mechelen's ‘sequence of
injury prevention model'.®' The results revealed that the extent of injuries and
illnesses are similar or higher when comparing with studies of able-bodied athletes
335195 Concerning specific risk factors, male athletes and athletes with a previous
injury had a higher risk for injury. Athletes in team sports had a higher risk for both
injury and illness. No specific impairment group had a higher risk for SRIIPS.
Several associations showed, however, that specific impairment groups reported
specific injuries and illnesses to certain body parts or body systems. Moreover,
athlete behaviours, pain and use of analgesics were associated with an injury.
Furthermore, a variety of impairment-related injuries, overuse injuries, traumatic
injuries, recurrent injuries, illnesses and other health problems were reported.
Altogether the results indicate that there is a need to prevent several different
incidents on primary, secondary and tertiary levels (Figure 26) according to the
Haddon’s injury prevention matrix, which was originally developed within motor-
vehicle collision research.”-'%

More specifically, primary prevention aims to counteract the incidents before they
occur. Nevertheless, injuries and illnesses that have already occurred also need
attention during the injury/illness phase in terms of rapid diagnosis, treatment and
prevention of morbidity (secondary prevention). Lastly, athletes that have suffered
from an injury/illness will need appropriate help to return to full function and
prevent re-injury/illness (tertiary prevention).%%¢7-177
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Figure 26. The results from this project show that there is a need to prevent a variety of impairment-related injuries,
overuse injuries, traumatic injuries, recurrent injuries, illnesses and other health problems on primary, secondary and
terrtiary levels in different athlete, impairment and sport categories. Photo: THE SWEDISH PARALYMPIC
COMMITTEE

Time for action, towards the development and implementation of
preventive measures

What can be learnt from other sports?

Subsequently, the next step in this research process will be to develop, implement
and evaluate preventive measures according to step three and four in the "sequence
of injury prevention model .*" Most successful evidence-based injury prevention
programmes in able-bodied sports have focused on neuromuscular training,
strength, plyometrics, flexibility, balance, agility and feedback from coaches and
medical staff.®>%> Recent programmes have also implemented general illness
prevention strategies.'’”® There is, however, a challenge in that many existing
preventive measures are effective in a controlled scientific setting, but are less
effective in the real-world as they are not used by the sports context in the way that
was intended.!”'¥! The reasons have been linked to factors such as lack of time,
lack of knowledge and difficulties in motivating behavioural changes in the sports
ConteXt.34’182’183

It was originally suggested already in Haddon's injury prevention matrix that most
injuries are a sequence of events representing a continuum of different factors
related to the individual, the physical environment and the social environment.'”’
To improve the use of preventive measures in sports medicine, Finch (2006) added
two steps to the "sequence of injury prevention model’.'®? In the Translating
Research into Injury Prevention Practise framework (TRIPP) it is recommended to
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also consider factors related to the implementation context such as the environment,
social factors and the possibility for the sport to deliver the prevention measure.!%%182
Still, prevention programmes have been difficult to establish in many sports
settings!'%*183:18% "and recent research has shown that athletes and coaches themselves
prioritise performance enhancement rather than injury prevention.!®® To move
forwards, Bollinger et al. 2018 proposed that each sport’s context and complexity
need to be considered in the development of preventive measures.'®! Moreover, it is
important to understand the possibilities for the individual athlete to perform the
proposed prevention measures'®!, which will be crucial among Paralympic athletes
as the athletes have different impairments and abilities. It has also been emphasised
to define a sports injury in the specific athlete population, as the perception of what
a sports injury is may differ between different athletes, which is a strength of this
project. Taken together, preventive measures should be developed based on the
athletes’ perceptions, possibilities and needs. %!

Moreover, it has been proposed that the policies, attitudes and involvement in
prevention work of sports organisations matter.!3*17%181 Research has shown that
many gaps in the implementation of preventive measures in sports are due to failures
in reach and adaptation within the sports organisations.'®> Dahlstrém et al. 2015
suggested that in order to overcome the organisation-practise barrier in sports-injury
prevention the sport will benefit from: i) a reduction of the organisational hierarchy
allowing different professions within the sport community plan prevention; ii) a
routine collection of injury and illness data to obtain a scientific overview of the
need of prevention; and iii) open forums allowing all participants within the sport
to discuss safety issues.'** Another concern is that there often are gaps between
academia and sports organisations, which limits the implementation of preventive
measures. '3 It is therefore recommended that the attributes from the academia, such
as understanding, questioning and exploring are utilised together with the attributes
from the sport such as progression, acting and urgency.

The socioecological model as a framework for prevention

To improve the success of preventive measures it has recently been proposed that
sports safety work should facilitate development, communication and education of
prevention at all levels including the athlete, the sports context and the sports
organisation.!0134187.188 Tq gycceed with this, the use of the socioecological
framework, originally developed within public health to identify how different
levels in a setting influence each other with respect to a given health complaint and
it’s possibilities for prevention, have been emphasised (Figure 27).187-1%!
Behavioural change strategies and education rather than environmentally focused
interventions have in particular been emphasised.'¥’-1%
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Figure 27. A sociolecological model including a multifactorial approach to prevent injuries in sport, modified from
Regsiter-Mihalik et al. 2017 and Jacobsson et al. 2017.

Towards a socioecological prevention approach in Paralympic sport

To move towards prevention of sports-related injuries and illnesses in Paralympic
sport it can, based on the results from this thesis, be suggested that a prevention
framework formed around the socioecological model would be useful (Figure 27
and 28). Policies need to be housed from the highest level within the organisation
in order to increase the awareness of preventive measures. These policies will most
likely influence the possibilities, knowledge and attitudes concerning preventive
measures at all levels within the sports.!3*!8” Recent research has shown that there
are correlations between insufficient leadership and the injury burden.!*? It is thus
crucial that routines regarding sports safety are established and supported by a
sustainable and supportive leadership.’**!'* Closer cooperation with academia
would also be beneficial for developing evidence-based preventive measures and
enabling support for implementation, evaluation and grant applications (Figure 28).

Furthermore, the awareness, acceptance, knowledge, development and use of
preventive measures need to be conceptualised within the sports community.'®” In
order to bridge the gap between science and practice it has been suggested that the
identification of and solution for problems can be done through collaboration
between sports practitioners and researchers.**!* It could therefore be suggested
that focus group discussions including stakeholders, coaches, researchers, medical
staff and athletes would be beneficial for improving communication and facilitating
preventive measures adapted for Paralympic athletes. Moreover, it could be
recommended that regular athlete health surveillance is continued with in order to
facilitate awareness and scientific data to all levels within the sports community.'*
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Figure 28. A sociolecological model including a multifactorial approach to prevent injuries and illnesses in Para sport
and Paralympic sport.

The need to improve knowledge about preventive measures to the persons working
around the individual athlete has also been emphasised.!”! There are thus
possibilities for preventing injuries both directly and indirectly. For example, it has
been proposed that an improved interpersonal control of training and injury
prevention may reduce the pressure on the individual athlete.'®” To facilitate
communication and improvement of the individual athletes’ health it could therefore
be proposed that regular health and performance meetings including sport directors,
coaches, medical staff and possibly the individual athlete would be beneficial. A
hypothesis could be made that this is of extra importance in the Para sport population
as there are sometimes other prerequisites related to, for example, finance,
accessibility, knowledge and abilities (Figure 28).

Finally, the individual athletes’ behaviour, knowledge, perceptions and motivation
most likely influence the possibilities for preventing sport-related injuries and
illnesses. 9134187 It has been shown that especially education plays a crucial role in
improving and facilitating athletes’ knowledge, perceptions, motivation and self-
efficacy of prevention."®” Thus in order to facilitate the education and
communication of the prevention of injuries and illnesses it could be suggested that
an eHealth-based platform specifically developed and adapted for Swedish Para
athletes and Paralympic athletes, based on the results from this thesis and further
qualitative interviews could generate such knowledge. In addition, there is a need
for more individual medical and psychological support providing accurate treatment
and individualised preventive measures (Figure 28).
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Methodological considerations

Definitions and data collection

One could argue that the broad injury and illness definitions including partial time
loss SRIIPS could lead to the over-reporting of incidents. However, previous studies
have proposed that definitions, including only time loss and incidents reported by
medical staff, underestimate overuse related conditions®!, psychological complaints
as well as the overall burden of injuries and illnesses.’>!* Such definitions would
possibly also underestimate impairment-related health complaints. A strength of the
data collection is that definitions, questionnaires, the surveillance system and
classification of SRIIPS were adapted for Paralympic athletes. Popular surveillance
and classification systems, such as the Oslo Sports Trauma Research Centre
Questionnaire and the Orchard Injury Classification System®>'** do not consider
diagnoses, risk factors or special needs related to Paralympic athletes” impairment
or equipment, which may lead to biased results.

A limitation in the data collection method is that training-load data were not
validated objectively, which could be performed through global positioning systems
and heart rate monitors in the future.!”® Another limitation is that not all the invited
athletes in the cohort chose to participate, which could lead to participation bias.'?
However, response rates above 70% are considered sufficient in epidemiological
studies'?, and the response rates are also comparable to similar studies.!3¢!

Trustworthiness and validity

Ccredibility, confirmability, dependability and transferability were considered to
establish trustworthiness of the qualitative data.'”® A variety of different athletes
were interviewed, variations in the data were presented and triangulation of other
methods were used to assure credibility. To establish confirmability, citations were
shown and all authors had access to the raw data and were involved in the
categorisation. The methods were reported in depth to ensure dependability.
Regarding transferability, it is believed that the qualitative results can be applied to
other settings of Paralympic athletes since many underlying assumptions can be
explained by the literature.

Concerning the validity of quantitative data, conclusions drawn from the results are
that the instruments measure what they were intended to measure.®® A strength is
that four studies were conducted prior to the quantitative data collection to assure
that the measurements corresponded accurately to the real world."”® Moreover,
feasibility and usability were assessed in order to improve the eHealth application
and users’ needs and desires.!?® A limitation is that reliability was not specifically
evaluated in this project, which also is a limitation of many similar studies within
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the field. This is an area for future research. Altogether it could be estimated that
the results correspond to the reality of Paralympic sport in Sweden, but repeated
measures as well as studies from other regions would improve the generalisability.

Epidemiological data

A limitation is the relatively small study sample. Large multicenter studies would
therefore be valuable in the future to improve the statistical power in this research
field. For example, to obtain a 25% risk reduction of injuries in a future intervention
study based on the observed effect in Study V, a study sample of 262 athletes would
be required in a study that applies a significance level of 5% and 80% power.

A strength of this project is that both injuries and illnesses were included. One
should, however, be aware of the presence of competing risk that may impede or
affect the occurrence of either injury or illness.!”” One option could be to impute the
weekly exposure data in future studies in order to control for competing risks and
missing data.'”® However, there is always a great uncertainty about dealing with
missing data when several outcomes and exposures are involved. Another strength
of this project is that time-to-event analyses that estimate time to SRIIPS and allow
analyses of time dependant changes in a risk factor’s hazard ratio were conducted.®
A dilemma in sports medicine research is, however, that the subject can be affected
by different injuries and/or illnesses during a study period. No attempts were made
to model times between repeated SRIIPS in this project, which is a limitation. Such
attempts have not been conducted in any of the studies within Paralympic sports
medicine, and it is recommended that future research establish how subsequent
events within Para sport and Paralympic should be classified.

Other epidemiological biases that could be present in this project are recall bias, and
non-differential and differential misclassification of exposure, injuries and illnesses.
Furthermore, it is important to consider the confusion of effects (confounding) in all
epidemiological research.'?® For example, the exposure to sport could possibly be
mixed with the exposure to wheelchair use in daily life, which could lead to a biased
outcome of injury. The concept of causation in epidemiological research is based on
observations, with effects that are immediately apparent. In medicine there are often
multiple mechanisms acting in concert that cause an incident, and factors such as
the sum of attributable fractions and induction time may influence the outcome. '
Consequently, no simple answer can determine whether epidemiological
observations are causal, and in order to assess the evidence of the epidemiological
research within this project, the causal criteria of Bradford Hill have been used.'?!%
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Conclusions

This thesis has provided new knowledge and understanding about sports-related
injuries and illnesses among Swedish Paralympic athletes that can be used in the
development and implementation of evidence-based preventive measures.

Paralympic athletes’ perceptions of experiences were that the impairment itself,
overuse and a risk behaviour were involved in the causes and mechanisms of
sports-related injuries. Moreover, the perceptions were that sports-related
injuries as well as the possibilities and prerequisites for preventing them differ
in several ways from able-bodied athletes. This complexity needs to be
accommodated in the development and implementation of athlete health
surveillance and preventive measures.

The primary requirements for epidemiological research of sports-related injuries
and illnesses in Paralympic athletes are to: i) allow prospective studies over time
collecting data both during training and competition; ii) adapt surveillance
systems to Paralympic athletes’ pre-existing impairments; iii) and allow data
collection that suits the sports context.

It is feasible and usable to use an eHealth application based on self-reports and
adapted to Paralympic athletes’ various impairments for collecting
epidemiological data about sports-related injuries and illnesses among
Paralympic athletes.

The retrospective 1-year prevalence of severe injuries was 31%, which is a
concern. The point prevalence of existing injuries was 32%, indicating that only
68% of the athletes are not injured and are available at one point in time.
Regarding illnesses, 14% of the athletes reported a severe illness 1-year
retrospectively and 13% reported an existing illness. Previous incidents, pain,
and behavioural and psychological aspects were associated with the occurrence
of a sports-related injury or illness in Paralympic athletes.

The incidence proportion of a new sports-related injury was 68% and the
incidence rate was 6.8 injuries/1000 hours of sports exposure, which is
considered as high. A majority of the injuries occurred during training, 68% were
related to overuse and 34% were classified as severe injuries. The athletes
impairment was involved in the injury mechanism in 59% of the injuries.
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Athletes in team sports, males and those with a previous severe injury had a
higher risk for a new sports-related injury. Athletes with visual impairment
reported significantly more multiple and traumatic injuries, ambulatory athletes
reported a higher proportion of lower extremity injuries, and wheelchair athletes
and athletes with spinal cord injury reported a higher proportion of shoulder
injuries. Subsequently, these athlete categories should in particular be targets for
future preventive measures.

The incidence proportion of a new illness was 77% and the incidence rate was
9.3/1000 hours of sports exposure, which is also considered as high. The most
commonly affected body system was the respiratory tract, and a majority of the
illnesses were categorised as an infection. The athletes reported that the
impairment was involved in the cause of illness in 28% of all illnesses.

Athletes in team sports and males with a previous severe illness had a higher risk
for a new illness. Wheelchair athletes and athletes with spinal cord injury
reported a higher proportion of illnesses in the urogenital system, and it is
recommended that all these athlete categories are targeted in future preventive
measures.

In addition, 59% of the athletes reported prospectively that they slept seven hours
or less per night, 48% reported moderate to severe pain each week, 34% reported
that they felt moderately to severely anxious/depressed and 17% used analgesics
weekly.

Altogether, there is an urgent need to prevent sports-related injuries and illnesses
among Swedish Paralympic athletes at primary, secondary and tertiary levels.



Practical implications

The knowledge generated from this thesis can in a first step be used by stakeholders,
medical staff, coaches and athletes themselves to inform the prevention of sports-
related injuries and illnesses. Ultimately, the practical relevance of this thesis is to
allow safe sports participation and to maximise athletic performance by developing
measures to prevent sports-related injuries and illnesses among Swedish Paralympic
athletes.

e Paralympic athletes’ perceptions of their experiences of sports-related injuries
are complex and differ in several ways from those of able-bodied athletes, this
thus needs to be considered in resource allocation, training planning, medical
support and prevention work.

e Most athletes stated that athlete health monitoring is important to carry out, it is
thus recommended to continue with athlete health monitoring of Swedish
Paralympic athletes.

e To prevent the high rate of overuse injuries better monitoring of excessive
training as well as under loading and over loading is recommended, both in
sports and in daily life. Moreover, the training should be adapted to the athletes’
abilities and body structures, and their preparedness for elite sports needs to be
improved.

e There is also a general need for adequate medical support during the athletes’
training periods since most injuries occurred outside competition.

e To prevent shoulder injuries among wheelchair athletes, it can be recommended
to screen for shoulder complaints, to ensure optimal loading and training of the
shoulder girdle, and to customise equipment.

e To prevent traumatic and multiple injuries among athletes with visual
impairment, it is recommended to strive for safety both during competition,
training and in daily life by ensuring appropriate guiding, sports equipment and
rules.
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To reduce the burden of subsequent injuries, it is recommended that both medical
staff, coaches and athletes themselves ensure that complete recovery and
rehabilitation have been conducted before returning to sport.

To prevent the high rate of infections, it is suggested based on current
recommendations to proactively work with education concerning precautions
that can help the athletes to avoid becoming ill in an infectious disease.

To prevent illnesses in the urogenital system among wheelchair athletes and
athletes with spinal cord injury, it is recommended to ensure optimal bladder
management as well as accurate medical support.

To inform a change in athlete behaviours, such as continuing training injured or
sick, it is recommended to educate athletes and coaches about training load and
recovery as well as symptoms and consequences of sports-related injuries and
illnesses.

The high proportion of athletes reporting pain and use of analgesics suggest that
causes of pain, its treatment and side effects, and its impact on athletic
performance are better understood. Also, general non-pharmacological strategies
described in the literature that can be recommended are: improved sleep quality,
mindfulness-based stress reduction, education and physical therapy techniques.

To improve the quantity of sleep, it is recommended to educate athletes and
coaches about the importance of sleep, and to identify sleep disorders that could
be related to stress or the impairment.

To address the reporting of anxiety/depression, it is important to foster a positive
climate within the sports context, to screen for mental illness, to review and
improve psychological support, and to educate athletes about symptoms and
coping strategies.

To inform the prevention of injuries and illnesses among Swedish Paralympic
athletes, it is further recommended to improve athletes’ medical and nutritional
support and possibilities to reach the health care system.



Future perspectives

e Results from this project revealed that it is feasible and usable to use eHealth
based athlete health monitoring for scientific use. However, there is no data
evaluating the athletes’ perceptions of continuous eHealth based data collection
over time. We therefore plan to evaluate the athletes’ perceptions of benefits,
facilitators and barriers to continuous athlete health monitoring within the sports
context.

e It could also be suggested that future studies should evaluate the development
and use of eHealth-based, athlete-centered medicine and training planning in
Para sport. It could, for example, be beneficial to encourage eHealth-based
access to personal records, education and communication between athletes,
coaches and medical staff.

o Future studies should also focus on evaluating Paralympic athletes’ mental
health, pain, use of analgesics and sleep in more detail. Based on the results from
this project we are planning to explore if these biopsychosocial factors are risk
factors for injuries and illnesses in future studies.

e Future studies emerging from this project will also focus on evaluating specific
types of injuries, for example, head injuries and overuse injuries.

e More in-depth analyses of injury and illness mechanisms are also needed to
evaluate underlying risk factors in the specific athlete, impairment and sport
specific categories. Larger multi-centre studies would thus be valuable to obtain
more sport and impairment specific data.

e Lastly, the results from this thesis infer that factors leading to sports-related
injuries and illnesses are complex and call for injuries and illnesses to be
prevented on primary, secondary and tertiary levels. To succeed with this, it
could be hypothesised that it would be feasible to implement multifactorial and
adapted preventive measures based on a socioecological model including both
the sports organisation, researchers, coaches, medical staff and the athletes
themselves. Accordingly, the next step in this research process will be to develop
and implement such preventive measures, and to follow up and evaluate their
effectiveness.
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Popularvetenskaplig sammanfattning

Intresset for parasport fortsitter att 6ka och de Paralympiska spelen dr numera ett
av virldens storsta idrottsevenemang. Trots flera allvarliga olyckor under
Paralympics samt det faktum att all idrott innebdr en risk for att drabbas av en
idrottsrelaterad skada eller sjukdom é&r kunskapen om idrottsrelaterade skador och
sjukdomar inom parasport begrinsad, och det finns inga evidensbaserade
forebyggande program.

Det 6vergripande syftet med detta projekt var dérfor att fa en fordjupad forstaelse
och kunskap om idrottsrelaterade skador och sjukdomar hos svenska elitaktiva
paraidrottare for att kunna frimja utvecklingen av evidensbaserade férebyggande
program.

Béde kvalitativa och kvantitativa metoder anvéndes i det hér forskningsprojektet for
att fa en holistisk och systematisk kunskap om dmnet. [ en forsta studie intervjuades
18 idrottare for att fa en béttre forstaelse om paraidrottares egna uppfattningar och
erfarenheter av idrottsrelaterade skador. Baserat pa dessa resultat utvecklades ett
studieprotokoll for epidemiologisk forskning. En e-hdlsoapplikation f{or
datainsamling av egenrapporterad hélsodata utvecklades sedan, och dess
anvindarbarhet och genomforbarhet utvirderades i en pilotstudie. Déarefter fyllde
104 idrottare i ett baslinjeformuldr om sin idrott, sin funktionsnedsdttning, sitt
traningsbeteende, nuvarande idrottsrelaterade skador och sjukdomar samt allvarliga
idrottsrelaterade skador och sjukdomar ett ar tillbaka i tiden. Slutligen rapporterade
107 idrottare varje vecka prospektiv data géllande nya idrottsrelaterade skador och
sjukdomar, triningsméangd, traningsintensitet, somn, oro/nedstimdhet, sméarta och
anvéndning av smaértstillande lakemedel under 52 veckor.

Resultaten visar att paraidrottares uppfattningar och erfarenheter av
idrottsrelaterade skador &r komplexa och delvis skiljer sig fran skador hos idrottare
utan funktionsnedsdttning. Det var vanligt med skador relaterade till
funktionsnedséttningen, Overbelastning, smirta, ett riskfyllt beteende samt
otillrackliga forutsattningar for att kunna férebygga skador. Séledes bor forskning,
resurstilldelning och forebyggande program anpassas till paraidrottare, vilket
gjordes i studieprotokollet och i utvecklingen av e-hilsoapplikationen. Aven resultat
frdn anvindar- och genomfoOrbarhetsstudien pavisade att definitioner, frégor,
svarsalternativ och tekniska plattformar bor anpassas till idrottare med olika
funktionsnedsattningar.
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Omkring en tredjedel (31%) av idrottarna rapporterade att de hade haft en allvarlig
idrottsskada med en tidsforlust fran idrott i mer en &n tre veckor ett ar tillbaka 1
tiden. Aven omkring en tredjedel (32%) rapporterade att de hade en nuvarande
skada, vilket innebér att man kan rdkna med att endast 68% av idrottarna ar skadefria
vid en specifik tidpunkt. Mer allvarliga skador rapporterades av unga idrottare i
aldern 18-25 éar, bland idrottare som regelbundet rapporterade smérta under idrott
samt bland de som regelbundet anvinde smértstillande lakemedel. Att fortsitta trana
fast man hade en skada samt att kdnna skuld vid utebliven trdning var &ven
associerat till en svar skada. Att regelbundet rapportera smérta i vardagen och under
traning, att regelbundet anvdnda smartstillande likemedel samt att kinna sig
upprord Gver att inte kunna trdna var associerat till en nuvarande skada.
Sjukdomsdata visade att 14% hade haft en svér sjukdom ett ar tillbaka i tiden, och
13% hade en nuvarande sjukdom. Att ha haft en tidigare svéar sjukdom, att vara
kvinna samt kinna sig regelbundet orolig/deprimerad var associerat med en
pagéende sjukdom.

Data som rapporterades in varje vecka under ett 4r visade sedan att 68% av
idrottarna adrog sig en skada och att 6.9 skador/1000 traningstimmar rapporterades.
En majoritet av alla skador intriffade under trédning, 68% av skadorna
klassificerades som Overbelastningsrelaterade och 34% av skadorna klassificerades
som allvarliga idrottsskador. For 59% av skadorna var funktionsnedséttningen en
bidragande faktor i skademekanismen. En Okad skaderisk observerades bland
idrottare med en tidigare allvarlig skada, hos lagidrottare samt bland manliga
idrottare. Rullstolsidrottare rapporterade en signifikant hogre frekvens av
axelskador och idrottare med synnedséttning rapporterade mer traumatiska skador.

Totalt sett rapporterade 77% av idrottarna en sjukdom under aret. Mediantid till en
sjukdom var endast nio veckor och sjukdomsincidensen var 9.3 sjukdomar/1000
traningstimmar timmar. Den vanligaste sjukdomstypen var infektion (84%) i
luftvagarna. Lagidrottare och min med en tidigare svar sjukdom hade en hogre
sjukdomsrisk. Rullstolsidrottare och idrottare med ryggmérgsskada rapporterade en
signifikant hogre frekvens av urinvégsinfektioner. For dvrigt rapporterade 59% av
idrottarna att de i snitt sov sju timmar eller mindre, 48% rapporterade varje vecka
mattlig till svar smérta, 34% kénde sig oroliga eller nedstimda och 17% anvénde
varje vecka smairtstillande ldkemedel i samband med trianing.

Sammanfattningsvis visar resultaten att forekomsten av idrottsrelaterade skador och
sjukdomar &r hog hos svenska elitaktiva paraidrottare. Resultaten visar dven att det
ar mojligt att anvinda en anpassad e-hdlsobaserad plattform for att samla in data om
paraidrottares hilsa och trdningsbeteende. Avhandlingen bidrar med helt ny
kunskap och forstdelse som kan anvindas for att designa och implementera
forebyggande strategier med fokus pé att forbattra idrottarnas hélsa samt optimera
den idrottsliga prestationen. For att gora detta foreslas det att preventiva atgarder
implementeras pa flera olika nivaer inom idrotten.
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Appendix

Appendix 1. Study-specific questionnaire used for prospective weekly data collection in SRIIPSS (not validated to

English).

Hej! Valkommen att fylla i veckorapporten (man xx-s6n xx) om skador och sjukdomar.

Fraga 1. Tranade du normalt (fullt) under den
gangna veckan xx-xx?

(1 Ja, helt normalt

1 Nej, jag hade en skada, kédnning, smarta eller
sjukdom som gjorde att jag inte kunde trana fullt
ut och som péaverkade mig i min normala
tréning eller tavlingsgenomférande

Vad ar orsaken till att du inte har kunnat tréna
fullt ut (du kan valja flera alternativ)?

[ Ny skada/kénning/smérta orsakad av idrott
som paverkade mig i min normala tréning eller
tavlingsgenomférande

[l Ny skada/kdnning/smérta orsakad av min
funktionsnedséttning som paverkade mig i
min normala tréning eller
tavlingsgenomférande

[ Ny skada/kdnning/smérta orsakat av nagot
annat, tex i vardagen, som paverkade mig i min
normala tréning eller tdvlingsgenomférande

[l Pagaende eller redan rapporterad
skada/kdnning/smérta

O Ny sjukdom (tex férkyining,
urinvégsinfektion, psykiska bekymmer)

[1 Pagaende eller redan rapporterad sjukdom
[ Nej, jag trénade inte pa grund av annan
orsak, tex semester, skolarbete

Fraga 2. Hur manga pass trénade du under
veckan (tex 1, 2, 5)?

Fraga 3. Hur mycket trénade du totalt den har
veckan (ange i timmar:minuter tex 1:05)?
Fraga 4. Tavlade du under den gangna
veckan?

[Ja

[INej

Fraga 5. Hur anstrangande upplevde Du att
veckans tréning var (skatta ett genomsnitt for
veckan)?

[1 0 Ingen anstrangning alls

[1 1 Extremt latt

[1 2 Mycket latt

[ 3 Latt

[1 4 Latt-mattligt anstrangande

[1 5 Ganska anstrangande

[1 6 Anstrangande

[1 7 Mycket anstrangande

[ 8 Kraftig anstrangande

[1 9 Extremt anstrangande

[J 10 Maximalt anstrangande

112

Fraga 6. Har du anvant nagot eller nagra
smartstillande eller inflammationshdmmande
lakemedel for att hantera besvar under eller
efter traning den senaste veckan?

[ Ja

[ Nej

Fraga 7. Hur upplevde du ditt allménna
véalbefinnande under den senaste veckan?
Ange en siffra mellan 1 och 7, dar 1 &r mycket
daligt och 7 &r mycket bra

|

2

13

4

5

e

07

Fraga 8. Hur manga timmar har du i
genomsnitt sovit per natt den senaste veckan?
[10-5h

[16-7h

[189h

110-11h

[ fleran11h

Fraga 9. Oro/nedstamdhet senaste veckan?

[1 Jag har inte varit orolig eller nedstamd

[1 Jag har varit orolig eller nedstamd i viss
utstrackning

[1 Jag har i hégsta grad varit orolig eller
nedstamd

Fraga 10. Smartor/besvar senaste veckan?

[1 Jag har inte haft smartor eller besvar

[1 Jag har haft mattliga smartor eller besvar

[1 Jag har haft svara smartor eller besvar
Fraga 11. Har du en NY
SKADA/SMARTA/KANNING som gjorde att du
inte kunde trana fullt ut och som paverkade dig
i din normala traning/tavling?

[ Ja

1 Nej

Fraga 11a. Nar intréffade
skadan/smartan/kénningen (ange MANAD-
DAG tex. 03-28)?

Fraga 11b. | vilket sammanhang
intraffade/kande du av
skadan/kanningen/smartan?

[] Tavling



[ Idrottsspecifik traning (ex friidrott, simning)
[ Annan traning (ex  styrketraning,
konditionstréning)

[ Annat (ex, pa jobbet, skolan, hemma)

Fraga 11c. Vilken kroppsdel har huvudsakligen
blivit skadad (du kan ange flera alternativ)?

[ Armbage, underarm

[ Axel, skuldra, nyckelben

[ Brostrygg, bréstkorg, revben

1 Backen, svanskota

[ Fot/Ta

[ Hand/Finger

[ Huvud

[ Hoft

[ Kna

[ Ljumske

[ Lar

[J Landrygg, bal

[ Nacke

1 Underben/Vad

11 Ogon

0 Gron

[ Annat, ange vad

Fraga 11d. Har du innan skadan kant nagot i
det nu skadade omradet?

[1 Nej, inte alls

[1 Ja, viss smarta/stelhet den senaste veckan
[1 Ja, viss smarta/stelhet i mer &n 1 vecka
Fraga 11e. Vilken &r den preliminara skadan
(du kan ange flera alternativ)?

[ Blamarke, larkaka

[ Fraktur

[ Hjarnskakning

[ Impingement/inkldmning

[ Muskelbristning/strackning

[1 Muskelkramp/spasm

[ Nervskada/nervsmartor

[l Ledinflammation

[1 Senbekymmer (akut skada, tex bristning)

[l Senbekymmer (&verbelastning, tex
inflammation)

[1 Slemsécksinflammation

[ Skada pa brosk/menisk

[l Smarta

[ Stressfraktur

[1Stukning, vrickning, ledbandsskada

[1 Sar, blasa, sittsar

[1 Urledvridning/luxation

[ Annat, ange vad

Fraga 11f. Vad anser du vara den primara
orsaken till skadan/smértan/kénningen (du kan
ange flera alternativ)?

11 Overbelastning (smygande start)

1 Overbelastning (plétslig start)

[1 Kollision med annan person

[1 Kollision med féremal (ex boll, mal, sarg,
rullstol)

[ Icke kontaktskada (vridning/stukning)

[1 Orsakad av underlag eller vaderférhallanden
[1 Orsakad av utrustningsfel (ex skida, protes,
rullstol, kalke)

[1 Orsakad av regelbrott eller domarbeslut

[ Orsakad av trotthet eller utmattning

0 Aterfall av tidigare skada

[ Annat

Fraga 11g. Uppfattar du att din
funktionsnedsattning paverkade uppkomsten
av skadan?

[ Ja

[ Nej

Fraga 11h. Om du under det senaste aret har
haft en liknande skada/kanning/smarta, hur
lange har du varit tillbaka i normal tréning innan
du fick bekymmer igen (valj det alternativ som
stdmmer bast)?

O Jag har inte haft denna
skada/ké@nning/smartan tidigare i ar

[ 2 veckor eller farre

L1 3-4 veckor

[ 5-6 veckor

L1 7-8 veckor

[l 2 manader eller fler

Fraga 11i. Hur manga ordinarie tréningspass
missade du forra veckan pa grund av
skadan/kanningen/smartan?

oo

1

02

13

4

15 eller fler

Fraga 11j. Vem har beddmt skadan under
veckan (du kan ange flera alternativ)?

[ Jag sjalv

[l Trénare

[ Sjukgymnast/Fysioterapeut

[l Lakare

[1 Sjukskoterska

L1 Massor

[ Naprapat

[ Kiropraktor/osteopat

[1 Annan

Fraga 12. Har du en NY SJUKDOM som gjorde
att du inte kunde trana fullt ut och som
paverkade dig i din normala traning/tavling.
[Ja

[ Nej

Fraga 12a. Nar intréffade din sjukdom
(MANAD-DAG, tex 03-28)?

Fraga 12b. Vilket ar/var det huvudsakliga
symtomet (du kan ange flera alternativ)?

[ Diarré

1 Domningar, muskelsvaghet

[1 Feber, frossa

[l Férstoppning

[ Halsont

[ Hjartklappning, oregelbunden puls, hogt/lagt
blodtryck

[ Hosta

[1 llamaende, krakning

[1 Kansla av nedstamdhet, oro, angest, stress
[ Smarta, vark

[ Snuva, nysning

[ Spasticitet

[1 Svarigheter att andas

[ Trétthet, matthet

[1 Utslag, klada, eksem

[ Viktminskning eller uttorkad

[ Yrsel, ostadighet

1 Annat, ange vad

Fraga 12c. Vilken ar/var den preliminara
diagnosen pa sjukdomen?

[ Allergi

[ Astma

[ Autonom dysreflexi

[1 Depression, angest, utmattning
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[ Diabetes, bekymmer med blodsocker

[ Forkylning, luftvagsinfektion

[ Hjart/lungbekymmer

[1 Hormonella eller reproduktiva bekymmer

) Hudbekymmer

[ Huvudvark, migrén

[l Mag/tarmbekymmer

[ Maginfektion

[ Neurologiska bekymmer, tex spasticitet

[} Tandbekymmer

[} Urinvagsinfektion

1 Ogonbekymmer

[ Annan infektion

[J Annat, ange vad

Fraga 12d. Vem har stallt diagnosen?

[ Jag sjalv

[1 Tréanare

[ Sjukgymnast/Fysioterapeut

[1 Sjukskoterska

[l Lakare

[ Naprapat

[ Annan

Fraga 12e. Vad anser du vara den framsta
orsaken till sjukdomen (du kan ange flera
alternativ)?

[ Min funktionsnedséattning

[J Foérvarring av redan existerande bekymmer

[ Smitta

[] Stress, oro, psykiska bekymmer

[ Orsakad av lakemedel

11 Overtraning

[ Utmattning, véatskebrist

[ Vet gj

1 Annat

Fraga 12f. Hur manga ordinarie tréningspass
missade du forra veckan pa grund av
sjukdomen?

oo

1

02

03

4

[ 5 eller fler

Fraga 12g. Om du under det senaste aret har
haft en liknande bekymmer, hur lange har du
varit tillbaka i normal tréning innan du blev sjuk
igen (valj det som stdmmer bast)?

[1 Jag har inte haft dessa bekymmer tidigare i
ar

[1 2 veckor eller farre

L1 3-4 veckor

[1 5-6 veckor

[17-8 veckor

[ 2 manader eller fler

Tack for dina svarl Om det ar nagot annat du vill rapportera eller undrar 6ver kan du skriva det har eller kontakta
oss: kristina.fagher@med.lu.se / 070-29 70 764. Mvh Kristina & Parasportforskargruppen.

Appendix 2. Injury closure report used in the prospective weekly data collection in SRIIPSS (not validated to

English).

Det hér ar en slutrapport f6r den skada, smarta eller kdnning du rapporterat for en eller ett par veckor sedan.

Fraga 1. Hur lang tid har du varit borta fran
normal (full) traning?

[1 0 dagar

[11-3 dagar

[1 4-7 dagar

[18-21 dagar

1 mer an 21 dagar

[ mer &n 3 manader

Fraga 2. Vilken &r den slutliga diagnosen (tex
muskelbristning, stukning, inflammation,
smarta)?

Fraga 3. Vem har stéllt diagnosen?

[ Jag sjalv

[] Tranare

[1 Sjukgymnast/Fysioterapeut

[ Lakare

[ Sjukskéterska

[1 Massor

[ Naprapat

[ Kiropraktor/osteopat

[1 Annan

Fraga 4. Uppfattar du att din
funktionsnedsattning spelade nagon roll
gallande uppkomsten av skadan?

[ Nej

[Ja

Pa vilket satt?

Fraga 5.

Tror du att man hade kunnat férebygga den har
skadan?

[ Nej

[ Ja

Pa vilket satt?

Tack for dina svar. Om det ar nagot annat du vill rapportera eller undrar 6ver kan du skriva det har eller kontakta
oss: kristina.fagher@med.lu.se / 070-29 70 764. Mvh Kristina & Parasportforskargruppen.

Appendix 3. lliness closure report used in the prospective weekly data collection in SRIIPSS (not validated to

English).

Det hér ar en slutrapport f6r den sjukdom rapporterat for en eller ett par veckor sedan.

Fraga 1. Hur lang tid har du varit borta fran
normal (full) traning?

[ 0 dagar

1 1-3 dagar

[1 4-7 dagar
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[1 8-21 dagar
[l mer an 2l dagar
[ mer an 3 manader

Fraga 2. Vilken &r den slutliga diagnosen (tex
forkylning, maginfektion, annan sjukdom)?


mailto:kristina.fagher@med.lu.se

Fraga 3. Vem har stéllt diagnosen?
[ Jag sjalv

[ Tranare

[1 Sjukgymnast/Fysioterapeut

[ Lakare

[ Sjukskoterska

L1 Massor

[J Naprapat

[ Kiropraktor/osteopat

1 Annan

Fraga 4. Uppfattar du att din
funktionsnedsattning spelade nagon roll
gallande uppkomsten av sjukdomen?
[ Nej

[ Ja

Pa vilket satt?

Fraga 5. Tror du att man hade kunnat
férebygga den har sjukdomen?

[ Nej

[ Ja

Pa vilket satt?

Tack for dina svar. Om det ar nagot annat du vill rapportera eller undrar 6ver kan du skriva det har eller kontakta
oss: kristina.fagher@med.lu.se / 070-29 70 764. Mvh Kristina & Parasportforskargruppen.

Appendix 4. Study-specific baseline questionnaire for SRIIPSS (not validated to English).

Hej! Det har ar en enkat med bakgrundsfragor till Parasportstudien, du behdver bara svar EN gang pa denna enkét.

Totalt sett ar det 41 fragor. Alla svar &r anonyma.

Del 1: Om dig (9 fragor)

Fraga 1. Vilket ar ar du fodd?

Fraga 2. Kén?

[ Man

[ Kvinna

Fraga 3. Hur manga ar har du hallit pa med
parasport (exempel 7 ar)?

Fraga 4. Vilken ar din huvudsakliga
sysselsattning?

[1 Studerande

[l Férvarvsarbetande

[l Arbetssokande

[ Sjukersattning

[1 Min idrott

Fraga 5 . Vilken omfattning har din
huvudsakliga sysselsattning?

[1100%

[175%

150%

[125%

Fraga 6. Vilken typ av fysisk anstrangning har
din sysselsattning?

1 Huvudsakligen stillasittande arbete

[1 Arbete som i stor utstrackning kraver att sta,
g4, rulla, men ej kraver fysisk anstréangning

[1 Arbete som innebar att sta, ga, rulla, men
ocksa innebar mattlig fysisk anstrangning, tex
lyfta och bara

[ Tungt kroppsarbete

Fraga 7. Hur ar din fysiska anstrangning pa
fritiden och i vardagen (utover arbete och
tréning)?

[1 Huvudsakligen stillasittande

[ Fritid/vardag som i stor utstrackning kraver
att sta, g4, rulla, men ej kraver fysisk
anstrangning

[ Fritid/vardag som innebar att sta, g4, rulla,
men ocksa innebar att lyfta, bara eller rulla
tungt

[ Fritid/vardag som innebar tungt
kroppsarbete

Fraga 8. Langd (cm)?

Fraga 9. Vikt (kg)?

Del 2: Om dig och din idrott (11 fragor)

Fraga 10. Vilken ar din huvudsakliga idrott
(ange en)?

Fraga 11. Upplever du att din trénare i klubben
har kunskap/utbildning som &r relevant for din
parasport?

[Ja

[ Nej

[1 Delvis

[1 Vet gj

[1 Jag har ingen trénare

Fraga 12. Upplever du att din trénare i
landslaget har kunskap/utbildning som ar
relevant for din parasport?

[1Ja

1 Nej

[ Delvis

[ Vet gj

Fraga 13. | genomsnitt hur manga timmar
tranade du per vecka det senaste aret under
en normal tréaningsvecka (tex 7 timmar)?
Fraga 14.1 genomsnitt, hur manga vilodagar per
vecka har du under en normal tréningsvecka?
[1 Ingen

[1En

[1Tva

[1 Tre eller fler

Fraga 15. Hur langt brukar ett trdningspass
vara i genomsnitt inklusive uppvarmning och
nedvarmning (ange det svar som passar bast)?
[1 Mindre &n 45 min

[11tim

[ 1.5tim

0 2tim

[ 2.5tim

[ Mer &n 3 tim
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Fraga 16. Hur lang tid brukar
uppvarmningsdelen vara?

10 min

115 min

130 min

[1 45 min

Fraga 17.Tranar och tavlar du i nagon annan
idrottsgren?

[ Nej

[1Ja

Vilken?

Fraga 18. Utdver din idrott, trdnar du nagot av
féljande (du kan ange flera alternativ)?

[1 Nej, jag tranar endast idrottsspecifik traning

[ Ja, jag trénar konditionstraning (tex cykling,
16pning, rodd)

[1 Ja, jag trénar styrketréning

[l Ja, jag trénar balans-, stabilitets- eller
koordinationstraning (tex bal-, axel-,
knakontroll)

[1 Ja, jag trénar rérlighetstraning

[l Ja, jag tranar yoga

[ Ja, jag tranar nagot annat

Fraga 19. Har du nagon medicinsk
kontaktperson du kan vanda dig till vid
problem?

[ Nej

[1Ja

Vilken kategori (du kan ange flera alternativ)?
[ Sjukgymnast/Fysioterapeut

[l Lakare

[ Sjukskoterska

[1 Massor

[ Naprapat

[ Kiropraktor/osteopat

[1 Annan

Fraga 20. Har du nagon gang anvant dig av
Folksams elitidrottsférsakring?

[ Ja

[ Nej

Del 3: Om din funktionsnedsattning (4 fragor).
Fraga 21a. Ange vilken

funktionsnedsattning/diagnos du har?

Fraga 21b. Om du har en klassificering, ange
(tex B1, S, T, U)?

Fraga 22. Har du haft din funktionsnedséattning
sedan fédseln?

[ Ja

[1 Nej, den har utvecklats gradvis

[1 Nej, den uppstod vid en olycka

Fraga 23. Anvander du nagot hjalpmedel eller
liknande?

[ Nej

[ Ja

Vilket/vilka hjalpmedel anvander du (du kan
ange flera alternativ)?

[1 Rullstol

[ Permobil

1 Rullator

[ Kryckor/kapp

[l Protes

[1 Ortos

[ Blindkapp
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Fraga 24.0m du anvander rullstol, i genomsnitt,
hur manga timmar per dag rullar du (bade i
vardag och traning)?

Del 4: Om tidigare och nuvarande skador (2
fragor).

Fraga 25. Har du under de senaste 12
manaderna haft en skada/smarta/kédnning som
fatt dig att helt eller delvis avsta fran traning
eller tavling i en sammanhangande period mer
an 3 veckor?

[ Nej
[ Ja
25a. Vilken/vilka diagnoser hade
skadan/smartan/kanningen och i vilken

kroppsdel var den (du kan ange flera
alternativ)?

1 Armbage, underarm

[1 Axel, skuldra, nyckelben

[ Brostrygg, bréstkorg, revben

1 Backen, svanskota

[ Fot/Ta

[ Hand/Finger

[ Huvud

[ Hoft

[ Kna

[l Ljumske

[ Lar

[1 Landrygg, bal

L1 Nacke

[1 Underben/Vad

1 Ogon

7 Gron

[ Annat, ange vad

25b. | vilken situation uppstod
skadan/smartan/kanningen?

[1 Tavling

[ Idrottsspecifik tréning (ex friidrott, simning)
[0 Annan traning (ex styrketraning,
konditionstraning)

[1 Annat (ex, pa jobbet, skolan, hemma)

25c. Vad anser du vara den framsta orsaken till
skadan/smartan kanningen?

11 Overbelastning (smygande start)

11 Overbelastning (plétslig start)

[ Kollision med annan person

[1 Kollision med foremal (ex boll, mal, sarg,
rullstol)

[ Icke kontaktskada (vridning/stukning)

[1 Orsakad av underlag eller vaderférhallanden
[1 Orsakad av utrustningsfel (ex skida, protes,
rullstol, kélke)

[1 Orsakad av regelbrott eller domarbeslut

[1 Orsakad av trétthet eller utmattning

[ Aterfall av tidigare skada

[l Annat

25d. Hur manga dagar var du borta fran traning
pa grund av skadan/smartan/kénningen?

[1 0 dagar

1 1-3 dagar

[1 4-7 dagar

[1 8-21 dagar

[ mer an 21 dagar

[l mer an 3 manader

25e. Tror du din funktionsnedséttning spelade
nagon roll i uppkomsten av
skadan/smartan/kanningen (om JA, beskriv hur
i fri text)?



[ Nej

[ Ja

Fraga 26. Ar du helt skadefri idag?

[ Ja

[ Nej

26a. Vilken/vilka diagnoser hade
skadan/smartan/kédnningen och i vilken
kroppsdel var den (du kan ange flera
alternativ)?

1 Armbage, underarm

[J Axel, skuldra, nyckelben

[ Brostrygg, brostkorg, revben

L1 B4cken, svanskota

[ Fot/Ta

[ Hand/Finger

[ Huvud

[ Hoft

[ Kna

[1 Ljumske

[ Lar

[1 Landrygg, bal

L1 Nacke

[1 Underben/Vad

1 Ogon

1 Oron

[ Annat, ange vad

25b. | vilken situation uppstod
skadan/smartan/kanningen?

[] Tavling

[ Idrottsspecifik traning (ex friidrott, simning)
[0 Annan traning (ex  styrketraning,
konditionstraning)

[1 Annat (ex, pa jobbet, skolan, hemma)

25c¢. Vad anser du vara den framsta orsaken till
skadan/smartan kadnningen?

11 Overbelastning (smygande start)

11 Overbelastning (plétslig start)

[ Kollision med annan person

[1 Kollision med foremal (ex boll, mal, sarg,
rullstol)

[ Icke kontaktskada (vridning/stukning)

[1 Orsakad av underlag eller vaderférhallanden
[ Orsakad av utrustningsfel (ex skida, protes,
rullstol, kalke)

[ Orsakad av regelbrott eller domarbeslut

[1 Orsakad av trotthet eller utmattning

11 Aterfall av tidigare skada

[ Annat

26d. Hur manga dagar har du varit borta fran
din tréning?

[1 0 dagar

1 1-3 dagar

[14-7 dagar

[1 8-21 dagar

7 mer an 21 dagar

[l mer an 3 manader

Del 5: Om tidigare och nuvarande sjukdomar (2
fragor).

Fraga 27. Har du under de senasle 12
manaderna haft en sjukdom, operation,
psykiska bekymmer eller liknande som fatt dig
att helt eller delvis avsta fran din tréning i en
sammanhangande period mer an 3 veckor?

[ Nej

[ Ja

27a. Ange vilken eller vilka diagnoser samt de
huvudsakliga symtomen (du kan ange flera
alternativ)?

[ Diarré

1 Domningar, muskelsvaghet

[ Feber, frossa

[] Férstoppning

[ Halsont

[1 Hjartklappning, oregelbunden puls, hogt/lagt
blodtryck

[l Hosta

[ lllamaende, krakning

[1 Kansla av nedstamdhet, oro, angest, stress
[] Smarta, vark

[ Snuva, nysning

[ Spasticitet

[ Svarigheter att andas

[] Trétthet, matthet

[1 Utslag, klada, eksem

[ Viktminskning eller uttorkad

[ Yrsel, ostadighet

[ Annat, ange vad

27b. Hur manga dagar var du borta fran
tréningen pga sjukdomen/sjukdomarna?

[1 0 dagar

[11-3 dagar

[14-7 dagar

[1 8-21 dagar

1 mer an 21 dagar

[ mer an 3 manader

27c¢. Tror du din funktionsnedsattning spelade
nagon roll i uppkomsten av sjukdomen (om JA,
beskriv hur i fri text)?

1 Nej

[1Ja

27d. Vad anser du vara den framsta orsaken till
sjukdomen?

[ Min funktionsnedsattning

[ Férvarring av redan existerande bekymmer
[ Smitta

[ Stress, oro, psykiska bekymmer

[1 Orsakad av lakemedel

11 Overtraning

[ Utmattning, vatskebrist

[ Vet gj

[ Annat

Fraga 28. Ar du helt sjukdomsfri idag?

[ Ja

1 Nej

28a. Vilken sjukdom/sjukdomar har du, ange
diagnos och de huvudsakliga symptomen (du
kan ange flera alternativ)?

[ Diarré

1 Domningar, muskelsvaghet

[ Feber, frossa

[1 Forstoppning

[ Halsont

[ Hjartklappning, oregelbunden puls, hogt/lagt
blodtryck

[1 Hosta

[1 llamaende, krakning

[1 Kansla av nedstamdhet, oro, angest, stress
] Smarta, vark

[1 Snuva, nysning

[ Spasticitet

[1 Svarigheter att andas

[ Trétthet, matthet
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[ Utslag, klada, eksem

[ Viktminskning eller uttorkad

[ Yrsel, ostadighet

[ Annat, ange vad

28b. Hur manga dagar har du varit borta fran
din tréning?

[1 0 dagar

1 1-3 dagar

[ 4-7 dagar

[ 8-21 dagar

[J mer an 21 dagar

1 mer an 3 manader

28c. Vad anser du vara den framsta orsaken till
sjukdomen?

[ Min funktionsnedsattning

[J Foérvarring av redan existerande bekymmer

[ Smitta

[ Stress, oro, psykiska bekymmer

[1 Orsakad av lakemedel

11 Overtraning

[ Utmattning, véatskebrist

[ Vet gj

[ Annat

Del 6: Hur var ditt allmana halsotillstand under
foregaende ar? (3 fragor).

Fraga 29. Upplevde du regelbundet nagra
smartor eller besvar under traning?

[ Jag hade inga smartor eller besvar

[1 Jag hade mattliga smartor eller besvar

[ Jag hade svara smartor eller besvar

Fraga 30. Upplevde du regelbundet nagra
smartor eller besvar i vardagen?

[1 Jag hade inga smartor eller besvar

[ Jag hade mattliga smartor eller besvar

[1 Jag hade svara smartor eller besvar

Fraga 31. Hur upplevde du ditt allmanna
valbefinnande?

[1 Jag var inte orolig eller nedstamd

[l Jag var orolig och nedstdmd i viss
utstréackning

[1 Jag var i hogsta grad orolig eller nedstamd
Del 7: Om kost och lakemedel (6 fragor).
Fraga 32. Brukar du planera din kost utifran din
tréning?

[Ja

[ Ibland

[ Nej

Fraga 33. Har du haft hjalp med upplagg av
kosten av tex dietist, sjukvardspersonal eller
tranare under féregaende ar?

[ Nej

[ Ja

Fraga 34. Anvande du under féregaende
sasong kosttillskott?

[ Nej

[Ja

Vilket/vilka?

Fraga 35. Anvande du under féegaende
sasong nagra mediciner?

[ Nej

[ Ja

Vilken/vilka?

Fraga 36. | samband med traning eller efter
traning, har du det senaste aret anvant
nagot/nagra inflammationshdmmande
lakemedel for att hantera besvar (ex Voltaren,
Ipren, Naproxen)?

[ Dagligen eller nastintill

[1 1-4 ganger/vecka

[1 1-4 ganger per manad

[1 1-2 ganger varannan manad

[1 1-2 ganger under ett ar

[1 Aldrig

Fraga 37. | samband med traning eller efter
traning, har du det senaste aret anvant
nagot/nagra smartstillande lakemedel for att
hantera smarta (ex Panodil, Alvedon, Citodon,
Tramadol)?

[ Dagligen eller nast intill

[1 1-4 ganger/vecka

[11-4 ganger per manad

[1 1-2 ganger varannan manad

[1 1-2 ganger under ett ar

[1 Aldrig

Fraga 38. Anvander du nagon form av tobak
regelbundet?

[ Nej

[Ja

Vilken form av tobak?

Fraga 39. Hur ofta dricker du alkohol?

[ Aldrig

[1 Sallan

[1 Nagra ganger per ar

1 Nagon gang i manaden

[1 Ett par ganger i manaden

[1 Nagon gang i veckan

[ Sa gott som dagligen

Del 7: Till dig, som ar kvinna (2 fragor).

Fraga 40. Har du haft en langre period (mer an
2 manader) med mycket sparsamma eller inga
menstruationer (undantag graviditet)?

[ Nej

[Ja

Hur ofta har mensen da kommit?

[1 Jag har inte fatt mens/jag har inte mens

[1 Nagon gang om aret

[ Ett par ganger om aret

[1 Ungefar var varannan manad

Fraga 41. Anvander du hormonbaserade
preventivmedel som p-piller, p-stav, p-ring eller
liknande?

1 Nej

[ Ja

Tack for dina svar. Om det ar nagot annat du vill rapportera eller undrar 6ver kan du skriva det har eller kontakta
oss: kristina.fagher@med.lu.se / 070-29 70 764. Mvh Kristina & Parasportforskargruppen.
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Paralympic athletes’ perceptions of their experiences of sports-related
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' Department of Health Sciences, Lund University, Lund, Sweden, >Skdne University Hospital, Lund, Sweden, > Department of
Medical and Health Sciences, Athletics Research Center, Linkiping University, Linkdping, Sweden, *Department of
Behavioural Sciences and Learning, Linkoping University, Linkoping, Sweden

Abstract

Our knowledge of sports-related injuries in para-sport is limited and there are no data on how Paralympic athletes themselves
perceive an injury. The aim of this qualitative study was to explore Paralympic athletes’ perceptions of their experiences of
sports-related injuries, risk factors and preventive possibilities. Eighteen Swedish Paralympic athletes with vision
impairment, intellectual impairment, spinal cord injury, cerebral palsy, myelomeningocele, dysplasia and neuromuscular
disorder, representing 10 different para-sports, were interviewed. The qualitative phenomenographic method was used to
interpret the data. The analysis revealed nine categories of perceptions of experiences. The athletes perceived that their
impairments were involved in the cause and consequential chains associated with a sports-related injury. Other categories
that denoted and described these injuries were: sport overuse, risk behaviour, functional limitations, psychological
stressors, the normalised pain, health hazards, individual possibilities to prevent sports-related injuries and unequal
prerequisites. This qualitative study revealed that Paralympic athletes’ perceptions of their experiences of sports-related
injuries are complex and multifactorial, and in several ways differ from able-bodied athletes. This needs to be considered
in the sports health and safety work within the Paralympic Movement as well as in the design of future injury surveillance
systems and preventive programmes.

Keywords: Qualitative research, athletic injuries, sports for persons with disabilities, sports medicine, primary prevention

Introduction

Para-sport allows people with disabilities to achieve
extraordinary heights of functional capability
(Willick & Lexell, 2014). During the last decades
para-sport has in many ways become elite sport,
with increased training intensity, sports performance
and improved technology (Vanlandewijck & Thomp-
son, 2011). With the development of para-sport and
the growing number of para-athletes, there is an
increased interest in their health and safety, both to
enhance sports performance and to prevent injuries
(Webborn & Van de Vliet, 2012).

It is well established that participation in sports
involves a substantial risk of injuries. In sports for
able-bodied athletes injuries can negatively impact
on training and competitions, and sometimes it may

compromise entire careers and cause life-long dis-
abilities (Ijungqvist et al., 2009). Injury prevention
measures have been an area of interest over the past
years and there are today injury prevention pro-
grammes for a range of sports (Verhagen, 2015).
Our knowledge of sports-related injuries in para-
sport (SRIP) is, however, limited and data regarding
the nature of injuries, sports-related and impairment-
related risk factors, and preventive possibilities are
scarce.

The overall injury rates in para-sport seem to be
high and comparable with rates in able-bodied ath-
letes (Fagher & Lexell, 2014; Webborn & Emery,
2014; Weiler, Van Mechelen, Fuller, & Verhagen,
2016). Several reports emerging from the specific
injury surveillance system implemented during the
Paralympic Games 2012 (Derman et al., 2013) have
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shown that some injuries are similar to those in able-
bodied athletes (Willick et al., 2013). However, it has
also been suggested that patterns of injuries in Paral-
ympic athletes may be different (Derman et al.,
2013). For example, many Paralympic athletes have
long-standing and non-modifiable impairments,
sometimes combined with complex medical issues,
which could lead to injuries not encountered in
sports for able-bodied athletes (Webborn & Van de
Vliet, 2012). Understanding the nature of SRIP,
and the development and implementation of preven-
tive programmes is therefore an important area to
allow safe para-sport participation (Weiler et al.,
2016).

In addition, there are no data on how Paralympic
athletes themselves perceive an injury and how their
impairments influence their perceptions of the
experiences of SRIP. Sports-related injuries can be
a major stressor for athletes and lead to various
psychological responses (Putukian, 2016). Also,
different types of behaviour related to injury risk
factors and mechanisms have recently been noted as
a key factor in sports injury research among able-
bodied athletes (McGlashan & Finch, 2010; Verha-
gen & van Mechelen, 2010; Verhagen, van Stralen,
& van Mechelen, 2010). Athletes’ beliefs of the
causes of their injuries have been linked to psycho-
logical, social and training factors, as well as their
coach (van Wilgen & Verhagen, 2012). However,
such knowledge is non-existing regarding Paralympic
athletes.

One way to increase our understanding of SRIP is
to use qualitative research methods. Sjostrom and
Dahlgren (2002) suggested that qualitative research
might be the first step towards quantitative research,
as the reality may vary between populations (Sjos-
trom & Dahlgren, 2002). To the best of our knowl-
edge, no study has explored Paralympic athletes’
own perceptions of their experiences of SRIP. Such
study will explore the athletes’ own perspective and
thereby lead to a more in-depth knowledge of SRIP.

The aim of this qualitative study was therefore to
explore Paralympic athletes’ own perceptions of
their experiences of SRIP, risk factors and preventive
possibilities.

Methods
Research design

The present study used a qualitative research design
based on phenomenography. This is a qualitative
method for exploring different ways that individuals
experience a phenomenon and their surrounding
world (Marton, 1981). The basic assumption is that
it is the experiences that precede the perceptions.
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Within health care research the interest is the percep-
tions that stem from the experiences of, for example,
an injury or a disability. These perceptions are most
likely possible to affect or support by various inter-
ventions. Phenomenography was developed within
educational research and stems from the assumption
that the only world we can communicate is the world
we experience (Sjostrom & Dahlgren, 2002). Partici-
pants in this study are likely to differ in terms of how
they perceive the world, and these differences can be
described, understood and communicated by others
(Patton, 2002).

Participants

In total, 25 athletes from the Swedish Paralympic
programme were invited to participate. To be eligible
for the study, the participants had to be between
18 and 45 years of age and have had at least one
self-defined SRIP. A purposive sampling was used
to ensure variation in gender, impairments and
sports.

The first 18 athletes (11 men and 7 women with a
mean age of 27 years, range 18-40 years) who
accepted the invitation were interviewed. Two ath-
letes denied participation. Already after 14 interviews
no new information was revealed. However, to be
confident that the data were sufficient, four more
interviews were performed. These interviews added
very little extra information and with the 18 partici-
pants the interview process was discontinued. Ath-
letes with the following impairments were
interviewed: vision impairment (z=8), intellectual
impairment (z = 1) and physical impairment (n =9).
The 18 represented the following summer (z=16)
and winter (n=2) para-sports: goalball (n=5),
wheelchair rugby (z=2), athletics (z=2), cycling
(n=1), alpine skiing (z=1), boccia (n=1), ice
sledge hockey (n = 1), judo (n=1), table tennis (n =
1) and swimming (n=3). The average time spent
on training was 12.1 hours/week. Seven athletes
used a wheelchair as their main mode of
transportation.

Ethics

The study followed the WMA Declaration of
Helsinki Ethical Principles for Medical Research
Involving Human Subjects. Ethical approval was
obtained from the Regional Ethical Review Board
in Lund (2014/439). As there are relatively few Swed-
ish Paralympic athletes and therefore a risk of identi-
fication, demographics are presented on a group level
to protect the integrity of the participants.
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Data collection

Data were collected through individual interviews
(September-November 2014) using a semi-struc-
tured interview guide centred on a few entry ques-
tions about the athletes’ perception of experiences
of SRIP, risk factors of SRIP and possibilities to
prevent SRIP. The athletes were contacted by
phone and an appropriate place for the interview
was chosen. Seven interviews were conducted in
connection with the Swedish Paralympic elite
school, 10 were conducted in connection with the
athletes’ training and 1 was performed through a
video call. All interviews were performed by a
registered physiotherapist (KF), trained in qualitat-
ive methods and with experience in para-sport.
Two pilot interviews were conducted to ensure
appropriateness of the method; after those the
interview guide was slightly revised. All interviews
were audiotaped and analysed verbatim. The
mean length of the interviews was 20 min (range
11-39 min).

Data analysis

The interviews were analysed using phenomenogra-
phy, according to the 7-step model described by Sjos-
trom and Dahlgren (2002) (Table I). The interviews
were first read through several times by the first
author (KF) (step 1) and were then consolidated by
all authors, who read the interviews separately and
then discussed together the understanding of the
interview content. The first-order perspective, pre-
sented as domains, is formed by “what” the partici-
pants talk about (step 2). The second-order
perspective (the perceptions of experiences) identifies
“how” the participants talk about the “what” and
involves the qualitatively different variations in per-
ceptions (steps 3 and 4). The categories are an
abstraction of the perceptions and constitute the
main results. The essence represents the core
meaning, that is, the experiences that form the basis
for the perceptions. Phenomenography was chosen,
as it is the only suitable qualitative method for the
research question that was posed, that is, exploring

the perceptions of experiences. All authors had
access to the raw data in order to ensure the validity
of the data and the Consolidated criteria for reporting
qualitative research (COREQ) was followed (Tong,
Sainsbury, & Craig, 2007).

Results

Based on the analysis, the Paralympic athletes’ per-
ceptions of their experiences are described in three
parts: the causes of SRIP (Table II), the conse-
quences of SRIP (Table III) and the possibilities to
prevent SRIP (Table IV).

The causes of SRIP

The analysis revealed three different categories of the
perception of the athletes’ experiences of the causes
of SRIP (Table II).

Secondary effects of the impairment

The athletes perceived that their impairments influ-
enced the causes of SRIP. The perception was that
factors such as spasticity, vision impairment, altered
biomechanics, different body movements and intel-
lectual impairment influenced and exacerbated the
occurrence of SRIP. It was described that different
impairments affect the injury pattern depending on
bodily functions. For example, athletes with vision
impairment perceived that their problems were
mainly related to collisions and falls:

When you are visually impaired and take part in
tough sport, you have to accept that you get more
injuries. (Athlete 13)

Injuries in athletes with intellectual impairments
were perceived to be related to lack of attention. Ath-
letes with neurologic impairments perceived that
spasticity and weak muscles lead to injuries. More-
over, the perception was that Paralympic athletes
are exposed harder during elite sport, have a
reduced recovery function and are more tired

Table I. The 7-step model described by Sjéstrom and Dahlgren (2002) used for the qualitative phenomenographic analysis of the interview

data

1. Familiarization, the interviews were read through.

2. Compilation, the most important parts of the informants’ responses were identified.

3. Condensation, the individual responses were reduced in order to identify the most central parts of longer responses or dialogues.
4. Grouping, similar responses were tentatively grouped or categorised

5. Comparison, a preliminary comparison of the categories was made to find associations between them after which they were revised.
6. Naming, the categories were named for the purpose of highlighting their essence.

7. Contrastive comparison, the unique character or essence of each category and the linkage between them were described.
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Table II. The causes of SRIP. The perceptions of experiences among Swedish Paralympic athletes (2 = 18)
Domains Perceptions of experiences Categories Essence
The impairment Injuries occur because of the impairment Secondary effects of the impairment Awareness
A disabled body can never be better than a normal body
Different body movements can cause injury
Excessive training Too tough training cause injuries Sport overuse Incapacity
Injuries get worse the more you train
Injuries occur when you train incorrectly
One’s behaviour Injuries occur when you continue to train injured Risk behaviour Guilt

Injuries may be caused by negligence and inattention

Impatience cause injury

because of poor vision, weak muscles, spasticity and
energy demanding activities both in sport and daily
life, and that this could predispose SRIP:

In conclusion, the perception was that secondary
effects from the impairment should be seen as a risk
factor of SRIP. The essence of this category was inter-

preted as awareness.

I spend three times as much energy as you when I go
the same distance, so I push myself much harder.

(Athlete 16) Sport overuse

Another perception was that too much and too stren-
uous training leads to SRIP. The perceptions in this
category emerged from overuse injuries being
common in para-sport. The athletes perceived that
sport overuse was related to training beyond one’s
capacity, continuous training with pain and too
much monotonous training. Athletes also expressed
that intense training during youth was related to con-
tinuous problems with injuries later in life:

Especially wheelchair athletes described that pain
could be related to too demanding wheelchair
driving both in daily life and in sport:

I have overuse problems in my shoulder, it’s because
I expose it more than its capacity and I have no inner-
vation to the muscles around my shoulder blades.
(Athlete 18)

Table III. The consequences of SRIP. The perceptions of experiences among Swedish Paralympic athletes (n = 18)

Domains Perceptions of experiences Categories Essence
Impact on physical functioning SRIP causes decreased sports performance Functional limitations Burden
SRIIP causes difficulties in everyday life
Impact on mental well-being SRIP causes stress, frustration, lack of motivation Psychological stressors Concern
and anxiety
Occurrence of pain Pain is something you have to live with Normalised pain Adjustment

To stop participating in sport can ease the pain
Too hard training cause pain

Elite sport is always harmful and risky

Elite sport is not healthy

Being an elite athlete is a choice

The risk of elite sport Health hazards Hazard acceptance

Table IV. The possibilities to prevent SRIP. The perceptions of experiences among Swedish Paralympic athletes (z = 18)

Domains Perceptions of experiences Categories Essence
General possibilities for One’s own responsibility for the body and equipment can  Individual possibilities to Assets
prevention prevent injuries prevent SRIP
Preventive training can reduce injuries
Important with knowledge
Preconditions in Paralympic ~ Paralympic athletes do not have the same conditions Unequal prerequisites Inequality

Coaches have limited knowledge of specific impairments
and training
Access to medical personnel is sometimes insufficient

sports
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I have had problems with my shoulders during my
entire career, I believe it is because I’ve been training
too much when I was a kid. (Athlete 12)

One athlete expressed the importance of being
careful with elite investment during youth, and to
spare the body during these years in order to be
able to maximise performance at the senior elite
level. Other perceptions were that absence of recov-
ery, too rapid increase in training volume, training
sessions without quality and too much sport-specific
training could cause SRIP. The athletes also had the
experience that incorrect training and poor knowl-
edge of training could influence the occurrence of
SRIP.

The perceptions of this domain are explained by
excessive training, the category emerged in sport
overuse and the essence was interpreted as
incapacity.

Risk behaviour

The athletes perceived that SRIP sometimes occur
because of their own behaviour, as they chose to con-
tinue to train even though they had pain or were
injured, but at the same time they described an
awareness of the problem. However, they continued
to train because of lack of time prior to a competition,
negligence of the injury, decrease in psychological
well-being because of absence of training, and lack
of knowledge. They also expressed that a decrease
in training gave a feeling of failure and guilt, and
therefore they continued to train despite having an
injury. A perception was that it is hard to admit to
yourself that you are injured:

I had pain, but I continued to train. I could easily
have prevented the injury if I had listened to myself
and stopped in time. (Athlete 9)

Also one’s own carelessness could lead to an injury,
for example, forgetting protection equipment as well
as stupidity and inattention during training or com-
petition. Moreover, the perception was that a lack
of patience during rehabilitation and not performing
injury prevention programmes could cause SRIP.
The athletes also admitted that they use analgesics
to be able to continue training with SRIP. In a
second-order perspective the athletes talked about
risk behaviour and themselves sometimes causing
SRIP. The essence of this category was interpreted
as guilt:

I think I have caused the injury myself, because I have
not trained correctly. (Athlete 2)

The consequences of SRIP

In this section the athletes’ perception of the experi-
ences of the consequences of SRIP are described
(Table III).

Functional limitations

In this category the athletes experienced that SRIP
caused functional limitations that influenced them
both in their sports performance as well as in their
daily life. The perception was that life became more
difficult, tasks in daily life consumed more energy
and that it was extremely impractical to have a perma-
nent disability in addition to SRIP. Especially wheel-
chair athletes and athletes with physical impairments
described that household tasks and transportation
became more demanding:

It’s hard with an injury, when you are already dis-
abled, you feel like you have a disability even before
you start. (Athlete 13)

For athletes with vision impairment logistic con-
cerns occurred with SRIP. For example, they found
it difficult with transportation and new environments
during rehabilitation.

In terms of sport, the perception was that SRIP
affected the performance, both individually and
sometimes in the team. Another perception was the
fear of a re-injury after a previous SRIP, which was
linked to cautiousness to maximise training and a
perceived decrease in performance. The athletes per-
ceived that a disabled body is exposed physically
tougher during exercise, compared to a non-disabled
body. They expressed the importance that their
impairments sometimes have a large impact on
their performance and also SRIP, and that this
must be considered in Paralympic sports medicine.
The essence of this category was interpreted as
burden:

Don’t forget that we are disabled, we are not just ath-
letes. (Athlete 3)

Psychological stressors

SRIP was also closely related to various psychological
perceptions. An important perception was the fear
and insecurity of what SRIP could result in, especially
the consequences related to what would happen with
one’s own body:

I’m often thinking, what will happen if I get an injury
to my non-disabled side, I wouldn’t be able to



manage my daily life. That’s what I am afraid of.
(Athlete 16)

Other psychological perceptions related to SRIP
were: anxiety, depression, stress, sadness and con-
centration difficulties. The athletes expressed that
they became socially withdrawn and lost their motiv-
ation to train. The perceptions of this domain were
explained by impact on mental well-being and the
essence was interpreted as concern.

Normalised pain

This category emerged from the athletes’ perception
of pain related to sport and SRIP. All athletes had at
some point experienced pain during sport and
expressed that pain is something that belongs to
Paralympic sports. The general perception was that
pain was related to hard training. The athletes per-
ceived that pain initiated fear and anxiety, and
should be seen as a warning signal for a more
severe injury. However, they continued to train
even though they had pain. They also experienced
that pain persisted in daily life and that impair-
ment-specific factors such as wheelchair use,
altered biomechanics in limbs, poor posture and
spasticity contributed to pain. In contrast, one
athlete with cerebral palsy and severe spasticity
expressed that pain only depends on the impairment
and is not sports-related.

Other factors that were perceived to cause pain were
weak muscles, and too much and too monotonous
training. The general perception was that pain is some-
thing that Paralympic athletes have to live with:

‘What can reduce my pain is to stop doing sport or to
stop using my wheelchair. (P6)

The underlying essence was interpreted as adjust-
ment, that is, in the meaning of a processing
balance of conflicting needs of an experienced
phenomenon.

Health hazards

The athletes perceived that elite sport is unhealthy,
dangerous and risky. Another perception was that
the training intensity and competitiveness in para-
sport has increased during the last years. In a first-
order perspective, they talked about the risk of
SRIP in elite sport and in a second-order perspective
about health hazards and hazard acceptance in elite
sport:

Elite sport is not healthy, you are close to the limit of
your body, it’s a lot of high forces. (Athlete 5)
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I would be ashamed if I recommend anyone to par-
ticipate in elite sport, because I know the risks and
it’s harmful. (Athlete 9)

The perception was that elite sport could cause
harmful incidents to muscles, joints and cardiovascu-
lar system. The athletes expressed a concern about
future SRIP and health-related consequences of
being an elite athlete.

I’m thinking, I already have pain, I wonder what con-
sequences will it have for me in the future. (Athlete 8)

However, the athletes thought it was worth to con-
tinue being an elite athlete, and it was a choice they
had made, but they also requested better information
about health-related concerns that could pertain to
sport.

The possibilities to prevent SRIP

In the last section, the athletes’ perceptions of the
possibilities to prevent SRIP are described (Table
V).

Individual possibilities to prevent SRIP

In this domain the athletes talked about general pos-
sibilities to prevent SRIP. In a second-order perspec-
tive it emerged as individual possibilities to prevent
SRIP. The athletes own attitudes were that several
SRIP could be prevented. A frequent perception
was that oneself should take responsibility over the
body and use optimal equipment. The athletes
emphasised the importance of listening to the body
and take responsibility not to train, to alternate the
training and to seek help when they had SRIP.
Another perception was that a healthy life-style
could prevent SRIP. Further individual possibilities
to prevent SRIP were to take one’s responsibility to
train core stability, balance and flexibility, and to
warm up. The athletes also expressed the importance
to gain information about training and its effects on
one’s own impairment.

The athletes emphasised the importance of injury
prevention training at group level led by a coach or
physiotherapist. Their perception of experiences
was that it is valuable to start with preventive training
in the youth and that it should be included in all ages
and disciplines. The perception was that it is impor-
tant to have a physiotherapist close to hand in order
to provide help quickly and to prevent more severe
SRIP.

Moreover, athletes requested information about
preventive measures to improve their knowledge.
The essence of this category was interpreted as assets.
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Unequal prerequisites

To better prevent SRIP, the athletes perceived that
para-sport needs other prerequisites. In their
opinion, there are today some unequal prerequisites.
These are linked to para-sport organisations, local
sport clubs, health care systems and the environment.
The athletes expressed that it is difficult to find
coaches who have knowledge about para-sport,
impairments and physical training. They emphasised
that coaches and medical personnel must have
knowledge both about para-sport and specific impair-
ments to be able to provide optimal support:

The more my coach knows about how the body
works in relation to my impairment, the more he
can adapt my training. (Athlete 10)

Another perception was that access to medical per-
sonnel is sufficient during competitions, but not
between them. Other perceived unequal prerequisites
were that it is harder to find a health insurance
because of an innate impairment and that the health
care system sometimes does not take SRIP seriously:

If you go to the primary health care centre they just
tell you to rest or continue to train. (Athlete 1)

The athletes perceived that the attitudes from the
environment, that is, media and the general popu-
lation, are that Paralympic sport is not always con-
sidered to be elite sport:

Paralympic sports is sometimes not seen as elite
sport, people don’t understand that we train as
much as able-bodied elite athletes. (Athlete 17)

Also, the athletes perceived they have very high
demands from the environment and para-sport
organisations to achieve sporting excellence, and
that sometimes these expectations are not linked to
optimal resources. The essence of this category was
interpreted as inequality.

Discussion

This is, to the best of our knowledge, the first quali-
tative study exploring Paralympic athletes’ percep-
tions of sports-related injuries. The athletes
perceived that their impairments were involved in
the cause and consequential chains associated with
a sports-related injury. Other categories that
denoted and described these injuries were: sport
overuse, risk behaviour, functional limitations,
psychological stressors, normalised pain, health
hazards, individual possibilities to prevent sports-
related injuries and unequal prerequisites.

The causes of SRIP

A common perception was that SRIP occur because
of the athletes’ impairments and that already existing
medical issues worsened the experience of SRIP. In
addition, the athletes’ perception was that injury pat-
terns seem to differ between different impairment
types. Today, there is limited knowledge about
impairment-specific risk factors of SRIP. This high-
lights the need for future injury surveillance systems
to target impairment-specific risk factors in order to
understand patterns of SRIP and move towards
more specific injury prevention programmes. It also
raises the question how a sports-related injury
should be defined in this athlete population. As
there is no clear definition of SRIP, the present
study is based on “self-defined sports-related inju-
ries” as it covers a broad spectrum of injuries. This
is also supported by a recent consensus statement
used in individual sports for able-bodied athletes
(Timpka, Alonso, et al., 2015).

Another perception was that SRIP are sometimes
caused by one’s behaviour, which is in agreement
with a study of able-bodied athletes (van Wilgen &
Verhagen, 2012). One of the behavioural traits
among the Paralympic athletes was that some injuries
were experienced as being self-inflicted. Recently,
Timpka et al. (2015) showed that the maladaptive be-
haviour “self-blame” should be seen as an injury risk
indicator in able-bodied athletes (Timpka, Jacobs-
son, Dahlstrom, et al., 2014). It has been suggested
that using self-blame as a coping strategy may lead
to a vicious circle with unwarranted acceptance of
pain and task persistence (Armstrong & VanHeest,
2002; Gould, Finch, & Jackson, 1993). This is in
agreement with other studies that have suggested
that psychological factors and individual behaviour
are commonly associated with especially overuse
injuries in sport (Tranaeus, Johnson, Engstrom, &
Skillgate, 2014; van Wilgen & Verhagen, 2012). In
particular, reduced performance and chronic mala-
daptation may occur when prolonged, excessive
training is applied concurrent with inadequate recov-
ery (Armstrong & VanHeest, 2002). As athletes in
this study perceived that both sport overuse and
different behaviour could be linked to SRIP, this
needs to be further addressed.

The consequences of SRIP

An important result from this study was that SRIP are
perceived as a psychological stressor. Different
psychological responses to sports injury are
common. However, some responses can trigger
more serious psychological issues including anxiety,
depression, substance abuse and eating disorders. It



is therefore important for clinicians, as well as trainers
and coaches, to recognise common symptoms and
signs and to provide support for injured athletes
(Putukian, 2016). Based on these findings it is rec-
ommended that actions are taken to support and to
educate athletes, trainers and coaches how to
manage SRIP and the psychological stressors that
may arise.

Another consequence that should be noted is the
athletes’ perception of the occurrence of pain. Pain
is prevalent in populations with disabilities, both in
daily life and in para-sport (Bernardi et al., 2003;
Masri & Keller, 2012). From an inside perspective,
this study revealed that pain was also accepted as an
adjustment in para-sport. From an outside perspec-
tive it needs to be further addressed if pain can be
seen as normality in this population.

Pain tolerance has been shown to be strongly
modulated by psychological factors (Chen,
Dworkin, Haug, & Gehrig, 1989; Tesarz, Schuster,
Hartmann, Gerhardt, & Eich, 2012), and factors
such as anxiety and fear have been linked to pain-sen-
sitive individuals (Chen et al., 1989). Moreover, pain
should be seen as a warning signal of injury and
overuse (Bahr, 2009; Clarsen, Myklebust, & Bahr,
2013). However, it is not yet fully known how sen-
sations of pain and loss of function are interpreted
and related to actual damages (Timpka, Jacobsson,
Bickenbach, et al.,, 2014). Recent neuroscience
models suggest that humans perceive feelings from
the body that provide an awareness and summation
of their physical condition, underlying mood and
emotional states (Craig, 2009). Tesarz et al. (2012)
showed in a meta-analysis of pain perception that
able-bodied athletes have consistently higher pain tol-
erance compared to normally active controls. It was
suggested that athletes need to develop efficient
pain-coping skills because of repeated exposure to
pain during brief periods of intense pain or very
exhausting activities (Tesarz et al., 2012). A hypoth-
esis may be that para-athletes have a different pain
perception because of repeated exposure to pain
also in daily life, for example, because of spasticity,
incorrect posture and use of assistive devices.

Thus, as the athletes perceived that various psycho-
logical stressors and pain were linked to para-sport
and SRIP, it is recommended that these variables
are included in future injury surveillance systems.

Another consequence of SRIP was that life overall
becomes more difficult with SRIP and that the ath-
letes experienced loss of functioning both in sport
and in daily life. This is an important aspect as it poss-
ibly differs from able-bodied athletes, and suggests
that the para-athlete may need extra support during
sports injury rehabilitation. The athletes in this
study perceived that they sometimes do not receive
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the support they need from the health care system.
This is in agreement with Kroll, Jones, Kehn, and
Neri (2006) who reported that persons with disabil-
ities experience a variety of barriers that prevents
them from receiving primary preventive services
from the health care system (Kroll et al., 2006).

The possibilities to prevent SRIP

The athletes described a great willingness to take
responsibility for the prevention of injuries.
However, the perception was that one does not
have enough knowledge about injury prevention. It
is therefore recommended that injury prevention
strategies should be emphasised in para-sport,
especially as the athletes expressed a concern about
SRIP and its future health-related consequences.
Also, the perception was that coaches sometimes
do not have enough knowledge of impairments,
training and how the body is exposed during hard
training. Based on these results, the first step
towards injury prevention programmes in para-
sport could be specifically designed educational pro-
grammes regarding injury prevention and training
physiology.

van Wilgen and Verhagen (2012) proposed that
injury preventive measures may be more successful
when synchronised with the athletes’ and coaches’
own beliefs (van Wilgen & Verhagen, 2012). A
strength of the present study is that future preven-
tive measures can be based on the para-athletes’
own perceptions of SRIP, and not only be evaluated
from the researchers’ and clinicians’ perspective
(Verhagen, Voogt, Bruinsma, & Finch, 2014). It
is also worth noting that different impairments
seem to affect injury patterns differently and, there-
fore, a diversity of preventive measures will be
needed.

Methodological considerations

Some of the Paralympic athletes’ perceptions in this
study may be Swedish phenomena. Regardless of
that, we believe that the transferability to other
para-athletes is good since the main focus of the
study was the perceptions of SRIP. One might argue
that the interviews were short. However, we covered
a wide range of impairments and para-sports, and
the athletes were very informative. The credibility is
therefore considered to be good. A concern in phe-
nomenographic research is the researchers under-
standing of what the participants are trying to
communicate (Sjéstrom & Dahlgren, 2002). To
assure dependability and pose relevant follow up-ques-
tions, the present interviewer is familiar with para-
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sport and SRIP. The ever-changing context within the
research process was considered and all authors par-
ticipated in the analysis.

Conclusions

The findings from this study reveal that Paralym-
pic athletes’ perceptions of their experiences of
SRIP are complex and multifactorial with causes,
risk factors and consequences that are not always
present in able-bodied athletes. It is recommended
that these perceptions are considered in the design
of future injury surveillance systems and preventive
programmes. The results from this study can also
be used as a base for educational interventions
within the Paralympic Movement. Further quali-
tative as well as quantitative epidemiological
research is, however, required to enable generalis-
ation and to allow more specific analysis of injury
risk factors. Taken together, these findings may
assure that future para-sport medicine research
and interventions consider the athlete’s own per-
spective and not only outer perspectives based on
pathophysiology.
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Abstract

Background: Paralympic sport provides sporting opportunities for athletes with a disability, with the Paralympic
Games as the main event. Participation in sport is, however, associated with a significant risk for sustaining injuries
and illnesses. Our knowledge of sports-related injuries and illnesses in Paralympic sport is very limited and there are
no large-scale epidemiological cohort studies. The purpose here is to present a protocol for a prospective longitudinal
study: The Sports-Related Injuries and llinesses in Paralympic Sport Study (SRIIPSS).

Methods/design: An argument-based method for investigation of design problems was used to structure the study
protocol. The primary requirement of the protocol is to allow prospective studies over time and include exposure to
both training and competition. To reflect the complexity of Paralympic sport with athletes’ pre-existing impairments,
use of assistive equipment, pain and other and medical issues, it is required that the data collection system is specifically
adapted to Paralympic sport. To allow the collection of data, at the same time as there is limited access to coaches and
medical personnel, it is advantageous that data can be collected online directly from the athletes. Based on this a self-
report athlete monitoring system will be developed, where the athletes can enter data weekly via their mobile phones or
lap-tops. Data will be collected from around 100 Swedish Paralympic athletes for approximately 1 year, which will allow
us to i) prospectively estimate the annual incidence of sports-related injuries and illnesses and ii) explore risk factors and
mechanisms for sustaining sports-related injuries and illnesses based on athlete exposure and training loads.

Discussion: For effective implementation of injury and illness prevention measures, comprehensive epidemiological
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Background

Sport for athletes with disabilities has existed for more
than 100 years. Today, the global network ‘“The Paralympic
Movement’ provides sporting opportunities for Paralympic
athletes with physical, visual or intellectual impairments,
from grassroots to elite level, with the Paralympic Games
as the main event. During the past decades, Paralympic
sport has seen a large development in both the number of
athletes, sports performance and technology [1], and many
Paralympic athletes have reached performances similar to
able-bodied elite athletes [2].

It is well-known that physical activity and participation
in sport generates several positive health effects [3, 4].
Low physical fitness and reduced physical activity is as-
sociated with many adverse health events, including
major non-communicable diseases [5]. Participation in
sport is therefore of great importance, especially for
persons with disabilities, as individuals with a chronic
disease or disability have lower physical fitness compared
to non-disabled individuals [6]. Sport is today included in
most rehabilitation programs for people with disabil-
ities, to promote both physical and psychological well-
being [7, 8].

Injuries and illnesses in Paralympic sport
Participation in sport is, however, associated with a sig-
nificant risk for sustaining injuries and illnesses that may
have long-lasting effects, including mortality, morbidity
and high costs for society [9, 10]. Remaining free of in-
jury and illness has therefore become a fundamental
component of successful performance in sport [11].
Previous research has shown that injury rates in Para-
lympic sport are generally high with a trend towards
more injuries compared with sport for able-bodied ath-
letes [12]. Injury patterns related to the impairment, the
equipment involved and the specific mechanics of the
sport have been proposed to be related to the injuries
[13]. Maintaining health in athletes with already existing
disabilities can be problematic. The athletes may have
complex pre-existing medical conditions, such as neuro-
degenerative disorders, spinal cord injury, amputations,
rare syndromes with anomalies in different body systems,
vision loss and intellectual impairments, and medical is-
sues like autonomic dysreflexia, infections, hyperthermia,
skin lesions, spasticity, fatigue, pain and epilepsy can be
present [13]. Moreover, the athletes may be exposed to
repetitive and sometimes improper biomechanical load
in their daily life [14, 15]. Based on the facts that the
Paralympic Games is now one of the world’s largest
multi-sport events [1] and that training intensity and
performance levels have increased during the past years
[16], there are surprisingly few epidemiological studies
covering sports-related injuries and illnesses in Paralympic
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sport. Thus, further studies are needed to ensure the
development of safe participation in Paralympic sport.

Sports injury research

Recent research has shown that several categories of
sports-related injuries are preventable [17-19]. However,
for effective implementation of injury prevention measures,
comprehensive epidemiological knowledge is required
[9, 20]. To reduce overtraining, injuries and illnesses,
regular monitoring of athletes is an important aspect in
athletic preparation [21, 22]. Although the International
Paralympic Committee (IPC) has successfully implemented
an epidemiological surveillance system during the Para-
lympic Games [23], there is still a lack of longitudinal
prospective data following Paralympic athletes over en-
tire training seasons [12]. A recent review identified
large differences in injuries across sports and highlighted
the need for sport-specific studies [24]. Current studies
within Paralympic sport vary in quality and have mainly
recorded injuries related to trauma, medical attention or
time loss. Most studies are retrospective and have only re-
corded injuries during competitions. In addition, a diver-
sity of injury definitions have been used and most studies
have not examined impairment-related risk factors and
injury severity [12, 25]. Thus, there is a need for further
longitudinal epidemiological studies that prospectively
assess sports-related injuries and illnesses in Paralympic
sport based on risk exposure.

Today, most injury surveillance systems exist in pro-
fessional and commercial able-bodied elite sport settings
[26], for example soccer, tennis and rugby [27-29]. In
addition, many of the surveillance systems require that
medical practitioners complete the injury report form
[23, 28-30]. However, the characteristics, preconditions
and contexts differ between sports [31, 32]. For example,
medical attention injuries may be difficult to apply when
there is limited access to medical personnel [33]. It has
also been proposed that some methods for injury registra-
tion may underestimate overuse injuries [34]. Also, in terms
of injury capture rates, medical staff may underestimate the
injury burden compared to athletes themselves [32].

Athlete monitoring in Paralympic sport

In Paralympic sport everyday access to coaches and
medical personnel is scarce [15] and sport, especially in
the Scandinavian countries, is primarily based on volun-
tary dependency [35]. Moreover, Paralympic sport has a
wide geographical spread, both in Sweden and inter-
nationally, and involves more than 28 different sports and
10 different impairments types [1] (Table 1). In addition,
patterns of sports-related injuries and illnesses differ in
some ways from those among able-bodied athletes, as the
impairment itself is involved in the cause and consequen-
tial chains [15]. The impairment that the athlete has may
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Table 1 Eligible impairment types and sports in The Sports-Related Injuries and llinesses in Paralympic Sport Study (SRIIPSS)

Winter sports

Impairments Summer sports
Impaired muscle power Archery
Impaired passive range of movement Boccia

Cycling
Limb deficiency Football-5-a-side
Leg length difference Goalball
Short stature Powerlifting
Hypertonia Sailing
Ataxia Sitting volleyball
Athetosis Table tennis

Vision impairment

Intellectual impairment Wheelchair rugby

Wheelchair basketball

Athletics Alpine Skiing
Canoe Biathlon
Equestrian Cross Country Skiing

Football-7-a-side Ice Sledge Hockey

Judo Snowboard
Rowing Wheelchair Curling
Shooting

Swimming

Triathlon

Wheelchair fencing

Wheelchair tennis

also cause difficulties in the definition and interpretation
of sports-related injuries and illnesses. However, health
should not only be related to the absence of a disease or
an injury. It also includes the individuals’ capacity to carry
out activities in relation to their self-perceived functioning
and health [36].

Today, there is growing evidence that self-report mea-
sures are sensitive and reliable tools to monitor athletes’
health [22, 37, 38]. For example, Jacobsson and co-
workers [33] reported the development of a web-based
self-report system for the Swedish Athletics study. They
found that to allow specific analyses of overuse injuries,
recording of partial time-loss injuries and regular collec-
tion of self-reported data over time was necessary in
order to find searches for complex aetiological patterns.
It is well-known that many injury-related musculoskel-
etal incidents result from the cumulative effects of
smaller amplitude of micro-traumatic forces developing
over time [39]. Therefore, to prevent injuries and over-
use problems to develop into chronic conditions, it is
useful to have self-report data that highlights the small
and early decrements in functioning [40]. Also, data on
other medical conditions, such as illnesses, training
availability and training load, are important to allow us
to understand health conditions beyond injuries [41, 42].
For example, loss of training time due to a health prob-
lem has recently been proposed to be a major determin-
ant of success and failure [42]. Recent research in
able-bodied athletes also indicates that a high chronic
workload seems to decrease the risk of injuries,
whereas excessive and rapid increases in training loads
are likely to cause a large proportion of injuries [43].

With a systematic longitudinal self-report surveillance
system based on exposure it would be possible to ob-
serve trends and risk factors of sports-related injuries
and illnesses in Paralympic sport and thereby have a
basis for the development of specific preventive measures.
However, for injury surveillance data to be useful for

prevention, a theoretical framework is required to under-
stand how factors representative of the target population
influence injuries and illnesses [44]. Moreover, to improve
reach, implementation and maintenance it has been
recommended that surveillance systems are user friendly
and accessible in a wide range of form [45], in this case
adapted for persons with physical, visual or intellectual
impairments. To capture all sports-related injuries and
illnesses in Paralympic sport, to obtain valid data and
to allow specific injury prevention measures, there is a
need for injury surveillance systems to be specifically
tailored to Paralympic sport, targeting a wide range of
para-athletes.

Purpose

The purpose here is to present a protocol for a prospect-
ive longitudinal study: The Sports-Related Injuries and
Illnesses in Paralympic Sport Study (SRIIPSS). In this
study we will develop a web-based system that allows
self-report data to be collected from Paralympic athletes.
Based on these data, we will subsequently: i) record and
prospectively estimate the annual incidence of sports-
related injuries and illnesses among Swedish Paralympic
athletes and ii) explore risk factors and mechanisms for
sustaining sports-related injuries and illnesses based on
athlete exposure and training loads.

Methods

Study design and rationale

The SRIIPSS is an epidemiological cohort study aimed
to prospectively collect self-report data on the incidence
and risk exposure of sports-related injuries and illnesses
during training and competition during approximately 1
year among Swedish Paralympic athletes. The study will
follow the STROBE (Strengthening the Reporting of
Observational studies in Epidemiology) guidelines [46] and
is registered at ClinicalTrials.gov (Identifier: NCT02788500;
Registration date: 22 May 2016).
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The research team, comprising sports injury epidemiolo-
gists, physicians and physical therapists, used an argument-
based method for investigation of complex design prob-
lems to structure the study protocol. In this operational
research process, an interdisciplinary approach is used
to find logical conclusions, test formal soundness, and
thereafter establish a design rationale [47, 48]. The
focus of the design rationale is to document both the
development process and resulting design [48]. The ar-
gumentation included discussions about the types of
data that will be collected, data storage, and ethical and
logistical considerations. Examination of requirements
was followed by iterated drafting of protocol specifica-
tions based on previous research [12, 13, 24, 25], the
athletes” own perceptions of sports-related injuries and
illnesses [15] and the context of Swedish Paralympic
sport [49] (Fig. 1).

The primary requirement of a protocol for longitudinal
epidemiological studies in Paralympic sport is to allow
prospective studies that cover at least an entire season and
include exposure to both training and competition.
Second, to reflect the complexity of Paralympic sport,
for example pre-existing impairments, use of assistive
equipment, pain and other and medical issues, it is re-
quired that the design of a surveillance system is spe-
cifically adapted to Paralympic sport. Third, to allow
the collection of epidemiological data and individual
training behaviors, at the same time as there is limited
access to coaches and medical personnel, it is advanta-
geous that longitudinal data can be collected online
directly from the athletes. There is also increasing evi-
dence that psychological and behavioral factors con-
tribute to the process leading to several sports injuries
[50, 51]. Therefore, a psychological profile will be
added to identify factors and behaviors related to pain
and other activity-limiting sensations [50].
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Setting and participants

Potential participants will be recruited through the
Swedish Paralympic Program, which covers candidates
for the Summer and Winter Paralympic Games. The total
number of athletes in the Swedish Paralympic program is
around 100. All potential participants will be invited by
post or email. They will receive information about the
proposed study, a request for a contact e-mail and phone
number, a consent form for participation and a prepaid re-
turn envelope. To be eligible for the study the athlete
should belong to one of the ten eligible impairment types,
according to the IPC classification system, and participate
in either a Paralympic summer or winter sport (Table 1).
The following inclusion criteria will be used: age 18-55
years, being a registered athlete within the Swedish Para-
lympic Program, being able to communicate in Swedish
and having the opportunity to respond weekly to a web-
based questionnaire. As the number of Swedish Paralym-
pic athletes is small and this is an understudied topic, a
total population design will be applied.

Protocol implementation

The SRIIPSS will employ approaches similar to those
that have been used in previous sports injury research
[9, 23, 30, 33, 52]. It is, however, hypothesized that
sports-related injuries and illnesses among Paralympic
athletes differ from sport for able-bodied athletes [13, 15].
Existing research has shown that the accessibility, com-
patibility, interface and design of questions influence the
outcome of athletes’ self-report measures [38]. Therefore,
we will specifically adapt the protocol to Paralympic sport
and thereafter implement the data collection.

For the data recording a commercial product for col-
lection of survey data online (Briteback AB, Norrképing,
Sweden; www.briteback.com) will be used. The research
team participates in the development of the system to

Previous
research

No impairment
related risk
factors

Retrospective

studies Poor

definitions
Mostly surveillance
during competitions

Long-term

prospective studies

Injury and illness surveillance
in Paralympic sport

N

Paralympic
athletes

Already an existing
medical condition

Other

Overuse
symptoms and
pain

. d aid:
Psychological andaids
stressors

Surveillance specific
to Paralympic

athletes

equipment

Paralympic
sport

28 sports, 10
impairments

Wide
geographical
spread to medical
personnel
Individual training
behavior

Self-report
data

Fig. 1 Requirements and associations underlying the study protocol for The Sports-Related Injuries and Ilinesses in Paralympic Sport Study (SRIIPSS)

Limited access
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specifically adapt it to, for example, visually impaired
athletes. The product enables definition of personal user-
names and passwords to protect data from unauthorised
use.

A pilot study is planned where we will enroll approxi-
mately twenty athletes with different impairments through
a convenience sample from the Swedish Paralympic Pro-
gram. The pilot study aims to evaluate the feasibility of
the data collection system, to assure that it works for ath-
letes with physical, visual and intellectual impairments,
and to recognize and solve potential problems. The ath-
letes will be asked to fill in the survey during 4 weeks.
The pilot study period will end with a cognitive walk-
through to review the primary protocol and also valid-
ate the data. This is an evaluation method that aims to
assess usability problems of a new tool early in the de-
sign process [53]. The athletes and researchers will be
asked to evaluate and provide solutions for the pro-
posed system.

Data will be collected from the end of 2016 and con-
tinue for approximately 1 year. At the start of the study
the athletes fill in baseline information and a psycho-
logical profile. The athletes will thereafter be asked to
report sports-related injuries and illnesses weekly. The
primary outcome of the study is the incidence of injur-
ies and illnesses, divided into a sports-related injury or
illness. All data will be based on sport exposure and an-
alyzed for the mechanism of sports-related injuries and
illnesses. A closure form will be used when the athlete is
back in full training following an injury or illness
(Table 2).

Table 2 Overview of the outcome measures of the SRIIPSS
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Definitions of injury and illness

The main injury definition in the SRIIPSS follows, with
some alterations, the definitions previously used for
soccer, rugby union, the Olympic Games and athletics
[27, 29, 30, 52]:

Any new musculoskeletal pain, feeling or injury that
result from participation in Paralympic sport (training
or competition) and cause changes in normal training/
competition to the mode, duration, intensity or frequency,
regardless of whether or not time is lost from training or
competition.

An illness including psychological complaints will be
defined as:

Any new illness or psychological complaint that
cause changes in normal training/competition to the
mode, duration, intensity or frequency, regardless of
whether or not time is lost from training or
competition.

The reported incidents will be categorized as ‘sudden
onset’ or ‘gradual onset’. A sudden onset incident refers
to an incident caused by a specific identifiable episode
resulting in a rapid onset of experienced distress. Subse-
quently, sudden onset injuries will be categorized accord-
ing to the cause of the incident as: i) traumatic injuries — a
condition caused by an identifiable single external transfer
of energy (for example, a bone fracture caused by a fall or
a ligament tear caused by contact with an obstacle), or ii)

Outcome measure Parameter

Measurement

Baseline data

Gender, age, impairment, sport, training hours, previous

SRIIPSS protocol for baseline data

injury/illness, medication, aids, anthropometrics, pain

Psychological profile Perceived motivational climate

Active coping

Body consciousness and body competence

Hyperactivity

Psychological commitment to exercise

General well-being

Perceived Motivational Climate in Sport
Questionnaire (PMCSQ)

BRIEF COPE
Body Consciousness Questionnaire Scale (BCQ-s)

Diagnostic and Statistical Manual of Mental
Disorders (DSM-IV)

Commitment to Exercise Scale (CTeS)

Likert-scale

Weekly athlete report

Injury report

lliness report

Injury/iliness closure form

Injuries, illnesses, pain, psychological stressors, amount of
training and competition, training intensity, sleep

Onset of injury, mechanism of injury, present symptoms,
type of injury, impairment-related factors, medical contacts

Onset of illness, present symptoms, type of illness,
impairment-related factors, medical contacts

Diagnosis of injury/illness, severity of injury, treatment,
perceived risk factors

SRIIPSS protocol for weekly athlete data
Likert-scale
SRIIPSS protocol for weekly injury data

SRIIPSS protocol for weekly illness data

SRIIPSS protocol for injury/iliness closure data
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overuse injuries — a condition to which no identifiable sin-
gle external transfer of energy can be associated (examples
of overuse sudden onset injuries include tendon tears).

A gradual onset incident refers to a condition that
manifests itself over a period of time, or when there is a
gradual increase in the intensity of experienced distress,
without a single identifiable event being responsible for
the condition. Examples of gradual onset conditions in-
clude overtraining syndromes and overuse injuries, such
as tendinosis and tendinopathies [52].

The arguments for using these definitions are based,
first, on that the incidents will be recorded from the
athlete’s own subjective perspective, feelings and expe-
riences of pain, injury and illness. Second, these defini-
tions support the concept of partial time-loss injury
[33, 54]. In order to capture these injury events it is im-
portant to identify complex background patterns for
overuse injuries [33, 34]. Third, this athlete population
already has an existing impairment and is exposed to
elements not present in abled-bodied athletes. To allow
for a better understanding of sports-related injuries and
illnesses in this population, we believe that it is import-
ant to assess various factors such as pain, injuries, ill-
nesses, and psychological stressors in order to obtain a
comprehensive picture of Paralympic athletes’ health.
To allow comparisons with previous studies of Para-
lympic athletes and non-disabled athletes, the incidents
will at a secondary level of the analysis be identified by
time-loss and tissue damage.

In agreement with previous injury surveillance studies
[28, 52] a recurrent condition will be defined as:

An incident of the same type and at the same site
linked to an index incident and which occurs after an
athlete’s return to full function and participation (“full
recovery”) from the index recordable incident.

The incidents will be subcategorized into re-injuries
and exacerbations. Categorization of subsequent injuries —
new, recurrent, exacerbation or multiple — will be taken
into account using the Subsequent Injury Categorization
(SIC) model before analysis [55].

Outcome measures

Baseline data

Baseline data will be collected using a web-based ques-
tionnaire including: i) participant characteristics (i.e.,
gender, age, height and weight); ii) demographic data;
iii) impairment characteristics (i.e., type of impairment,
use of assistant devises, medications); and iv) sport
characteristics (i.e., type of sport, preconditions, hours
per week involved in training and competition). The ath-
letes will also be asked about existing injuries, illnesses
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and pain. In addition, women will be asked about men-
struation and use of contraceptives.

Psychological profile

Data for a psychological profile will be collected at baseline
and at the end-point of the study based on the affective
adaptation framework [56] and the psychological flexibility
model [57]. These models are based on behavioral risk
factors including awareness and explanatory processes
of sensory information, affective reactions, enduring
psychological factors and maladaptive thoughts and
capacity to change behavior.

Measurement of body consciousness and body compe-
tence will be based on the Body Consciousness Scale
(BCS) [58]; six items from the hyperactivity definition in
the Diagnostic and Statistical Manual of Mental Disorders
(DSM-IV) were added. The Brief Cope instrument (Kris-
tiansen 2008) will be used to measure active coping includ-
ing planning, mood, acceptance and maladaptive behavior.
The Perceived Motivational Climate in Sport Questionnaire
(PMCSQ) will be used to assess perceived demands of the
social sporting environment including performance orienta-
tions and mastery/task accomplishment [59]. The individ-
ual’s psychological commitment to the activity of exercising
and tendencies to rigidity in training will be measured by
the Commitment to Exercise Scale (CtES) [60]. All psycho-
logical measures have shown satisfactory measurement
properties when used in sports medicine research [50].

Athlete weekly e-diary

To collect data on new sports-related injuries and illnesses
as well as on exposure, the athletes will be asked to fill in
a weekly e-dairy based on one developed by Jacobsson et
al. [33] and adapted for Paralympic sport. Each week, an
alert is automatically sent to the participants’ email ad-
dress and mobile phone, asking them to fill in the weekly
questionnaire about their current health status (injuries,
illnesses and pain), the amount of training, intensity of
training, whether the training is performed at full capacity,
competitions, sleep, general well-being and medical con-
tacts. In addition, anxiety/depression and pain/discomfort
will be evaluated using two questions from EQ-5D [61].

If the athlete reports a new injury or illness in their
weekly e-dairy, a link to an injury or illness report form
will be provided, where additional information on the in-
cident are to be reported. The study coordinator (KF)
monitors the reported data. If a participant is absent
from training because of an undiagnosed injury or illness
lasting longer than 3 weeks, the participant will be con-
tacted by phone or email. The athletes will be asked to go
through an examination by a sports physician or sports
physiotherapist to confirm the clinical diagnosis, in order
to validate the data.
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Internal training loads will be recorded based on a
modified version from Gabbett & Jenkins [62] and Fos-
ter et al. [63]. The athletes will be asked to estimate their
total rating of perceived exertion (RPE) during the past
week on a 0-10 point RPE-scale [62]. Previous research
has demonstrated that the RPE method is a valid method
to quantify exercise training during a wide variety of exer-
cise types [63], and the method has also been shown to
provide valid estimates when compared to heart rate and
blood lactate concentration. The training load will be cal-
culated by multiplying the training session intensity with
the duration of the training during the week and will be
further analysed with the relationship of injury/illness,
acute loads and chronic loads [43, 62, 64].

Assistance will be provided, if necessary, for athletes
with vision or intellectual impairment, or severe physical
impairment. At the start of the study the athletes will be
educated about the importance of monitoring. Feedback
will be given, if desired, to allow data to be used to the
athletes’ benefit.

Injury report form

The injury report form is a modified version of the form
described by Jacobsson et al. [33], originally based on the
soccer consensus by Fuller et al [27] and the International
Olympic Committee (IOC) groups [30]. This injury report
system has been shown to be feasible for self-report data
in other individual sports, such as athletics [31]. The
athletes will be asked about the onset of injury, mech-
anism of injury, contributing factors, anatomical site
and recurrence of earlier injury. The athletes will also
be asked about presenting symptom(s) or sign(s) and
suspected aetiology (a list of common categories of
causes is provided). The system is further adapted to be
applicable to athletes with impairments. For example,
questions will be added regarding the impairment and
equipment used.

Iliness report form

Illnesses will be recorded based on a combination of
data collection procedures for epidemiological studies in
athletics and during the Paralympic Games [52, 65]. The
athletes will be asked about presenting symptom(s) or
sign(s), affected system, mode of onset and suspected
aetiology (a list of common categories of causes is pro-
vided). The report form is further adjusted to be applicable
to athletes with impairments.

Injury closure form

When the athletes report that they are back in normal
training following an injury, they will be asked to fill in
an injury closure form with: i) time off full training; ii)
final diagnosis; iii) person who made the diagnosis; iv)
treatment(s) received; and v) perceived risk factors of
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injury including impairment related factors. Additionally,
there will be the possibility to provide personal com-
ments about the incident reported. The assessment of
severity starts on the following day, if the athlete is un-
able to take part in full and/or normal training and/or
competition. Severity will be reported as days absent
from training: minor (1-3 days); mild (4-7 days); mod-
erately serious (8—28 days); serious (>28 days-3 months);
long-term (3—6 months); and catastrophic injuries [9].

Finally, to describe the patterns of injury, a matrix ad-
justed to Paralympic sport will be used to categorize the
coded injury data according to injury type (nature of in-
jury) and anatomic location (body region). This is based
on the Barell Injury Diagnosis Matrix [66] and modified
for overuse injuries by Hauret et al. [39] and Jacobsson
et el. [31]. The incidents will be classified by mode of
onset and will be further analyzed by athlete classification
and specific impairment type. A group consisting of two
physiotherapists and two physicians with a background in
sports medicine and Paralympic sport will classify each
self-reported diagnosis of sports-related injuries and ill-
nesses into a diagnostic code according to The Inter-
national Classification of Diseases (ICD). To confirm
the diagnosis of fracture/stress fracture, an x-ray will be
required.

Statistical analysis plan

The primary variables for the descriptive analyses are
records of the incidence of sports-related injuries and
illnesses, i.e., recordings of injury or illness events that
are conditioned on that the participant is ‘healthy’ at
the start of data collection period. Incidences will be
calculated separately for injuries and illnesses. The inci-
dence rates will be calculated as the number of new in-
cidents divided by total athlete exposure hours (per
1000 h of sport participation). Health-incidents not re-
lated to sport will be analyzed separately. All events will
be evaluated according to the mechanism of sports-
related injuries and illnesses (independent variables). The
data will be assessed for normality and will be presented
using quantitative descriptive statistics (mean, median,
standard deviation, minimum and maximum for continu-
ous data and frequency and proportion (%) for categorical
data). Differences in proportions between different cat-
egories (e.g., age-groups, gender, impairments, previous
injury, competition frequency and level of severity of im-
pairment) will be analyzed as covariates using chi-square
statistics. The primary end point for the injury risk ana-
lyses will be time to injury. The incidence data will be
further analyzed with the Kaplan-Meier survival ana-
lysis method, the log-rank test and Cox proportional
hazards regression. To analyze the relationship between
training loads and injury and illness incidence, Pearson
product moment correlation coefficients will be used. A
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significance level of 0.05 and 95 % confidence intervals
will be used in all tests. The data will be analyzed using
IBM SPSS Statistics version 23.

Discussion

We here present a protocol for a prospective epidemio-
logical study of sports-related injuries and illnesses in
Paralympic sport and provide arguments related to its de-
sign. To the best of our knowledge, no study has prospect-
ively and comprehensively assessed the epidemiology of
sports-related injuries and illnesses in Paralympic sport
over a longer period of time. Health related problems, in
particular musculoskeletal injuries, are common in sport
[10]. Previous studies have indicated that sports-related
injuries and illnesses is a major concern also within
Paralympic sport [23, 24]. Moreover, few studies have
analyzed the onset and diagnosis of sports-related in-
juries and illnesses and further analyzed impairment-
related and sport specific risk factors. The proposed
study protocol will be used to assess injures and illnesses
over time and between different sports and populations.
With sports-related injuries and illnesses incident cause
data based on athlete exposure it will be possible to ob-
serve trends, potential interactions and risk factors over
time, and thereby target sports with a higher risk.

It could be argued that a limitation is that no data on
clinical examinations are included at baseline. However,
self-report systems have previously been shown to enable
valid and reliable recordings of sports-related incidents
[67] and to monitor changes in athletes’ well-being [68].
This longitudinal research project covers a complex and
understudied field. To move forward, basic and feasible
research is required. In particular, long-term analyses of
possible cause-relationships of sports-related injuries and
illnesses by athlete classification and specific impairment
type are of importance, as it is hypothesized that injuries
and illnesses may be specific for athletes’ sport and im-
pairment type [14]. Other challenges that long-term
self-report studies may face are drop-out of partici-
pants, low response rates, and problems understanding
and interpreting the questions. Moreover, this is the
first study among Paralympic athletes with various
physical, visual, and intellectual impairments, which re-
quires that the proposed system work for all types of
impairments.

The SRIIPSS is expected to lead to an in-depth under-
standing of the epidemiology of sports-related injuries
and illnesses. The results will eventually contribute to
the development of evidence-based preventive measures
specifically adapted to Paralympic sport in order to pro-
vide safe and healthy sport participation. Thereby, the
project will be of relevance for Paralympic athletes at all
levels and to the Paralympic Movement.
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Abstract

Background: Sport participation is associated with a risk of sports-related injuries and illnesses, and Paralympic athletes’
additional medical issues can be a challenge to health care providers and medical staff. However, few prospective studies have
assessed sports-related injuries and illnesses in Paralympic sport (SRIIPS) over time. Advances in mobile phone technology and
networking systems offer novel opportunities to develop innovative eHealth applications for collection of athletes’ self-reports.
Using eHealth applications for collection of self-reported SRIIPS is an unexplored area, and before initiation of full-scale research
of SRIIPS, the feasibility and usability of such an approach needs to be ascertained.

Objective: The aim of this study was to perform a 4-week pilot study and (1) evaluate the monitoring feasibility and system
usability of a novel eHealth application for self-reported SRIIPS and (2) report preliminary data on SRIIPS.

Methods: An eHealth application for routine collection of data from athletes was developed and adapted to Paralympic athletes.
A 4-week pilot study was performed where Paralympic athletes (n=28) were asked to weekly self-report sport exposure, training
load, general well-being, pain, sleep, anxiety, and possible SRIIPS. The data collection was followed by a poststudy use assessment
survey. Quantitative data related to the system use (eg, completed self-reports, missing responses, and errors) were analyzed using
descriptive statistics. The qualitative feasibility and usability data provided by the athletes were condensed and categorized using
thematic analysis methods.

Results: The weekly response rate was 95%. The athletes were of the opinion that the eHealth application was usable and
feasible but stated that it was not fully adapted to Paralympic athletes and their impairments. For example, it was difficult to
understand how a new injury or illness should be identified when the impairment was involved. More survey items related to the
impairments were requested, as the athletes perceived that injuries and illnesses often occurred because of the impairment. Options
for description of multifactorial incidents including an injury, an illness, and the impairment were also insufficient. Few technical
issues were encountered, but athletes with visual impairment reported usability difficulties with the speech synthesizer. An
incidence rate of 1.8 injuries and 1.7 illnesses per 100 hours of athlete exposure were recorded. The weekly pain prevalence was
56% and the impairment contributed to 20% of the reported incidents.
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Conclusions: The novel eHealth-based application for self-reported SRIIPS developed and tested in this pilot study was generally
feasible and usable. With some adaptation to accommodate Paralympic athletes’ prerequisites and improved technical support
for athletes with visual impairment, this application can be recommended for use in prospective studies of SRIIPS.

Trial Registration: ClinicalTrials.gov NCT02788500; https://clinicaltrials.gov/ct2/show/NCT02788500 (Archived by WebCite

at http://www.webcitation.org/6v560qTeP)

(JMIR Hum Factors 2017;4(4):e30) doi:10.2196/humanfactors.8117
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Introduction

Paralympic sport continues to grow and attracts athletes from
all around the world. However, participation in Paralympic sport
is, like all sport, associated with a risk of sports-related injuries
and illnesses, and Paralympic athletes’ additional medical issues
are challenging to health care providers and medical staff [1].

Knowledge of sports-related injuries and illnesses in Paralympic
sport (SRIIPS) is limited, and few prospective studies have
assessed SRIIPS over time [2-4]. During the Paralympic Games
in London 2012 and Sochi 2014, considerably higher injury
incidences were recorded compared to the corresponding
Olympic Games [5,6]. Paralympic athletes also have higher
illness incidence rates compared to Olympic athletes [7]. To
improve health and safety in Paralympic sport, there is a need
for prospective longitudinal monitoring of SRIIPS over entire
training seasons to determine distributions and etiological
mechanisms [8,9]. To advance knowledge of the incidence and
risk factors of SRIIPS, we have initiated a prospective
longitudinal study using eHealth-based data collection of
self-reports [10].

To allow data collection over longer periods of time and in
heteregenous  populations, athlete monitoring through
self-reports is an established method of observing athletes’
health, including both sports-related injuries and illnesses
[11-13]. Self-reports enable collection of information on overall
health based on simultaneous recording of injuries, physical
and mental illnesses, sports exposure, training load, and risk
factors, specifically adapted to the sports population of interest
[8,14,15]. Moreover, self-reports provide more realistic data
than reports by medical personnel who may underestimate the
injury rates compared to athletes themselves [16].

By collecting data electronically, self-reports can be used with
minimal memory bias and constitute real-time personalized data
[17]. Advances in mobile phone technology and networking
systems offer novel opportunities to develop innovative eHealth
applications to collect data [18]. However, most studies have
only included able-bodied athletes, and studies using eHealth
applications in Paralympic athletes with various physical,
intellectual, and visual impairments are lacking.

For successful implementation of an application, it is important
to consider methodological and practical challenges [19,20].
Pilot studies allow the development and testing of the method
and give advance warnings about where the forthcoming main
research project could fail [21]. Potential sources of errors could
be poor definitions, difficulties in interpreting questions and
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data, and failure to use the system. Establishing a user-friendly
surveillance system that targets the population is therefore a
key factor [8,22]. Thus, before initiation of full-scale research,
a pilot study focusing on feasibility and usability issues is needed
to ascertain the ability to use the new application for future data
collection [23]. As Paralympic sport includes athletes with a
wide range of impairments [1], the eHealth application must
allow adaptation to users’ specific needs and circumstances
[24]. This is to ensure that they will be able to adopt the new
monitoring system in daily procedures, regardless of their
impairments, and that the output is experienced as useful for
them [8,22].

The aim of this study was to perform a 4-week pilot study and
(1) evaluate the monitoring feasibility and system usability of
a novel eHealth application for longitudinal epidemiological
research on self-reported SRIIPS and (2) report preliminary
data on SRIIPS.

Methods

Development of the eHealth Application

The purpose of the eHealth monitoring is to enable Paralympic
athletes to self-report SRIIPS, exposure to sport, and general
health parameters in an e-diary. For the data collection, the
Briteback survey tool was used. This tool is integrated with
software built on team communication research. The tool allows
researchers to construct specific surveys, which are sent
automatically as Web links in emails and text messages. The
surveys are adapted to computers, tablets, and mobile phones,
and participants can choose how to enter their data. Automated
system-generated statistics are provided immediately after
reporting of data.

The prototype eHealth application was developed and adapted
to Paralympic athletes based on a theoretical foundation of
existing research within sports medicine [12,13,25], Paralympic
athletes” own perceptions of experiences of sports-related
injuries [26], our study protocol [10], and the Web Content
Accessibility Guidelines 2.0 (WCAG 2.0) [27]. The main focus
was to include features that are specific to Paralympic athletes.
For example, pain, involvement of the impairment, and already
existing medical issues may be present [26]. The research team,
consisting of sports injury epidemiologists, physicians, physical
therapists, and disability researchers together with computer
scientists and athletes adapted and tested the system for
Paralympic athletes.
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To evaluate a Web tool as feasible and usable for users with
disabilities, the WCAG 2.0 guidelines require it to be
perceivable, operable, understandable, and robust for all
categories of users [27]. Therefore, a central requirement of the
eHealth application was that athletes with a visual impairment,
physical impairment, or intellectual impairment (Figure 1) could
use it at the same conditions. To make the content usable to the
athletes, the eHealth application was developed to meet the
WCAG 2.0 accessibility guidelines. Principles related to user
interface design, screen resolution, keyboard navigation,
avoidance of seizure-causing content, and avoidance of content
that causes mistakes were considered in the development. The
application should also appear and operate in predictable ways,
and the users should have enough time to read and use the
content [27].

The final weekly e-diary consisted of 12 questions for athletes
to respond to pertaining to the following topics:

e Participation in normal training
«  Exposure to sport (sessions)

e Exposure to sport (hours)

«  Exposure to competition

e Rate of perceived exertion

e Use of analgesics

e General well-being

e Sleep
e Anxiety
e Pain

Fagher et al

e New injury
e New illness

Depending on responses, subquestions related to reported
SRIIPS could also appear.

Study Population

A pilot study cohort stratified to represent the different
impairments, genders, and sports was selected in June 2016
from the Swedish Paralympic Program. The following inclusion
criteria, adopted from the study protocol [10], were used: age
18 to 55 years; being a registered athlete within the Swedish
Paralympic Program; being classified as an eligible International
Paralympic Committee athlete with visual impairment, physical
impairment, or intellectual impairment; being able to
communicate in Swedish; and having the opportunity to answer
an e-diary weekly during 4 weeks. A total of 37 elite athletes
were invited to participate, and 28, 9 women and 19 men (aged
20 to 51 years) with visual impairment (n=11), physical
impairment (n=15), and intellectual impairment (n=2), accepted
the invitation. The athletes were active in the following
para-sports: shooting, canoeing, goalball, athletics, judo,
swimming, boccia, cycling, table tennis, wheelchair rugby,
cross-country skiing, wheelchair curling, and ice hockey. Four
athletes, all with physical impairment, declined participation
because of lack of time prior to the Paralympic Games 2016.
Five athletes never responded, 3 with physical impairment and
2 with intellectual impairment.

Figure 1. Survey design and technology formulated for use among able-bodied athletes need adaptations to Paralympic athletes with a broad range of
impairments. (A) Visually impaired athlete using speech synthesizing technology adapted to the eHealth application, (B) Wheelchair basketball player
with individual training behavior often without coach and medical staff, (C) Athlete often traveling using the eHealth application in her training
environment, (D) Athlete with cerebral palsy and tetraplegia using a joystick to navigate the eHealth application.
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Ethical Considerations

The study followed the ethical principles for medical research
involving human subjects per the World Medical Association
Declaration of Helsinki and the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) guidelines
and is registered at ClinicalTrials.gov [NCT02788500]. The
entire study was approved by the Regional Ethical Review Board
in Lund, Sweden (Dnr 2016/169). Participation in the study was
voluntary, and informed written consent was collected from all
participants.

Feasibility and Usability: Theoretical Framework

Feasibility studies enable researchers to assess if a study design
and preliminary results can be shaped into relevant findings and
future interventions. It is necessary to pursue a feasibility study
if (1) there are few previously published studies in the research
area, (2) a specific intervention is used, and (3) the study
population requires unique consideration of the method.

Feasibility can be referred to as the ability of users to adopt a
new system in daily procedures with focus on the questions:
Can it work? Does it work? and Will it work? Important aspects
of feasibility in this study were acceptability (Is the application
suitable?), demand (Is the application likely to be used?),
practicality (Can the application be used outside the
intervention?), adaptation (Will the application work for this

Fagher et al

population?), integration (Can the application be integrated in
an existing system?), expansion (Can the application be
expanded?), and implementation (Can the application be
successfully delivered to the participants?) [19].

Usability is a characteristic of quality in use, according to the
International Organization for Standardization [28]. It denotes
whether a system can be used technically by specified users to
achieve goals with regard to (1) learnability (how easy users
can learn the system), (2) efficiency (being able to complete a
task), (3) effectiveness (the amount of effort required to
complete a task), (4) satisfaction (the degree to which the user
was happy with the experience while performing a task), and
(5) error recovery (the users should make few errors, and errors
should be easy to recover from) [28,29]. An important context
of usability in this project was to ensure that an athlete with the
expected ability due to their impairment can use the system and
that the application is technically available to all potential users
[30].

The Fit between Individuals, Task, and Technology (FITT)
framework of information technology (IT) adoption was used
to structure and present the data on feasibility and usability
goals (Table 1). FITT suggests that IT adoption in health care
is dependent on socio-organizational-technical factors including
task-technology fit, individual-task fit, and individual-
technology fit [31].

Table 1. Feasibility and usability goals structured according to the Fit between Individuals, Task, and Technology framework and the Post-Study

System Usability Questionnaire.

Conceptual framework and measure

Data source

Feasibility
Individual
Demographics (gender, age, sport, impairment)

Fit to individual

PSSUQ*

Athlete information

Data from the eHealth application (ie, missing answers, impairment related problems)

Task

Fit into daily routines PSSUQ

Data from the eHealth application (ie, answer frequency)

Fit into Paralympic sport PSSUQ

Data from the eHealth application (ie, number of reported incidents, type of reported
incidents). Interest from athletes and organization

Data from the eHealth application (ie, athlete workflow)

Usability
Technology
Efficiency PSSUQ
Effectiveness PSSUQ
Learnability PSSUQ
Satisfaction PSSUQ

Error recovery

Reported and detected errors

#PSSUQ: Post-Study System Usability Questionnaire.
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Textbox 1. Definitions of an injury and an illness.

Fagher et al

Injury:

Any new musculoskeletal pain, feeling, or injury that causes changes in normal training or competition to the mode,
duration, intensity, or frequency, regardless of whether or not time is lost from training or competition

IlIness:

Any new illness or psychological complaint that causes changes in normal training or competition to the mode,
duration, intensity, or frequency, regardless of whether or not time is lost from training or competition

For example, IT adoption in an athletic environment may depend
on the fit between the attributes of the individual user (ie,
motivation, experience, computer anxiety), attributes of the
technology (ie, functionality, usability), and attributes of the
task (ie, complexity, task, organization).

Data Collection

A 4-week SRIIPS pilot study was performed with an integrated
poststudy feasibility and usability assessment [18,24]. The
athletes were asked to weekly report sport exposure, training
load, general well-being, pain, sleep, anxiety, and possible
SRIIPS, according to the definitions in the SRIIPS study
protocol (Textbox 1) [10]. The first author (KF) followed up
on all data and any technical issues every week. After having
completed the 4-week pilot study, the athletes were asked to
assess the method using open questions related to the feasibility
and usability (Table 1) [19,29] and a modified version of the
Post-Study System Usability Questionnaire (PSSUQ) [32]. This
is a questionnaire that was developed to assess user satisfaction
after participation in scenario-based usability studies. With the
PSSUQ, the researchers can understand which aspects of the
computer system the users are particularly concerned with and
which aspects they are satisfied with [32].

Data Analysis

Quantitative data related to demographics, system use,
completed self-reports, number of reported incidents, missing
answers, and system errors were analyzed using descriptive
statistical methods.

The qualitative feasibility and usability data were condensed
and categorized using a thematic analysis method. Thematic
analysis is a flexible method for identifying, analyzing, and
reporting patterns within various data sets (eg, texts, webpages,
and interviews). The method provides rich and detailed
information that is associated with the specific research question
[33]. The focus here was on identifying opinions about the
eHealth application, detecting methodological issues, and
determining if the method matched the users’ needs and
behavior. Sentences containing aspects of relevance to feasibility
and usability were transformed to themes, codes, and meaning
units.

Data on SRIIPS collected during the 4-week period were
analyzed using basic descriptive statistics. The incidence rates
were calculated as the number of new incidents divided by total
athlete exposure hours (per 1000 hours of sport participation)
[10].
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Results

Quantitative Poststudy Feasibility and Usability
Evaluation

A total of 1643 self-reports, 1354 weekly e-diary reports, and
289 responses to follow-up questions were collected. The
average weekly response rate was 95%. A total of 37 instances
of missing data were noted in the weekly e-diary reports; 28
were observed among athletes with visual impairment, 7 from
athletes with physical impairment, and 2 from athletes with
intellectual impairment. Questions concerning pain, anxiety,
and training load generally had a high response rate (96% to
100%). The questions with most missing answers (n=11) were
about general well-being with horizontally displayed check
boxes. The follow-up questions, for example, concerning SRITPS
symptoms, diagnosis, and injury severity, had on average 1 to
2 missing answers every week; 11 of these were from athletes
with visual impairment and 2 from athletes with physical
impairment. A total of 21 athletes, 8 with visual impairment,
12 with physical impairment, and 1 with intellectual impairment,
provided complete postuse feasibility and usability data. Two
technical errors related to the system and the speech synthesizer
were reported by athletes with visual impairment. No system
use errors occurred. Almost three-quarters (15/21, 71%) of the
athletes reported that it was easy to complete the task. About
three-quarters (16/21, 76%) of the athletes found it easy to define
a new illness, and 52% (11/21) found it easy to define a new
injury. About three-quarters (15/21, 76%) of the athletes reported
that it was easy to use the closure form, and 62% (13/21)
reported that the application was adapted to Paralympic sport.
Most (18/21, 86%) of the athletes were satisfied with the
experience of performing the task, and 90% (19/21) found it
important to perform this study.

Qualitative Poststudy Feasibility and Usability
Evaluation

A summary of the thematic analysis is presented in Table 2.

Health Monitoring in Paralympic Sport

The athletes’ opinion was that some parts of the eHealth
application were not fully adapted to Paralympic athletes. For
example, the athletes found it difficult to know how to define
and identify a new injury or illness, especially when their
impairment was involved. In addition, more survey items related
to an impairment were requested, as the perception was that
some incidents occurred because of the impairments. The
athletes also found it important to be able to report all new
injuries and illnesses (ie, also injuries that had not been sustained
during sports participation).
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Table 2. Summary of the thematic analysis of the Paralympic athletes’ feasibility and usability evaluation of the eHealth application.

Theme Code

Meaning unit

Health monitoring in Paralympic sport  Feasibility to Paralympic athletes

Survey design Complex incidents

Impairment diversity and usability Usability to visually impaired ath

Longitudinal eHealth monitoring Sustainability

The application is not specifically adapted to Paralympic sport

It is difficult to define a new SRITPS*

Some injuries occur because of the impairment

It is difficult to report several injuries or illnesses
Insufficient description of multifactorial incidents

More free text alternatives and multiple check box alternatives
would be good

letes It is not trouble-free to use a screen reader
Horizontal questions do not work with VoiceOver

It is easier to use free text alternatives

It is easy to understand and follow the weekly e-diary

The terminology used is intelligible

It is important that this kind of study is conducted

SRIIPS: sports-related injuries and illnesses in Paralympic sport.

Survey Design

Identified issues were also related to the survey design and were
associated with the reporting of complex incidents using the
survey design originally developed for able-bodied athletes. For
example, if an athlete wanted to report 2 new injuries in the
weekly report, they did not easily understand how to accomplish
this task.

The perception was also that there were insufficient options for
describing multifactorial incidents including an injury, an illness,
and the impairment. To improve the design, the athletes asked
for opportunities to better describe their incidents through free
text or more multiple check box alternatives.

Impairment Diversity and Usability

Athletes with visual impairment had usability difficulties with
tasks involving a visual analog scale and horizontal reply
alternatives due to a technical problem with the connection
between their speech synthesizer and the eHealth application.
Some athletes with visual impairment chose instead to write
free text at the end of the questionnaire or not leave a response
at all. The questions using vertically displayed response
alternatives worked well for the athletes with visual impairment.
Athletes with physical impairment or intellectual impairment
did not report any functionality problems.

Longitudinal eHealth Monitoring

The athletes stated that the use of the eHealth application was
feasible and could be extended to longer periods of time. They
perceived that it was easy to understand and use the application.
Most of the athletes were of the opinion that the terminology
was comprehensible and that it was easy to understand which
dates and week they should report. A majority also stated that
it is important that health monitoring is performed.

http://humanfactors.jmir.org/2017/4/e30/
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Data on Sports-Related Injuries and Illnesses in
Paralympic Sport

One athlete dropped out during the study period; thus, 4-week
data were available from 27 athletes. A total of 10 athletes (37%)
reported anxiety, 15 (56%) reported pain, and 9 (33%) reported
use of analgesics weekly. The median self-rated general
well-being score was 4 (1-7). The average time spent on training
each week was 7.6 hours. The median weekly rated perceived
exertion was 6 (1-10). In total, 15 new injuries (reported by 12
athletes) and 14 new illnesses (reported by 12 athletes) were
reported, giving an incidence rate of 1.8 injuries per 100 hours
and 1.7 illnesses per 100 hours of athlete exposure, respectively.
For 71% (5/7) of the injuries and 60% (6/10) of the illnesses,
the athlete reported a higher mean training load than the week
before. Tissue inflammation and pain (10/15, 67%) and upper
respiratory tract infections (9/14, 64%) were the most common
preliminary causes. A total of 80% (12/15) of the injuries were
related to overuse, 66% (10/15) of the injuries were reported
from athletes with visual impairment, and 57% (8/14) of
illnesses were reported from wheelchair athletes. The typical
injury severity was 1 to 3 days of time loss of training and 2.6
missed training sessions for illnesses. In 20% (3/15) of the
injuries and 21% (3/14) of the illnesses, the impairment was
perceived to be involved in the cause.

Discussion

Principal Findings

Advances in eHealth technology for athlete self-reporting and
monitoring [34] have been rapid; however, the sport-specific
functionality and usefulness of surveillance measures have rarely
been established. Data with poor quality may thereby in the end
cause problems with developing preventive measures [22].
Therefore, considering design quality and the meaning of data
along with effective utilization of technology is crucial in the
implementation of self-report measures [11]. Especially smaller
feasibility studies with mixed methods have been shown to yield
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innovative results [19]. This led us to develop and test the
eHealth application of self-reported SRIIPS specifically adapted
to Paralympic athletes in this pilot study with particular focus
on feasibility and usability. In summary, we found eHealth-based
monitoring of self-reports of Paralympic athletes’ health to be
generally feasible and usable with regard to fitting into daily
routines and using technology. However, the study revealed
some critical factors, mostly related to the fit to Paralympic
sport, which should be accommodated before this application
can be used in full-scale research. It is also recommended that
these critical factors be considered in existing and future injury
and illness surveillance systems.

Feasibility and Usability

A critical conceptual issue related to feasibility and the fit
between the individual, task, and technology was how to define
and report new SRIIPS, especially when the impairment was
involved. The athletes perceived that the eHealth application
was not fully adapted, as some SRIIPS may occur because of
the impairment. This observation corroborates the reports from
a recent qualitative study where Paralympic athletes perceived
that their impairments played an important role in the etiology
of SRIIPS [26]. Moreover, a high prevalence of pain may
complicate the process of defining and distinguishing a new
sports injury from existing pain related to the impairment. This
emphasizes the importance of adaptations of surveillance
systems to the specific sport population, here Paralympic
athletes’ various and complex impairments. Thus, the use of
questionnaires developed for able-bodied athletes cannot directly
be transferred to Paralympic athletes without specific
adaptations, such as, for example, visual impairments [35].

Regarding usability efficiency, the athletes described that there
were not enough options for description of multifactorial
incidents including injuries, illnesses, and impairments. The
construction of questions and terminology has previously been
reported to be a main issue identified by athletes, and athletes
are more willing to complete surveillance systems if they can
recognize themselves in the questions asked [20]. Accordingly,
the survey design has been further developed following this
pilot study. The definition of SRIIPS has been clarified, the
survey items better adapted to Paralympic sport, additional
alternatives related to the impairment have been added, the
possibilities to report multifactorial incidents extended, and
more examples and free text alternatives provided to improve
athlete satisfaction and motivation. One of the most important
objectives in self-report measures is to collect meaningful data
in relation to the needs of the athletes [11]. Thus, it is crucial
that data related to the impairment are routinely collected when
SRIIPS are monitored in order to ensure study feasibility and
usability.

Another usability design issue related to task completion was
the human-computer error of the audible feedback system used
by the athletes with visual impairment. Even though there have
been developments of touch screen devices, many are still
inaccessible to visually impaired users who often adopt error
recovery compensatory strategies [36]. Electronic questionnaires
that are too difficult to use may discourage responses and reduce
data quality [37]. Some of the parameters (eg, the visual analog
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scale and horizontal Likert scales) will be slightly modified for
athletes with visual impairment. The system worked well for
athletes with physical impairment and athletes with intellectual
impairment without any major learnability or error recovery
issues. The relative lack of technical problems and barriers
encountered is not surprising as the application met most of the
accessibility criteria recommended in WCAG 2.0 and was
adapted to Paralympic athletes’ own perceptions of experiences
of sports-related injuries [26,27].

Monitoring Sustainability

Possible explanations for the high response rate are the short
study period and system usability adaptation for easy use on
mobile phones and other platforms. A restriction in athlete
monitoring using self-reports is the workload assigned to the
athlete, implying that collection of as little and as relevant data
as possible is important in long-term surveillance [11].

The athletes were of the opinion that the application was easy
to understand and could be extended to longer periods of time.
Thus, we considered the application to be feasible for
Paralympic athletes and believe that it can be adopted in their
daily procedures with regard to the ability of the users [38].
Finch et al [34] recently described that, along with the
development of digital tools, data can favorably be collected in
real time from athletes and not by the medical teams, which has
also proven feasible in other studies [12,13].

Data on Sports-Related Injuries and Illnesses in
Paralympic Sport

Only 2 similar studies within Paralympic sport have included
athlete exposure based on time [39,40]. For effective
implementation of prevention strategies, incidence based on
athlete exposure is a key factor [41]. A limitation of these 2
studies [39,40] is that the inclusion of injuries only referred to
trauma and medical attention. In our study, 80% of the reported
injuries were related to overuse, which indicates the importance
of using an injury definition in Paralympic sport that also
includes these types of injuries. In addition, the observed high
prevalence of pain and relatively high use of analgesics raises
concerns about Paralympic athletes’ health. Few studies have
assessed the prevalence, causes, and behaviors associated with
pain among Paralympic athletes, and further research on this
topic is warranted.

Only a handful of studies have assessed the incidence of illnesses
among Paralympic athletes. Studies at the Paralympics Games
indicate that illness rates are similar to injury rates [25]. This
was also found in our study as well. It is therefore important
that illnesses are included in athlete monitoring, well in line
with the recommendations of future research priorities [34].

Strengths and Limitations

A strength of this study is the detailed preparatory work
undertaken to develop the eHealth application and specifically
adapt it to Paralympic athletes with visual impairment, physical
impairment, and intellectual impairment. Another strength is
the subsequent evaluation and correction of feasibility and
usability indicators of the monitoring system before the start of
full-scale long-term studies. A limitation is that we only
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evaluated poststudy reported feasibility and usability issues and  Conclusion
that the qualitative analysis included only written answers and
no interviews. Another limitation is that the pilot study period
was relatively short, and it is therefore not possible to distinguish
long-term results and response rates. A larger study sample
including athletes from all Paralympic sports may also have
provided further insights into the feasibility and usability of this
novel eHealth application.

The novel eHealth-based application for self-reported SRIIPS
developed and tested in this pilot study was generally feasible
and usable. With some adaptation to accommodate Paralympic
athletes’ prerequisites and improved technical support for
athletes with visual impairment, this application can be
recommended for use in prospective studies of SRIIPS. This
will advance our knowledge of the incidence and risk factors
of SRIIPS and facilitate the development of evidence-based
prevention measures adapted to Paralympic sport.
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Abstract

Background: With increased participation in Paralympic sports, the burden of sports-related injuries and illnesses may increase.
However, there is limited knowledge about the epidemiology of sports-related injuries and illnesses in Paralympic sports (SRIIPS).
Objective: To describe among Swedish Paralympic athletes the 1-year retrospective period prevalence of severe SRIIPS and the point
prevalence of all SRIIPS and to examine differences in prevalence proportions between athletes with different impairments, behav-
iors, and sport characteristics.

Design: Cross-sectional study.

Setting: Swedish Paralympic Programme.

Participants: One hundred and four Paralympic athletes with visual, physical, and intellectual impairment.

Methods: An eHealth application adapted to Paralympic athletes was used to collect self-report data on existing and previous SRIIPS,
as well as impairment, behavior, and sport characteristics.

Main Outcome Measurements: One-year retrospective period prevalence and point prevalence.

Results: The period prevalence of severe injuries was 31% (95% Cl 23-40) and the point prevalence 32% (95% Cl 24-41). The period
prevalence of severe illnesses was 14% (95% C1 9-23), and 13% of the athletes (95% CI 8-22) reported a current illness. More severe inju-
ries (P <.05) were reported by athletes aged 18 to 25 years, not using assistive device, having pain during sport, using analgesics, con-
tinuing training injured, and feeling guilt when missing exercise. Athletes who reported a previous severe injury, having pain in daily
life and during sport, using analgesics, and being upset when unable to exercise had a higher prevalence of current injuries (P <.05).
Being female, reporting previous severe illness, using prescribed medication, and feeling anxious/depressed were features associ-
ated with ongoing illnesses (P <.05).

Conclusion: Paralympic athletes report a high prevalence of SRIIPS. Behavioral and psychological aspects as well as pain and use of
medication appear to be associated with the occurrence of SRIIPS. The results imply that factors leading to SRIIPS are complex and
call for a broad biopsychosocial approach when developing preventive measures.

Level of Evidence: Ill.

Introduction

Paralympic athletes’ performances are steadily
improving.! As a result, athletes are exposed to more
strenuous training and pressure to stay competitive.?
Increases in training loads in combination with pressure
to perform may eventually lead to sports-related injuries
and illnesses that may compromise athletes’ health.?3
This, in turn, can add further concerns to Paralympic ath-
letes’ unique preexisting medical conditions.* Data from

© 2019 American Academy of Physical Medicine and Rehabilitation
https://dx.doi.org/10.1002/pmrj.12211

the latest Summer and Winter Paralympic Games
(2012-2016) show that the incidence proportion of both
injuries and illnesses are higher compared to the Olympic
Games.> '3 Thus, there is a need to improve our knowl-
edge of sports-related injuries and illnesses in Paralympic
sport (SRIIPS) in order to develop preventive measures.
According to the van Mechelen model of injury preven-
tion, the first step in the sequence of prevention is to
describe the extent and severity of SRIIPS. Thereafter,
preventive measures can be developed. '
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Most previous efforts to collect epidemiological data in
Paralympic sport have primarily focused on SRIIPS during
competitions.''® Therefore, studies that assess SRIIPS
during extended periods, including both training and
competitions, are needed. Data are also limited regard-
ing sports-related illnesses and overuse symptoms, varia-
tions between sport and impairment types, and potential
intrinsic and extrinsic risk factors for SRIIPS. Moreover,
psychological behaviors, such as self-blame and excessive
training, have been reported to be related to sports inju-
ries among able-bodied athletes.'”"'® Yet, few studies
have examined behavioral variables and personal habits
that may be related to SRIIPS among Paralympic
athletes.*

To improve our knowledge, we have initiated the
Sports-related Injuries and Illnesses in Paralympic Sport
Study (SRIIPSS)." The overall objective is to prospec-
tively estimate the burden of SRIIPS among Swedish Para-
lympic athletes using an eHealth application specifically
developed for Paralympic athletes.?® At the start of this
prospective study, the athletes completed a baseline
questionnaire on existing and previous SRIIPS during the
past year, as well as athlete demographics, impairment,
behaviors, and sport characteristics. This allowed us to
analyze the prevalence of SRIIPS as an overall indicator
of disease status by measuring the proportion of the out-
come in this understudied population at different time
points.'"23 In addition, such analyses also capture symp-
toms with insidious onset, for example, overuse-related
problems and pain, and generate new hypotheses and
questions for future research.?!22:24

The objective of this study was to describe among
Swedish Paralympic athletes the 1-year retrospective
period prevalence of severe SRIIPS, to identify the point
prevalence of all SRIIPS, and to examine differences in
prevalence proportions between athletes with different
impairments, behaviors, and sport characteristics.

Methods
Study Design and Definitions

This cross-sectional retrospective prevalence study
followed the Strengthening the Reporting of Observa-
tional Studies in Epidemiology (STROBE) guidelines. The
study is part of SRIIPSS, which is a prospective (1-year)
longitudinal study of self-reported SRIIPS.' The eHealth
application used for data collection has previously been
described and tested in a feasibility and usability pilot
study.?® The study was approved by the Regional Ethical
Review Board in Lund (Dnr 2016/169) and followed the
ethical principles for medical research involving human
subjects per the World Medical Association Declaration
of Helsinki. Participation in the study was voluntary and
written informed consent was obtained. The study is reg-
istered at ClinicalTrials.gov [NCT0278500].

To estimate the proportion of athletes that had an
injury or illness at some point during a given period, here
1-year retrospectively, period prevalence was used. In
this study, period prevalence was used to measure the
burden of severe SRIIPS during one year, less severe SRIIPS
were excluded to minimize the risk of recall bias.?> The
definition of severe SRIIPS used in the present study and
in accordance with other studies?>?® was:

Any new musculoskeletal pain, feeling, injury, ill-
ness or psychological complaint that made the ath-
lete partially or completely abstain from training
or competition for a 3-week minimum period during
the past year.

To determine the estimated athlete availability and need
for medical service at a specific point, point prevalence
was used.?""?% All injuries and illnesses, both severe and
minor, were included to obtain an estimate of the overall
burden of ill health at a given time, for example prior to a
major competition. The definition of current SRIIPS used
in the present study was'%?7:

Any new musculoskeletal pain, feeling, injury, ill-
ness or psychological complaint that caused
changes in normal training or competition to the
mode, duration, intensity, or frequency, regardless
of whether or not time is lost from training or
competition.

Study Population and Recruitment

Participants were recruited through the Swedish Para-
lympic Program, which comprises candidates for both the
Summer and Winter Paralympic Games. The following
inclusion criteria were used: (1) age 18 to 65 years;
(2) being able to communicate in Swedish; and (3) having

Swedish
Paralympic
athletes invited Females (n=16)
to the study Males (n=27)
Athletes with;
n=150 i — 3
¢ ) Declined (1=28) physical impairment
0=36).
Did not answer visual impairment
Accepted @=2)
(n=15) . g
.t ° intellectual
participate impairment (n=5)
(0=107)
Did not answer
l—» the baseline
survey (n=3)
Filled in
baseline
survey
(n=104)

Figure 1. Flowchart of the recruitment of study participants.
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the ability to respond electronically to the eHealth appli-
cation. A total of 150 athletes were invited (Figure 1) by
email during autumn 2016 and received written, and if
needed, oral information about the study. Those who
did not respond were contacted by phone.

Data Collection

The prevalence data were collected as described pre-
viously in our study protocol'® and obtained from a base-
line questionnaire at the start of SRIIPSS (January 2017).
The participants were asked about severe SRIIPS 1 year
retrospectively and about current SRIIPS. If the athletes
reported an injury, they were asked about body location,
type of injury, injury mechanism, diagnosis, and contribu-
tion of the impairment. For a reported illness the athletes
were asked about affected body system, diagnosis, and
contribution of the impairment.

The participants also provided the following baseline
data: (1) athlete demographics (gender, age, height,
weight, occupation, use of alcohol and tobacco);
(2) impairment characteristics (type of impairment,
sports classification, use of assistive devices, current pre-
scribed medication, medical contact person); (3) sport
characteristics (years active in Paralympic sport, type of
sport, additional training, use of supplements, nutritional
counseling, hours per week engaged in training and com-
petition); (4) anxiety/depression (EQ-5D)?® and (5) behav-
ior and pain (excessive exercise, maladaptive behavior,
pain in daily life and during participation in sport [EQ-
5D]%8and use of pain medication). To assess features of
excessive exercise and maladaptive behavior, the Com-
mitment to Exercise Scale (CtES) was used.'”"'® In addi-
tion, women were asked about menstruation and use of
contraceptives.

Data Categorization and Statistical Analyses

The reported injuries were categorized in a matrix for
classification of musculoskeletal diagnoses into body
location, injury type, and diagnosis from the 10th revision
of the International Statistical Classification of Disease
and Related Health Problems (ICD-10).%° Injuries were
independently classified by the project’s two sports phys-
iotherapists (KF and JJ) and any disagreements were
resolved by the two authors, and illnesses were indepen-
dently classified by the project’s physician (JL) and one
physiotherapist (KF).%9%” Each athlete could report sev-
eral SRIIPS, but only the first reported SRIIPS were used in
the analyzes. The rationale is that prevalence is a mea-
sure of disease status. It describes the proportion of ath-
letes of a particular population affected by a medical
condition divided by the total number of athletes studied
at the given time point.?? To avoid overinterpretation of
the data, a period prevalence injury could not be
reported as a point prevalence injury.

The data were assessed for normality and are pres-
ented using descriptive statistics. The prevalence is pres-
ented together with a 95% confidence interval (Cl),
computed with the Clopper-Pearson method.

For the analyses, the athletes were first categorized
according to age and impairment at a broad level (ie,
physical, visual, or intellectual). Thereafter, the athletes
were classified into subgroups of impairments and
whether their main transportation mode in daily life was
wheelchair or if they were ambulatory. Finally, the ath-
letes were categorized into their specific sport; into sum-
mer or winter sport; into explosive, endurance, or
precision sport; and into individual or team sport.

To examine differences in SRIIPS among the athletes
regarding their characteristics and behaviors, the analyses
were conducted in six steps and separately for injuries and
illnesses. Differences in period prevalence and point prev-
alence of SRIIPS were examined between (1) athletes with
different demographics; (2) different impairment charac-
teristics; (3) different sport characteristics; (4) anxiety/
depression; (5) athletes’ behavior and pain; and

Table 1
Athlete demographics and impairment among Swedish Paralympic ath-
letes (n = 104)

Gender (%)

Men
Women

Age, y, median (IQR)*, min-max

Body mass index, median (IQR)*, min-
max

66
34
29 (23-36), 18-63

Female 22.6 (20.4-24.4), 17.8-35.2

Male 23.4(20.1-25.1), 15.6-30.3
Occupation (%)

Student 23

Working 66

Disability pension 3

Full-time athlete 8
Alcohol intake (%)

Every month 33

A couple of times/y 44
Tobacco use past year (%)

Yes, smoking 1

Yes, snuff 15
Type of disability (%)

Congenital 53

Acquired 47
Use of assistive device (%)

Wheelchair 50

Prosthesis 4

Blind cane 1"

Crutches 11
Use of prescribed medications (%) 47
Regular contact and easy access to a 59

known

health professional” (%)
Women’s health (n = 35) (%)

Normal menstruation 69

Amenorrhea 31

Use of contraceptives 62

*Interquartile range.
A physician, nurse, or physiotherapist.
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Table 2
Sport and behavior characteristics among Swedish Paralympic athletes
(n = 104) 1 year retrospectively

Active in Paralympic sport, y, median (IQR)*, min-max 10 (5-16), 1-32

Training h/wk, median (IQR), min-max 9(7-12), 3-23
Additional training to sport specific training (%)
Cardiovascular training 69
Strength training 76
Neuromuscular training 50
Flexibility 39
Yoga 8
No 6
Support to plan diet (%) 23
Use of supplements (%) 22
Use of paracetamol medication related to sport (%)
Every month 14
A couple of times/yr 35
Use of anti-inflammatory medication related to sport
(%)
Every month 19
A couple of times/yr 48
Pain/discomfort (EQ-5D) related to sport (%)
No pain/discomfort 50
Moderate pain/discomfort 43
Extreme pain/discomfort 7
Pain/discomfort in daily life (EQ-5D) (%)
No pain or discomfort 47
Moderate pain or discomfort 48
Extreme pain or discomfort 5
Feeling of anxiety/depression (EQ-5D) (%)
Not anxious or depressed 67
Moderate anxious or depressed 31
Extremely anxious or depressed 2
Commitment to Exercise Scale (CtES)" (%)
Upset when unable to exercise 82
Continue train unwell or sick 83
Continue train injured 59
Guilty when missing exercise session 77

*Interquartile range.
"The answers are sometimes/always from a modified scale of Commit-
ment to Exercise Scale adapted to persons with visual impairment.

(6) interactions between pairs of different characteristics
and/or behavior (ie, 3-way interactions including SRIIPS).

For the first four steps, pairwise comparisons were
conducted between the subgroups in Tables 3-5, using
chi-square statistics for homogeneity with Cramer’s V as

Table 3

a measure of effect size. In cases where more than 20%
of expected frequencies were less than five, Fisher’s
exact test was used. For the fifth step, three-way interac-
tions were analyzed using log-linear analysis.?’ The IBM
SPSS Statistics version 24 was used. As the aim in this
new field of research was to generate new hypotheses
for future research, all P values <.05, uncorrected for
multiple comparisons, were reported.

Results
Study Population

A total of 107 (71%) athletes participated in the study.
Three athletes did not respond; thus, in total, 104 ath-
letes (97%) completed the questionnaire (Figure 1). The
median age of the athletes was 29 years (interquartile
range 23-36). Data on athletes’ demographics, impair-
ment, behavior, and sport characteristics are presented
in Tables 1 and 2.

Prevalence of Sports-Related Injuries

Period Prevalence

The overall retrospective 1-year period prevalence of
severe injuries was 31% (95% Cl 23-40). The prevalence
among males and females was 32% (95% Cl 22-44) and
29% (95% Cl 16-45), respectively. Athletes in the age group
18 to 25 years reported the highest prevalence (37%; 95%
Cl123-54) (Table 3). Ninety-one percent of the injuries had
occurred during training and 9% during competition. The
impairment was a contributing factor in 64% of the inju-
ries. Two of the injuries were not specifically sports
related. The prevalence of severe injuries among ath-
letes participating in summer and winter sports was 39%
(95% Cl 29-50) and 26% (95% Cl 11-49), respectively
(Table 4).

Regarding the impairment categories, the prevalence
ranged from 21% (95% Cl 6-49) among athletes classified
as “les autres (other)” (eg, arthrogryposis, Duchenne
muscular dystrophy) to 40% (95% Cl 17-69) among ath-
letes with limb deficiency; all of the latter athletes

Period prevalence and point prevalence of sports-related injuries and illnesses by gender and age group among Swedish Paralympic athletes (n = 104)

Injury

Illness

Period prevalence

Point prevalence

Period prevalence Point prevalence

Gender and age Total number and Prevalence (%) %

Prevalence (%) %

Prevalence (%) % Prevalence (%) %

group % of all n (95%Cl) ofall n (95%Cl) ofall n (95%Cl) ofall n (95%Cl) of all
Al 104 (100) 32 31(22-41) 31 33 32 (23-42) 32 15 14 (8-23) 14 14 13 (8-22) 14
Female 35 (34) 10 29 (15-46) 10 7 20 (8-37) 7 4 11 (3-27) 4 8 23 (10-40) 8
Male 69 (66) 22 32 (21-44) 21 26 38 (26-50) 20 11 16 (8-27) 1 6 9(3-18) 6
Age group (y)
18-25 35(34) 13 37 (21-55) 13 11 31 (17-49) 13 8 23 (10-40) 8 5 14 (5-30) 5
26-34 36 (35) 10 28 (14-45) 10 10 28 (14-45) 10 5 14(5-29) 5 3 8(2-22) 3
35-63 33 (32) 9 27 (13-46) 9 12 36 (20-55) 9 2 6(1-20) 2 6 18(7-35) 6
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Table 4

Period prevalence and point prevalence of sports-related injuries and illnesses by type of sport among Swedish Paralympic athletes (n = 104)

Injury

Ilness

Period prevalence

Point prevalence

Period prevalence Point prevalence

Total number and % Prevalence (%)

Prevalence (%) Prevalence (%) Prevalence (%)

Sport of all n (95%Cl) n (95%Cl) n o (95%Cl) n o (95%Cl)
All 104 32 31(22-41) 33 32(23-42) 15 14 (8-23) 14 13 (8-22)
Summer sports 85 (82) 27 32(22-43) 28 33(23-44) 13 15 (8-25) 11 13 (7-22)
Winter sports 19 (18) 5 26 (9-51) 5 26 (9-51) 2 11(1-33) 3 16 (3-40)
Individual sports 57 (58) 16 28 (17-42) 17 30 (18-43) 9 16 (7-28) 8 14 (6-26)
Team sports* 47 (45) 16 34 (21-49) 16 34 (21-49) 6 13 (5-26) 5 11 (4-23)
Endurance 13 (13) 4 31(9-61) 3 23 (5-54) 4 31(9-61) 1 8(0-36)
sports’
Explosive sports® 69 (66) 22 32 (21-44) 24 35 (24-47) 10 14 (7-25) 8 12 (5-22)
Precision sports® 22 (21) 6 27 (11-50) 6 27 (11-50) 1 5(0-23) 5 23 (8-45)

*Team sports: goalball, para ice hockey, wheelchair basketball, wheelchair rugby, wheelchair curling.
"Endurance sports: cycling, para athletics (middle/long-distance), para cross-country skiing, triathlon.
*Explosive sports: canoe, goalball, judo, para alpine skiing, para ice hockey, para athletics (short distance, jumping, throwing), para swimming, table

tennis, wheelchair basketball, wheelchair rugby, wheelchair tennis.

SPrecision sports: Boccia, Equestrian, Sailing, Shooting Para sport, Wheelchair Curling.

used a prosthesis but participated in wheelchair sports.
The prevalence among ambulatory participants was 37%
(95% CI 25-50) and 25% (95% ClI 15-38) among wheel-
chair users (Table 5). Concerning type of injury, 25%
of the injuries were traumatic. Of the remaining non-
traumatic injuries, 25% had sudden onset and 50% grad-
ual onset. Forty-four percent of the injuries were
located in the lower extremities (LE), 41% in the upper
extremities (UE), and 15% in the vertebral column (VC).
The knee was the most single affected body location
(25%). The most common ICD-10 diagnosis was “soft
tissue disorder related to use, overuse and pres-
sure” (M70).

Athletes who did not use an assistive device
(P = .036), reported pain during sports (P = .011), used
nonsteroid inflammatory drugs (NSAID) monthly

Table 5

(P= .003), and used paracetamol monthly (P= .015)
had a higher period prevalence of severe injuries than
their peers. Also, athletes in the age group 18 to 25 years
reported more traumatic injuries (P = .025). The CtES
items “always continuing training when injured”
(P =.026) and “always feeling guilt of missing an exercise
session” (P = .041) were associated with a higher preva-
lence of severe injury (Table 6).

Point Prevalence

The overall point prevalence of injuries was 32% (95%
Cl 24-41), affecting 38% of male athletes (95% ClI 27-50)
and 20% of female athletes (95% Cl 10-37). Athletes in
the age group 35 to 63 years reported most injuries
(36%; 95% Cl 22-54) (Table 3). Five of the injuries were
not specifically sports related. Athletes participating in

Period prevalence and point prevalence of sports-related injuries and illnesses by impairment type among Swedish Paralympic athletes (n = 104).

Injury

Illness

Period prevalence

Point prevalence Period prevalence Point prevalence

Prevalence Prevalence Prevalence Prevalence

Total numberand % of all n (%) (95% Cl) n (%) (95% Cl) n (%) (95% Cl) n (%) (95% Cl)
All impairments 104 32 31(22-41) 33 32(23-42) 15 14(8-23) 14 13(8-22)
Physical impairment* 77 (74) 23 30(20-41) 24 31(21-43) 8 10(5-19) 10 13 (6-23)
Limb deficiency” 10 (10) 4 40 (12-74) 5 50 (19-81) 1 10 (0-45) 2 20(3-56)
Spinal cord injury 34 (33) 9 26(13-44) 11 32 (17-51) 5 15(5-31) 5 15(5-31)
Central neurological injury* 19 (18) 7 37(16-62) 5 26(9-51) 0 0(0-18) 0 0(0-18)
Les autres® 14 (14) 3 21(5-51) 3 21(5-51) 2 14(2-43) 2 14 (2-43)
Intellectual impairment 6 (6) 2 33(4-78) 2 33(4-78) 2 33(4-78) 1 17 (0-64)
Visual impairment 21 (20) 7 33(15-57) 7 33(15-57) 5 24(8-47) 4 19 (5-42)
Wheelchair athletes 52 (50) 13 25(14-39) 13 25(14-39) 6 12 (4-23) 8 15(7-28)
Walking athletes 52 (50) 19 37 (24-51) 20 38(25-53) 9 17 (8-30) 6 12 (4-23)

*Physical impairment: limb deficiency, spinal cord injury, central neurological, and les autres.

fLimb deficiency: amputation, dysmelia, congenital deformity.

*Central neurological injury: cerebral palsy, traumatic brain injury, stroke, other neurological.
SLes autres: nonspinal polio myelitis, ankylosis, leg shortening, joint movement restriction, nerve injury resulting in local paralysis.
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Table 6

Results from chi-square statistics with corresponding P values and Cramer’s V measures of effect size, showing significant differences in prevalence
proportions of sports-related injuries and illnesses, between athletes with different characteristics and athlete behaviors among Swedish Paralympic

athletes (n = 104)*

Injury

Illness

Period prevalence,
Pvalue, (effect size)

Point prevalence,
Pvalue, (effect size)

Period prevalence, Point prevalence,
Pvalue, (effectsize) Pvalue, (effect size)

Gender female .729

Age 18-25 .0257, (.27)
Previous severe injury -

Previous severe illness .224
Monthly use of nonsteroidal anti-inflammatory medication .003, (.29)
Monthly use of paracetamol .015, (.29)

Prescribed medication 213
No use of assistive device .036, (.21)
Pain during sport .011, (.25)
Pain in daily life .238
Anxiety/depression .021% (.28)
Continuing training when injured” .026,(.30)
Feeling guilt about missed exercise session’ .038, (.28)
Feeling upset when unable to exercise’ .255

.067 .536 .046, (0.20)
745 143 .481
.027 (.22) 224 121
.378 - .005% (.32)
.0277 (.22) .954 .062
.460 .643 .919
.817 .280 .019, (.25)
41 .376 .686

<.001, (.60) .402 .085

<.001, (.42) .245 .400
214 .056 <.001%, (.27)
.671 .569 .696
.984 453 .154
.024, (.29) .553 .485

*Chi-square statistics shown for tests where P < .05 (tests [P >.05] for different impairments, sports, body mass index, occupation, use of alcohol and
tobacco, women’s health, medical contact person, years in Paralympic sport, average time spent on training and competitions, additional training, use

of supplement, and help with nutrition are not shown).
Traumatic injury.

*Fisher’s exact test.

SNontraumatic injury.

IThe answer always in Commitment to Exercise Scale.

summer sports had a prevalence of 40% (95% Cl 30-51),
and athletes in winter sports a prevalence of 26% (95% CI
11-49) (Table 4).

Regarding the impairment, athletes with limb defi-
ciency had the highest prevalence (50%; 95% Cl 24-76)
(Table 5). The prevalence among ambulatory participants
was 39% (95% Cl 26-52) and 25% (95% Cl 15-38) among
wheelchair users. Regarding type of injury, 6% of the inju-
ries were traumatic, 15% nontraumatic with a sudden
onset, and 79% nontraumatic with gradual onset. Fifty-
eight percent of the injuries were in the UE, 33% in the
LE, and 9% in the VC. The shoulder was the most single
affected body location (33%). The most common diagnosis
was again M70. Athletes who reported a previous 1-year
retrospective severe injury were more likely to report a
point prevalence injury (P = .027). There were strong sig-
nificant associations between having an injury and
reporting pain in daily life (P=.001) and pain during
sports (P = .001). There were also significant associations
between a nontraumatic injury and use of NSAID
(P =.027) and with the CtES item “always being upset
when unable to exercise” (P = .024) (Table 6).

Prevalence of Sports-Related Illnesses

Period Prevalence

The retrospective 1-year period prevalence of severe
illnesses was 14% (95% Cl 9-23). Male athletes reported a
prevalence of 16% (95% Cl 9-27), whereas females

reported a prevalence of 11% (95% Cl 3-27). Athletes in
the age group 18 to 25 years had the highest prevalence
(23%; 95% Cl 12-40) (Table 3). The impairment was
reported to influence the occurrence of illnesses in 42%
of the incidents. Athletes participating in summer sports
had a prevalence of 15% (95% Cl 9-25), and athletes in
winter sports a prevalence of 11% (95% Cl 1-34) (Table 4).

Athletes with an intellectual impairment reported the
highest prevalence 33% (95% Cl 9-71). The prevalence
among ambulatory participants was 17% (95% Cl 9-30)
and 12% (95% CI 5-24) among wheelchair users (Table 5).
The most commonly affected physiological system was
the respiratory system followed by psychological
diagnoses.

Point Prevalence

The overall point prevalence of illnesses was 13% (95%
Cl 8-22); ranging from 9% (95% Cl 3-18) among male ath-
letes to 23% (95% Cl 12-40) among females. The age group
35 to 63 years displayed the highest prevalence (18%; 95%
Cl 8-35) (Table 3). The prevalence of illnesses among ath-
letes participating in summer sports was 13% (95% Cl 7-22)
and 16% (95% Cl 4-39) in winter sports (Table 4).

The prevalence ranged from no illnesses among ath-
letes with central neurological injury to 20% (95% Cl
4-53) among athletes with limb deficiency. The preva-
lence among ambulatory participants was 12% (95% Cl
5-24) and 15% (95% Cl 8-28) among wheelchair users
(Table 5). The most commonly affected body system was
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upper respiratory tract,
diagnoses.

Female athletes had a higher prevalence of illnesses
than male athletes (P =.046) (Table 6). Also, athletes
with a previous severe illness (P =.005), athletes who
used prescribed medications (P=.019), and athletes
who reported feeling anxiety/depression (P =.001) had
a higher point prevalence of illnesses (Table 6).

Athletes who reported moderate or extreme anxiety/
depression on the EQ-5D item anxious/depressed also
reported (P = .03) more psychological diagnoses for both
illness prevalence measures. There were no 3-way inter-
actions of SRIIPS and any of the prevalence measures for
characteristics related to athlete demographics, impair-
ment, behavior, or sport.

followed by psychological

Discussion

This study presents prevalence data on SRIIPS from
104 Swedish Paralympic athletes using two different
prevalence measures. The main findings were that 31%
of the athletes reported having sustained a severe injury
during the past year and 32% reported a current injury,
whereas 14% reported a recent severe illness and 14% a
current illness. Many of the severe injuries had occurred
outside competition and the impairment was a contribut-
ing factor in several incidents. Differences between prev-
alence proportions of SRIIPS were mainly related to a
history of previous incidents, pain, use of medication,
and behavioral factors. No significant differences in prev-
alence proportions of SRIIPS between different sports,
impairments, or exposure to sport were present.

Sports-Related Injuries

About one third of the athletes reported a severe
injury during the past year, and a concern is the high prev-
alence of severe injuries among younger athletes. An
injury in young age may affect an athlete’s future career
and can potentially also have lifelong consequences in
daily life.3° Sports performance during young age is
underpinned by various physical and psychological health
challenges related to maturation.3" Most body systems
are structurally and functionally fully developing during
adolescence and early adulthood,? with the brain con-
tinuing to develop until adulthood.>? In addition, young
Paralympic athletes may already have existing medical
challenges related to their impairments that may predis-
pose them to injury. For example, the combined impact
of daily wheelchair use and sport wheelchair use can put
an athlete at high risk for overuse injuries.>* For the
young visually impaired athlete, it takes longer to adapt
to the maturation that occurs in coordination and balance
as vision plays an important role in providing sensory
information to these systems.3> Consequently, this could
predispose these athletes to injuries.®® Despite this,
young Paralympic athletes are understudied in sport

medicine.?” The International Olympic Committee has
established a consensus statement on athletic develop-
ment with the aim to develop healthy and resilient young
athletes.3' Based on our results, a similar consensus
statement and surveillance of young Paralympic athletes,
also below 18 years old, is advocated, as well as educa-
tion of coaches and governing bodies to maintain safe
and sustainable parasport participation.

Both in the present study and the recent one from the
2016 Paralympic Games, athletes with limb deficiency
reported the highest proportion of injuries.® Most of the
injured athletes with limb deficiency in this study had a
prosthesis in daily life but participated in a wheelchair
sport. A possible explanation for the high prevalence of
injuries is that these athletes may be exposed to higher
intensities in wheelchair sports, compared to an athlete
with, for example, a cervical spinal cord injury (SCI). This
has also been described by Bauerfind et al.3® Also, ath-
letes who did not use any assistive devices had a higher
injury prevalence. Further studies are needed to under-
stand associations between use of an assistive device or
prosthesis and how this affects biomechanics and optimal
loading. Similar to able-bodied athletes, a previous injury
among Paralympic athletes was associated with a new
injury,3® emphasizing the importance of focusing on pri-
mary prevention.

Half of the athletes reported pain during sports partic-
ipation and these athletes also reported significantly
more injuries. A majority of the reported injuries in this
study were related to overuse. Pain and overuse related
symptoms are common problems among elite athletes,
often associated with altered performance,?*° and anal-
gesics are frequently used to handle sports-related
pain.“ In the present study, about two thirds of the ath-
letes reported use of analgesics on a regular basis during
the past year. This is a concern as regular intake of anal-
gesics may negatively affect the health.” Previous studies
have suggested that pain management in elite athletes
should instead include strategies that address underlying
biomechanical issues, pathophysiology, and psychosocial
issues.“° For Paralympic athletes who already have exis-
ting impairments that may cause pain, it is particularly
important to address these issues.>* Further studies of
pain and the impact from the impairment are needed to
better understand the management of pain in Paralympic
sport. It is also recommended to adapt surveillance sys-
tems, definitions, and prevention strategies to accommo-
date pain and existing impairments.

Another concern is the training behavior of Paralympic
athletes. A majority of the athletes reported that they
felt upset when unable to exercise, felt guilty when miss-
ing an exercise training session, and continued to train
sick and injured. The athletes who continued training
when injured and felt guilt when missing training and
reported anxiety/depression reported also significantly
more injuries. Paralympic athletes’ own perceptions of
experiences of sports-related injuries have earlier been
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linked to excessive training, guilt, and one’s behavior.*!
The results from the present study indicate that there
are similarities with patterns found among able-bodied
athletes, where psychological well-being may be depen-
dent on compulsory and regular training. Such behavior
may eventually lead to unhealthy training, even though
there is a risk for negative health outcomes.'® A previous
study also showed that Paralympic athletes have lower
levels of self-acceptance and body-image perception
and are training in a greater mastery-oriented climate
compared to Olympic athletes.*? Hence, it is rec-
ommended that future epidemiological studies and pre-
vention strategies for Paralympic athletes also address
mental and behavioral aspects.

Sports-Related lllnesses

In the present study, 14% of the athletes reported an
illness, which is similar to the results from the latest Sum-
mer and Winter Paralympic games.®®*3 Female athletes
had significantly more existing illnesses, both in the pre-
sent study and in the study from the 2016 Summer Para-
lympic Games. Thus, a focus on this athlete group with
regard to illness prevention is recommended.®

The respiratory system was the most affected by ill-
ness, which is in agreement with results from both the
Paralympic Games and Olympic Games.®8 %4 previous
studies have indicated that especially athletes with SCI
are more susceptible to infections.®*>** However, in
the present study, athletes with SCI did not have signifi-
cantly more illnesses when compared to other impair-
ment groups. Still, almost half of all severe illnesses
were reported to occur because of the impairment. Fur-
ther studies are therefore warranted to examine intrinsic
and extrinsic impairment related factors.

The second most common illness domain was mental
health. It is now recognized that elite athletes are at risk
of psychological distress, such as overtraining, burnout,
loss of personal autonomy, stress, eating disorders, and
risk behavior.*> Few studies have specifically assessed
the existence of psychological and behavioral distress
among Paralympic athletes. Taken together, these results
suggest the need for a multidisciplinary biopsychosocial
approach when coaching and treating Paralympic ath-
letes. In the present study, athletes that reported moder-
ate or extreme anxiety/depression on the EQ-5D item had
also significantly more mental health diagnoses, which
indicate good sensitivity on an easily used question.®

Limitations

A limitation of this study is the diverse sample of ath-
letes and a relatively low number of athletes in each
group, which do not allow more detailed analyses. A total
population design was used, and given that this is an
understudied population, we considered it important to
report the results in as much detail as possible. As the

prevalence of pain was higher than the prevalence of
injury, information bias, and differential misclassification
of exposure and outcome of injury should be considered.
Because of self-report data selection bias, recall bias,
and correctness of diagnoses should also be considered.
As this is a cross-sectional study, it is not possible to estab-
lish causality because of lack of epidemiological tempo-
rality and limited generalizability. To explain risk factors
in more detail and provide stronger evidence for preven-
tion, parameters need to be monitored repeatedly based
on exposure and over a longer period. Also, the study
design is less sensitive to SRIIPS that are seasonal or
reoccur and prevalence may be underrepresented in con-
ditions with short duration and overrepresented in condi-
tions with long duration.?? Finally, no corrections for
multiple comparisons were made, and findings should
therefore primarily be interpreted as suggestions of
hypotheses and research questions for future research.
For clinical implications, interpretations should at least
take effect sizes into consideration. There are also sev-
eral strengths with this study. One is the use of clear def-
initions of injury and illness, which has been emphasized
in other studies.’'®37 Another strength is the high
response rate. Also, we included athletes with physical,
visual, and intellectual impairments as well as athletes
representing both Summer and Winter sports, which gives
a representative sample of Paralympic athletes.

Conclusion

Paralympic athletes report a fairly high prevalence of
both injuries and illnesses. Young Paralympic athletes
report a particularly high prevalence of severe incidents,
indicating that they should be a target for future
research. Also, pain, use of medication, and mental and
behavioral aspects seem to play important roles in the
occurrence of SRIIPS. Accordingly, the interplay between
associated factors appears to be complex and calls for a
broad biopsychosocial approach when developing preven-
tive measures in Paralympic sports. Further large pro-
spective studies following Paralympic athletes over time
are needed to identify risk factors and causations in order
to provide stronger evidence for preventive strategies.
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