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Abstract

Introduction: Para sport has during the last decades increased and one of the largest sports
during the Paralympic Winter Games is Para Alpine Skiing. Injuries are common among both
Alpine skiers with and without disability and to be able to develop preventive measures there

is a need to further understand the epidemiology behind injuries in Para Alpine Skiing.

Aim: The overall aim of this thesis is to describe the types of sports injuries (injury onset,
mechanisms and anatomical area) in Para Alpine Skiing during the Winter Paralympic Games
from 2014 to 2022. A second aim is to describe the incidence and injury type in the

subgroups impairment, sex and age group during the Paralympic Games in Beijing 2022.

Study design: This study is a prospective study based on epidemiological data from

Paralympic Games in Sochi 2014, PyeongChang 2018 and Beijing 2022.

Method: Data was collected from each injured Para Alpine athlete during the Paralympic
Winter Games 2014, 2018 and 2022. To report an injury, each national medical team or the
local medical support facility used a web-based electronic injury and illness surveillance

system. The data was analysed with both descriptive and analytical statistical methods.

Result: Athletes participating in the Sochi Paralympic Games reported the highest incidence
proportion (55%), compared with Pyeongchang (33%) and Beijing (25%). In total, acute
sudden onset injuries were most common (70%), and the most frequent body location was the
knee (19%). It was statistically significant that more acute injuries were reported during the
Beijing Paralympic Games compared to the other games (p=0.02) and that women reported

more acute injuries than men during the Beijing Game (p=0.048).

Conclusion: Results from this project show that the incidence proportion of injuries in Para
Alpine Skiing has decreased from 2014 to 2022. However, a concern is that a high proportion
of acute injuries still are being reported and that females report a high proportion of acute
injuries. To protect athlete health further research is needed to develop preventive measures

within Para Alpine Skiing targeting athletes with various impairments and sexes.

Keywords: Para sport, sport injuries, Para Alpine Skiing, epidemiology, injury prevention



Sammanfattning

Bakgrund: Intresset for parasport har under de senaste &ren Okat och en stor idrott inom
paralympiska vinterspelen dr para-alpinsk skidakning. Skador &r vanligt forekommande inom
alpin skiddkning oavsett funktionsnedsittning eller inte. For att kunna utveckla preventiva
atgdrder finns det behov for en djupare forstéelse kring epidemiologin om skador inom
para-alpinsk skidékning.

Syfte: Det Overgripande syftet med studien &r att beskriva olika typer av idrottsskador
(skadedebut, mekanismer och anatomiskt omrade) i para-alpinsk skiddkning under de
paralympiska vinterspelen fran 2014 till 2022. Ett andra syfte ar att beskriva incidensen och
skadetypen 1 undergrupperna: funktionsnedsittning, kon och dldersgrupp under paralympiska

vinterspelen i Beijing 2022.

Studiedesign: Studien &r en prospektiv studie byggd pad epidemiologisk data fran
paralympiska vinterspelen i Sotji 2014, PyeongChang 2018 och Beijing 2022.

Metod: Datan samlades in frén varje skadad para-atlet under paralympiska vinterspelen
2014, 2018 och 2022. Varje landslag alternativt den lokala sjukvarden rapporterade in
aktuella skador via ett webb-baserat elektroniskt system for skador och sjukdom. Datan

analyserades sedan med hjilp av deskriptiv och analytisk statistik.

Resultat: Deltagarna i paralympiska vinterspelen 1 Sotji rapporterade den hdgsta andelen
skador (55%), 1 jaimforelse med PyeongChang (33%) och Beijing (25%). Totalt inom alla
spelen var akuta skador vanligast (70%) och den mest drabbade kroppsdelen var knét (19%).
Det var statistiskt signifikant att det rapporterades fler akuta skador i paralympiska
vinterspelen 1 Beijing 1 jamforelse med de andra spelen (p=0.02) och att kvinnor rapporterade

fler akuta skador &n mén 1 Beijing (p=0.048).

Konklusion: Resultatet av studien visar att andelen skador i1 para-alpin skiddkning har
minskat fran 2014-2022. Ett problem &r att det fortsatt rapporteras en hog andel akuta skador
och att frimst kvinnor drabbas av dessa. For att forebygga atleternas hilsa, kridvs vidare
forskning av preventiva atgdrder som tar hdnsyn till atleternas biologiska kén och

funktionsnedséttningar.

Nyckelord: Parasport, idrottsskador, para-aplinsk skiddakning, epidemiologi,
skadeforebyggande trining.



Content

Abstract 1
Sammanfattning 2
1. Introduction 4
1.1 Para sport 4

1.2 Para Alpine Skiing 5

2. Aim and Objective 7
2.1 Research questions 7

3. Method 7
3.1 Study design and project execution 7

3.2 Participants 8
3.3 Data Collection 8
3.4 Definitions 9
3.4.1 Definition of injury 10

3.5 Categorization of data and data analysis 10
3.6 Ethics 11

4. Results 11
4.1 Frequency of injuries reported during three Paralympic Games 11

4.2 Type of injuries in Para Alpine Skiers over three Paralympic Games 12
4.2.1 Injury onset 12

4.2.2 Mechanism of injuries 12

4.2.3 Anatomical area 12

4.3 Injuries during the Beijing Paralympics 2022, divided into the subcategories sex, age and
impairment 15
4.3.1 Sex 15

4.3.2 Age 15

4.3.3 Impairment 16

5. Discussion 21
5.1 Result discussion 21
5.1.1 Injury incidence proportion 21

5.1.2 Acute injuries most frequent 23

5.1.3 Risk factors of injury in Para Alpine Skiing 24

5.1.4 Knee injuries 25

5.2 Methodological discussion 27
5.2.1 Missing data 27

5.2.2 Limitations in Para Alpine Skiing studies 28

5.2.3 Strengths 29

5.3 Practical perspectives 30

5.4 Future research 31

6. Conclusion 31
7. Acknowledgements 32



References 33

1. Introduction

Sport is today a popular activity for many people. Involvement in sports has both physical
and physiological benefits, and it can therefore play a significant role in most people's lives.
For example, participation in sports reduces risks of several medical conditions, such as
cardiometabolic diseases, dementia, cancer and mental illness (1). In the last few decades, the
interests of sport and its association with well-being have especially grown among people

with an impairment (2).

1.1 Para sport

Para sport refers to individuals with an impairment that are doing sports at any level. Athletes
participating in Para sport are named Para athletes. The term Paralympic sport indicates that
the athletes, known as Paralympic athletes, are on elite level and are able to compete in the

Paralympic Games (3).

In 1960, at the same time as the Olympic Games, the first official Summer Paralympic
Games were held in Rome. Sixteen years later, in 1976, the first Winter Paralympics were
held in Sweden, and in 1989 the International Paralympic Committee (IPC) was established
(2). The Paralympics had its big breakthrough in 2012, in London. The attitude towards Para
sport has since then been more open, inclusive and respectful, and the athletes” performances
continue to increase for each Paralympic Games. The Paralympic Games have now grown to

one of the largest sport events in the world (4).

To determine which athletes that are eligible to compete in Para sport, IPC has created a
classification system, based on the International Classification of Functioning, Disability and
Health (ICF). To be eligible to compete in a Para sport, one out of ten different impairment
categories must be fulfilled, for instance impaired muscle power, limb deficiency or ataxia (5,
6). The aim with the classification system is to minimise the impact of the impairment on
athletes” performance so that the sporting excellence determines which athlete that is best (6,
7). Since there are several classes for each sport and impairment, it was in 2021 suggested in
the “Para sport translation of the IOC consensus on recording of data for injury and illness in

sport” to use the main categories visual impairment, intellectual impairment, neurological



impairment and musculoskeletal impairment (with under categories if possible) when

conducted epidemiological research (6).

Most sports included in the Paralympic Games are based on able-bodied sports, with some
modifications to Para athletes, their impairments and equipment. For example, in tennis the
athletes use a wheelchair (8). Altogether there are 28 sports represented in the Paralympic
Games, 22 summer sports and six winter sports. Boccia, Cycling, Football 5-a-side, Table
Tennis, Wheelchair basketball and Triathlon are some examples of sports being part of the
Summer Paralympics. In the Winter Paralympics the following sports are included; Para Ice
Hockey, Para Snowboard, Wheelchair Curling, Para Nordic skiing (including Cross-Country
Skiing and Biathlon), and Para Alpine Skiing (8, 9, 10). This project will focus on injuries in
Para Alpine Skiing during the Paralympic Games in Sochi 2014, Pyeongchang 2018 and
Beijing 2022.

1.2 Para Alpine Skiing

Para Alpine Skiing is a popular outdoor sport both within rehabilitation, recreational sport
and competitive sport as people with various impairments can participate. An advantage of
the sport is that Para athletes often can use the same ski lift and slopes as their able-bodied

peers (e.g friends, family, and other athletes), which makes it a very inclusive sport (11).

In Para Alpine Skiing, there are some equipment and rules that are specific for Para athletes.
For instance, athletes with a visual impairment have the option to ski with a guide who
provides verbal guidance regarding the correct direction and slope conditions. Using a single
ski is an opportunity for athletes with one leg, while sit-skis are used by skiers with other
physical impairments in the lower extremities, for example spinal cord injury or double leg

amputation. Athletes with upper extremity impairments often ski without poles (12).

All athletes competing in Para Alpine Skiing must fulfill one of the IPC impairment
categories, and depending on their specific impairment they are divided into different sport
classes. These classes are set by World Para Alpine Skiing Classification Rules and
Regulations. The overall categories are standing skiers, sit-skiers and skiers with vision

impairment, and depending on the degree of impairment, the athletes will be divided into



different subclasses. Currently, athletes with intellectual impairment do not have an alpine

class at the Paralympic Games, but they can compete at the Special Olympic Games (13).

Despite that there are several positive health effects with participation in Para sport, a concern
is that research has shown that athletes participating in Para Alpine Skiing reports a high rate
of sports injuries. For example, 22% of all Para Alpine Skiers participating in the Paralympic
Games in Vancouver 2010 sought medical care (14). Data also show that athletes
participating in Para Alpine Skiing during the Paralympic Games in Sochi 2014 and
PyeongChang 2018 reported a high incidence rate of injuries compared to the other winter

sports (12, 14).

Injuries in Alpine Skiing is also a problem in able-bodied skiers (15). Among all 314 Alpine
Skiers competed in the Olympics in Sochi 2014, 20,7% reported at least one injury (16).
Other data from previous research in able-bodied athletes have shown that it is frequent with
injuries in the lower extremities, especially, anterior cruciate ligament- (ACL), and medial
collateral ligament- (MCL) ruptures are common. In the upper extremity, injuries in the
thumb, shoulder and head are most frequent. Data also show that men in general suffer more
injuries compared to women. Concerning type of injury, men suffer more fractures than
women. In contrast it is more common with ligament injuries, and especially ACL-ruptures,
among women compared to men. With the development of epidemiological research, better
equipment, better use of helmets and the implementation of injury training prevention
programmes the overall injury incidence has decreased. Yet, the data of traumatic sports

injuries remain the same in Alpine Skiing, which is a concern (15).

Data concerning incidence rate (IR) and incidence proportion (IP) during the Paralympic
Games in Sochi 2014, Pyeongchang 2018 and Beijing 2022 have been reported in previous
published studies (12, 17, 18). However, in Para Alpine Skiing, the knowledge about the
mechanisms, risk factors and types of injuries is still scarce. Moreover, there are no data
presented on incidence, mechanisms and injuries in respective subgroup of sex, age and
impairment class during the Beijing Games 2022. A concern is that elite Para athletes in
general report higher incidence of injuries compared to able-bodied athletes (19, 20). It could
be hypothesized that Para Alpine Athletes are exposed to other risk factors compared to

able-bodied alpine athletes. Examples of such risk factors are lack of vision, poor balance,



less muscle strength, neurological impairment and use of monoskis, sit-skiis and straps (21).
To work towards prevention of sports injuries in Para Alpine Skiing there is a need to better

understand the epidemiology of sports injuries, and especially the mechanisms behind (19).

2. Aim and Objective

The overall aim of this thesis is to describe the types of sports injuries (injury onset,
mechanisms and anatomical area) in Para Alpine Skiing during the Paralympic Winter Games
from 2014 to 2022. A second aim is to describe the incidence and injury type in the

subgroups impairment, sex and age group during the Paralympics Games in Beijing 2022.

2.1 Research questions
1) What are the most common types of sports injuries (injury onset, mechanisms and
anatomical area) reported in Para Alpine Skiing during the Winter Paralympic Games from

2014-2022?

i1) What differences in sports injuries can be found between the Winter Paralympic Games in

Sochi 2014, PyeongChang 2018 and Beijing 20227

ii1) What is the incidence rate and the most frequent types of injuries reported in each

impairment class, sex group and age group during the Beijing Paralympic Games in 20227

iiil) What differences can be found between different impairment classes, sexes and age

groups in the Beijing 2022 Winter Paralympic Game?

3. Method

3.1 Study design and project execution

This is a sub-analyzis of an epidemiological prospective study assessing sports injuries and
illnesses during the Winter Paralympic Games in Sochi 2014, PyeongChang 2018 and Beijing
2022. Data were reported in real-time in a web-based survey developed and implemented in
2012 by the IPC Medical Committee (22). The benefits of prospective studies are, for
instance, that there is a low risk of recall bias, and that factors related to risk factors can be

collected in real time and based on sports exposure (23).



Data for this project was retrieved from the IPC athlete health data system in collaboration
with the responsible researchers of the Paralympic Games athlete health data collection
(Professor Wayne Derman and Dr Phoebe Runciman, Institute of Sports and Exercise
Medicine, Stellenbosch University, South Africa, (SA)). The authors visited Stellenbosch
during eight weeks in October and November 2023. In SA, Dr Phoebe Runciman
co-supervised this project and at the same time Dr Kristina Fagher, Lund University,
supervised from Sweden. The authors of this thesis (MJ and KD) have conducted the analysis

of the data in this project with guidance from the supervisors.

3.2 Participants

The participants in this study were Paralympic Alpine Skiers competing in the skiing events,
Super-G, Downhill, Giant slalom and Slalom, during the Paralympic Winter Games 2014,
2018 and 2022. To be eligible for the study, the inclusion criterias were that the athletes had
to be an IPC classified Para athlete and qualified Para Alpine athlete for the Paralympic
Games 2014, 2018 and/or 2022.

The number of participants differed in each game. In Sochi 2014, 219 Para athletes competed
in Para Alpine Skiing, consisting of 163 men and 56 women. Four years later, in
Pyeongchang 2018, 140 Para Alpine Skiers participated, including 100 men and 40 women.
In the Beijing Games 2022, there were 170 Para Alpine athletes, consisting of 117 men and

53 women.

3.3 Data Collection

The original data were collected during Paralympic Games 2014, 2018 and 2022. The data
was collected in two different ways; either through the respective national medical teams or
by the local medical support. All data collected by teams were entered into IPC’s web-based
injury and illness surveillance system, WEB-IISS, and data from local polyclinic services
used a local data portal and after the games they gave it further to the research team of the
epidemiological study (12, 17, 18). All national medical teams received an email prior the
Games about the study and overall instructions about the system and its various functions.

During the pre-competition period, all national team physicians got more detailed information



about the system and how to report their injuries. Each medical team did also get a tablet

computer to document their data (12, 17, 18).

The collected data included the incidence rate, injury onsets (acute (sudden onset), repetitive
(gradual onset), repetitive (sudden onset)), mechanisms (non contact, contact, weather
conditions, was out of control/fall, equipment, unknown) and anatomical area (head/face,
neck, chest, spine, abdominal/trunk, shoulder, arm, elbow, wrist/hand/fingers, hip/groin,

thigh, stump, knee, lower leg, foot/ankle/toe, unknown).

3.4 Definitions
Below is a summary of all definitions used in this thesis. Table 1 describes medical terms of

impairment types.

Table 1. Medical terms of impairment types used for classifying injuries in the

epidemiological study.

Limb deficiency (LD) Limb Deficiency refers to a total or partial lack of
bones or joints as a consequence of trauma, illness or
congenital limb deficiency (5).

Visual impairment (VI) Visual Impairment refers to decreased or no vision as
a consequence of damage to the eye structure, optical
nerves or optical pathways, or visual cortex of the
brain (5).

Spinal cord related disorders (SCRD) Spinal cord related disorder is a group of multiple
impairments caused by a spinal cord injury. This can
example be impaired muscle power and hypertonia

(6).

Neurological disorders (ND) Neurological disorders refers to an impairment in the
neurological system. It can be shown as ataxia,
hypertonia and athetosis (6).

Brain disorders (BD) Brain disorders indicate impairment caused by an
injury in the brain. For example cerebral palsy, stroke
and multiple sclerosis (6).

Impaired passive ROM (IPROM) Impaired Passive Range of Movement refers to
reduced or a lack of passive movement in one or
more joints (5).




3.4.1 Definition of injury

The definition of an injury in Paralympic studies were “any newly acquired injury as well as
exacerbations of pre-existing injury that occurred during training and/or competition of the
Games period of the Sochi 2014, PyeongChang 2018 and Beijing 2022 Winter Paralympic
Games”. To specify the type of injury, injuries were further defined as being an acute injury,
chronic injury (overuse with gradual onset) or an acute on chronic injury (overuse injury with
sudden onset). Acute injuries are defined as “an injury that was caused by an acute
precipitating traumatic event”, chronic ones as “an injury that developed over days, weeks or
months and was not associated with any acute precipitating event”, and lastly acute on
chronic “an acute injury in an athlete with symptoms of a chronic injury in the same
anatomical area” (12, 17). During the Paralympics in Beijing 2022, slightly other terms were
used to describe different injury onsets and this thesis will use those terms. However they
have the same meaning as the definitions above. Acute injuries are synonymous with acute
(sudden onset) injuries, chronic injuries as repetitive (gradual onset) injuries and acute on

chronic injuries has the same meaning as repetitive (sudden onset) injuries (18).

3.5 Categorization of data and data analysis

First, the overall frequency and type of injury onsets, mechanisms and anatomical area in
Para Alpine Skiing were described using descriptive statistics. The same procedure were used
to describe the frequency of type of injury onset, mechanisms and anatomical area in sex
(female or male), age group (12-25 years, 26-34 years and 35-75 years) and impairments
(limb deficiency, visual impairment, spinal cord related disorders, neurological disorders,
brain disorders, impaired passive range of movement) in Beijing. Incidence proportion
(portion of injured athletes) were also described for each Paralympics and were descriptive

compared between each game.

Furthermore, analytical statistics, using Chi-square statistics, was applied to compare data
among various subgroups. The primary aim of the Chi-square test is to use the null
hypothesis to assess whether there is a statistical significance in proportion of injured athletes
between subgroups. Within this thesis, the subgroups Paralympic Games and sex were
included. Due to few participants in the other subgroups no analytical tests were conducted

for them. The shown result is a comparison of distribution between each group and is

10



presented with p-value (p), where p < 0,05 indicates that there is a statistic significant

difference between the subgroups (24).

3.6 Ethics

Data used for this project was extracted from an ongoing research project. The project has
been approved by the Ethical Commitees” at University of Brighton (FREGS/ES/12/11),
United Kingdom and University of Stellenbosch (N16/05/067), South Africa. The project
follows the World Medical Association’s (WMA) Declaration of Helsinki Ethical Principles

for Medical Research Involving Human Subjects.

The collected data are protected according to South African data regulation rules, and data
can only be analysed by those with permission, which the authors obtained by submitting a
request. The ethical committee, Stellenbosch University, then approved that the authors of

this study could retrieve and analyze data from the project.

It was voluntary for the national teams to report injuries and illnesses from their team. By
signing the Paralympic Games participant contract, the athletes give consent that their data
will be used for various purposes such as research. All data used in this project are

de-identified, and data will not be used for any other purpose than this project.

4. Results

4.1 Frequency of injuries reported during three Paralympic Games

Among all Para Alpine Skiers in the three games (n=529) there were 210 reported injuries,
reported by 208 athletes. In Beijing, two athletes reported two injuries each. No other
duplicates of injuries were found. Specifically, in Sochi 2014, there were 120 reported
injuries by 219 competing athletes, resulting in an incidence proportion of 55%. In
Pyeongchang 2018, 46 injuries were reported among 140 skiing athletes, resulting in an IP of
33%. In Beijing 2022, 170 athletes participated, and 42 athletes reported an injury (IP 25%),
see table 2 for further details.

11



4.2 Type of injuries in Para Alpine Skiers over three Paralympic Games

4.2.1 Injury onset

During all three Paralympic Games, a majority of the injuries reported were acute (sudden
onset) injuries, followed by repetitive (gradual onset) - and repetitive (sudden onset) injuries.
In more detail, participants in Sochi 2014 reported 58% acute injuries, Pyeongchang 2018
83% and 2022 Beijing Games 89%. A significantly higher proportion of acute injuries were
reported during the most recent Paralympic Games in Beijing 2022, compared to Sochi 2014
and Pyeongchang 2018 (p= 0.02) (Table 2).

4.2.2 Mechanism of injuries

Regarding mechanisms of injuries reported during the past three Winter Paralympic Games,
most of the total injuries were caused by falls and loss of control. In Sochi 2014, one third of
all injuries were related to loss of control/fall (32%)). In Pyeongchang 2018, a majority of the
injuries had an unknown mechanism (39%) and the second most common injury mechanism
was out of control/fall (33%). In Beijing 2022, the most frequent injury mechanism (34% of
all injuries) was contact injuries (for example injuries related to a collision with an artificial

object, such as the safety netting) (Table 2).

4.2.3 Anatomical area

For all the three Paralympic Games, injuries in the upper extremities were more common,
than injuries in the lower extremities, although the proportion differed for each game. In
Sochi 2014, 59% of the injuries were reported in the upper extremities. In Pyeongchang
2018, 63% of the injuries occurred in the upper extremities, and in Beijing 2022 52% of the

injuries were localized in the upper extremities.

Regarding specific anatomical locations the most affected anatomical area in Sochi 2014 was
the knee (22% of all injuries). In Pyeongchang 2018, the wrist/hand/fingers were the most
injured body location (15%), and in Beijing 2022 knee injuries were again most frequent
(23%). Overall, of all injuries in the three games, knee injuries were the most prevalent

injured body location, followed by head/face - and shoulder injuries (Table 2).

12



Table 2. Incidence proportion and types of injuries during the Winter Paralympic Game
2014, 2018 and 2022 reported as number of injuries and frequency (%). Significant

differences in proportions are marked bold.

Sochi Pyeongchang Beijing All Games Chi2 test,
2014 2018 2022 p-value
(n=219) (n=140) (n=170) (n=529)
Incidence 120 (55%) 46 (33%) 42 (25%) 208 (39%) N/A
proportion
[Co)]*
Total number of 120 46 44 210 N/A
reported
injuries
Injury onset
[Co)]**
Acute (sudden 70 (58%) 38 (83%) 39 (89%) 147 (70%) 0,02
onset) injury
Repetitive 16 (13%) 5 (11%) 4 (9%) 25 (12%) N/A
(gradual onset)
injury
Repetitive 16 (13%) 3 (7%) 1 (2%) 20 (10%) N/A
(sudden onset)
injury
Unknown 18 (15%) - - 18 (9%) N/A
Mechanisms
[(o)]**
Non contact 10 (8%) 4 (9%) 9 (20%) 23 (11%) N/A
injury
Contact injury 8 (7%) 5 (11%) 15 (34%) 28 (13%) N/A
Weather 14 (12%) 1 (2%) 8 (18%) 23 (11%) N/A
conditions
Was out of 38 (32%) 15 (33%) 5 (11%) 58 (28%) N/A
control/Fall
Equipment 12 (10%) 3 (7%) 2 (5%) 17 (8%) N/A
Unkown 38 (32%) 18 (39%) 5 (11%) 61 (29%) N/A

13



Anatomical
area [(%)]**

Upper
extremity

Lower
extremity

Head/Face
Neck
Chest
Spine

Abdominal/
Trunk

Shoulder
Arm

Elbow

Wrist/Hand/Fin

gers
Hips/Groin
Thigh
Stump
Knee

Lower leg

Foot/Ankle/Toe

Unknown

71 (59%)

45 (38%)

20 (17%)
9 (8%)

4 (3%)
11 (9%)

2 (2%)

11 (9%)
4 (3%)
4 (3%)

6 (5%)

2 (2%)
3 (3%)
2 (2%)
26 (22%)
4 (3%)
8 (7%)

4 (3%)

29 (63%)

12 (26%)

6 (13%)
5 (11%)

2 (4%)

6 (13%)
1 (2%)
2 (4%)

7 (15%)

4(9%)
4 (9%)
4(9%)

5 (11%)

23 (52%)

18 (41%)

5 (11%)
3 (7%)
1 (2%)
3 (7%)

1 (2%)

5 (11%)

1 (2%)

4(9%)

2 (5%)

2 (5%)

10 (23%)
3 (7%)
1 (2%)

3 (7%)

123 (59%)

75 (36%)

31 (15%)
17 (8%)
7 (3%)
14 (7%)

3 (1%)

22 (10%)
5(2%)
7 (3%)

17 (8%)

4(2%)

5 (2%)

2 (1%)
40 (19%)
11 (5%)
13 (6%)

12 (6%)

0,141

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

n= Total number of participating alpine skiers in each Paralympic Game.

*= percentage is based on number of athletes reported an injury in each game

**= percentage is based on number of reported injuries in each game

Chi2 test= significance level of the subject in comparison between each game

N/A = not applicable due to few participants
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4.3 Injuries during the Beijing Paralympics 2022, divided into the subcategories sex, age
and impairment

4.3.1 Sex

During the 2022 Paralympics in Beijing one third of all participating women (32%) reported
an injury, and one fifth of all participating men (21%) reported an injury (Table 3). Women
were only affected by acute (sudden onset) injuries. Acute injuries were also most
representative among male athletes (81%), although some men reported a few repetitive
injuries, both gradual onset (15%) and sudden onset injuries (4%). It was statistically
significant that women reported a higher proportion of acute injuries compared to men

(p=0.048).

The most common mechanisms of injuries among women were contact injuries (28%) and
poor weather conditions (28%). For men, it was most common with contact injuries (38%)
followed by non-contact injuries (for example injuries due to twisted an extremity) (19%)
(Table 3). Regarding body location and sex, both women and men suffered most injuries in
their knees (22%, respectively 23%). The second most common body location among women
were head/face (17%) and for men the shoulders (12%) (Table 4). There were no statistical

significant differences in injuries in different body locations between men and women.

4.3.2 Age

The age group most susceptible to injuries during the Beijing Games was the youngest
athletes aged 12-25, reporting 22 injuries. Athletes in the age group 26-34 years reported 12
injuries, and athlete aged 35-75 years reported 10 injuries (Table 3). In all age groups, acute
injuries were the most common injury onset, accounting for 90%, 83% and 90% of the
injuries respectively. Contact injuries was the primary mechanism behind injuries across all
age groups (32%, 42% and 30%). Notable, is that athletes in the 35-75 age group also
reported a high rate of injuries due to weather conditions (30%). The youngest participants
also reported a high number of non-contact injuries (27%) (Table 3). Concerning body
location and age, athletes aged 12-25 suffered most injuries in the knee (41%), while athletes
in the age group 26-34 years reported the highest proportion of injuries in their shoulders
(25%) and the athletes aged 35-75 years in wrist/hand/fingers, shoulders and neck (20%
each). Lastly athletes in the youngest age group 12-25 reported a higher proportion of injuries

in the lower extremity compared to their older peers (Table 4).
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4.3.3 Impairment

Athletes from all impairment groups sustained injuries during the Beijing Paralympic Games.
Athletes with limb deficiency and visual impairment athletes reported most injuries, 15 and
12 injuries respectively. Regarding injury onset, acute (sudden onset) injuries were most
common in all impairment groups (Table 3). When it comes to common injury mechanisms
within each group, athletes with visual impairment (33%), spinal cord related disorder (50%)
and neurological disorder (50%) reported most injuries due to contact-factors. In contrast,
athletes with limb deficiency primarily reported injuries due to weather conditions (27%),
while athletes with brain disorders (50%) had injuries resulting from both non-contact and
contact factors. Athletes with impaired passive range of movement reported only “was out of
control/fall” as a mechanism (100%), see table 3. It was shown that in athletes with limb
deficiency, visual impairment, neurological disorder and impaired passive range of movement
all report that the knee was the most commonly affected anatomical area. Lastly, in athletes
with spinal cord related disorders the shoulder was the most frequently injured area (30%),
and in athletes with brain disorders the knee and wrist’/hand/fingers were the most common

injured location (50%) (Table 4).
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Table 3. Incidence proportion and number of injuries reported in Para Alpine Skiing in Beijing described for the subgroups, sex, age and

impairments. In total 42 of all participated athletes reported an injury. Significant differences in proportion are marked bold.

Sex Chi2- Age* Impairment*
test,
p-value
F M 12-25 26-34 35-75 LD VI SCRD ND BD IPROM
(= (n=
53) 117)
Incidence proportion 17 25 0.099 20 12 10 15 12 9 3 2 1
[(%o)]** (32%)  (21%)
Total number of reported 18 26 22 12 10 15 12 10 4 2 1
injuries for each category (34%) (22%)
[(%0)] **
Injury onset [(%)] ***
Acute (sudden onset) 18 21 0,048 20 10 9 12 11 9 4 2 1
injury (100%)  (81%) (90%) (83%) (90%) (80%) (92%) (90%)  (100%) (100%) (100%)
Repetitive (gradual onset) - 4 1 2 1 2 1 1 - - -
injury (15%) (5%) (17%) (10%) (13%) (8%) (10%)
Repetitive (sudden onset) - 1 1 - - 1 - - - - -
injury (4%) (5%) (7%)
Mechanisms [(%)]*** 0.712
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Non contact 4 5 6 1 2 3 3 2 - 1 -

22%)  (19%) 27%) (8%) (20%) (20%) (25%)  (20%) (50%)

Contact 5 10 7 5 3 3 4 5 2 1 -
(28%)  (38%) (32%) (42%) (30%) (20%) (33%) (50%)  (50%) (50%)

Weather conditions 5 3 4 1 3 4 2 2 - - -
28%)  (12%) (18%) (8%) (B0%) (27%) (17%)  (20%)

Was out of control/Fall 2 3 2 1 2 2 1 - 1 - 1
(11%)  (12%) (9%) 8%) (20%) (13%) (8%) (25%) (100%)

Equipment 1 1 2 - - 1 - 1 - - -
(6%) (4%) (9%) (7%) (10%)

Unknown 1 4 1 4 - 2 2 - 1 - -
(6%) (15%) 5%) (33%) (13%) (17%) (25%)

*= lack of information regarding the total participants competing in the Beijing Paralympic Game

**= percentage is based of the number of injured athletes in each category

***= percentage is based of all reported injuries

Chi2-test = comparison of distribution between sex, age and impairment

LD = limb deficiency, VI = visual impairment, SCRD = spinal cord related disorders, ND = neurological disorders, BD = brain disorders, IPROM = impaired passive range of

movement
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Table 4. Injury location of injuries (n=44) reported in Para Alpine Skiing during the Beijing Paralympic Games described for the subgroups, sex,

age and impairments. Significant differences in proportions are marked bold.

Sex Chi2- Age* Impairment*
test,
p-value
F M 12-25  26-34  35-75 LD VI SCRD ND BD [PROM
(= (n=
53) 117)
Anatomical area [(%)]** 0.398
Upper extremity 11 12 8 8 7 5 6 9 2 1 0
Lower extremity 7 11 14 2 2 9 5 0 2 1 1
Head/Face 3 2 3 2 - - 2 2 1 - -
(17%) (8%) 14%) (17%) (17%) (20%) (25%)
Neck 2 1 | - 2 1 - 1 1 - -
(11%) (4%) (5%) (20%)  (7%) (10%)  (25%)
Chest - 1 - 1 - - - 1 - - -
(4%) (8%) (10%)
Spine 2 1 1 1 1 2 1 - - - _
(11%) (4%) (5%) (8%) (10%) (13%) (8%)
Abdominal/Trunk - 1 - 1 - - - 1 - - _
(4%) (8%) (10%)
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Shoulder

Elbow

Wrist/Hand/Fingers

Hip/Groin

Thigh

Stump

Knee

Lower leg

Foot/Ankle/Toe

Unknown

2
(11%)

2
(11%)

1
(6%)

1
(6%)

4
(22%)

1
(6%)

3
(12%)

(4%)

(8%)

(4%)

(4%)

6
(23%)

2
(8%)

1
(4%)

3
(12%)

(5%)

2
(9%)

1
(5%)

1
(5%)

9
(41%)

3
(14%)

3
(25%)

(8%)

1
(8%)

2
(17%)

2
(20%)

2
(20%)

1
(10%)

1
(10%)

1
(10%)

- 2
(17%)
1 -
(7%)
1 1
(7%)  (8%)
2 -
(13%)

) -
(13%)

3 3
20%) (25%)

2 1
(13%)  (8%)

- 1
(8%)

1 1
(7%)  (8%)

3
(30%)

1
(10%)

1
(10%)

2
(50%)

1
(50%)

1
(50%)

1 (100%)

*=lack of information regarding the total participants competing in the Beijing Paralympic Game

**= percentage is based of all reported injuries

Chi2-test= comparison of distribution between sex, age and impairment

20



LD = limb deficiency, VI = visual impairment, SCRD = spinal cord related disorders, ND = neurological disorders, BD = brain disorders, IPROM = impaired passive range of

movement
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5. Discussion
The results from this study indicate that participants in Sochi reported the highest incidence
proportion of injuries (55%) compared to PyeongChang (33%) and Beijing (25%). Overall,
acute injuries were the most common type (70%) and the most affected anatomical area
during all three games was the knee (19%). The study identified two statistical significant
differences: first, athletes in Beijing reported more acute injuries compared to PyeongChang
and Sochi (p=0.02), and second, women reported more acute injuries compared to men in

Beijing 2022 (p=0.048).

5.1 Result discussion

5.1.1 Injury incidence proportion

The results demonstrate that the Sochi Paralympic Games 2014 had the highest incidence
proportion of injury compared to Pyeongchang 2018 and Beijing 2022. The incidence
proportion has since 2014 decreased for each Paralympic Games, which is positive for the
continuous development of the Paralympic movement. In Sochi, most injuries were reported
in alpine skiing and snowboarding compared to other included sports in the Winter
Paralympics. One potential explanation of the high injury rate could be the weather
conditions, which should be considered as an extrinsic risk factor for injury (25). During
daytime in Sochi, the temperature reached about 18 degrees Celsius, and at night, it did not
consistently drop below freezing. Consequently, the warm climate resulted in unfavorable
snow conditions (such as heavy snow and many bumps), which could have contributed to the
high injury rate. Sports such as nordic skiing and biathlon had lower incidence proportion
compared to alpine skiing and snowboarding, despite competing in similar conditions. The
combination of high velocity and poor snow could therefore be a possible explanation of the

high IP in the alpine sports in Sochi (12).

Due to many severe accidents in Sochi the IPC Medical Committee and the World Para
Alpine Skiing management team implemented several safety measures before the Games
2018 and 2022. For instance, it is now possible to start competitions earlier in the day to
compete in the best possible snow conditions. Furthermore, the competition course should be
placed in the most suitable parts of the slope, i.e. the most steep sections and tight turns could
be avoided if there are bad conditions. It has also been suggested that small waves pose a risk

to Paralympic mono skiers, therefore efforts are now made to reduce these waves. Finally,
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another suggestion is to appoint an independent safety director for each competition that is
responsible for making decisions regarding safety issues, changing start times, and, if
necessary, canceling an event based on the conditions of the slopes and the environment

around (26).

Moreover, in recent years there has been a significant advancement in equipment in Para
Alpine Skiing, which could be a potential explanation for the decrease in injuries from Sochi
2014 to Beijing 2022. For instance, injuries to head and face have decreased from 2014-2022,
and it could be hypothesized that better and safer helmets have contributed to this trend (15,
27). The use of helmets has also increased, which could have resulted in the lower risk of
minor and moderate head injuries. Also, the use of back protection in alpine sports have
increased and protective equipment in general are an important part for the reduction of

injuries (28).

Further on, previous studies have indicated that a risk factor for tibial shaft fractures, which
are quite common in alpine skiing, is the failure of bindings to release during falls. Thanks to
the development of bindings and boots, it seems like there is a reduced risk of those injuries,
as well as injuries in feet, ankles and toes (15). This could probably also explain why injuries
due to equipment-mechanisms have decreased for each game. Despite the advancements in
boots and bindings resulting in a reduction of injuries in lower leg and feet, the knee joint is
still exposed to injuries such as ACL- or meniscus injuries (15), and more research about

knee injury prevention in both abled-bodied and Para Alpine Skiing is needed.

Another explanation of the injury reduction during Paralympic Games over time could be that
preventive training nowadays more often is a regular part of each athlete’s training schedule.
In recent years, the implementation of prehabilitation and injury prevention training has led to
various benefits, including a decrease in the number of injuries in several sports due to
improved preparation for performance (25). For example, a recent qualitative study showed
that improved physical fitness and preparedness was one of the reasons for a large injury
reduction in the Paralympic summer sports 2012-2016 (25). It is also noteworthy to discuss
the importance of recovery and rest. In a previous study it was shown that elevated training

volumes were correlated with sports-related musculoskeletal pain among disabled athletes.
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Therefore, reducing training volume and allowing time for recovery should be considered as

an effective preventive measure to decrease the incidence of injuries (25).

Studies based on able-bodied athletes also demonstrate that injury prevention through injury
awareness training is very effective. In a recent study, alpine skiers learned how to recognize
situations with a high risk of ACL injuries, i.e. how to fall safe and how to regain control.
The awareness training resulted in a 62% decrease in severe knee injuries compared to a
group of skiers that did not get the awareness training (15). To the best of the authors
knowledge there are no studies that have evaluated awareness training in Para Alpine Skiers,
and it is recommended to evaluate the method in future studies within Para sport. However,
one should be aware of challenges related to the implementation of several of the existing
injury prevention programmes such as knee control in Para sport as many athletes are, for
example, amputees or wheelchair users. An awareness training programmes could also be a
challenge for blind athletes, and it is therefore important to specifically adapt injury
prevention measures to Para athletes. Previous research has suggested that injury prevention
in Para sport advantageously could facilitate health promotion, including athlete health and

safety education for both coaches and athletes themselves (29).

5.1.2 Acute injuries most frequent

Acute injuries were the most frequent type of injury in Para Alpine Skiing during each
Paralympic Games, and also in total. Acute injuries in sports are a concern for the individual
athlete as they quite often lead to serious injuries, and sometimes also a long-term
impairment, for example, osteoarthritis following a joint or ligament injury (30). In this study,
it was statistically significant that athletes in the most recent Beijing Games reported a higher
number of acute injuries compared to athletes competing in Sochi and Pyeongchang
(p=0.02). Previous studies have indicated that icy slopes are a risk factor of sustaining an
acute injury in alpine sports (31). In Beijing, olympians and paralympians competed in the
same slopes (8), it could be hypothesized that some slopes were not adapted for Para athletes
and their equipment. The conditions on the slopes were also unfavorable in some events. The
Paralympic Games were held in March (compared to the Olympic Games that were held in
February), and during the early spring in China 2022 there were large temperature
fluctuations between days and nights. Daytime temperatures were as high as 23 degrees

Celsius, whereas the nights were cold (32). These temperature variations resulted in icy
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slopes in the mornings and melting artificially snow later during day, both mechanisms that

possibly contributed to the high risk of acute injuries (25).

Another important finding in this study was that women reported statistically significant more
acute injuries than men, p=0.048. Previous studies in able-bodied sports have shown that
women are more prone to some acute sports injuries such as acute knee injuries and
concussion compared to male athletes. It has been suggested that factors such as poor
stretches, joint laxity, hormone fluctuations and a higher willing to report injuries contribute
to this mechanism (33, 34). A concern is that there are few studies that specifically have
assessed the female athletes' health in Para sport, and it is recommended that future studies

more in depth focus on specific risk factors that female Para athletes may be exposed to.

5.1.3 Risk factors of injury in Para Alpine Skiing

Previous studies indicate, in general, that paralympians report a higher rate of injuries
compared to olympians. For example, the injury incidence rate in Sochi was three times
higher during the Winter Paralympics compared to the Winter Olympics (12). It has been
suggested that Para athletes are exposed to other risk factors of injuries compared to

able-bodied athletes (25).

Risk factors for injuries can be categorized into extrinsic- and intrinsic factors. Extrinsic risk
factors are related to the environment beyond the athlete, for instance weather conditions.
Conversely intrinsic factors are related to the individual athlete. It has been suggested that the
impairment itself (i.e. being blind and ski downhill) can be an intrinsic risk factor in Para
sport. For instance, studies have demonstrated that vision significantly influences postural
stability and proprioception and therefore blind athletes suffer a higher risk of getting injured.
Also, the specific equipment that Para athletes use can be a risk factor for injury. For
example, it is common with shoulder injuries in athletes using a wheelchair. As these athletes
often use wheelchairs both in their sports and daily life, it often leads to inadequate rest and
recovery time, and thereby increasing the risk of repetitive injuries (25). It is also noteworthy
that these athletes often are affected in their daily lives even by minor or moderate injuries
since they rely on the use of their upper extremity. Consequently, athletes with impairments
are more often significantly affected by sports injury compared to able-bodied athletes (25).

Another risk factor that these athletes are exposed to is that they often are strapped in their
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sit-ski, which probably increases the risk of certain injuries, mostly in the upper extremity.
Taken together, each individual Para athlete are exposed to different intrinsic and extrinsic

risk factors, which is important to consider in injury prevention measures.

Interestingly, data also indicates that there are higher incidence rates of injuries being
reported during the Winter Paralympics in comparison with Summer Paralympics. This could
partly be explained by the inclusion of high risk collisions sports in Winter Paralympics, i.e.
Para ice hockey and alpine skiing (12). However during the Summer Games there are also
several collision sports such as wheelchair rugby, football and horse riding (9). A hypothesis
to the higher injury rate in Winter Games compared to Summer Games, is that some athletes
may not have the same opportunity and time to practice in a colder climate and in a similar
environment as the competition. Consequently, they may not be adequately prepared for the

challenges they will face during the event .

5.1.4 Knee injuries

Knee injuries were the highest represented anatomical area during both the Sochi and Beijing
Paralympic Games, and knees were also one of the most represented areas in the different
sex-, age- and impairment groups in Beijing. It is noteworthy that athletes with spinal cord
related disorders did not report any knee injuries. As mentioned above it probably indicates

that athletes with different impairment are exposed to different risk factors.

Previous studies on able-bodied alpine athletes have shown similar results. For instance, one
study reported that knee injuries account for 20-30% of all injuries sustained by alpine skiers
(35). Furthermore, another study discovered that the total number of injuries in alpine skiers
have decreased during the last 25 years, but unfortunately knee injuries have instead
increased (36). Together with the findings from this project it highlights that knee injuries

seem to be an existing problem among alpine skiers and Para Alpine Skiers.

One significant risk factor for knee injuries may be the equipment used in alpine skiing. For
example studies have shown that injuries in the lower extremity, including the knee, are 2.3
times more likely to occur during a fall when one of the ski bindings does not release. This
risk increases to 3.3 times if both skis remain attached. Older bindings are only released if

there is a lateral force on the front of the boot or if the heel leans forward, leading to that they
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will not release if this does not happen (37). Furthermore, today’s ski boots and bindings are
designed to avoid the risk of fractures and injuries in the ankle, foot and tibia regions (36).
Consequently, there has been a reduction of injuries in the category “ankle/foot/toe”, both in
this thesis and in other studies (36). However, the problem with these new boots and bindings
are instead that they expose the knee joint for high force, and the knee is also the first

unprotected joint when athletes fall (15).

Knee injuries are problematic as they often cause multiple damage within the knee. A
prevalent injury among alpine skiers is the tear of anterior cruciate ligament (ACL) (35, 38).
ACL injuries in combination with meniscus injuries are together a significant risk factor for
developing posttraumatic osteoarthritis (OA) in the injured knee. Studies have indicated that
0-39% of isolated ACL injuries incur osteoarthritis, while the range increases to 21-100%
when ACL and meniscus injuries occur together (30). Symptoms often start 10 to 15 years
after the injury (39), and a concern is that the youngest age group in Beijing reported most
injuries, indicating that some of these athletes may experience symptoms of OA already in
their early 30s. Symptoms of OA often impact the individuals’s quality of life by affecting
sleep, limiting activities and participation, which are important for a meaningful and
high-quality life. The development of OA has also a big socioeconomic impact within the
society. One study shows that the direct costs associated with OA, including physician visits,
pharmacological treatments and surgeries, can cost 1-2,5% of a country's gross national
product. Indirect factors also have a significant impact. For example OA-related pain can lead
to reduced productivity at work and even time off from work. Unfortunately, OA has also

been associated with premature mortality, which also entails further costs and suffering (40).

Efforts have been done to reduce the burden of knee injuries. For instance, a review article
highlight that ACL injuries in alpine skiing decreased by 62% when getting instruction about
how to act in a fall. This could include having the knees bent and avoiding standing up if you
still slide. Further on, the review also mentions conditioning as an important factor to prevent
injuries (37). This, combined with neuromuscular training, is commonly highlighted as an
important injury prevention to avoid severe knee injuries, such as ACL injuries (41, 42).
These are important factors that probably also could be better implemented for standing Para

Alpine Skiers in order to avoid knee injuries.
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5.2 Methodological discussion

An important aspect to consider in this thesis is the relatively small population with few
participants in Para Alpine Skiing during the Paralympic Games, which is a limitation. For
example, the category limb deficiency represented 15 athletes, while impaired passive range
of movement just represented one. Subsequently, the limited population made it challenging
to conduct analytic tests in some subgroups, and due to the lower participant rate, it is not
possible to test for causal associations. Another limitation is that data only were collected
during three major championships, which often inquiries special circumstances for both the
athletes and the medical team. To obtain more valid data it is recommended to also collect
data over athletes’ normal training season. A hypothesis is that overuse injuries and other

chronic symptoms may not be reported in this data collection phase.

Another issue in this thesis is that the authors have not collected the data themselves, since it
is data from a larger research project. The authors did not have the ability to control the data
collection, resulting in a limited range of options to analyse. If the thesis were to be
conducted again, the authors would choose to collect the data themselves in order to avoid

limitations considering lack of data.

5.2.1 Missing data

A main limitation of this study is that the collected data from each games contains varying
information, primarily due to a development of the WEB-IISS system. For example, there
were no data describing in which event the injury happened in Sochi, however it was reported
in both Pyeongchang and Beijing. The system was established to gather data regarding
injuries and illnesses during Summer Paralympics in London 2012 (22). Since then, the
system has been developed continuously. To not be able to full compare data, is a limitation
in all studies within the field. However, in 2020 the Para translation of the IOC consensus of
recording and reporting injuries and illnesses in sport was published (6), and hopefully this

will lead to more consistent data in the future.

Another noteworthy limitation related to missing data, is the different ethical rules between
South Africa and Sweden. Because of strict data sharing rules in South Africa it was not
possible to disclose all individual athlete information, which limited the authors in doing

some analyses. For instance, the writers did not have access to data regarding sex, age and
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impairment in Sochi and Pyeongchang, which made it difficult to compare all three games
together. The presentation of such data is an opportunity for future research. Additionally,
there was also missing data regarding age and type of impairment for all participating athletes
in Beijing. Therefore, the incidence proportion could just be statistically compared within the
subgroup sex, and it is recommended that future studies examine if there are any associations

between injury, impairment and age.

Another main limitation of the data is that it is not presented which countries that reported
and do not report injuries. As it is voluntary to participate in the studies there is a risk for so
called self-selection bias, which means that the sample may not be representative for the
population as a whole. For example, athletes or countries may choose “to mask™ injuries for a

coach or other competitors.

Furthermore, another limitation in the data is the category “unknown-data”, which probably
is a result of missing information from the WEB-IISS registration conducted by each medical
team. The high rate of using “unknown-data” could be due to the voluntary reporting of an
injury, the medical team’s lack of knowledge to answer the question, language barriers or
their inability to report data. Due to the high rate of “unknown-data” in this project it was
difficult to conduct statistical analysis. In the future it is recommended to rule out why there

are a high rate of answers “unknown”.

Lastly, data from Sochi and Pyeongchang partially lacked information regarding date of birth,
age, sex and impairment, which made it difficult to find out whether athletes reported
multiple injuries. In Beijing, it was possible because the data collection was almost fully valid
regarding age, date of birth, impairment and sex, resulting in the opportunity to look for
duplicates. Two duplicates were found in the data set from Beijing, and these were removed
from the incidence proportion calculation. However, it is not possible to exclude duplicates in

the results.

5.2.2 Limitations in Para Alpine Skiing studies

Based on the author's experience from writing this thesis, their perception is that it is difficult
to compare the data with other studies in the field, as there are few studies among Para Alpine

Skiers, and especially in comparison studies about able-bodied skiers. For instance,
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impairments and risk factors are not included in most studies, resulting in problems when

adapting the able bodied research on Para athletes.

Another concern is that in some sports in Winter Paralympics there are no or very few
women, for instance in Para ice hockey. This restriction partially contributes to the higher
participation of men compared to women in each game. Subsequently, men will also be
mostly represented in studies and research and women will be an understudied population.
Still, women represent some significant results in this thesis (acute injuries). This issue is a
serious concern since there are physiological sex differences between men and women, and
thereby it can be hard to apply all research based on men to women. For example, there is no
data on menstruation and use of contraceptive pills collected in the studies from the

Paralympic Games.

5.2.3 Strengths

A strength of the thesis is that it contains prospective data from three different games during a
period of eight years. Prospective studies involve real-time data collection to examine
progress over time. An alternative approach to data-collection is retrospective studies, where
information is gathered afterwards (43). The author's thoughts about relying on prospective
data, is that the data conducted in real-time will reduce the risk of recall bias. This, since it
becomes a lower risk of missing and reporting inaccurate data when the teams document the
injury and its belonging details directly when it occurs, in contrast with the retrospective

data-collection, when relying on the medical team’s memory.

Another strength of the present study is that the authors have analysed the data in close
collaboration with researchers responsible of the data collection. During the writer's time
(eight weeks) at Stellenbosch University, South Africa, they have learned a lot about
epidemiological data collection during large sport events. The authors believe this knowledge
will help them in their future career as Physiotherapists. For example, they have learned a lot
about how to assess risk factors in sports, and they have also increased their understanding
about important of conducting epidemiological studies in order to work towards preventive

measurcs.
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5.3 Practical perspectives

The results from this study can help physiotherapists, other medical professionals and sports
organizations to understand how injuries can be reduced in the actual sports setting. For
example, it 1s important to be aware that acute injuries still are a problem and that females
especially are exposed to acute injuries. It could be suggested that sports organizers should
investigate this reason more in detail and implement measures. Introducing preventive
training, including strength training and neuromuscular training (40, 42) could probably also
help female athletes as well as the overall problem with knee injuries. Concerning the overall
rate of acute injuries, some measures were implemented after the Sochi Games. Still, many
acute injuries occurred in Beijing and the snow conditions with artificial snow and warm
weather was not optimal. To reduce the rate of injuries it could be suggested that

competitions should be held in cold weather with good snow conditions.

Another noteworthy clinical perspective is that physiotherapy plays an important part in an
athlete's return to sport after an injury in Para Alpine Skiing. For example, research shows
that specialized rehabilitation programs, administered by a physiotherapist, are beneficial for
a successful return to the sport following acute knee injuries (44). It is important that the
rehabilitation is specialized to the demands of the specific sport. For instance, alpine skiers

need to develop strength in slow eccentric loading, endurance and weight-bearing power (44).

Furthermore, it could be recommended that Para Alpine Skiers have an established
physiotherapy contact both before and during competitions to facilitate prehabilitation and
acute management and rehabilitation if needed. As physiotherapists have an unique
understanding of the human body they can also contribute with knowledge about specific risk
factors related to the specific impairment. In a Swedish study published in 2016 it was shown
that physiotherapists play an important role in Para athletes’ lives (45). In addition,
physiotherapists also have expertise in planning recovery times among athletes, which is
especially important in Para sport as Para athletes may be exposed to higher energy demands
due to for example spasticity or wheelchair driving in daily life. Furthermore, the study also
mentioned that preventive training, including core stability, balance and flexibility, has an
important impact on preventing sport-related injuries in Para sport. It could therefore be
recommended that each national Paralympic team has one or several physiotherapists in their

medical team both during training and competitions (45).
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5.4 Future research

This thesis only included quantitative data concerning mechanisms of injury, and quite much
data were missing. Moreover, it is still partly unknown why Para Alpine Skiers are exposed
to a high risk of acute injuries. To identify more specific risk factors, it could be suggested
that a qualitative method interviewing athletes, coaches and medical staff could contribute

with valuable information regarding risk factors and prevention strategies.

As previously mentioned, there is also a need of larger studies including more Para athletes.
Prospective multi-center studies over time including several countries is one option. Another
option is that the International Ski Federation (FIS) implement injury surveillance during all

their Regional and World Cups.

Regarding the studies conducted at the Paralympic Games it would be valuable to include
more data concerning the equipment. For example, the use of poles, the height of the ski, type
of boots and ski bindings (much of this information is already controlled by the technical
committee before each event). Moreover, more data about the risk of being strapped in a
sit-ski is needed. It is also recommended to include data about weather and type of event in
forthcoming Paralympic Games studies. Furthermore, the authors suggest that video analyses
of injuries could contribute with important information. Such attempts have been conducted

in several able-bodied sports (46).

Lastly, an important aspect is how the global warming will affect athlete health and the risk of
injury in alpine sports in the future. With warmer weather, more artificially snow, and
uncontrolled weather phenomena, such as unpredictable storms and heavy rains (46). It could

be hypothesized that injury risk in alpine sport will remain high.

6. Conclusion

Results from this project show that the incidence proportion of injuries in Para Alpine Skiing
has decreased from 2014 to 2022. However, a concern is that a high proportion of acute
sports injuries still are being reported and acute injuries remained high during the most recent
Beijing Paralympic Games. Most of these injuries were related to falls and loss of control.

Another concern is that females report a high proportion of acute injuries, and it is
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recommended that this athlete group should be a target for prevention. Data also revelated
that the knee was the most commonly affected anatomical area overall, and it is
recommended that future studies assess the specific injury mechanisms of knee injuries in
Para Alpine Skiing. Taken together, this is the first project that specifically has described the
mechanism and type of injuries in Para Alpine Skiing over three Paralympic Games, and the
results could guide future epidemiological research in Paralympic sport medicine. Moreover,
the result could be used by stakeholders for planning future competition events and medical

services within the Paralympic Movement.
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