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Background: There is limited research available on the epidemiology, clinical characteristics
and associated injury risk factors in trail running. This gap in research may put trail runners at
risk when competing in challenging trail running races.

Aim of the study: To determine the epidemiology, clinical characteristics and associated injury
risk factors among trail runners entered in the 2021 Mac Mac Ultra Race.

Design: Retrospective cross sectional study

Setting: 2021 Mac Mac Ultra race, Sabie, Mpumalanga, South Africa

Participants: 251 consenting trail runners

Methods: Data gathered during the pre-event medical screening process include trail runners’
demographics (BMI, height, age, running experience, weight), training variables in respect of
running (weekly frequency, weekly distance, surface, average pace, shoes, vertical gain, cross-
training,), injury history (clinical characteristics of injury, running-related injury (RRI) in the
past 12 months, current RRI, severity of injury), history of disease (chronic disease, current
illness) and usage of medication (current, chronic medication). Only the injury-related data
were analysed in this study. The questionnaire is used in pre-race medical screening at various
trail running events across South Africa. Race entrants self-report their injuries sustained in the
past 12 months by responding “yes” to the question: “Did you sustain any running-related
injuries in the past 12 months?”. Runners currently injured had selected “injury” in response to
the question: Do you have a current injury or illness? If “injury” was selected, then additional
questions were posed in relation to the four main considerations of the Oslo Sports Trauma
Research Centre Questionnaire on Health Problems (OSTRC-H) (Clarsen et al., 2013). To be
recorded as a current injury, the race entrant had to indicate that training modification was
needed during the two weeks before the race.

Furthermore, like the study on the 2019 Sky Run Race, questions that fixated on the clinical
aspects of injuries were asked. We used the Pearson Chi square test to compare categorical

variables of all athletes in the event versus consenting athletes in the event to establish if our
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sample was representative of the population (all 2021 Mac Mac Ultra race entrants).
Frequencies (n, %) of injury for pathology type, tissue type, body area and anatomical region
utilised descriptive statistics. Inferential statistics (Independent t-test and Mann Whitney U test,
and Chi Squared tests) were applied to contrast the training and demographic data of entrants
between injured and non-injured entrants to examine and find connected injury risk factors.
Odds Ratios were calculated using Binary logistic regression to investigate further the
association between exposure and outcome (sustaining RRIs). Entrants were categorised into
those who experienced a RRI during the previous 12 months vs. non-injured participants. Due
to zero of the univariate examinations yielding statistically significant results (p<0.05), a
multivariate evaluation was omitted.

Results: A total of 330 trail runners entered the race, although the questionnaire used at pre-
race medical screening was compulsory, participation in the study was not, 251 out of the 330
race entrants gave consent to use their data. Twenty percent of trail runners stated one RRI or
more. The retrospective annual incidence was 19.92/100 athlete-years. The point prevalence
was 4.4%. Injuries mostly appeared in the lower limb (95%), including the lower leg (26%),
thigh (22%), ankle and foot (13%) described as the highest injured body areas. Of tissue type
injuries, muscle/tendon comprised 60%. Muscle injury (36%), tendinopathy (24%) and joint
sprains (9%) were the most reported pathology types. No related injury risk factors were
discovered in this study.

Conclusion: One in five trail runners reported one or more RRI during the 12 months before a
competitive event. Running-related injuries commonly involved the lower limb, especially the
lower leg, thigh, foot, and ankle. In this study no risk factors associated with sustaining a RRI

was identified, this can be due to the complex nature of injuries.

Keywords: running-related injuries, clinical characteristics, trail running, epidemiology.



TABLE OF CONTENTS

DIECIATALION ...ttt ettt sttt et h bt et h ettt h et et be et eatens i
DIEAICALION ...ttt ettt e h e bttt sh bttt e a ettt et e bt et eaeeaes il
ACKNOWIESAZEIMENL ..ottt ettt te et sateeaeeeabeeseesaseenseennnas il
SYTIOPSIS 1.ttt ettt ettt et e ettt e et e et e et e e bt e e tb e e bt e es b e e beeeateenbeeenb e e beeenbeenbeeenbeenseeenseenseennne v
LSt OF TADIES ..ottt bbbt ix
LSt OF FIUIES ..ottt ettt ettt et e et e et e e bt e eabeeseesnbeeseeenseenseennseenns X
LSt Of @PPENAICES ....veeniieeiieiiieeiieeiie ettt ettt ettt e st e st e e beebeesabeeteeeabeebeeenbeesaennseens Xi
List Of @DDIEVIAtIONS ......evviiiiiiiiiieriieieee ettt ettt ettt xii
L@ 1 T2 1] ) P 1
INErOAUCEION caucccneeeenieinentiniteniincnenieestensteecsteessnesssesssnncssessssesssessssssssasssssesssssssssssassssessansssanans 1
Lo INEEOAUCTION .ttt ettt et bttt et st e bt et e i enees 1
1.1 Back@round.........c.ooouiiiiiiiieie ettt eneas 1
1.2 Problem StatemENt. . ......ccceiiiiiiiriieieeierieeieetescee ettt sttt et 2
1.3 RESCATCh QUESTION ..ottt ettt e eebeebeeeneas 3
1.4 AImS Of the StUAY c.eooiiiiiiiiiece ettt e 3
1.5 Objectives Of the StUAY.......occviiiiiiiiee e e 3
1.6 Research approach ........coouiiiiiiiieeiicece e e 3
1.7 ReESCAICh dESIZN c.uvvieiiieiiiiiiecie ettt ettt et ettt eaae e 4
1.8  Importance and benefits of the Study ..........ccceviiiiiiiiiiii e 4
1.9 ASSUIMPLIONS. ..uuiiiiieiieeiieetie et et te ettt e et et e et e et e sebeessaesaaeesseessseenseessseenseessseenseesnseenne 4
L.10  DEINEATIONS ..ottt ettt ettt ettt sttt st b e et sae e bt et sbe e b eeesaeenees 5
111 Definition 0f K@Y LETMS ....c..iiiuiiiiieeiieiiecie ettt et e 5
112 RESCAICH PrOCESS .. .ietieiiiieiieeiiieiie ettt ettt et et e et e site et esabeebeesabeenbeessseenseesnseenne 6
1.13  DiSSertation OULIINE .......ocueeiiriiriieiieiericeeee ettt sttt st 7
L1 RELETENCES ..cueiiieiieiieeitete ettt ettt et bt ettt st ettt eaeenas 8
L@ 1 T2 1] ) PR 10
Literature REVIEW .....uciieiiiciiinnieniinnsieciiinninnecnnecsseissessesssessesssesssesssssssssssssssssassssesssass 10
2. LILETALUIE TEVIEW ...eeiiiieniieiiestt ettt ettt ettt ettt et sh ettt s it e sb e et e estesbeebesatenaeenneas 10
2.1 INEEOAUCTION ...ttt ettt et st sae e 10
2.2 SEAICH SEALEZY ....eevvieiieiiieciie ettt ettt ettt st e et e et enbeeneeennes 10
2.3 Benefits Of €XEICISE....eiuiiitieiiiiieriiiie ettt ettt 10
2.4 RUNNINE ....oiitiieiieiieeie ettt ettt ettt et e et e e s st e esbeessaeenseessseenseessseensaensseenseannnas 11
2.5 TTALL TUNNINE ..ottt ettt et et e et e st e enbeeesbeenseesase e 12
2.6 Physical demands of trail TUNNING...........cccueeiiiiriiiiiiiiieee e 13

vi



2.7  Running- related injuries and injury risk factors ..........cccceeveeverieniiiiniieneecees 14

2.8 Trail TUNNING INJULTES ..eecuveetieiieetieriieeteeeteeteeeteeteeseteeseesseeeseessseesseessseeseessseeseessns 19
2.9  Trail running injury risk factOrS.......ceeviiiiiiiiieiii e 25
2,10 CONCIUSION ...ttt ettt ettt ettt et e st e et e e s steebeesabeesbeeesseenseessseenseannnas 28
21T RETETEICES .. ..iieiiieiieeiietie ettt ettt ettt e st e et e et e ebeesabeesbeeesseensaesaseenseannnas 30
L@ 1 T2 1] 1) i R 37
Article as published in the MDPI Journal Applied Sciences, Special issue in
Biomechanical Engineering, Advances in Sport Injury Prevention. .............eeeeeeveseveresennees 37
TIPACE FACIOT 2.7. auovnnnevonnvicsnricssarissssrsssssncssssssssssssssssssssssssssssssssssesssssssssssesssssossssssssnsssssnsssssnss 37
3. INEOAUCTION . .....iiiiieiiecie ettt ettt et e st e e beessbeenseesabeenseesnneensaens 36
L. INEEOAUCTION ...ttt ettt ettt e et e e b e sabeenseessbeenseeeabeenseasnseenseens 37
2. Materials and MethOdS.........ccuiiiiiiiiiiieie ettt 38
2.1, STUAY DIESIGN ...eevvieiiieiiieieeie ettt ettt et et e st e sete st e ssbessbessaesseessaesssesssesssesssessaessaenssennsensees 38
2.2, Participants and Data COLECLION .........c.cccueriiriiiieeieeie et eteeeesee e sre e seeeseeesreessaessnessnesenes 38
2.3. Ethical COnSIAETations...........ccereuerrieeiieeieriesiestestesteesesssessesssessesssesssesssesssesssessnesssesssesssessees 39
2.4, STUAY OULCOMIES ...e.vveeerieerieiieeeieeteeteeteetesteestesstessaesssesssesssesssesssesssesssesssesssesssesssesssesssesssesssessees 39
2.5, StatiStICAl ANALYSIS ..eevieiiiiiiieiieeie ettt e eteeteste st e st e st e et e saaessaesssesssessaesseesrnesnaessnesnnensees 40
B RESULILS ..ttt et et ettt e e eetbeebeeeabeenbeeenneesaens 40
3.1. Demographics 0f Race ENtrants..........ccccoeeveeiieriieniiriirieiiesiesteseeseeseesieesee e eseesseesseensaessaens 40

3.3. Epidemiology (Point Prevalence and Retrospective Annual Incidence) of RRIs among
Consenting RACE ENIANTS ......ccceeviiiiiiiiiiiiie ettt e st ste et estaessaesseessaesseenseensaessaens 41

3.4. Clinical Characteristics of RRIs among the Consenting Race Entrants in the Past 12 Months.41

3.5. Univariate Analysis (Unadjusted) of Potential Risk Factors Associated with RRIs among

Consenting Race Entrants in the 12 Months before the Race .........c.coceienininieiiiiniiee 43

4. DISCUSSION ...ttt ettt ettt ettt ettt et s bt et ea e sh e e bt e st e sb e e bt eateestesbeenteebtesbeensesntenaeenneas 43
4.1. Epidemiology Of INJUIY ....occviiiiiieiieeieeeeese ettt s seae e seaesnaesnaesnnesnnes 44
4.2. Clinical Characteristics Of INJUTIY .....cooueriiiiiiiiiiieeeeee et 44
4.2.1. Anatomical Region and BOAY ATCa.........c.cceevieiieiiirieiieieiieeee ettt esa et eneesseenee e 44
4.2.2. Tissue and PathOlOZY TYPE ..c.eeveruieieriieie ettt ete ettt ettt st sessae s e ssaebesssenseensenseensenns 45
4.2.3. Associated Injury RiSK FACIOIS........cceeieiiiiieiecieieceeeee ettt sne e 45

4.3. Strengths and LImMitations...........cveeveeciieciiriiiieiieeiesteetestesteseteseeessresssesssesssesseessnessnesssesssesses 46

5. CONCIUSIONS ..ttt ettt et b ettt s bt et e st e sbe e bt e st e sbeebeeatesbeebeenee e 46
L@ 1 T2 1] ) PR 50
DISCUSSION «uceireeiinecsnissnnsncssnecsnnsssnssncsssecssnssssesssassssesssssssassssasssssssssssssssssassssesssssssassssassssssssase 50
4. INEEOAUCTION .. .eetiiiiiiiiettete ettt et ettt e bt et eat e bt e b satenaeenneas 50
4.1 DISCUSSION ...ttt ettt ettt et b et s bt e bt et esb e e beestesbeenbesatesbeenneas 50
4.2 Clinical recOMMENAAtIONS ........cccviiriiiiiiieiieeiierieeiteete ettt et saeebeeeaeebeesaaeebeesenes 53
4.3 Research recommendations ...........c.ceeieeiieriieiiienie ettt 53

vii



4.4 LAIMIEATIONS «.eeeeveeeeeeeeeeeeeeeeeeeeeeee et et et eeeeeeeeeeeeeeeeee et ee et eeeeeeee et eeeeeeeeeeeeeeeeereeereeeeeeeeeeeeeeeees 54

4.5 SEIENGLNS ...ttt et enb e aeeenees 54
4.6 CONCIUSION .....eoviiiiiiiieiieiet ettt 54
4.7 RELEIENCES ....ueiniiiiiieiieice et 56
APPECIAICES.cceeuuirirrensreisnenssnnnsaenssnessseessancssesssasesseesssssssessssssssssssassssassssssssssssassssassssssssassssssssassnns 58
Appendix A: University of Pretoria Ethical Approval Letter.......c..ccocevvueviiniriieniencnieneeens 57
Appendix B: Custodian of Data Letter ........ccccevuieiierieriiiinieiecieseeeneesieee et 58
Appendix C: Letter of Statistical SUPPOTT.......ccueeierieririirieieciereeieee et 59
Appendix D: Permission letter from Race Organiser ...........coeeverieneriieneenenieneenenieneenens 60
Appendix E: Proof of Publication............cccooiiiiiiiiiiiniiiieieeceseeeeeseeeee e 61
Appendix F: Online Pre-race Medical Screening QUeStionnaire............ceceevveeeereeniereeneennens 62
Appendix G: Informed consent to use participant’s data...........ccccecereererienieneenenieneene 102

viii



LIST OF TABLES
Chapter 1
Table 1: Aims and Objectives completed according to the chapters of the dissertation ........... 7

Chapter 3

Table 1: Characteristics (sex, race distance) of all athletes and consenting athletes........... 40
Table 2: Characteristics of mean age (years), height (cm), weight (kg), and BMI (kg/m?) by
distance categories (46 km, 80 km, 161 km, 322 km) ...........cooiiiiiiiiiiiiiii, 41
Table 3: RRIs amid consenting race entrants by anatomical region and specific body area (%
RRIS) (M= 55 1= 1) it e e e 42
Table 4: RRIs among consenting race entrants by tissue and pathology type (% RRIs) (n =

Table 5: Univariate analysis (Odds ratio, 95% CI, p-value) of variables in relation to RRIs

sustained in 12 months preceding the race.

X



LIST OF FIGURES

Chapter 1
Figure 1: Timeline of research study ..........ccceeieririiiiiiniiienieeeee e 4
Figure 2:Flow diagram of the research process followed.........c..ccceviiniiiiniieniiiinicncceee, 6
Chapter 3
Figure 1: Flow chart of total population sampling ..................oooiiiiiiiiiiiiiii . 38

Figure 2: The frequency (n, %) of reported running surfaces trained on often, sometimes, and

rarely by consenting race eNtrants .............o.eiueueentitirtite it 41

Chapter 4
Figure 3: Representations of the complex model for sports injury, the web of determinants,
which comprises contributing units with various weights (Bittencourt, Meeuwisse, Mendonga,

AL 2016) wereeveeeeeeeeeeeeeeeeeeeeeeeeeeeeeeese e s s s e e e e e e e s eree 52



LIST OF APPENDICES

Appendix A: University of Pretoria Ethical Approval Letter............................ 57
Appendix B: Custodian of Data Letter.............coooviiiiiiiiiiiiiiie 58
Appendix C: Letter of Statistical Support...........coeviiiiiiiiiiiiiiiii 59
Appendix D: Permission letter from Race Organiser.................oooiiiiiiiiiininn 60
Appendix E: Proof of Publication...............c.ooooiiiiiiiiii 61
Appendix F: Online Pre-race Medical Screening Questionnaire......................... 62
Appendix G: Informed consent to use participant’s data...................ocoeiiennt. 102

Xi



BMI
CI
COPD
CVD
DOMS
ECG
EEE
HCP
ITBS
ITRA
OR
OSTRC
km
MTSS
PFPS

RRMI

LIST OF ABBREVIATIONS

Body mass index

Confidence interval

Chronic obstructive pulmonary disease
Cardiovascular disease

Delayed onset muscle soreness
Electrocardiogram

Excessive endurance exercise
Healthcare professional

Iliotibial band syndrome

International Trail Running Association
Odds ratio

Oslo Sports Trauma Research Centre
Kilometres

Medial tibial stress syndrome
Patellofemoral pain syndrome
Running-related injury

Running-related musculoskeletal injury

Xil



Chapter 1

Introduction



Chapter 1 — Introduction

1. Introduction

This chapter intends to offer information on trail running, trail running injuries and injury risk
factors. In this chapter the problem statement, research question, aims and objectives of this
masters study are discussed. It also covers the research design, assumptions and delineations
as well as the significance of the study. It further contains the definition of key terms as well
as a visible demonstration explaining the research strategy. This chapter concludes with an

outline of each chapter as part of this thesis.

1.1 Background

Running recreationally is an effortlessly available means of exercise that plays an essential part
in preventing lifestyle diseases and premorbidity (Strasser et al., 2013). Trail running as a
classification of off-road running, embraces running in nature in numerous sorts of natural
locations (forests, deserts, mountains, coastal regions and jungles/rainforests). Trail running is
not limited by kilometres or altitude differences and transpires on diverse topographies (e.g.
single track, forest trails, beach sand and dirt roads, etc.), restricting the volume of paved paths
to 20-25% of the entire race (Scheer et al., 2020). Furthermore, the route is correctly
demarkated by precise marks such as flags, arrows, badges, global positioning system (GPS)
coordinates, boards, or map indication. Races on trails are customarily self-reliant, with
contestants carrying apparatus, drink and food for themselves. Many ultramarathons (42.195
km races or more in distance) held on trails other than paved/tar roads meet the requirements
to be defined as trail running (Scheer et al., 2020). Athletes running on trails are usually
subjected to sizeable elevation variations because of running in rugged settings such as valleys
and cliffs. While running positively influences health, an elevated risk of trail running related
injury (RRI) still exists (Vernillo et al., 2016).

An injury incidence ratio of 0.7-61.2 injuries/1000 hours of running and a general injury
prevalence percentage of 1.3-90% was stated by a living systematic review. The body zone
most regularly injured in every study investigated included the hip, the ankle and the foot/toe.
The most regular injury diagnoses reported were shallow tissue/epidermal injuries, injuries of

muscle and tendon, ligament injuries and injuries of the joint capsule (Viljoen et al., 2022).

Regarding injury risk among trail runners, multiple extrinsic (disregarding a warm-up, not
utilising a specialised training plan, double sessions a day, regular training on asphalt, as well
as physical labour careers) and intrinsic factors (running experience, age) are described to have

a substantial relation regarding injury amid trail runners (Viljoen et al., 2022). The studies
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investigated in this living systematic review, looked at singular risk factors in the contexts of
these studies, but limited associations were found for these risk factors among different settings
of trail running. (Viljoen et al., 2022). Many trail run races, the Mac Mac Ultra race in South
Africa included, are hosted in remote, isolated sites making it unreachable for vehicles with the
only access for emergency medical teams being by foot (Hoffman et al., 2014). Trail running
athletes who suffer an injury which end in failure to continue running, run the risk of being
subjected to detrimental conditions and climate threats, while awaiting medical interventions
(Hoffman et al., 2014). This necessitates the importance of improving the understanding of
injury prevalence and injury profiles of runners with existing injuries entered and competing
in an ultra-trail event, as the aggravation of injury in an ultra-trail event may have severe
consequences (Roi, 2021). Increased insight could help race organisers and medical staff to
prepare more proficiently in terms of readiness, managing and evacuation of trail runners on
race-day. It is imperative to increase the knowledge regarding factors that are related to injury
during the preparing phases before a trail run race. This will aid healthcare professionals (HCP)
working with athletes and athletes competing in trail run races to lessen the chance of injury in

the preparing phase of the trail run race.

The first aim of the research covered in this dissertation, was to analyse clinical characteristics,
and epidemiology of RRIs amid race entrants entered for 2021 Mac Mac Ultra race in the two
weeks prior the race as well as the 12 months period prior. We additionally planned to describe

RRI risk factors, specifically, in trail running.

1.2 Problem statement
It is evident that trail runners are subjected to challenging terrains and extremely strenuous
conditions. Although there are extensive sources on the epidemiology of RRIs and related
injury risk factors in road running, a substantial lack of evidence and agreement on the
epidemiology of RRIs and related risk factors amid athletes participating in trail running exist.
It is important to have an enhanced understanding of trail running injuries and related injury
risk factors to design and provide successful preventative strategies for managing and reducing

RRIs in trail running.
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1.3 Research question

What are the clinical characteristics, epidemiology, and related injury risk factors amid athletes

participating in trail running who entered the 46km, 80km, 161km, and 322km race categories
of the 2021 Mac Mac Ultra trail race?

1.4 Aims of the study

To establish the epidemiology (point-prevalence and retrospective annual incidence), clinical

characteristics (type of pathology, type of tissue, anatomical region and body area ) and related

injury risk factors among runners participating in trail running and entered the 2021 Mac Mac

Ultra race.

1.5 Objectives of the study

The study objectives were to:

1.

Establish the retrospective annual incidence of injury, 12 months preceding the race,
among 2021 Mac Mac Ultra race entrants — using a modified OSTRC questionnaire for
data collection during a two-week period prior to the 2021 Mac Mac Ultra race.
Establish the point prevalence (current injury at the time of race registration) among
2021 Mac Mac Ultra race entrants — using a modified OSTRC questionnaire for data
collection during a two-week period prior to the 2021 Mac Mac Ultra race

Establish the clinical characteristics of injury by recording the frequencies (n, %) of
injury for anatomical sites, tissue types, specific RRIs - using a modified OSTRC
questionnaire for data collection during a two-week period prior to the 2021 Mac Mac
Ultra race.

Identify factors associated with injury in the main categories of demographics (age, sex,
height, weight), training variables (weekly sessions of running, weekly running
distance, running surface, running pace, cross-training, years of running participation,
running shoes, elevation increase and decrease) and medical history, including injuries,
using a baseline pre-race questionnaire as used in the recently published study on trail

run race entrants in the 2019 Sky Run race.

1.6 Research approach

A quantitative research method was used. The data was from an existing dataset collected using

an online pre-event medical screening questionnaire among trail running race entrants training

towards the 2021 Mac Mac Ultra Race. Data collected from the participants was collected

3
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cross-sectionally, with no follow-up. Ethical approval for the study was obtained (Appendix

A), and permission for the researcher to use the data in this study was obtained (Appendix B).

1.7 Research design
The design used for this study was retrospective cross-sectional, to establish the epidemiology,
clinical characteristics and related injury risk factors amid athletes, participating in trail

running, who entered the 2021 Mac Mac Ultra race. Please refer to Figure 1 for the timeline of

the study.
One year prior to Two weeks
event before the race  RACE
<+ >
Y Online data
Retrospective enquiry collection

Figure 1: Timeline of research study

1.8 Importance and benefits of the study
As healthcare professionals, promoting participation in physical activity such as trail running
to individuals to improve their overall health is important. However, participation in trail
running can lead to injury, further leading to discontinuing physical activity (Viljoen et al.,
2022). According to the literature, running injuries are sustained due to a combination of
training errors and biomechanical imbalances (Nielsen et al., 2012). It is therefore necessary to
detect any associated injury risk factors, describe predisposing factors in trail running, and
inform trail runners about these findings. Investigating injury among runners training
specifically towards the Mac Mac Ultra race will hopefully aid in assisting HCPs in better
clinical decision-making regarding the design of future injury prevention strategies among Mac
Mac Ultra race entrants. . It may also aid trail runners in preparation for these races.

Additionally, it can further influence possible areas for future research studies.

1.9 Assumptions

As trail running takes place on demanding terrains such as mountainous or forest terrains, it is
assumed that entrants predominantly trained on trails or similar terrains to that of the specific
race in the 12 months preceding the race. Furthermore, it is assumed that self-reporting of

participants’ injuries will be honest and accurate.
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1.10 Delineations

Only runners entered for the 2021 Mac Mac Ultra have been included in this study. The
characteristics of a trail running race varies based on surface type, elevation changes, altitude,
and weather conditions. Therefore, trail runners can follow different training programs
depending on the type of race they are preparing for. Participants in this study trained for a
certain race in a rough topography of the Mpumalanga province in South Africa. This study
will, therefore, only report on this specific trail running population, and HCPs should consider

this when generalising the results to trail runners preparing towards a different event.

1.11 Definition of key terms
Clinical characteristics: Training programs, previous injuries, medications, age, and sex etc.,
acquired through a compulsory online baseline demographic and injury profile questionnaire.
In this study it refers to the frequencies (n, %) of injury for anatomical sites, tissue types,
specific running-related injuries

(Andersen et al., 2013).

Epidemiology: Epidemiology refers to the study of the determinants, occurrence, and
distribution of health and disease in a defined population. In the context of this study the
epidemiological data will be reported according to point prevalence and retrospective annual

incidence of trail running entrants entered for the 2021 Mac Mac Ultra race.

Odds ratio: The odds ratio (OR) is a measurement of how an occurrence is related with a
specific exposure (Tenny and Hoffman, 2023a). The odds ratio is a proportion of two groups
of probabilities: the odds of a RRI occurring in trail runners preparing for an event versus the

odds of a RRI occurring in a non-exposed group.

Point Prevalence: “ Prevalence” is the proportion of a population that has the characteristic at
a specific point in time. Period prevalence is the proportion of a population that has the
characteristic at any point during a given time period of interest. “Past 12 months” is a

commonly used period.” (Tenny and Hoffman, 2023b)

Retrospective Annual Incidence: According to Van Mechelen, W., Hlobil, H. & Kemper, H.
C. (1992), injury incidence in sports uses the definition of: the amount of sports injuries per
period being exposed (e.g. per 1000 hours of participation in sports) (van Mechelen et al.,
1992). In this study it is defined as RRI/100 athlete-years. Retrospective annual incidence in
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this study therefore refers to the number of injuries looking back over the past year and
currently.
Risk factors: Any variable with an increased risk, in this study it refers to variables associated

with and increased risk to sustain a running-related injury.

Tendinopathy: Pathology of a tendon that will cause pain as well as impaired function.
Literature shows that this is common injury runners are exposed to. Therefore, it should be
acknowledged and well understood by researchers since trail running and injury are key aspects

of the study (Dias Lopes et al., 2012, Scheer and Murray, 2011).

Trail running: A form of running over mountainous and forest trails with alternating inclines.

It is the sport or topic of interest to be studied and reviewed (ITRA, 2023).

1.12 Research process

Identify research question, research approach and research design

Development and finalisation of proposal

Clearance from the Department of Physiotherapy

Clearance from The School of Healthcare Sciences

Ethical approval obtained from the Research Ethics Committee of the University of Pretoria number:
424/2022

Data compiltation of 2021 Mac Mac Ultra

Data cleaning

Statistical analysis

Data interpretation

Results and discussion

Research conclusion

Submission of manuscript to journal

Figure 2:Flow diagram of the research process followed
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1.13 Dissertation outline

Chapter 2 will focus on a literature review regarding the clinical characteristics, epidemiology,

and related risk factors of road running compared to trail running.

Chapter 3 consists of a research article as published in an academic journal. It explores the
clinical characteristics, epidemiology, and related risk factors of RRIs in the 2021 Mac Mac

Ultra race entrants.

Chapter 4 will include a discussion of the main findings in chapter three, limitations and
strengths, clinical and research recommendations, as well as concluding statements based on

the findings of chapter three.

Table 1 demonstrates where the aims and objectives of this study was completed in the various
chapters, as approved by the Faculty of Health Sciences Research Ethics Committee at the
University of Pretoria.

Table 1: Aims and Objectives completed according to the chapters of the dissertation

Chapter 2 Chapter 3 Chapter 4
Aim X
Objective 1 X
Objective 2 X
Objective 3 X
Objective 4 X
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2. Literature review
2.1 Introduction

Trail running is an increasingly prevalent sport. However, there is a lack of research on this
division of running. The current limited published literature restricts the ability of healthcare
professionals and trail runners to design adequate injury prevention strategies. This chapter
includes a literature review on the clinical characteristics, epidemiology, and associated injury
risk factors amid trail running participants. An outline of exercise and the positive influences
thereof is discussed, followed by an overview of running as a part of exercise. Trail running is
then compared to road running to provide an understanding of the different demands between
the two modes, after which trail running as a mode of running is presented. Lastly, a
comprehensive discussion of all available research on trail running injuries and the associated
risk factors is included. Currently, there are three recently published reviews (a systematic
review, a living systematic review, and a narrative review) that cover the topics of injury, injury
risk factors, injury prevention tactics, and rehabilitation considerations in trail running (Vincent
et al., 2022, Viljoen et al., 2021c, Viljoen et al., 2022). Therefore, this chapter is presented as
a literature review for the purpose of this dissertation and won’t be submitted for publication

considering the context of the available current literature.

2.2 Search strategy
An electronic investigation was performed in October 2021. Towards the end of my Masters
process, [ updated the search in August 2023. The University of Pretoria’s library was used to
search the following databases: CINAHL: Cumulative Index to Nursing and Allied Health
Literature, Academic Search Complete, African-Wide Information, Health Source: Consumer
Edition, Health Source: Nursing/Academic Edition, MEDLINE, and SPORTDiscuss. The key

9 <6 9 ¢

terms used during the literature review were: “physical activity”, “running”, “trail running”,

2 ¢

“physical demands”, “running-related injuries”, and “injury risk factors”.

2.3 Benefits of exercise
Exercise can be labelled as “any bodily movement produced by skeletal muscles that results in
energy expenditure” (Caspersen et al., 1985). According to a review by Lee J., Shiroma E.,
Lobelo F., (2012), globally, inactivity causes 6% of all illnesses influencing the coronaries in
the heart, 7% of diabetes type 2, 10% of breast cancer and 10% of cancer found in the colon.
Furthermore, the study states that 9% of all-cause pre-morbidity globally is due to sedentary

lifestyles (Lee et al., 2012). Exercise has many beneficial effects on multiple diseases,
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including cardiovascular disease (CVD), diabetes mellitus and cancer (Sharif et al., 2018).
Exercise performed at moderate to vigorous intensities was found to reduce blood pressure
(BP) improve cardiorespiratory fitness (CRF) and reduce the incidence of hypertension
(Bakker et al., 2018). Aerobic exercise and resistance training can improve respiratory
performance in individuals suffering from Chronic Obstructive Pulmonary Disease (COPD). It
may eliminate risk factors such as obesity, elevated sugar levels and systolic blood pressure in
patients diagnosed with metabolic syndrome (Strasser et al., 2010). A systematic review
investigating women’s reproductive health functions among polycystic ovarian syndrome
found that regular physical activity positively influenced menstrual cycles, ovulation, overall

fertility, and social and psychological stress (Butt et al., 2023).

Exercise also plays an imperative part in mental well-being, according to a study done by
Mikkelsen et al. (2017), which found some psychological effects of exercise may involve a
decreased sense of depression and stress and lead to an increased self-esteem. The researchers
stated that only 20—40 min of aerobic exercise can positively influence mood and anxiety for
numerous hours (Mikkelsen et al., 2017). Another study looking at mental well-being and the
benefits of physical activity found that exercise can significantly reduce depression severity,
improve life gratification, positively influence moods and give people a better awareness of
purpose and life meaning, ultimately reducing the negative influences of depression on
people’s work life (Li et al., 2022). Many forms of exercise exist, with running being one of

them.

2.4 Running
Running is a well-liked and convenient form of exercise that substantially influences life
expectancy. A review done by Lee et al. (2017), stated that people participating in running have
a 30-45% smaller risk for all-cause death, the risk for CVD-related death is lessened by 45%-
70%, and there also a 30-50% lesser risk of cancer-related death compared to non-runners. The
study further states that running may be reduce mortality stemming from diseases with
neurological involvement, such as Parkinson’s Disease and Alzheimer’s, as well as respiratory
infections. These mortality benefits appeared steady irrespective of age, sex, BMI, health
disorders and alcohol consumption. Lastly, the study found that runners had a 3.2 year longer
life expectancy than the non-active population.(Lee et al., 2017). Another study reported that
recreational running resulted in a 28% lesser risk for developing a chronic condition such as

type 2 diabetes, equated to non-runners (Wang et al., 2019).

11



Chapter 2 — Literature Review

Although running has a significant impact on all-cause mortality (CVD, obesity, hypertension,
diabetes, and hypercholesterolemia), Lee et al. (2017) also found that excessive endurance
exercise (EEE), such as persistent running may negatively influence cardiac function and
structure, including structural variations in the heart and its autonomic control, myocardial

fibrosis, inflammation and added vascular oxidative stress (Lee et al., 2017).

Running is a convenient and fashionable mode of exercise and significantly influences the
reduction of all-cause mortality and can improve overall mental health. Various running
divisions exist, of which trail running is one, referring to running primarily on non-paved

terrains.

2.5 Trail running
Trail running is a running division with similar health benefits to road running. Trail running
is labelled as a race on foot in natural settings, including forests, mountains, coastal areas,
deserts, rainforests/jungles or grass. It occurs over several different terrains, including single
track, beach sand, dirt road, forest trail, etc. The race consists of minimal paved or asphalt
roads, with a maximum of 20-25% of the complete race (Scheer et al., 2020). There are no
restrictions in distance or vertical displacements, the route is properly marked (flags, tapes and
signs), and runners may use map indications or global positioning systems (GPS) (Scheer et
al., 2020). The race is self-sufficient regarding clothes, communication, food and drink. There
are usually aid stations along the route. Race organisers may recommend compulsory safety
equipment and rules to reduce risks and ensure the safety of runners and officials (Scheer et

al., 2020).

Trail running is further defined as an endurance event with varying terrain and altering climbs
and descents, resulting in elevation gain and loss. Races can be completed in one stage or multi-
day stages. Stage races are increasingly prevalent, often in challenging terrains (Scheer and
Murray, 2011). Trail running races range from a few kilometres to well beyond 80 km in ultra-
trail races. The distance, challenging terrain and elevation changes all add to the difficulty of
the race. In 2013 the International Trail Running Association (ITRA) was found, and in 2015,
World Athletics recognised trail running as a division of athletics. In 2018, ITRA implemented
a categorisation system, grouping trail races by “km-effort”, regarding race distance and

vertical gain. Furthermore, according to ITRA, trail running has been increasing in prevalence
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at a rate of 15% per year from the mid-1990s. They estimate about 20 million trail runners

worldwide are actively participating in the sport (ITRA, 2023).

In South Africa, between 2011 to 2016, there was a threefold growth in the amount of long-
distance trail running events. The increase in events indicates the major growth potential of
trail running in South Africa. According to a quantitative online survey by McKay, McEwan,
Baker, (2019), 27% of respondents reported participating in nine or more trail running events
in one calendar year. Seventy-three percent of the respondents reported participating in an

event longer than 21 km (McKay et al., 2019).

In conclusion it follows that trail running is a relatively new mode of running as a sport, with
an exponential growth rate. Trail running is considered specifically challenging due to extreme
vertical displacements, weather and altitude changes, consistently requiring the body to adapt
to the different displacements (Scheer et al., 2020), placing several physical demands on the

trail runner’s body.

2.6 Physical demands of trail running
Trail running requires different demands from a runner’s body, compared to road running, due
to the altering terrains and more challenging environments in which trail running events occur
(ITRA, 2023). Road running is mainly run on paved roads made from asphalt or concrete and
thus requires decreased effort to run at a constant pace and less energy expenditure to run at
increased speeds (Dixon et al., 2000). A study by Dixon et al. (2000) suggests that to maintain
a constant impact force on a stable surface, the body compensates by altering its running
kinematics and causes increased lower extremity compliance, which can lead to more overuse

injuries. This is possibly due to increased mechanical stiffness (Dixon et al., 2000).

The nature of trails demands the runner to react swiftly and adapt to roots, water, rocks,
unexpected creatures, sharp turns and fallen trees/branches. The steep declines on trails utilise
eccentric muscle contractions to produce a response against the force of gravity (Chen et al.,
2008). This results in increased levels of myoglobin release in skeletal muscle (Le Goff et al.,
2016). Myoglobin is a marker of muscle cell damage that presents as Delayed Onset Muscle
Soreness (DOMS). The Bazgir et al. (2015) study found similar results as the Le Goff et al.
(2016) study, and the results suggest a higher IL-15 serum level in athletes after eccentric

resistance exercise compared to concentric resistance exercise. Eccentric contractions cause
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micro-tears due to IL-15 secretion following extensive eccentric contractions, ultimately

causing DOMS as mentioned above (Bazgir et al., 2015).

Trail running requires various planes of movements to achieve the ultimate foot positioning.
Thus, an increased amount stabiliser muscles are activated than in road running, which results
in delayed onset of muscle fatigue in the mobiliser muscle groups. This recruitment of
additional muscles increases the oxygen demand, thus requiring increased CRF compared to
road running. As a result of the constant changes in muscle group activation to sustain dynamic
stability, certain muscle groups will be more depleted than others, resulting in muscle
imbalances. Major muscle imbalances reduce the body’s proficiency to react and acclimatise
to the terrain quickly and may result in unwanted injuries (Stasulli, 2016).

Adverse weather can cause dangerous running conditions, such as decreased visibility, slippery
wet terrains and concealed rocks, roots and holes (Stasulli, 2016). Extreme environmental
conditions with increased temperatures can severely limit the heat loss necessary to maintain
homeostasis and can cause thermoregulatory strain due to dehydration (Jarver and Cheuvront,
2002). It is important that the metabolic heat produced during exercise is transferred from the

body as it can limit running performance (Jarver and Cheuvront, 2002).

In summary, concentric and eccentric muscle contraction combined with the technicality of
terrains and unexpected weather conditions seen in trail running places increased demands on
a trail runner compared to road running (Bazgir et al., 2015). This would result in a different
RRI profile than commonly seen in road running. Running has a beneficial effect on health but

presents with a high risk of sustaining running-related injuries (Kemler et al., 2018).

2.7 Running- related injuries and injury risk factors

According to a study by Kemler et al. (2018), new runners had an increased injury incidence
compared to experienced runners. They found that from 2011 to 2013, the average four-year
injury incidence for beginner runners was 8.78 per 1000 hours of running matched to 4.24 per
1000 hours for proficient runners. Their study also found that the most common location for
injury in all groups was the knee, with a four year injury incidence average of 30.7 per 1000
hours of running in all runners, 31.1 per 1000 hours of running in the beginner group and 30.5
per 1000 hours of running in the cluster of experienced runners. They also found a noteworthy
difference in the four year average of reported Achilles tendon injuries between experienced

and beginner runners (8.4% and 2.3%, respectively) (Kemler et al., 2018). Their findings
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showed an injury incidence of 2.5 times higher than all sports participants (5.11 vs. 1.97 per
1000 sport hours), showing that running is a high-risk sport for injuries (Kemler et al., 2018).

There is an increased risk of sustaining a RRI after rapidly increasing running distance between
two weeks or general changes in training variables such as velocity, distance, volume or
frequency. (Damsted et al., 2018). Additionally they found that generally females have a
lessened risk for RRIs compared to men. However, they found that the following variables
raised the risk of sustaining RRIs for females included older age, previous partaking in non-
axial activities such as swimming and cycling, running on paved surfaces, running further
weekly distances between 48-63.8km, as well as wearing specific shoes for four to six months.
Men had a higher risk for injury if they started running again, had a history of former injury,
had no more than two years of experience in running, and had a running distance between 32-

47.8km per week or more than 64km per week (van der Worp et al., 2015).

A study determining the incidence and prevalence of lower limb injuries in male athletes
participating in running found that 54.8% of the partakers sustained one or more RRI 12 months
preceding the Rotterdam marathon. One month before the race 26.9% of partakers had an RRI,
and 18.2% reported a new injury related to running, suffered during or directly after the
marathon. Seventy-nine-point-six percent of these RRIs were reported as injuries sustained
during training efforts (Van Middelkoop et al., 2008). The injury prevalence rate was 3.2 per
1000 hours of running. The lower limb was the most common injury reported, the knee
included 30.7% of all injuries, then the calf (23.2%), and then the ankle at 14.6% (Van
Middelkoop et al., 2008). The incidence of lower leg RRIs in runners who started the marathon
was 18.2%, where the most common injury was the calf (33.9%), then the knee (27.1%) and
then the thigh (17.8%). These findings are similar to Kemler et al. (2018).

A study on the incidence and prevalence of main RRIs, refers to RRIs as running-related
musculoskeletal injuries (RRMIs). Out of the eight studies reviewed, 28 separate RRMIs were
reported. The study first analysed general RRMIs sustained during training and found the
following results: out of 21 general RRMIs reported during training, the most prevalent RRMI
identified was Medial Tibial Stress Syndrome (MTSS), with an incidence rate between 13.6
and 20.0 per 1000 hours of running and a prevalence rate of 9.5%. The study stated that MTSS
can develop due to the landing and toe-off phases, which stress the tibia, causing inflammation

of the periosteum. Other potential risk factors for MTSS include a greater knee varus, frequent
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changes in running shoes and interval training. Achilles tendinopathy followed MTSS with an
incidence rate ranging from 9.1 and 10.9 per 1000 hours of running and a prevalence rate
ranging from 6.2% and 9.5%. The third most frequent RRMI was plantar fasciitis, with
prevalence rate between 5.2% and 17.5%. and an incidence rate between 4.5% and 10.0%. The
RRMI with the highest incidence rate was patellar tendinopathy at 22.7 per 1000 hours of
running. This is noteworthy as patellar tendinopathy was more commonly reported by leisure
runners aiming to run distances between 20km to 50km and scarcely reported by marathon or
ultramarathon runners. The review reported no clear relation between running performance and
the reduced onset of tendinopathies, but there is an increase in acute onset tendinopathies seen
in runners competing in ultramarathons that usually continue for five to eight consecutive days

(Dias Lopes et al., 2012).

When Lopes et al. (2012) reviewed the research on the prevalence of RRMIs reported during
an ultramarathon race, they identified Achilles tendinopathy as the most reported RRMI, with
a prevalence rate ranging from 2.0% and 18.5%, and then patellofemoral pain syndrome
(PFPS) with a prevalence rate between 7.4% and 15.6%. According to the literature reviewed
in this systematic review, a main source considered in the development of tendinopathies is
repetitive and excessive tendon loading as seen in running. Excessive loading predisposes
runners to develop RRMIs such as Achilles tendinopathy. One study they reviewed mentioned
that beginner marathon runners, using medicine, and only running a few kilometres a week
were all risk factors for developing PFPS. Furthermore, compressive loading in the
patellofemoral joint may also predispose runners to PFPS (Dias Lopes et al., 2012). The review
concluded that various RRMIs observed are related to overuse and that the RRMIs were
primarily below the knee. This is constant with other studies stating that the most common
anatomical area for RRMISs is lower than the knee. In contrast, to several studies that found the
knee as the most frequent site of injury, Lopes et al., (2012) did not have similar findings, as
the knee did not have the highest injury prevalence or incidence rate of the overall RRMIs
reported with training. This systematic review concluded that common anatomical regions for
RRMIs are the foot, ankle, shin, and knee (Dias Lopes et al., 2012). This difference may be
that studies took place in different geographical settings with different populations studied

training on different surfaces as available due to their specific locations.

In a study where 36 studies were reviewed, aimed to establish the percentages of running

injuries at various anatomical percentages and state the type of pathology where possible.
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According to the anatomical area, the injury percentages were determined from 10 688 injuries
described by 18 195 runners in the 36 studies. It was subcategorised by gender: women
accounted for 2 279 injuries from eight studies and males 1 875 injuries from seven studies.
The overall percentages for pathology types were estimated from 3 580 injuries by 4 752
runners (n=11 studies, also subcategorised by sex) (Francis et al., 2019). When looking at the
injury percentages by anatomical area, they found the following results: the ankle/foot and knee
and areas consisted of more than half of the injuries described at 28% and 26% respectively.
The shank, the area between the knee and the foot, accounted for 16% of injuries reported.
Thus, the data reviewed indicates that 70% of all injuries described were at the knee or below.
The thigh and hip only consisted of 14% of the injuries reported. Injury proportions between
men and women differed at the knee, foot/ankle and shank, where women mostly reported knee
injuries at about 40% of reported injuries, then the ankle/foot (19%) and the shank (calf) (16%).
The injuries reported by men were more evenly distributed, with the knee accounting for 31%,
the foot/ankle for 26%, and the shank (calf) at 21% of reported injuries (Francis et al., 2019).
The study further looked at running injuries according to specific pathological types and found
that the two most regular running injuries were PFPS and Achilles tendinopathy, which
supports previous literature on the prevalence of RRIs. They found that the proportion of PFPS
is much higher than that of Achilles tendinopathy at 17% vs. 10%, and they further state PFPS
may be gender biased towards women, as women have more knee injuries. Similarly, the
proportion of ankle/foot injuries was higher for the men, indicating that the percentage of

Achilles tendinopathy may be male-biased (Francis et al., 2019).

Fifty percent of runners sustain an injury in 12 months that keeps them from running, and
25.0% of runners are injured at any time (Kakouris et al., 2021). Seventy to eighty percent of
RRIs are overuse injuries and most commonly below the knee, foot/ankle and shank anatomical
sites. When looking at non-ultramarathoners, 75.3% of all injuries were in the following
anatomical regions: the knee, followed by the lower leg, ankle and foot/toes. For
ultramarathoners, lower leg, ankle, and knee were the most common body area injured,
followed by the lower back, hip/groin and foot/toes. No significant variation in incidence
percentages for ultramarathoners and non-ultramarathoners in regards to anatomical region of
injury were recognised by monitoring specific pathology types between ultramarathoners and
non-ultramarathoners. When looking at the prevalence of ultramarathoners, PFPS had the
greatest prevalence percentage of RRMI, and MTSS had the highest prevalence rate (35.0%).
PFPS and stress fractures were the most commonly reported RRMI. The pathology type, among
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the non-ultramarathoners, with the greatest incidence percentage was Achilles tendinopathy
(10.3%), and for ultramarathoners, the greatest injury percentages were anterior compartment
tendinopathy (19.4%). The greatest incidence rate for a RRMI in non-ultramarathoners was
patellar tendinopathy (22.7%) and PFPS (41.7%) in ultramarathoners. In conclusion, the most
commonly reported RRMI seen with the non-ultramarathoners were Achilles tendinopathy and
plantar fasciitis, and seen with ultramarathoners, the most commonly stated RRMIs included

anterior compartment tendinopathy, PFPS and Achilles tendinopathy (Kakouris et al., 2021).

A systematic review of biomechanical risk factors related to RRIs, reviewing 15 studies,
concluded that biomechanical variables have inconsistent findings and that the findings mainly
depend on the populace and injuries investigated. They further conclude that further research
is required to confirm if these variables are indeed risk factors and if amendment may assist in
managing and preventing RRIs (Ceyssens et al., 2019). Another systematic review on
biomechanical risk factors for sustaining RRIs in different running populations found that
aspects such as level of competition, gender and foot strike may impact biomechanical
variables related to RRIs. Also, hip adduction and decreased ankle/rearfoot eversion may likely
act as risk factors for sustaining a RRI in female leisure runners who predominantly adopt a
rearfoot strike pattern. Similar to the findings of Ceyssen et al. (2019), continued efforts are
needed to pinpoint biomechanical risk factors and guide injury prevention (Vannatta et al.,
2020). A systematic review from Raghunandan et al. (2021) investigated intrinsic and extrinsic
risk factors in endurance running and found that intrinsic risk factors including previous injury
history, especially during the last 12 months, have shown to be a risk factor for potential injury,
which coincides with existing literature. Other intrinsic risk factors include runners with an
increased BMI or abnormal nutritional status, such as runners with the female athlete triad.
These athletes usually have decreased bone mineral density, placing them at increased risk for
bone stress injuries. Other intrinsic risk factors related to running biomechanics include peak
ankle/rearfoot eversion, peak hip adduction, foot strike pattern and vertical load rate. However,
they support the Ceyssen et al., 2019 study, stating that the evidence is inconsistent. They
further stated that findings vary per population. For example, female athletes with increased
peak hip adduction were at a greater risk of developing PFPS and iliotibial band (ITBS)
syndrome. These findings, however, are not duplicated in mixed-gender cross-country
populations (Raghunandan et al., 2021). Other kinematics, such as femoral internal rotation,
greater knee abduction, and knee stiffness, may also contribute to injury. Decreased flexion at

the knee joint may increase the risk for Achilles tendinopathy in leisure runners due to
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increased loading of the calf and tendon. Other studies showed that lower step rates in female
runners may contribute to MTSS, but the literature is conflicting. The study concludes that
although joint biomechanics are a factor in developing RRIs, the results are inconsistent and
often in contrast with one another (Raghunandan et al., 2021). They further mention the
possible extrinsic factors contributing to sustaining a RRI. These include training errors,
increased running distances and increased training intensities. One study showed that when
looking at runners 60.0% of men and 50.0% of women with an injury multiplied their training
distance by more than 30.0% in the few weeks before sustaining an injury. Furthermore, they
found that race distance was a substantial risk factor for sustaining an injury. Runners who
entered for a 42km race were three times more likely to develop an injury than runners who
entered for a 10 km race distance. As seen in previous literature, a previous RRI had the highest

odds ratio for sustaining an injury (Raghunandan et al., 2021).

According to a study done on multifactorial determinants on injury locations in recreational
runners, Achilles tendinopathy was found to be associated with midfoot strike patterns, and
posterior lower leg (mostly calf injuries) injuries were found to have an association with
forefoot strike patterns. This is due to the extra stress placed on the calf muscle with a forefoot

strike pattern (Hollander et al., 2021).

Extensive research exists on the epidemiology of road running-related injuries and related
injury risk factors. As previously discussed, trail runners are subjected to different
environmental and musculoskeletal demands. Therefore, we expect the injury profile of

traditional road running to differ from trail running.

As seen in section 2.7, there is extensive literature on the prevalence and incidence RRIs, as
well as risk factors contributing to sustaining RRIs. However, limited information on trail
running-related injuries and risk factors associated with sustaining injuries is available. Trail
running injuries will be discussed in this section, followed by trail running risk factors for

sustaining RRIs.

2.8 Trail running injuries
A study by Malliaropoulos et al. (2015) on the prevalence of injury in ultra-trail running,
determined musculoskeletal (MSK) injuries in 40 ultra-trail runners by recording injuries and

associated symptoms. Data was collected using a questionnaire developed by physiotherapists.
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Participants completed the questionnaire after completing the race. The results showed that 36
participants (90.0%) of the runners complained of a minimum of one RRI (Malliaropoulos et
al., 2015). Overuse injuries accounted for 82.2% (n=111) of the reported injuries, and 17.7%
(n=24) appeared during the race (Malliaropoulos et al., 2015). According to the results, the
lower back was reported as the most injured anatomical area, with a prevalence of 43%, trailed
by the knee, with a 40.0% prevalence (Malliaropoulos et al., 2015). A possible justification
may be that throughout uphill running, the trunk of the body is in a sustained forward position.
Hence, this leaning may cause a shortening of the hamstring muscle complex (Easthope et al.,
2010), this then can result in a change in runner’s biomechanics such as position of the pelvis,
causing more strain on the lower back causing pain. Achilles tendinopathy was reported as the
anatomical region with the greatest percentage of injury severity, followed by the lower back
(Malliaropoulos et al., 2015). After reviewing this data, restrictions to the study may include
the small sample size (40 participants), of which only four were female, and all participants
were local to Greece. This makes it challenging to generalise the findings to the international
trail running community (Malliaropoulos et al., 2015). Additionally, Malliaropoulos et al.,
(2015) excluded ankle injuries due to recall bias, resulting in inaccurate reporting of all trail
running-related injuries that occurred during the race. Despite the evident limitations, it is

noteworthy that 90% of the runners still sustained a RRI (Malliaropoulos et al., 2015).

A study by Scheer et al. (2011) reported observations of medical interventions during the Al
Andalus Ultra Trail, a 219-km, 5-day ultramarathon stage race hosted in Southern Spain
(Scheer and Murray, 2011). It is the first study on various injuries and ailments in a multistage
ultramarathon where medical support was continuously available (Scheer and Murray, 2011).
Participants were offered medical attention on request at any stage of the race. Sixty-nine
runners recorded 99 medical interventions. They reported that the most common injury was
blisters (26.1%), in line with other literature. Other injuries and illnesses included exercise-
associated collapse, fatigue and vomiting (Scheer et al., 2011). The most common MSK
complaints included knee injuries, affecting five runners who sustained PFPS (7.2%) resulting
in one participant having to retire (Scheer et al., 2011). This is reinforced by other literature as
the knee is the most injured anatomical region in endurance runners. Other injuries involved
the: tendinopathy of the ankle dorsiflexors (ultramarathoner’s ankle), Achilles tendinopathy,
trochanteric bursitis, muscular pains, and ankle inversion injuries (Scheer et al., 2011). One
limitation to the study may be that, because many participants are well acquainted with the

sport, only the runners experiencing continuous, severe and bothersome symptoms will report
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to the medical team, therefore injuries may have been underestimated and inaccurately reported

(Scheer et al., 2011).

A prospective open cohort study by Hespanhol Junior, van Mechelen and Verhagen, (2017)
researched Dutch trail runners partaking in trail running in the Netherlands. They looked at the
health and economic problems of RRIs. They used an online questionnaire to enquire about the
prevalence, injury rate, nature, severity and economic strain of running-related injuries of
Dutch trail runners. Two hundred and twenty-eight trail runners partook in this study, 171
males and 57 females, respectively. All participants were monitored for at least six months.
The results indicate that trail running injuries with an abrupt onset are less likely to occur than

overuse gradual injuries due to repetitive microtrauma (Hespanhol et al., 2017).

Two weeks after the race, all participants received follow-up questionnaires to be completed
via email. According to the follow-up questionnaire, 242 running-related injuries were reported
amongst 148 participants. Of these 148 participants, 45.9% reported multiple RRIs (Hespanhol
et al., 2017). Overuse injuries were more regularly reported than acute injuries. Furthermore,
more males were injured compared to females, 23.0% and 20.7% respectively (Hespanhol et
al., 2017). The most frequently reported RRIs were Achilles tendinopathy at 12.8 %, calf
muscle injury at 10.7 %, and vague knee pain at 8.7 %. These results coincide with other
literature that lower limb MSK injuries are commonly found among trail runners. The least
reported injury was ankle sprains at 7.0%, much lower than a study done by Vernillo et al.
(2016) where ankle sprains were reported at 28.6%. A limitation of this study is that the results
by Hespanhol et al., (2017) cannot be generalised to the international trail running community
events due to the specific landscape, reduced elevation and nature of the topography in the
Netherlands. However, runners being followed up for six months increased the chance of
recording delayed onset injuries or symptoms. This makes the study’s results significant,

compared to others where injuries were recorded cross-sectionally.

A study by Vernillo et al. (2016), determining injury and illness occurrences during ultra-trail
running, reported on 77 runners partaking in a 65km trail run in Trento, Italy. The participants,
who were predominantly experienced runners, completing multiple previous marathons, were
invited to visit the medical tent regardless if they required medical assistance for an injury or
illness. Participant’s injuries were self-reported and recorded by medical staff within the first

ten minutes of completing the race. Every medical encounter was grouped according to illness,
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MSK or dermatological. One hundred and thirty two injuries/illnesses were seen during the
race. Predominantly, medical encounters were minor and primarily due to general fatigue
(37.7%) and muscle cramps (26.2%). Other studies on ultramarathon runners like (Krabak et
al.,2011), found that MSK injury rates were lower (0.4—2.7 injuries per runner) when compared
with the Vernillo et al., (2016) findings of 4.3 MSK injuries per runner (Krabak et al., 2011)
The differences among studies could be due to various aspects such as the environment,
equipment, and reporting bias. Runners doing a multi-day race are required to carry more
equipment, and are exposed to more extreme environments and varying temperatures for longer
periods of time, which can result in discrepancies in injuries being reported, especially with
regards to fatigue and exercises-associated collapse.

Vernillo et al. (2016) stated that MSK injuries accounted for 32.8% of all injuries/illnesses, and
dermatological disorders for 16.9%. Plantar fasciitis (28.6%) and ankle sprain (28.6%) were
the most prevalent MSK injuries reported (Vernillo et al.,, 2016). This can be due to the
significant demands on these structures when running on uneven surfaces for long distances.
Furthermore, blisters accounted for 53.8% of dermatological disorders reported. This may be
due to repetitive combined friction of the socks and shoes against the skin on the foot while
running for an increased period of time. These results coincide with that of Scheer et al. (2011).
The total injury/illness rate was 1885.7 per 1 000 runners. These results further correlate with
other current literature.

The injuries in this study were reported and recorded within ten minutes of race completion
and did not include delayed onset of symptoms (Vernillo et al., 2016). Secondly, participants
who retired early from the race were not accounted for, and injury, illnesses or fatigue may
have contributed to the non-completion of the race (Vernillo et al., 2016). Consequently,
injuries and illnesses may have been unsuccessfully estimated in this study — thereby

inadequately reporting on RRIs sustained during the race.

A study by Krabak, Waite, Schiff, (2011), that determined illness and injury rates in multi-day
ultramarathon runners recorded data on 396 runners partaking in a multi-day off-road
ultramarathon race. The event is predominantly single track routes up the Sierra Nevada
mountains of Northern California. Data was documented according to injury severity, type and
location. Furthermore, demographics and race information such as age, gender or finishing
time was analysed and recorded to determine possible risk factors contributing to injury. The
study determined that females had more medical encounters than males and matured runners

had 0.5 less injuries. Approximately 95% of the injuries documented were less severe and
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included dermatological injuries in the foot (74.3%) (Krabak et al., 2011). This finding
correlates to those in studies by Scheer et al., (2011) and Vernillo et al., (2016). They stated
that 60% of the medical encounters were medical in nature, rather than MSK and that finishing

time was not found to be linked with injury (Krabak et al., 2011).

A study on MSK injuries in mountain races on Spain trail runners participating in 20-42km
races found that most injuries occurred in the lower leg (78%), specifically in the ankle (32%),
knee (14%) and foot/toe (11%). They described an injury incidence of 1.6 per 1000 hours of
running. Furthermore, they reported that 75% of injured runners reported insignificant injuries
and were able to complete their races, which coincides with current literature also reporting
minor injuries (Gonzalez-Léazaro et al., 2021). Another study that investigated illness and injury
in trail runners competing in an ultra-trail race in the Himalayans found that the most common
ailment was acute diarrhoea (18%) followed by MSK problems (17%), abrasions (12%) and
blisters (8%). They reported that the most common MSK problem was ankle sprains (Dawadi
et al., 2020)

A systematic review (Viljoen et al., 2021c¢) investigated 11 studies on injury-related matters.
They reported that the overall incidence range was 1.6—61.2 injuries per 1000 hours of running.
The lower limb is the most frequently injured body region reported, consisting of the lower leg,
thigh, knee, foot and ankle (Viljoen et al., 2021c¢).

Out of these 11 studies, nine reported the foot as a regular anatomical site of injury, trailed by
eight studies reporting the knee, seven studies reporting the lower leg, six studies reporting the
thigh, and six studies reporting the ankle. Thus, the most common anatomical areas for injury
included lower leg, thigh, knee, foot, and ankle. Furthermore, the most common injury
diagnoses included skin abrasions/lacerations, skin blisters, ligament sprains, muscle strains,
and muscle cramping. Various grades of severity were used to define injury severity: minor
severity is indicative that the race/training could be completed, and major severity indicates the
cessation of the race/training due to the extent of injury (Viljoen et al., 2021). Interestingly, the
systematic review found injuries not reported in road running, such as concussions and
contusions and cervical spine strains during race participation. Spinal disc injuries, tibiofibular
joint injuries and knee meniscal injuries during training further confirm the difference in

demands between road and trail running (Viljoen et al., 2021c¢).
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For this study, it is important to discuss injuries sustained while training towards a specific
race, focusing on the two weeks prior to the race. In a population of Portuguese trail runners,
87.8% reported that they sustained an injury from training or competition, with men and
women reporting similar outcomes at 88.5% and 85.8%. The injury rate varied from 10.13 per
1000 hours of running in males to 9.62 per 1000 hours of running in females . The anatomical
region most affected was the lower limb, with toenails being the most frequent body area
(25%), followed by the knee (18%) and ankle (15%). The most common pathology type
included blisters (20%), chafing (14%), superficial wounds (12%) and sprains (11%) (Matos
et al., 2021). In the four weeks before a multiple distance race in Chile, 31% of trail runners
reported having an injury. Thirty percent of the runners that reported an injury reported having
one or more injuries in the previous month. Out of these injured runners, 78% had to reduce
their training volume, 80% had to change their training intensity, and 85% of runners reported
an influence on their performance in the last four weeks, stating that these changes lasted
approximately six days. These runners reported that their injuries were gradual onset injuries,

most commonly affecting the knee (Gajardo-Burgos et al., 2021b).

When looking specifically at South African trail runners preparing for a specific race, a
population of trail runners that trained for the 2019 Sky Run Race, 28% of trail runners
mentioned at least one RRI in the 12 months before the race. This equates to a retrospective
annual incidence of 49.5 running-related injuries per 1000 hours of running and a point
prevalence of 1.3%. These runners reported the most common injured anatomical area as the
lower limb (87%) and reported the most frequent body areas as the knee (27%), ankle (22%)
and foot (17%). The most common tissue type injury was muscle/tendon (44%), and the most
common pathology type included tendinopathy (28%), joint sprains (20%) and muscle injury
(16%). Finally, the mean injury severity was 31.6 (Viljoen et al., 2021a). A study on South
African trail runners who trained for a 21km or more race distance reported 205 injuries among
152 runners. In this study, 67% of participants developed at least one RRI. They described an
injury rate of 15.3 per 1000 hours of running, with males having a significantly higher rate than
females (12.7 vs 3.1 per 1000 hours of running). The most frequently reported injured
anatomical region was the lower limb (83%)), trailed by the hip/groin/pelvis (6%) and the lower
back/abdomen (5%). The most common injured body areas were the knee (30%), shin/lower
leg (18%) and foot/toe (14%). The most common tissue type was muscle/tendon (53%), and
the most common pathology types were tendinopathy (28%), muscle injuries (20%) and joint

sprains (9%) (Viljoen et al., 2021b).
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From the literature mentioned above, it is important to note that trail runners can experience
several RRIs, varying in nature, severity and anatomical site. Furthermore, due to the
remoteness of trail running, emergency medical evacuation of injured runners is difficult and
therefore, endangered runners will frequently receive impeded medical support. Trail runners
are often subjected to punishing environmental factors, and any injury that prevents the runner
from moving forward can have fatal consequences in extreme weather conditions. This stresses
the need to identify potential injury risk factors to help advance injury prevention strategies

among trail runners.

2.9 Trail running injury risk factors

A study by Malliaropoulos et al. (2015) at the National Track and Field Centre in Greece
categorised risk factors regarding trail running into three sections: demographic factors,
training errors, and medical history. Investigators group risk factors differently. For the purpose
of this review, risk factors will be discussed in the following categories: demographics, training

variables, running experience and previous injuries (Malliaropoulos et al., 2015).

Demographics

A study by Krabak et al. (2011) stated that female participants competing in a marathon have
an increased risk of sustaining hip problems. In contrast, males tend to develop more calf and
hamstring problems. This may likely be due to the different Q angle and anatomy of the hip
joint in women (Mitani, 2017). Men predominantly experience hamstring shortness, which
could justify these findings (Marshall and Siegler, 2014, Krabak et al., 2011). A study by
Lorimer, Keogh and Hume (2018) has shown a possible link between lower body stiffness and
injury at the Achilles tendinopathy (Lorimer et al., 2018). This could result from muscle
imbalances between muscle groups due to fatigue, pain or overuse, resulting in altered
recruitment patterns and compensation reactions in the ankle-foot complex. This may lead to
unnecessary added load on the tendon and other structures such as the gastrocnemius muscle,
tibialis posterior, etc.. Furthermore, one study found that menstrual disturbances in females
may result in greater risk of bone stress injuries. The study investigated competitive runners
between the ages of 18 and 40 and investigated their training habits, menstrual performance
and bone stress injury. They found that bone stress injury were 2.25 times greater in

oligo/amenorrhoeic runners than in eumenorrheic runners (Hutson et al., 2021).
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Training variables

Different environmental aspects cause ever-changing terrain in trail running (Stasulli, 2015).
Lorimer et al. (2018) reported an increased risk for Achilles tendinopathy if a runner changed
their training surface from rigid to a softer and less stable surface, in combination with
increasing their speed and intensity (Lorimer et al., 2018). This is reinforced by a study led by
Nielsen R.O et al. (2014), stating that rapid modifications to training velocity cause injuries.
They further stated that faster running speeds are related to Achilles tendinopathy,
gastrocnemius injuries, and plantar fasciitis (Nielsen et al., 2014).

In contrast to Lorimer et al. (2018), Malliaropoulos et al. (2015) indicated that training on
mountainous trails showed a higher shock absorption when compared to running on asphalt or
tartan. They stated that training on rugged terrain provides better defence against the
development of RRIs than training on rigid tar roads or tartan tracks. This is due to increased
shock absorption created by the ground and the changes in terrain gradients (Malliaropoulos et
al., 2015). However, these findings present with inconsistencies across the literature. Trail
runners are subjected to increased shock volumes, especially during a downhill trail run,
leading to a greater risk of bone-related overuse injuries. The specific foot strike pattern (FSP)
influences shock severity and lower-limb movements and may be a potential risk factor for
sustaining injuries (Giandolini et al., 2016).

According to a study conducted by (Hoffman and Krishnan, 2014), the annual incidence of
stress fractures in ultramarathon runners was reported as 5.5%. They noticed that increased
running distance may be a potential risk factor for stress fractures (Hoffman and Krishnan,
2014). They stated that the incidence of osseous injuries can be directly associated to the
increased number of heel strikes experienced. During an ultra-trail run of 160 km, a
conventional runner would generally encounter 120,000 heel strikes, causing increased stress
in the athlete’s bones, joints, cartilage and other structures, than a runner participating in a
shorter distance (Hoffman and Krishnan, 2014). In contrast, Malliaropoulos et al. (2015) found
no correlation among training amount (km/week), exercise sessions/week, double training
sessions) and injury prevalence. Nevertheless, they did indicate that trail runners who adhere
to a structured training plan, created by a coach, had less injury occurrence than trail runners

who trained according to their own experience (p = 0.0995).

Running experience
The study by Malliaropoulos et al. (2015) found that experienced runners (>6 years) had an
higher prevalence of sustaining an injury (p=0.001), predominantly in the tibia (p=.0.049),
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lower back (p=0.012), and plantar aspect of the foot (p=0.028). These injuries likely resulted
due to overuse and training routines. These results are in conjunction with other studies,
suggesting that the probability of developing a knee injury is higher amongst experienced
runners (Van Middelkoop et al., 2008).

In contrast, another study have found that running experience may be a protective factor. A
study by Krabak et al. (2011) reported a diminished risk of total injuries/illnesses, MSK, and
skin-related injuries among more experienced runners. Furthermore, veteran runners could

focus more on participating and not competing (Krabak et al., 2011).

Medical history

An article by Gaku et al. (2018) reported on possible risk factors responsible for hamstring
sprains at high velocity running. The study included 18 non-injured runners and compared them
to 18 formerly injured runners. The study identified that formerly injured runners had an
increased injury rate compared to the uninjured runners (Gaku et al., 2018). This study’s results
support those of a study led by Saragiotto et al. (2014), which concluded that the main risk for

running-related injuries is previous injuries in the preceding 12 months (Saragiotto et al., 2014).

In conclusion, there are currently 16 studies that have looked at injury risk factors in trail
running (Krabak et al., 2011, Costa et al., 2016b, McGowan and Hoffman, 2015, Scheer et al.,
2014a, Babi Llados et al., 2018a, Garcia-Malinis et al., 2021a, Malliaropoulos et al., 2015,
Matos et al., 2021, Viljoen et al., 2021d, Viljoen et al., 2021a, Hutson et al., 2021, Hamill et
al., 2022a, Armento et al., 2023b, Damoisy et al., 2023a, Matos et al., 2020a, Sanchez-Garcia
et al., 2022). In combination these studies found significant injury risk factors to be neglecting
warm-up, not following a specialised running protocol, double training sessions per day,
constantly training on asphalt, increased running experience >6 years, physical labour
occupations, a history of having a RRI (past 12 months), history of allergies, history of chronic
diseases, higher weekly running distance, entered for longer race distance, certain trail types
and terrains. In addition, a single study found that menstrual dysfunction among females is a
risk factor for sustaining bone stress injuries. The studies ruled out risk factors like running
distance, running frequency per week, older age, sex and BMI. There is still insufficient

consistency in the literature on trail RRIs and associated risk factors.

Only two studies investigated trail RRIs in preparation for a race and on race day in South

Africa. A study on 2019 Sky Run race entrants identified no related injury risk factors regarding
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training variables or demographics (Viljoen et al., 2021a). However, a study on South African
trail runners training for a race distance of 21km or more identified the following risk factors:
having a previous running-related injury and a chronic disease. They further found that more
biweekly running sessions were associated with a significantly lower risk (Viljoen et al.,
2021b). These two studies contradict each other making it difficult to say with certainty if the
abovementioned variables are risk factors. This further emphasises the lack of knowledge about
trail running injury risk factors in South Africa and the need for more literature on sustaining
a RRI. A possible hypothesis may be that the studies had different sample sizes, and thus there
may have not been sufficient data on the study investigating the 2019 Sky Run race to find a

significant association for injury for the same variables.

According to a narrative review, that reports on injury prevention and safe training techniques,
prehabilitation programs may help prevent injuries to progress from acute to overuse injuries.
They stated that these programs should include dynamic flexibility, plyometrics as well as
neuromotor strength and balance, and that these programs can aid in more stable and controlled
movements on trails. Furthermore, they emphasised that patient education on early MSK
symptoms as well as training alterations may help prevent injuries to progress to severe overuse
injuries. Lastly, step length, modifications to cadence and knee flexion when training on trails

may help reduce impact associated risk for injury (Vincent et al., 2022).

It is evident through the literature reviewed above that trail runners present with different injury
type profiles and risk factors due to the extreme terrains they are exposed to compared to road
runners. This literature review also suggests that the various studies contradict one another.
Furthermore, most studies used univariate analysis to determine injury risk factors, which
doesn’t account for many confounding factors. It is thus important to have more exhaustive

research on the possible risk factors associated with trail running.

2.10 Conclusion

In conclusion, it is evident that trail running has increased challenging terrains and extremely
demanding conditions compared to road running. Thus, there are increased risks of sustaining
RRIs due to these increased demands on the body and alterations in terrain types. Although
there is extensive research on the epidemiology of RRIs and related injury risk factors in road
running, there is a substantial absence of evidence and consensus on the epidemiology of RRIs

and related risk factors amid trail runners. For the provision of successful preventative
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strategies for managing and reducing RRIs in trail running, it is important to have an enhanced
understanding of trail running-associated injuries and risk factors. This will be obtained by
commencing further in-depth research.

Following the literature review, an article as published in the MDPI Journal Applied Sciences,
Special issue in Biomechanical Engineering, Advances in Sport Injury Prevention will follow

in Chapter 3, followed by a general discussion in Chapter 4.
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Abstract: Background: Trail running is characterised by large elevation
gains/losses and varying uneven running surfaces. Limited literature is available
to help guide injury prevention strategies among trail runners. The purpose of
this study was to determine the epidemiology, clinical characteristics, and related
risk factors for running-related injuries (RRIs) amid trail runners who entered the
2021 Mac Mac Ultra races. Methods: Design: Descriptive cross-sectional study.
Setting: 2021 Mac Mac Ultra Race. Participants: Consent for data analysis was
given by 251 of 330 (76%) race entrants. Main outcome measures: Point
prevalence (%), frequency (n, %), retrospective annual incidence (RRIs/100
athlete-years), characteristics (pathology type, tissue type, body area, anatomical
region), and associated injury risk factors (training and demographic variables)
of RRIs. Results: In the sample, the retrospective annual incidence was 19.92/100
athlete-years. The point prevalence was 4%. Injuries mostly appeared in the lower
limb (95%), with the lower leg (26%), thigh (22%), ankle and foot (13%) described
as the highest injured body areas. Of tissue type injuries, muscle/tendon
comprised 60%. Muscle injury (36%), tendinopathy (24%), and joint sprain (9%)
were the most reported pathology types. No related injury risk factors were
discovered in this study. Conclusions: One in five trail runners reported one or
more RRI during the 12 months before a competitive event. RRIs commonly
involved the lower limb, especially the lower leg, thigh, foot, and ankle. More
studies are needed to establish injury risk factors.

Keywords: running-related injuries; clinical characteristics; trail running;
epidemiology
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1. Introduction

Running is an easily accessible method of physical exertion that has
an important role to prevent lifestyle illnesses and early mortality [1]. As
a division of off-road running, trail running comprises running outdoors
on foot in several types of natural environments (forest, desert, mountain,
coastal areas, and jungles/rainforests). Trail running is not restricted by
distance or elevation change and takes place over various terrains (e.g.,
forest trails, single track, dirt road, beach sand, etc.), limiting the amount
of paved/asphalt roads to 20-25% of the total race distance [2].
Furthermore, the route is properly marked either by physical markings
such as flags, signs, tapes, global positioning system (GPS coordinates),
or map indication. Trail run races are usually self-sufficient, with athletes
bringing their own equipment, food, and drink. It is important to mention
that most ultramarathons (a race distance longer than the standard
marathon distance of 42.195 km) held off-road can be considered as trail
running [2]. Trail runners are typically exposed to large elevation changes
due to running in natural environments such as mountains. Although
running presents with numerous health benefits, there is still a high risk of
injury in trail running [3].

A living systematic review showed an injury incidence range of 0.7-
61.2 injuries/1000 h of running among 12 studies that reported injury
incidence in trail running [4-14]. Nineteen studies in current literature
reported injury prevalence in trail running, ranging between 1 and 90%
[5,6,8-12,15-26]. The body region most commonly injured in all studies
reviewed is the foot/toe, ankle, and hip. The most common injury
diagnosis reported was superficial tissue/skin injuries, muscle/tendon
injuries, and ligament/joint capsule injuries [27]. They reported that the
ankle was more frequently injured than the knee, specifically acute ankle
sprains [3,8]. Furthermore, more severe injuries identified in this review
included bone fractures, as well as concussions [9,10,28].

In trail running, multiple extrinsic and intrinsic injury risk factors
are reported to have a significant association with injury among trail
runners [27]. Identified risk factors include neglecting a warmup, not
using a specialised training plan, training on asphalt, more than one
training session a day, increased weekly running distance, longer race
distance entered, and different race terrains [9,12,26]. Furthermore,
running experience of more than six years, jobs with physical labour, a
history of a running-related injury, and a history of allergy or chronic
illness were also identified as risk factors [11,26]. Interestingly, specific to
womern, a link to menstrual dysfunction and bone stress fractures was
identified [13]. These studies reported on individual risk factors related
to the context of that specific study, while limited studies found
associations with similar factors across various trail running settings [27].
Certain trail running races, such as the Mac Mac Ultra race in South
Africa, are held in inaccessible locations where medical support is
difficult and limited [29]. Trail runners who sustain an injury which
results in an inability to proceed with running incur the risk of exposure
to life-threatening conditions and extreme weather conditions while
awaiting medical support [29]. It is therefore necessary to better
understand the injury prevalence and injury profiles of injured runners
who will start an ultra-trail running race, as the exacerbation of injury in
an ultra-trail race might prove detrimental. Better knowledge could help
race medical organisers plan more efficiently in terms of preparedness,
management, and evacuation of runners on race-day. Understanding
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which factors are associated with injury during the training months
before a race is important. This will help clinicians and runners mitigate
the risk of injury in the training period ahead of the race.

We hypothesised that factors in the domains of runner
demographics, training characteristics, and race distance entered would
be associated with different levels of risk for injury. The objective of the
study was to examine the epidemiology, as well as clinical characteristics
of RRIs between race entrants of the 2021 Mac Mac Ultra race during the
12 months before the event and specifically the two weeks before the race.
We further aimed to define associated risk factors in this trail running
population.

2. Materials and Methods
2.1. Study Design

A retrospective cross-sectional study design was used in this study,
examining data assembled two weeks before the 2021 Mac Mac Ultra
Race, South Africa.

2.2. Participants and Data Collection

The study population was trail runners who entered any race
distance category at the 2021 Mac Mac Ultra race (46 km, 80 km, 161 km,
or 322 km), hosted in a mountainous region of the Mpumalanga province,
South Africa. All the athletes completed an obligatory online pre-race
medical screening questionnaire two weeks before the event. Two weeks
before the race, race organisers shared the online questionnaire link in the
pre-race information pack that each race entrant received via email. The
online pre-race medical screening questionnaire (online Supplementary
Materials) was hosted on the Qualtrics™ platform. The day before the
race, each runner had to report to the race venue to allow for a
compulsory race gear check procedure. There, the medical staff ensured
that all runners completed the online pre-race medical questionnaire. For
the purpose of our research, we only analysed the data of race entrants
that provided informed consent after the completion of the medical
screening process, were 18 years or older, and entered one of the races at
the 2021 Mac Mac Ultra event. Since the study population was well-
defined, consisted of small numbers, and the whole population could be
accessed, we utilised total population sampling in this study aiming to
include 100% of the study population (Figure 1).

) ) )
All race Completed pre-
entrants that P P Total Informed
race medical .
entered the screening population consent for
2021 Mac Mac questionnaire sampling data analysis
Ultra =330 n =330 (100%) n =251 (76%)
n=330
— — — —

Figure 1. Flow chart of total population sampling.

Data gathered during the pre-race medical screening process
included trail runners’ demographics (BMI, height, age, running
experience, weight), training variables with respect to running (weekly
frequency, weekly distance, surface, average pace, shoes, vertical gain,
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cross-training), injury history (clinical characteristics of injury, RRI in the
past 12 months, current RRI, severity of injury), history of disease
(chronic disease, current illness), and usage of medication (current,
chronic medication). The questionnaire is used in pre-race medical
screening at various trail running events across South Africa [10]. Race
entrants self-report their injuries sustained in the past 12 months by
responding “yes” to the question: “Did you sustain any running-related
injuries in the past 12 months?”. Runners currently injured had selected
“injury” in response to the question: Do you have a current injury or
illness? If “injury” was selected, then additional questions were posed in
relation to the four main considerations of the Oslo Sports Trauma
Research Center Questionnaire on Health Problems (OSTRC-H) [30]. To
be recorded as a current injury, the race entrant had to indicate that
training modification was needed during the two weeks before the race.
Furthermore, similar to the study on the 2019 Sky Run Race, questions
that focused on the clinical aspects of injuries were asked [10]. After data
collection, the data were coded and stored in an Excel spreadsheet
keeping entrants’ information anonymous. The data will be stored for a
minimum of 10 years at the Department of Physiotherapy, University of
Pretoria. For this study, only the injury-related data were analysed.

2.3. Ethical Considerations

This study forms part of a bigger project: “Reducing Injuries and
Illness at Adventure Sports Events: A 10-Year Longitudinal Study (2018-
2028)” (REC: 460/2018) that the Research Ethics Committee (REC) of the
University of Pretoria approved. Before conducting this sub-study,
another protocol was submitted to the REC to provide a detailed
description of the framework underlying the data analysis in this study.
Following the review process, the REC at the University of Pretoria also
approved this study (REC: 404/2022). The pre-race medical screening
process was designed to provide at-risk race entrants with additional
medical information to benefit them in safer race participation. None of
the participants were exposed to any physical or mental harm during this
study. All participants were provided with the study information and
were required to give informed consent to analyse their pre-race medical
screening data. The study information document contained the research
team’s contact details, allowing participants to ask any additional
questions regarding the study. No deception or coercion was involved in
the recruitment of participants. Participants could decline the
opportunity to participate or withdraw from the study at any time and
not be negatively affected by this decision in any way. Participants’ data
were treated confidentially. De-identified data were provided to the
research team by the custodian of the pre-race medical screening data.
Furthermore, our data analysis and reporting ensured no identification
of a participant through the data presented in the results section of this
publication.

2.4. Study Outcomes

We reported the point prevalence (% of current participants who
were injured), retrospective annual incidence (RRIs per 100 athlete-
years), and frequency (n, %) of RRI clinical characteristics (pathology type,
tissue type, body area, anatomical region) in agreement with the 2020
International Olympic Committee (IOC) consensus statement for
reporting and recording of epidemiological data on sports injuries [31].
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Race entrants could report up to three injuries for a section related to
being currently injured. The variables of BMI, sex, age, average weekly
vertical gain, average weekly running distance, total years of active trail
running, total years of active running, the average number of trail
running sessions per week, and average number of any running sessions
per week were investigated as possible related injury risk factors (OR, p-
values).

2.5. Statistical Analysis

We used the Pearson Chi square test to compare categorical
variables of all athletes in the event versus consenting athletes in the
event to establish if our sample was demonstrative of the population (all
2021 Mac Mac Ultra race entrants). Frequencies (%) of injury for
pathology type, tissue type, body area, and anatomical region utilised
descriptive statistics. Inferential statistics (Independent ¢-test and Mann
Whitney U test, and Chi Squared tests) were applied to contrast the
training and demographic data of entrants between injured and non-
injured entrants to examine and find connected injury risk factors. Odds
ratios were calculated using binary logistic regression to investigate
further the association between exposure and outcome (sustaining RRlIs).
Entrants were categorised into those who experienced an RRI during the
previous 12 months vs. non-injured participants. Due to zero of the
univariate examinations yielding statistically significant results (p <0.05),
a multivariate evaluation was omitted.

3. Results
3.1. Demographics of Race Entrants

A total of 330 trail running athletes entered the 2021 Mac Mac Ultra
race, and 251 (76%) race entrants gave consent for the use of their data in
this study (46 km (n = 156), 80 km (n = 58), 161 km (n = 28), 322 km (n =
9)). Table 1 confirms that no statistically significant difference existed
between all race entrants (population) and consenting race entrants (our
sample) and race distances (p = 0.423) and in the sex (p = 0.701), which
indicates a representative study sample. Most consenting race entrants
were males (70%, n = 232), while most of the participants entered the 46
km race category (56%, n = 185).

Table 1. Characteristics (sex, race distance) of all athletes and consenting athletes.

All Trail Run Entrants Trail Runners Consenting as Study Participants
Characteristics (n =330) (n =251) p-Value
%o of All n % of Study Participants
n Entrants o of Study P
Males 232 70 181 72
Sex Females 98 30 70 28 0.701
46 km 185 56 156 62
. 80 km 85 26 58 23
Race Distance 161 km 49 15 8 1 0.423
322 km 11 3 9 4

As noted in Table 2, the 161 km race entrants had the peak mean age
(44 years), height (181 cm), and weight (76 kg). The 161 km race entrants
also had the lowest mean BMI (23 kg/m?). Males reported a higher height
(180 cm), age (40 years), weight (78 kg), and BMI (24 kg/m?) compared to
female race entrants.
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Table 2. Characteristics of mean age (years), height (cm), weight (kg), and BMI
(kg/m?) by distance categories (46 km, 80 km, 161 km, 322 km).

All Consenting Race

- o 46 km 80 km 161 km 322 km
Characteristic of Participants Enirants (n = 156) (n = 58) (n = 289) (n=9
(n=251)
All participants 40 39 39 44 43
hﬁ;r;iige(gyiaéi) Males 40 40 39 44 43
8 Females 40 39 41 46 42
. All participants 176 176 175 181 177
Mhi?;;e‘%};‘icé‘)l) Males 180 180 178 183 180
8 Females 167 168 166 170 148
. All participants 73 73 72 76 74
Nean w e‘(grf“:(l;f) Males 78 78 76 78 77
g Females 61 62 59 60 52
All participants 23 24 24 23 24
2

Mﬁzs?yiikfﬁl; ) Males 24 24 24 23 24
B Females 2 22 21 21 24

BMI: Body Mass Index.

3.2. Running surface exposure

Across all race distances, the preferred training surface among race
entrants included dirt roads (trails) (n =193; 77%) followed by road/street
(n =186; 74%). Race entrants rarely trained on treadmills (n = 19; 8%) or
tartan (track) (n = 4; 2%) (Figure 2).

Training Surfaces

(n = 250)
Dirt |
Road I
Grass | S
Treadmill - |
Tartar | S
0% 20% 40% 60% 80%

M Rarely ® Sometimes Often

Figure 2. The frequency (n, %) of reported running surfaces trained on often,
sometimes, and rarely by consenting race entrants.

3.3. Epidemiology (Point Prevalence and Retrospective Annual Incidence) of
RRIs among Consenting Race Entrants

The retrospective annual incidence of RRIs for trail runners that
developed an injury in the last 12 months was 19.92 per 100 athlete-years.
Amongst the 251 consenting trail runners, 50 (20%) reported an RRIin the
12 months before the race, and 20 (40%) of these runners still experienced
symptoms at the start of the race. The point prevalence of injury reported
in the two weeks before the race was 4%.

3.4. Clinical Characteristics of RRIs among the Consenting Race Entrants in
the Past 12 Months
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The clinical characteristics of RRIs are offered in the groups of
injured anatomical region, body area, tissue type, and pathology type.

Table 3 depicts the frequencies (%) and number (n) of RRIs
(anatomical region, body area) in the past 12 months and two weeks
before the race through all race distance classes.

Table 3. RRIs amid consenting race entrants by anatomical region and specific
body area (% RRIs) (n =55; n=12).

Injuries Reported in the 12 Months Leading Up to  Injuries Reported in the Two Weeks before the

the Race Race
Anatomical Region Body Area
Number of RRIs % of All RRIs Number of RRIs % of All RRIs
(n=55) (n=12)
. All - - 1 8
Upper Limb Hand . . 1 3
All 2 4 1 8
Trunk Lumbosacral 2 4 1 8
All 52 95 10 83
Hip/groin 2 4 2 17
Thigh 12 22 - -
Lower Limb Knee 5 9 2 17
Lower leg 14 26 2 17
Ankle 7 13 1 8
Foot 7 13 3 25
Unspecified 6 11 - -
The anatomical region most affected by RRIs in the 12 months
leading up to the race and in the two weeks before the race was the lower
limb (12 months: 95%, n = 52; 2 weeks: 83%, n = 10). The main body areas
injured in the 12 months leading up to the race were the lower leg (26%,
n = 14), followed by the thigh (22%, n =12), and both ankle and foot (13%,
n = 7). The most injured body areas reported two weeks before the race
were the hip/groin, knee, and lower leg (17%, n = 2).
Table 4 portrays the frequencies (%) and number (n) of RRIs
(pathology and tissue type) in the past 12 months and two weeks before
the race across all four race distance categories.
Table 4. RRIs among consenting race entrants by tissue and pathology type (%
RRIs) (n =55).
Injuries Reported in the 12 Months Leading Injuries Reported in the Two Weeks
Up to the Race before the Race
Tissue Type Pathology Type
Number of RRIs % of All RRIs Number of RRIs % of All RRIs
(n=155) (n=12)
All 33 60 7 58
Muscle/Tendon Muscle injury 20 36 3 25
Tendinopathy 13 24 4 33
Nervous All ! 2 ! 8
Peripheral nerve injury 1 2 1 8
All 3 5 1 8
Bone Fracture 2 4 - -
Bone contusion 1 2 - -
All 2 4 1 8
Cartilage/Synovium/Bursa Cartilage injury 1 2 - -
Bursitis 1 2 1 8
. . All 5 9 2 17
Ligament/Joint capsule Joint sprain 5 9 5 7
Nonspecific All 11 20 1 8

Muscle and tendon type injuries represent the majority of RRIs
among race entrants for both injuries sustained in the 12 months before
the race and in the two weeks before the race (12 months: 60%, n = 33; 2
weeks: 58%, n = 7). Muscle injury (12 months: 36%, n = 20; 2 weeks: 25%,
n = 7), tendinopathy (12 months: 24%, n = 13; 2 weeks: 33%, n = 4), and
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joint sprain (12 months: 9%, n =5; 2 weeks: 17%, n =2) were the pathology
types most affected by RRIs in both the 12 months and two weeks before
the race.

3.5. Univariate Analysis (Unadjusted) of Potential Risk Factors Associated
with RRIs among Consenting Race Entrants in the 12 Months before the Race

The following variables were investigated as related RRI risk factors
amongst consenting race entrants: BMI, sex, age, average weekly vertical
gain, average weekly running distance, total years of active trail running,
total years of active running, the average number of weekly trail running
sessions, and average number of weekly running sessions.

Table 5 represents the univariate examination results (p-values) with
the statistical significance set at p <0.05.

Table 5. Univariate analysis (Odds ratio, 95% CI, p-value) of variables in relation
to RRIs sustained in 12 months preceding the race.

Variable OR (95% CD p-Value
Age 1.01 (0.97-1.05) 0.709
Sex 0.59 (0.26-1.21) 0.168
BMI 0.96 (0.85-1.07) 0.433
46 km 1.94 (0.81-4.43) 0.123
80 km 1.06 (0.41-2.68) 0.900
501-1000 m 1.01 (0.44-2.28) 0.974
Average weekly vertical gain 1001-1500 m 0.93 (0.37-2.36) 0.880
>1501 m 1.08 (0.42-2.91) 0.871
Total running experience >5 years Running 139 (0.71-2.64) 0.326
Trail running 1.62 (0.85-3.19) 0.149
Average number of running sessions per week >3 Running sessions 1.93 (0.90-3.98) 0.082
sessions Running sessions on trail 1.16 (0.50-3.03) 0.738

CI: Confidence Interval. OR: Odds ratio.

None of the variables listed in Table 5 showed a statistically
significant connotation with sustaining RRIs in the 12 months before the
race.

4. Discussion

This study investigates trail runners competing in the 2021 Mac Mac
Ultra Race. Our key findings are: (1) 20% of participants described one or
more RRI in the 12 months before the race, portraying a retrospective
annual incidence of 19.92 per 100 athlete-years and a point-prevalence of
4%; (2) most injuries involved in the lower limb in the 12 months (95%)
and two weeks (83%) before the race; (3) the body areas most commonly
injured in the 12 months before the race was the lower leg (26%), thigh
(22%), ankle (13%), and foot (13%). In the two weeks before the race, the
most commonly injured body areas were the foot (25%), hip/groin (17%),
knee (17%), and lower leg (17%); (4) in both the 12 months (60%) and two
weeks (58%) before the race, the tissue type muscle/tendon was the most
common injury; (5) muscle injury (36%), tendinopathy (24%), and joint
sprain (9%) were the most frequent pathology types reported in the 12
months before the race. However, during the two weeks before the race,
tendinopathy (33%), muscle injury (25%), and joint sprain (17%) were
reported; (6) no variables involved in the univariate investigation showed
a significant connotation with RRlIs.

According to the living systematic review, 14 studies investigated
training/race-related injury outcomes [27]. In these studies, runners were
exposed to diverse running surfaces and ecological settings, making it
challenging to compare our results with the current literature.
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Furthermore, only four of these studies investigated the same variables
for comparison to our results.

4.1. Epidemiology of Injury

According to a cross-sectional study examining 40 Greek trail
runners, at least one RRI was reported by 90% of the sample [26]. Of 719
trail runners in a retrospective cross-sectional study in Portugal, 87.7%
reported a RRI during training [9]. Moreover, 42.1% of Dutch trail
runners reported a RRI during the previous 12 months of training, with
18% stating being currently injured with an incidence of 10.7 injuries per
1000 h of running [8]. The abovementioned studies have a much bigger
percentage of injury compared to our study, where only 20% of trail
runners reported a RRI during the last 12 months. Furthermore, a study
of Spain trail runners competing in mountain races recorded an injury
incidence of 1.6 per 1000 h of running with 75% of participants reporting
a minor musculoskeletal injury [7]. Another study on trail runners
competing in the Himalayas reported an incidence of 30.7 per 1000 h of
running [6]. These differences in the percentage of injuries during
training might be due to different landscapes in the different countries
where trail runners train.

Similar to our study, a retrospective cross-sectional study on South
African trail runners reported that 28% of runners had at least one RRI in
the 12 months prior the race [10]. In the current study, only 1% of runners
reported injury at the day of the race, and 4% of runners reported injuries
in the two weeks before the race. This low prevalence is in keeping with
the retrospective cross-sectional study and can be due to false reporting
because runners fear disqualification before the start of the race.

4.2. Clinical Characteristics of Injury
4.2.1. Anatomical Region and Body Area

Similar to the findings of the living systematic review, the lower limb
was the most frequent anatomical region of injury in our study in both
the 12 months (95%) and the two weeks before the race (83%). The study
on Spain trail runners in the Al Andalus Ultra trail reported the lower
limb as the most common anatomical region for injury (22%) with the
knee being the most common (17%) [14]. The study on Greek trail runners
reported the lower leg as the most frequent anatomical region (20%),
followed by the knee (18%) and foot (15%). These trail runners reported
the lower back (43%) as the most commonly reported injured body area,
followed by the knee (40%) [26]. Although our study also reported the
lower leg (26%) and foot (13%) as commonly injured, unlike the two
above mentioned studies [8,26], the knee was not reported as a frequent
anatomical region of injury. The difference could be that in Greece,
training is mostly on mountainous terrain, according to the study. In
contrast, most of our participants trained five or more sessions per week
on road surfaces (50%) and less than 1000 m elevation gain per week
(50%). Another study on South African trail runners described the most
common body area injured as the knee (27%), followed by the ankle (22%)
and foot (17%) [10]. Our most reported body area was the lower leg (26%).
A study on trail runners in Spain reported the lower limb as the most
injured anatomical region (78%), and the most injured body area was the
ankle (32%), followed by the knee (14%) and foot/toe (11%). They did
however report injuries in the upper limb (18%) where the trunk was the
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most common (7%) [7]. The difference between the studies may be
because the participants of these studies trained for different races in
different geographical settings regarding terrain and elevation changes.
Participants also trained for different race distances.

In our study, in the two weeks before the race, the foot (25%) was the
most reported injured body area, followed by the hip/groin (17%), knee
(17%), and lower leg (17%). Our study is the first to investigate injuries in
the two weeks before the race and thus cannot be compared to other
studies.

4.2.2. Tissue and Pathology Type

In our study, the muscle/tendon was the most injured tissue type
reported among all consenting trail runners in the 12 months (60%) and
two weeks (58%) before the race. This coincides with the Dutch (28%) and
South African (44%) trail runners [8,10].

The most frequent pathology type reported was muscle injuries
(36%) among all trail runners in our study, followed by tendinopathy
(24%) and joint sprains (9%). This agrees with the results of the Dutch
study that stated muscle injuries (28%) as the most frequently injured
tissue type, followed by tendon injuries (24%) and ligament injuries (7%)
[8]. The study on Greek trail runners found overuse bone injuries to be
the most common tissue and pathology type (22%) followed by iliotibial
band syndrome (ITBS) (16%) and meniscus and spinal disk injuries (14%)
[26] Our results are further supported by the retrospective cross-sectional
study on South African trail runners that reported tendon injuries (28%)
as the most common injured tissue type, followed by joint sprains (20%)
and muscle injuries (16%) [10]. According to the study on trail runners in
the Al Andalus Ultra Trail in Spain, patellofemoral pain syndrome was
the most common pathology type (7%), followed by Achilles
tendinopathy (3%) and ultramarathoner’s ankle, which classifies as
tendinopathy (1%) [14]. This also coincides with our results from the two
weeks before the race: tendinopathy (33%), muscle injury (25%), and joint
sprain (17%). This is important to note as running demands repetitive
lower limb movements where soft tissue is required to absorb ground
reaction forces [32]. Furthermore, trail running requires increased
eccentric muscle control, especially during steep descents, which can
result in added muscle damage. This unique pattern of recurring ground
force absorption and increased eccentric control could cause the
increased occurrence of tendon and muscle injuries described among trail
runners [33].

Interestingly, only 9% of injuries were reported as joint sprains. This
difference from the 20% in the retrospective cross-sectional study might
be due to our participants training for a different geographical area, race
distance, and elevation gain [10]. Our injury data from the two weeks
before the race, however, showed a similar result as the retrospective
cross-sectional study for joint sprains (17%); this might be because
nearing the race date, runners trained more on trails in preparation for
the race [10].

4.2.3. Associated Injury Risk Factors

In total, 16 studies [4,9,10,12,13,15,16,18-20,22-24,26,34] reported
injury risk factors in trail running literature to date. Among Greek trail
runners, physical labour, double training sessions, and more than six
years of running experience were risk factors for injury. The study on trail
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runners in Portugal found no warm up and less exposure time as risk
factors for sustaining injuries [9,26]. In contrast to the abovementioned
studies, none of the variables involved in the univariate investigation in
our study showed a statistically significant connotation with developing
an RRI in the 12 months before the 2021 Mac Mac Ultra. Therefore, we
could not reject our null hypothesis, i.e., we found no association between
injury and demographics, training characteristics, or race distance
entered. This is similar to the retrospective cross-sectional study on South
African trail runners [10]. These inconsistent findings indicate the
complex nature of sports injuries [35]. Sports injuries do not occur in
isolation but are likely due to multifaceted relationships between various
variables, known as a “web of determinants” [35]. This study examined a
limited number of possible injury risk factors as per the sample size and
information available. Further studies utilising greater sample sizes
should incorporate more intrinsic variables and have a multivariate
examination to assess potential injury risk factors.

4.3. Strengths and Limitations

A strength of this study was that 76% of all the 2021 Mac Mac Ultra
race entrants consented to participate in the study and were a confirmed
illustrative sample of the total population. This study addresses the
significant lack of trail running information concerning the clinical
characteristics and epidemiology of injury in preparation for trail run
races. The results of this study need to be considered in the context of the
limits such as recall bias of the cross-sectional study that used self-
reported injury statistics based on injuries that transpired during the
previous 12 months. The low point prevalence might be due to trail
runners dreading disqualification due to the pre-race medical screening
procedure. Upcoming studies should aim for prospective cohort study
designs with frequent follow-up to limit recall bias. We acknowledged
that participants might have misunderstood all the medical terms used to
report injury pathology in this questionnaire. The lack of identified injury
risk factors may be due to the small sample size. We acknowledge that
runners with severe injuries that were unable to participate would not
have been at race registration to fill out the questionnaire; thus, those
injuries would not have been included in the study. Furthermore, we
acknowledge that we studied a particular population of trail runners
preparing for a specific race in a rugged region at extreme altitudes.
Hence, the results of this study cannot be universalised to trail runners
preparing towards races in diverse environmental settings (desert, forest
etc.).

5. Conclusions

One in every five Mac Mac Ultra trail runners reported one or more
injuries in the previous 12 months. Trail runners preparing for the 2021
Mac Mac Ultra race reported RRIs most commonly affecting the lower
limb, explicitly the lower leg, thigh, ankle, and foot. Furthermore, our
study identified that runners may choose to compete regardless of an
injury. This accentuates the necessity to identify injury risk factors to aid
in designing injury prevention tactics, since the occurrence of injury
during a trail run may have devastating complications.

Supplementary Materials: The following supporting information can be
downloaded at: www.mdpi.com/xxx/s1, File S1: Mac Mac Ultra Pre-race 2021.
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4. Introduction
Chapter 4 consists of a discussion, clinical and research recommendations, strengths, and

limitations, and finally concluding statements.

4.1 Discussion

To my knowledge, my study is one of only three studies that focused on South African trail
runners training for a specific race (Viljoen et al., 2021a, Viljoen et al., 2021b), and one of only
seven studies to include training associated injury outcomes (Malliaropoulos et al., 2015,
Hespanhol Junior et al., 2017, Matos et al., 2020, Matos et al., 2021, Viljoen et al., 2021a,
Gajardo-Burgos et al., 2021, Viljoen et al., 2021b).

In my masters study the set objectives were answered: 1) the retrospective annual incidence
was 19.92/100 athlete-years, 2) the point prevalence was 4.4%, 3) injuries most commonly
occurred at the lower extremity (95%), specifically the lower leg (26%), followed by the thigh
(22%) and ankle/foot (13%), 4) the most common tissue type injury was muscle and tendon
(60%) and the most common types of pathology included: injury of the muscle (36%),
tendinopathy (24%) and joint sprain (9%), and lastly, 5) no RRI risk factors were identified.

These findings coincides with other studies done on trail running-related injuries, but it should
also be kept in mind that although most injuries occur in the lower limb, injuries may still occur
in other body regions such as reported in the study on Greek trail running athletes that described
the lower back (43%) as the most frequently described body region injured (Malliaropoulos et
al., 2015). It should also be mentioned that this study was done mainly on ultramarathoners
and that the injury profile for non-ultramarathoners may differ from that seen in my study. My
masters study is first to examine the two weeks prior the event and thus cannot be equated to

other literature.

Tissue and pathology type

In my masters study, tendon/muscle was the primary type of tissue injured described amid all
consenting race entrants in the one year (60%) and two weeks (58%) prior to the event. This
finding is similar to the findings of the South African (44%) and the Dutch (28%) trail running
athletes (Hespanhol Junior et al., 2017, Viljoen et al., 2021a).
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The most common type of pathology described was injuries involving muscle (36%) amid all
race entrants in my study, trailed by tendinopathy (24%) and joint sprains (9%). This concurs
with the findings of the literature that mentioned injuries involving muscle (28%) as the most
common type of tissue injured, trailed by injuries involving tendons (24%) and injuries
involving ligaments (7%) (Hespanhol Junior et al., 2017). My findings are further reinforced
by the study on South African trail running athletes that described injuries involving tendons
(28%) as the most frequently injured type of tissue, trailed by sprains (20%) and injuries
involving muscle (16%) (Viljoen et al., 2021a). This also corresponds with my findings from
the two weeks prior to the race: tendinopathy (33%), injury involving muscle (25%) and joint
sprain (17%). This is noteworthy as running requires recurring lower extremity movements
where muscles are forced to absorb ground reaction forces (Dixon et al., 2000). Trail running
demands enhanced eccentric control, specifically during sheer declines, which may end in
additional muscle harm. This distinctive display of repetitive ground force absorption and
enhanced eccentric control could add to the development of injuries including muscles and

tendons reported among trail running athletes (Chen et al., 2008).

Joint sprains only accounted for 9% of injuries described. This disparity from the 20.0% seen
in the retrospective study may be because race entrants prepared for another race distance,
geographical region and elevation variations (Viljoen et al., 2021a). Injury information from
the two weeks prior to the race demonstrated similar findings for joint sprains (17%) as found
by Viljoen et al., (2021a); one hypothesis may be that approaching the race date, race entrants
ran frequently on trails in training for the upcoming event as both races took place on trails and

runners will want to prepare for the specific terrains expected in the race (Viljoen et al., 2021a).

Associated injury risk factors

As reported in Chapter 3, my study yielded no statistically significant related injury risk factors
for sustaining a RRI during the year prior the 2021 Mac Mac Ultra. This differs from other
studies that investigated and identified associated injury risk factors that included: disregarding
a warm-up, training without a structured running program, regularly running on asphalt, double
running sessions per day, higher weekly running distances, distinct race terrains, longer race
distance entered, six years or more running experience, physical labour occupations, history of
RRI, and history of allergies or chronic disease (Malliaropoulos et al., 2015, Matos et al., 2021,
Viljoen et al., 2021b). Furthermore, specifically in women, menstrual dysfunction was

identified as a risk factor for bone stress injuries (Hutson et al., 2021). This difference seen
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might be that these studies included larger sample sizes, took place different geographical
setting and investigate different study populations compared to my study and therefore their

results will differ from my study.

My study had a representative but small sample size and due to this reason not all variables
could be included in the univariate analysis, this may have led to lack of possible associated
injury risk factors. It is noteworthy that injury is a complex and developing occurrence and
needs to be investigated in this context. Complex problems are defined as an evolving event
that arise due to nonlinear interactions between multilevel variables (Bittencourt et al., 2016),
thus to analyse an injury a complex system approach is needed by understanding and
identifying a “web of determinants™ as seen in Figure 3 (Bittencourt et al., 2016). Thus, in the
future, studies with larger sample sizes may benefit from conducting a multivariate analysis to
include the complex nature of injury. As my study did not have a large study sample a
multivariate analysis could not be included thus, injury could not be investigated as the

complex problem that it presents as, and risk factors may have been missed.

Emerging Pattern
(Injury or Adaptation)

il

Regularities

(Risk or Protective Profile)

doo| aAIsINOay
doo| aAIsINdaYy

z,

Web of Determinants

Figure 3: Representations of the complex model for sports injury, the web of determinants, which
comprises contributing units with various weights (Bittencourt, Meeuwisse, Mendonca, et al. 2016)
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4.2 Clinical recommendations
The results from this study can assist HCPs in developing injury risk management tactics for

trail runners preparing towards a specific trail run race.

4.2.1 We recommend that HCPs consider the intrinsic and extrinsic factors of each athlete
during the development and implementation of injury risk prevention strategies.

4.2.2 Healthcare professionals should focus on the lower extremity, particularly foot, lower
leg, ankle and thigh, when designing injury risk management strategies.

4.2.3 Healthcare professionals should be aware that muscle injuries, tendinopathies and joint
sprains were the most frequently reported pathology types and consider this when
designing injury risk management strategies.

4.2.4 Healthcare professionals should consider that many intrinsic and extrinsic variables in
combination may contribute to sustaining an injury and they should not only focus on

individual factors when developing and implementing injury risk prevention strategies.

4.3 Research recommendations

4.3.1  Future studies will benefit from for larger sample sizes to ensure that a multivariate

analysis of possible injury risk factors may be completed.

4.3.2 Future studies can be enhanced by a prospective cohort design to follow race entrants
through their training period to minimise recall bias and report on injuries as they occur,
as well as identify delayed onset injuries.

4.3.3 Separate studies on injuries occurring in competition or in training are required to
increase the granularity of data relating to race conditions being different from training
conditions.

4.3.4 More studies investigating the two weeks before the competition should be conducted,

as many runners may change their training habits closer to the race.

Furthermore, this study may be used in the Physiotherapy profession to conduct educational
sessions for other HCPs and Physiotherapist to broaden their clinical experience when treating
and assisting trail runners in preparing for specific trail running races. Furthermore,
Educational workshops can be hosted to trail runners in addition to their physical training to
further educate them on proper training approaches as well as what to look out for regarding

injuries and prevention of injuries.
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4.4 Limitations

The findings of my study should be studied in the perspective of the restrictions such as
recollection bias of the cross-sectional study that utilised self-reporting of information based
on injuries that occurred during the previous year. The small point prevalence might be due to
trail running athletes fearing ineligibility after completion of the pre-race medical screening
process. Future studies should target prospective cohort study design with regular follow-ups
to reduce recollection bias, as well as report on delayed onset injuries. Participants might have
misinterpreted some of the medical terminology describing pathology of injury in this
questionnaire. Furthermore, participants may not have interpreted body areas correctly, thus a
body chart may be added in the future. The absence of recognised risk factors in regards to
injury may be due to the sample size. Race entrants with serious injuries leaving them incapable
of participating, were absent at race registration and unable to complete the screening process,
as a result those injuries are absent from the study. Finally, it is notable that this study
investigated a specific populace of trail running athletes training for a particular event in a
harsh province of South Africa. Hence, the findings of this study should not be generalised to

trail running athletes training for events in various environmental locations (desert, forest etc.).

4.5 Strengths

A strong characteristic of my study is that 76.0% of all the 2021 Mac Mac Ultra race entrants
consented to partake in the study and were an established demonstrative example of the entire
populace. This study tackles the substantial scarceness of trail running research regarding the
epidemiology and clinical characteristics of injuries in preparing for trail run events. A
particular strength of the study is the contribution of new insights pertaining to the two weeks

prior to a race.

4.6 Conclusion

One out of five race entrants, entered for the Mac Mac Ultra race, mentioned at least one injury
in the previous year before the race. Race entrants training for the 2021 Mac Mac Ultra race
described RRIs frequently involving the lower extremity, particularly the foot, thigh, ankle,
and lower leg. Additionally, my study recognised that trail running athletes might consider
competing irrespective of injuries. This stresses the obligation to detect risk factors regarding
injury to help in developing injury prevention programs, as the incidence of developing injuries

in trail run events could mean distressing consequences.
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Appendix F: Online Pre-race Medical Screening Questionnaire

Mac Mac Ultra Pre-race 2021

Survey Flow
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Block: Intro (1 Question)

Standard: Demographic data (16 Questions)
Block: Training data (4 Questions)

Block: Inj/ill/both/none?? (1 Question)

Branch: New Branch
If
If Do you have a current have an INJURY or ILLNESS? BOTH an injury and illness Is
Selected

Block: OSTRC both (4 Questions)
Block: Injury 1 (7 Questions)

Branch: New Branch
If
If Do you have ANOTHER INJURY to record? Yes Is Selected

Block: Injury 2 (7 Questions)

Branch: New Branch
If
If Do you have any OTHER INJURY to record? Yes Is Selected

Block: Injury 3 (6 Questions)
Block: lllness 1 (6 Questions)

Branch: New Branch
If
If Do you have any OTHER ILLNESS to record? Yes Is Selected

Block: lliness 2 (6 Questions)

Branch: New Branch
If
If Do you have any OTHER ILLNESS to record? Yes Is Selected

Block: lliness 3 (5 Questions)
Block: Consent! (1 Question)

EndSurvey:
Block: Consent! (1 Question)

EndSurvey:

Block: Consent! (1 Question)

EndSurvey:
Block: lliness 1 (6 Questions)

Branch: New Branch
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If
If Do you have any OTHER ILLNESS to record? Yes Is Selected

Block: lliness 2 (6 Questions)

Branch: New Branch
If
If Do you have any OTHER ILLNESS to record? Yes Is Selected

Block: lliness 3 (5 Questions)
Block: Consent! (1 Question)

EndSurvey:

Block: Consent! (1 Question)

EndSurvey:

Block: Consent! (1 Question)

EndSurvey:

Block: lliness 1 (6 Questions)

Branch: New Branch
If
If Do you have any OTHER ILLNESS to record? Yes Is Selected

Block: lliness 2 (6 Questions)

Branch: New Branch
If
If Do you have any OTHER ILLNESS to record? Yes Is Selected

Block: lliness 3 (5 Questions)
Block: Consent! (1 Question)

EndSurvey:

Block: Consent! (1 Question)

EndSurvey:

Block: Consent! (1 Question)

EndSurvey:

Branch: New Branch
If
If Do you have a current have an INJURY or ILLNESS? ILLNESS Is Selected

Block: OSTRC illness (modification) (4 Questions)
Block: lliness 1 (6 Questions)
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Branch: New Branch
If
If Do you have any OTHER ILLNESS to record? Yes Is Selected

Block: lliness 2 (6 Questions)

Branch: New Branch
If
If Do you have any OTHER ILLNESS to record? Yes Is Selected

Block: lliness 3 (5 Questions)
Block: Consent! (1 Question)

EndSurvey:

Block: Consent! (1 Question)

EndSurvey:

Block: Consent! (1 Question)

EndSurvey:

Branch: New Branch
If
If Do you have a current have an INJURY or ILLNESS? INJURY Is Selected

Block: OSTRC injury (modification) (4 Questions)
Block: Injury 1 (7 Questions)

Branch: New Branch
If
If Do you have ANOTHER INJURY to record? Yes Is Selected

Block: Injury 2 (7 Questions)

Branch: New Branch
If
If Do you have any OTHER INJURY to record? Yes Is Selected

Block: Injury 3 (6 Questions)
Block: Consent! (1 Question)

EndSurvey:
Block: Consent! (1 Question)

EndSurvey:

Block: Consent! (1 Question)

EndSurvey:
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Block: Consent! (1 Question)

EndSurvey:
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Q110 This medical questionnaire is compulsory as part of the registration process for the
2021 Mac Mac Ultra. All injury and illness information, as well as running/training data will
be kept confidential, and will only be used in emergencies. It also forms part of an
anonymous survey to guide future injury prevention strategies and medical interventions
amongst trail runners.

I have read the above (1)

Q111 Initials and Surname

Q112 Email address
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Q118 For which Mac Mac Ultra race distance did you enter?
200 miles (6)
100 miles (1)
50 miles (3)

46 km (4)

Q114 Age

Q115 Sex
Male (1)

Female (2)

Q116 What is your current height (¢cm)?

Q117 What is your current weight (kg)?
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Q119 On what surfaces do you train/run?
Often (1) Sometimes (2) Rarely (3)

Dirt roads (trails) (1)

Street (tarred/paved
surfaces) (2)

Grass (3)

Athletic track (tartan)
4

Treadmill (5)

Q120 For what time period have you been actively participating in RUNNING as a sport?

V less than 1 year (2) ... more than 10 years (12)

Q121 For what time period have you been actively participating in TRAIL RUNNING as a
sport?

V less than 1 year (2) ... more than 10 years (12)

Q125 Did you sustain any running-related injuries in the PAST TWELVE MONTHS?
Yes (1)

No (2)
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Q126 Ifyes, do you still at this stage experience similar symptoms from this injury?
Yes (1)

No (2)

Q127 Please specify the DIAGNOSIS of your injury (or location of symptoms if diagnosis
was not made)

Diagnosis (1)

Location of injury (2)

Q128 Are you suffering from any CHRONIC DISEASES i.e. hypertension, asthma,
diabetes, cholesterol?

Yes (1)

No (2)

Q87 If yes, please list your chronic diseases

Q129 Please list all other MEDICATIONS and/or SUPPLEMENTS that you currently use.

Q88 The following questions refer to the AVERAGES OF THE PAST 12 MONTHS

70



Appendices

On average, how many running sessions do you do per week?

V¥ 0(1)... more than 7 (9)

Q58 On average, how many of your weekly running sessions are run on TRAILS?

V¥ 0(1) ... More than 7 (9)

Q82 What is your average weekly vertical gain (m)?

¥ 0-500 m (1)... > 4000 m (9)

Q60 What weekly cross training did you do in the past 12 MONTHS and on average how
many sessions per week?

Cycling : (1)

Strength/weight training : (2)

Rowing : 3)

Swimming : 4)

Pilates : ()

Functional training (High intensity interval training or Crossfit) : (6)
Other sports (squash, tennis, soccer etc.) : (7

None : (8)

Total :

Q29 Do you have a current have an INJURY or ILLNESS?
INJURY (1)
ILLNESS (2)
BOTH an injury and illness (3)

NONE of the above (4)
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Q146 Please answer all questions regardless of whether or not you have experienced health
problems in the PAST TWO WEEKS.

To what extent have you MODIFIED YOUR TRAINING OR COMPETITION due to
injury, illness or other health problems during the PAST TWO WEEKS?

No modification (1)

To a minor extent (2)
To a moderate extent (3)
To a major extend (4)

Could not participate at all (5)

Q147 To what extent has injury, illness or other health problems affected your
PERFORMANCE during the PAST TWO WEEKS?

No effect (1)

To a minor extent (2)
To a moderate extent (3)
To a major extend (4)

Could not participate at all (5)
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Q148 To what extent have you experienced symptoms/health complaints during the PAST
TWO WEEKS?

No symptoms/health complaints (1)
To a minor extent (2)

To a moderate extent (3)

To a major extend (4)

Could not participate at all (5)

Q149 To what extent have you experienced PAIN related to your sport during the PAST
TWO WEEKS?

No pain (1)

Mild pain (2)
Moderate pain (3)
Severe pain (4)

Could not participate at all (5)
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Q7 INJURY 1: Please select the box that best describes the LOCATION of your injury. If
the injury involves several locations please select the main area.
If you have multiple injuries please complete a separate registration of each one.

Head/face (1)

Neck (2)

Shoulder (including clavicle) (3)
Upper arm (4)

Elbow (5)

Forearm (6)

Wrist (7)

Hand/fingers (8)

Chest/ribs (9)

Abdomen (10)

Thoracic spine (11)

Lumbar spine (12)
Pelvis/buttock (13)

Hip/groin (14)

Thigh (front - quadricep) (15)
Thigh (back - hamstring) (16)
Knee (17)

Lower leg (18)

Ankle (19)

Foot/toes (20)

74



Appendices

Q8 Please select a box that best describes your TYPE OF INJURY.

Concussion (symptoms like disorientation, dizziness, loss of memory, nausea or
vomiting due to a blow to the head) (1)

Fracture (traumatic - broken bone caused by sudden impact) (2)

Stress fracture (overuse - fracture in a weight bearing bone caused by repetitive stress
(e.g. running), a stress fracture in one of the small bones in the foot will typically cause
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severe pain at the beginning of a run, moderate pain during the run and severe pain at the
end and after the run) (3)

Other bone injuries (4)

Dislocation, subluxation (the total or partial displacement or misalignment of bones in
a joint, most often caused by a sudden impact to the joint) (5)

Tendon rupture (tearing of a tendon that occurs when the forces placed upon the
tendon exceed its tensile strength) (6)

Tendinosis/tendinopathy (all non-inflammatory and inflammatory conditions affecting
a tendon, "tendinitis") (7)

Ligamentous rupture (tearing of the bands of fibrous tissue connecting bones or
cartilages, serving to support and strengthen joints) (8)

Sprain (wrenching or twisting of a joint, with partial rupture of its ligaments,
accompanied by severe pain, impaired function, swelling, heat and discolouration of the
skin) (9)

Lesion of meniscus or cartilage (injuries of meniscus [knee] or joint surfaces) (10)
Muscle strain (11)

Muscle rupture/tear (12)

Contusion/haematoma/bruise (13)

Arthritis/synovitis/bursitis (inflammation of any part of a joint or structures near the
joint, characterize by pain on movement, tenderness, heat and swelling) (14)

Fasciitis/aponeurosis injury (inflammation or injury of a sheet like tendinous
expansion, e.g. plantar fasciitis) (15)

Impingement (compression of a nerve, blood vessel, tendon, ligament or muscle
through a constricted space, e.g. sciatica) (16)

Skin laceration/cut/lesion (17)

Skin abrasion/chafing (18)

Dental injury/broken tooth (19)
Nerve injury/spinal cord injury (20)

Muscle cramps or spasm (21)
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I don't know (22)

Other (please specify) (23)

Q9 Who made the diagnosis of your injury?
Doctor (1)
Physiotherapist (2)
Other health care professional (3)
Coach (4)

Self-diagnosed (5)

Q10 Did your injury have a GRADUAL or SUDDEN onset?
Gradual (1)

Sudden (2)

Q11 Was the injury due to a specific action? (fall, jump, landing, increased pace,
overstretch, collision etc.)

Yes (please specify the action) (1)

No (2)

Q14 Please state the NUMBER OF DAYS that you had to completely miss training/races
due to this injury.
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Q15 Do you have ANOTHER INJURY to record?
Yes (1)

No (2)

Q84 INJURY 2:
Please select the box that best describes the LOCATION of your injury. If the injury
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involves several locations please select the main area.
If you have multiple injuries please complete a separate registration of each one.

Head/face (1)

Neck (2)

Shoulder (including clavicle) (3)
Upper arm (4)

Elbow (5)

Forearm (6)

Wrist (7)

Hand/fingers (8)

Chest/ribs (9)

Abdomen (10)

Thoracic spine (11)

Lumbar spine (12)
Pelvis/buttock (13)

Hip/groin (14)

Thigh (front - quadricep) (15)
Thigh (back - hamstring) (16)
Knee (17)

Lower leg (18)

Ankle (19)

Foot/toes (20)
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Q85 Please select a box that best describes your TYPE OF INJURY.

Concussion (symptoms like disorientation, dizziness, loss of memory, nausea or
vomiting due to a blow to the head) (1)

Fracture (traumatic - broken bone caused by sudden impact) (2)

Stress fracture (overuse - fracture in a weight bearing bone caused by repetitive stress
(e.g. running), a stress fracture in one of the small bones in the foot will typically cause
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severe pain at the beginning of a run, moderate pain during the run and severe pain at the
end and after the run) (3)

Other bone injuries (4)

Dislocation, subluxation (the total or partial displacement or misalignment of bones in
a joint, most often caused by a sudden impact to the joint) (5)

Tendon rupture (tearing of a tendon that occurs when the forces placed upon the
tendon exceed its tensile strength) (6)

Tendinosis/tendinopathy (all non-inflammatory and inflammatory conditions affecting
a tendon, "tendinitis") (7)

Ligamentous rupture (tearing of the bands of fibrous tissue connecting bones or
cartilages, serving to support and strengthen joints) (8)

Sprain (wrenching or twisting of a joint, with partial rupture of its ligaments,
accompanied by severe pain, impaired function, swelling, heat and discolouration of the
skin) (9)

Lesion of meniscus or cartilage (injuries of meniscus [knee] or joint surfaces) (10)
Muscle strain (11)

Muscle rupture/tear (12)

Contusion/haematoma/bruise (13)

Arthritis/synovitis/bursitis (inflammation of any part of a joint or structures near the
joint, characterize by pain on movement, tenderness, heat and swelling) (14)

Fasciitis/aponeurosis injury (inflammation or injury of a sheet like tendinous
expansion, e.g. plantar fasciitis) (15)

Impingement (compression of a nerve, blood vessel, tendon, ligament or muscle
through a constricted space, e.g. sciatica) (16)

Skin laceration/cut/lesion (17)

Skin abrasion/chafing (18)

Dental injury/broken tooth (19)
Nerve injury/spinal cord injury (20)

Muscle cramps or spasm (21)
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I don't know (22)

Other (please specify) (23)

Q86 Who made the diagnosis of your injury?
Doctor (1)
Physiotherapist (2)
Other health care professional (3)
Coach (4)

Self-diagnosed (5)

Q87 Did your injury have a GRADUAL or SUDDEN onset?
Gradual (1)

Sudden (2)

Q88 Was the injury due to a specific action? (fall, jump, landing, increased pace,
overstretch, collision etc.)

Yes (please specify the action) (1)

No (2)

Q89 Please state the NUMBER OF DAYS that you had to completely miss training/races
due to this injury.
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Q90 Do you have any OTHER INJURY to record?
Yes (1)

No (2)
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Q100 INJURY 3: Please select the box that best describes the LOCATION of your injury.
If the injury involves several locations please select the main area.
If you have multiple injuries please complete a separate registration of each one.

Head/face (1)

Neck (2)

Shoulder (including clavicle) (3)
Upper arm (4)

Elbow (5)

Forearm (6)

Wrist (7)

Hand/fingers (8)

Chest/ribs (9)

Abdomen (10)

Thoracic spine (11)

Lumbar spine (12)
Pelvis/buttock (13)

Hip/groin (14)

Thigh (front - quadricep) (15)
Thigh (back - hamstring) (16)
Knee (17)

Lower leg (18)

Ankle (19)

Foot/toes (20)
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Q101 Please select a box that best describes your TYPE OF INJURY.

Concussion (symptoms like disorientation, dizziness, loss of memory, nausea or
vomiting due to a blow to the head) (1)

Fracture (traumatic - broken bone caused by sudden impact) (2)

Stress fracture (overuse - fracture in a weight bearing bone caused by repetitive stress
(e.g. running), a stress fracture in one of the small bones in the foot will typically cause
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severe pain at the beginning of a run, moderate pain during the run and severe pain at the
end and after the run) (3)

Other bone injuries (4)

Dislocation, subluxation (the total or partial displacement or misalignment of bones in
a joint, most often caused by a sudden impact to the joint) (5)

Tendon rupture (tearing of a tendon that occurs when the forces placed upon the
tendon exceed its tensile strength) (6)

Tendinosis/tendinopathy (all non-inflammatory and inflammatory conditions affecting
a tendon, "tendinitis") (7)

Ligamentous rupture (tearing of the bands of fibrous tissue connecting bones or
cartilages, serving to support and strengthen joints) (8)

Sprain (wrenching or twisting of a joint, with partial rupture of its ligaments,
accompanied by severe pain, impaired function, swelling, heat and discolouration of the
skin) (9)

Lesion of meniscus or cartilage (injuries of meniscus [knee] or joint surfaces) (10)
Muscle strain (11)

Muscle rupture/tear (12)

Contusion/haematoma/bruise (13)

Arthritis/synovitis/bursitis (inflammation of any part of a joint or structures near the
joint, characterize by pain on movement, tenderness, heat and swelling) (14)

Fasciitis/aponeurosis injury (inflammation or injury of a sheet like tendinous
expansion, e.g. plantar fasciitis) (15)

Impingement (compression of a nerve, blood vessel, tendon, ligament or muscle
through a constricted space, e.g. sciatica) (16)

Skin laceration/cut/lesion (17)

Skin abrasion/chafing (18)

Dental injury/broken tooth (19)
Nerve injury/spinal cord injury (20)

Muscle cramps or spasm (21)
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I don't know (22)

Other (please specify) (23)

Q102 Who made the diagneosis of your injury?
Doctor (1)
Physiotherapist (2)
Other health care professional (3)
Coach (4)

Self-diagnosed (5)

Q103 Did your injury have a GRADUAL or SUDDEN onset?
Gradual (1)

Sudden (2)

Q104 Was the injury due to a specific action? (fall, jump, landing, increased pace,
overstretch, collision etc.)

Yes (please specify the action) (1)

No (2)

Q105 Please state the NUMBER OF DAYS that you had to completely miss training/races
due to this injury.
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Q30 ILLNESS RECORDING:
Please check the boxes corresponding to the major symptoms you have experienced
during the PAST TWO WEEKS. You may select several alternatives.

Fever (1)

Fatigue/malaise (2)

Swollen glands (3)

Sore throat (4)

Blocked nose/running nose/sneezing (5)

Cough (6)

Breathing difficulty/tightness (7)

Nausea (8)

Vomiting (9)

Diarrhoea (10)

Constipation (11)

Abdominal pain (12)

Irregular pulse/arrhythmia (13)

Chest pain/Angina (14)

Other pain (15)

Headache (16)
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Fainting (17)

Numbness/pins and needles (18)

Sunburn (19)

Rash with itchiness (20)

Ear symptoms (21)

Eye symptoms (22)

Symptoms from urinary tract/genitalia (23)

Anxiety (24)

Depression/sadness (25)

Trritability (26)

Muscle Cramps — Generalised (unspecific region of the body) (27)

Muscle Cramps — Localised (in specific location) (28)

Other (please specify) (29)

Q35 Do have a specific diagnosis for your illness? Please specify

Yes (please specify) (1)

No (2)
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Q36 Who made the diagnosis of your illness?
Doctor (1)
Physiotherapist (2)
Other health care professional (3)
Coach (4)

Self-diagnosed (5)

Q38 How was your illness treated or managed?

Self-medicated (1)

Antibiotics (2)

Referral to other health care professional (3)

Other drug therapies (4)

Q40 Please state the NUMBER OF DAYS that you had to completely miss
training/races due to this illness.

Q41 Do you have any OTHER ILLNESS to record?
Yes (1)

No (2)
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Q40 Please check the boxes corresponding to the major symptoms you have experienced
during the PAST TWO WEEKS. You may select several alternatives.

Fever (1)

Fatigue/malaise (2)

Swollen glands (3)

Sore throat (4)

Blocked nose/running nose/sneezing (5)

Cough (6)

Breathing difficulty/tightness (7)

Nausea (8)

Vomiting (9)

Diarrhoea (10)

Constipation (11)

Abdominal pain (12)

Irregular pulse/arrhythmia (13)

Chest pain/Angina (14)

Other pain (15)

Headache (16)

Fainting (17)
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Numbness/pins and needles (18)

Sunburn (19)

Rash with itchiness (20)

Ear symptoms (21)

Eye symptoms (22)

Symptoms from urinary tract/genitalia (23)

Anxiety (24)

Depression/sadness (25)

Trritability (26)

Muscle Cramps — Generalised (unspecific region of the body) (27)

Muscle Cramps — Localised (in specific location) (28)

Other (please specify) (29)

Q42 Do have a specific diagnosis for your illness? Please specify

Yes (please specify) (1)

No (2)
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Q43 Who made the diagnosis of your illness?
Doctor (1)
Physiotherapist (2)
Other health care professional (3)
Coach (4)

Self-diagnosed (5)

Q45 How was your illness treated or managed?

Self-medicated (1)

Antibiotics (2)

Referral to other health care professional (3)

Other drug therapies (4)

Q46 Please state the NUMBER OF DAYS that you had to completely miss
training/races due to this illness.

Q47 Do you have any OTHER ILLNESS to record?
Yes (1)

No (2)
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Q48 Please check the boxes corresponding to the major symptoms you have experienced
during the PAST TWO WEEKS. You may select several alternatives.

Fever (1)

Fatigue/malaise (2)

Swollen glands (3)

Sore throat (4)

Blocked nose/running nose/sneezing (5)

Cough (6)

Breathing difficulty/tightness (7)

Nausea (8)

Vomiting (9)

Diarrhoea (10)

Constipation (11)

Abdominal pain (12)

Irregular pulse/arrhythmia (13)

Chest pain/Angina (14)

Other pain (15)

Headache (16)

Fainting (17)
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Numbness/pins and needles (18)

Sunburn (19)

Rash with itchiness (20)

Ear symptoms (21)

Eye symptoms (22)

Symptoms from urinary tract/genitalia (23)

Anxiety (24)

Depression/sadness (25)

Trritability (26)

Muscle Cramps — Generalised (unspecific region of the body) (27)

Muscle Cramps — Localised (in specific location) (28)

Other (please specify) (29)

Q50 Do have a specific diagnosis for your illness? Please specify

Yes (please specify) (1)

No (2)
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Q51 Who made the diagnosis of your illness?
Doctor (1)
Physiotherapist (2)
Other health care professional (3)
Coach (4)

Self-diagnosed (5)

Q53 How was your illness treated or managed?

Self-medicated (1)

Antibiotics (2)

Referral to other health care professional (3)

Other drug therapies (4)

Q54 Please state the NUMBER OF DAYS that you had to completely miss
training/races due to this illness.

Q109 I hereby consent for my information to be used anonymously in the research
study

Yes (1)

No (2)
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Q141 Please answer all questions regardless of whether or not you have experienced health
problems in the PAST TWO WEEKS.

To what extent have you MODIFIED YOUR TRAINING OR COMPETITION due to
illness during the PAST TWO WEEKS?

No modification (1)

To a minor extent (2)
To a moderate extent (3)
To a major extend (4)

Could not participate at all (5)

Q142 To what extent has illness affected your PERFORMANCE during the PAST TWO
WEEKS?

No effect (1)

To a minor extent (2)
To a moderate extent (3)
To a major extend (4)

Could not participate at all (5)
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Q143 To what extent have you experienced symptoms/health complaints during the PAST
TWO WEEKS?

No symptoms/health complaints (1)
To a minor extent (2)

To a moderate extent (3)

To a major extend (4)

Could not participate at all (5)

Q144 To what extent have you experienced PAIN related to your sport during the PAST
TWO WEEKS?

No pain (1)

Mild pain (2)
Moderate pain (3)
Severe pain (4)

Could not participate at all (5)

Q2 Please answer all questions regardless of whether or not you have experienced health
problems in the PAST TWO WEEKS.
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To what extent have you MODIFIED YOUR TRAINING OR COMPETITION due to
injury, during the PAST TWO WEEKS?

No modification (1)

To a minor extent (2)
To a moderate extent (3)
To a major extend (4)

Could not participate at all (5)

Q3 To what extent has injury affected your PERFORMANCE during the PAST TWO
WEEKS?

No effect (1)

To a minor extent (2)
To a moderate extent (3)
To a major extend (4)

Could not participate at all (5)

Q4 To what extent have you experienced symptoms/health complaints during the PAST
TWO WEEKS?

No symptoms/health complaints (1)
To a minor extent (2)

To a moderate extent (3)

To a major extend (4)

Could not participate at all (5)
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Q5 To what extent have you experienced PAIN related to your sport during the PAST TWO
WEEKS?

No pain (1)

Mild pain (2)
Moderate pain (3)
Severe pain (4)

Could not participate at all (5)
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Appendix G: Informed consent to use participant’s data

ICD 1A

PARTICIPANT’S INFORMATION & INFORMED CONSENT
DOCUMENT

STUDY TITLE: The epidemiology, clinical characteristics and associated injury risk

factors among trail runners entered for the 2021 Mac Mac Race

Principal Investigators: Carel Viljoen, Christa Janse van Rensburg, Tanita Cronje

Institution: University of Pretoria

DAYTIME AND AFTER HOURS TELEPHONE NUMBER(S):

Daytime number/s: 0124206053

Afterhours number: 0845119226

Dear Prospective Participant

1) INTRODUCTION

You are invited to volunteer for a research study. This information in this document is to help
you to decide if you would like to participate. Before you agree to take part in this study you
should fully understand what is involved. If you have any questions, which are not fully
explained in this document, do not hesitate to ask the researcher. You should not agree to take

part unless you are completely happy about all the procedures involved.

2) THE NATURE AND PURPOSE OF THIS STUDY
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The aim of this study is to evaluate the predisposing risk factors , and injuries associated with
trial running entrants of the 2021 Mac Mac race. By doing so we wish to learn more about your
demographics, training variables, sport participation, specific injuries acquired before the race

(the cause of this disease).

3) EXPLANATION OF PROCEDURES AND WHAT WILL BE EXPECTED FROM
PARTICIPANTS.

This study involves answering some questions with regards to the 12 months prior to the race,
examination of participation, Performance and specific diagnosis that is associated with injuries

will be evaluated.

4) POSSIBLE RISKS AND DISCOMFORTS INVOLVED

There are no medical risks associated with the study.

5) POSSIBLE BENEFITS OF THIS STUDY

Although you may or may not benefit directly. Once injuries and associated risk factors
understood and described further studies can be conducted to provide injury prevention models

for trial runners competing in trial running events .

6) YOUR RIGHTS AS A RESEARCH PARTICIPANT

Your participation in this trial is entirely voluntary and you can refuse to participate or stop at
any time without stating any reason. Your withdrawal will not affect your access to other medical

carc.
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8) ETHICS APPROVAL

This protocol was approved by the Faculty of Health Sciences Research Ethics Committee,
University of Pretoria (protocol number: REC: 404/2022).

9) INFORMATION

If I have any questions concerning this study, I should contact:
Christa Janse van Rensburg:

Work tel: 0124206053

Mr CT Viljoen:

Cell :0845119226

10) CONFIDENTIALITY

All information obtained during the course of this study will be regarded as confidential. Each
participant that is taking part will be provided with an alphanumeric coded number e.g. A001. This
will ensure confidentiality of information so collected. Only the researcher will be able to identify
you as a participant. Results will be published or presented in such a fashion that patients remain
unidentifiable. No hard copies of your records will be kept since this is an online questionnaire and

the information will be stored on the website.

11) CONSENT TO PARTICIPATE IN THIS STUDY

. I confirm that the person requesting my consent to take part in this study has told me

about the nature and process, any risks or discomforts, and the benefits of the study.

. I have also received, read and understood the above written information about the study.
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. I have had adequate time to ask questions and I have no objections to participate in this
study.
. I am aware that the information obtained in the study, including personal details, will be

anonymously processed and presented in the reporting of results.

. I understand that I will not be penalised in any way should I wish to discontinue with

the study and that withdrawal will not affect my further treatments.
. I am participating willingly.

. I have received a signed copy of this informed consent agreement.

At the end of the online questionnaire, you will be given the chance to give informed consent
or not for the use of your data in the research study by clicking the appropriate answer.

105



