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Background

Cycling is a popular recreational and competitive form of physical activity and method of transport. Cycling is
broadly categorised as road cycling or mountain biking, and each form presents unique challenges and has
different skill requirements. While cycling, in general, provides many benefits to both physical health and
social behaviours, there are legitimate concerns about injuries related to both road and mountain cycling.
Most of the available research presents the injury incidence in commuter or road cycling, with an apparent
lack of evidence in mountain biking. The van Mechelen model of injury prevention outlines four stages in injury
prevention research; the first stage investigates the extent of the injury and provides the basis on which the
remaining stages depend. Based on the van Mechelen conceptual model, the broad aim of this thesis was to

investigate acute injury epidemiology in mountain biking and the factors affecting bicycle control and falling.

Investigations

We performed a systematic review of the incidence of injury in mountain biking. Acute injury incidence ranged
from 4% to 71% in cross-country mountain bike races. The causal indicators of bicycle control may include
balance, agility and visual perception. In a pilot study, we developed novel tests to assess static bicycle balance
and bicycle agility as measures of bicycle control. In the following study, we developed additional dynamic
bicycle balance with four increasingly difficult levels. In this study, twenty-nine participants attended three
days of repeated testing for reliability assessments of these tests. Participants also completed an outdoor
downhill run. Performance in the balance tests were compared to performance in the outdoor downhill test
to assess their ecological validity. All tests were assessed for reliability using typical error of measurement,
standardised typical error, intraclass correlation coefficients, limits of agreement, effect sizes and repeated
measures ANOVA’s (with post hoc testing) analyses. The novel bicycle balance and agility were significantly

associated with the performance in the outdoor downhill run (r=-0.51 to 0.78; p=0.01 to 0.0001).

Cognitive and physical fatigue are factors that may contribute to loss of control of the bicycle. In our final
study, we aimed to assess the effect of these factors on the performance in the novel tests. Rate of perceived
exertion was significantly increased for all tests following physical fatigue (Cliff’s d effect size= 0.27-0.40;
p=0.001 to 0.037), but balance and agility performance were not affected. Cognitive fatigue had no effect on

balance and agility performance.
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The fatigue induced in these protocols was insufficient to change performance in the bicycle-specific balance
and agility tests. This indicates that either the fatigue protocols did not sufficiently replicate the fatigue
experienced in mountain biking or that the tests are too blunt to be affected by the magnitude of fatigue in

these protocols.

Conclusion

The overall incidence of injury in mountain biking is difficult to determine due to different injury definitions in
the research. However, the available data clearly indicates an area of concern in sports and exercise medicine.
We developed novel tests to assess the skill components of balance and agility on a mountain bike. The novel
bicycle-specific tests are robust assessments of mountain biking performance and can be applied in clinical
and research environments to determine bicycle control. Cognitive and physical fatigue did not affect
performance on these novel tests. Based on the overall findings of our studies, we recommend that further
research is conducted on the epidemiology of mountain biking injuries. The effect of fatigue on the novel tests

needs to be investigated further using a combination of physical and cognitive fatigue.
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1.1 Background

Cycling is a popular method of transport, recreational activity and competitive sport. Cycling involves
mobilising on self-powered vehicles, usually on one-, two- or three-wheels. Bicycles are an inexpensive and
sustainable alternative to other vehicles and transport methods. This allows disadvantaged communities
access to bicycles, and a reduction in the burden of commuting related costs.! In large European cities, such
as Amsterdam in the Netherlands and Copenhagen in Denmark, there are more bicycles than cars.? Cycling

also provides significant health benefits and a reduction in non-communicable diseases. 32

As a sport or recreational activity, cycling has evolved rapidly into many different categories. Consequently,
the full spectrum of cyclists from beginner to elite can participate. These categories will be discussed below,

followed by the benefits and risks of cycling.

1.2 Types of cycling

Cycling can be broadly categorised as mountain (or ‘off-road’) biking or road (or ‘street’) cycling. Mountain
biking involves highly technical riding through rough terrain, forest tracks, gravel pathways and steep
downhills, with only a small percentage of riding on tarred roads.’ The challenges of road cycling include
negotiating other vehicles and pedestrians in traffic.2%!! Mountain bikes vary in design. In general, they have
wider tyres with greater grip, and suspension on either the front wheel, or both wheels, than road bicycles.?
Mountain bikes have suspension to allow for dampening of the vibrational forces, although differences in
suspension exist between bicycles designed for different categories of mountain biking.!* The geometry and
style of bicycles varies. The greatest differences between mountain bikes and road bicycles are in the
suspension, size of the bicycle and grip of the tyres to tolerate the dirt, rocks, roots and unevenness of the
terrain.’>'* Mountain bikers experience 8 to 35% greater aerodynamic resistance than road cyclists due to the
upright position of the body and wider handlebars.'* Road bicycles have tyres with a smaller cross-sectional

area and thinner rubber resulting in a rolling resistance two to three times lower than mountain bikes.*

Mountain bike racing is further described by the Union Cycliste Internationale (UCI)° as cross-country Olympic,
cross-country marathon, cross-country eliminator, downbhill, four-cross, Enduro and Alpine Snow Bike. Cross-
country marathon includes both amateurs and professionals in the same races on the same routes, while the
remaining categories are exclusively elite competitions for professional cyclists. Cross-country marathon

routes are usually distances of between 60 and 160 km.®
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There are four recognised categories of road cycling: road race, individual time trial, team time trial and mixed
relay national team time trial.” Road races are the most common event and can be one-day, circuit or stage
races of varying distances.’ Other less common competitive formats of cycling are track, BMX, trials, cyclo-

cross, para-cycling and indoor.®

Cycling South Africa is the regulating body for cycling in South Africa and recognises the following disciplines:
road, mountain, track, BMX and para-cycling.’® The total number of cyclists in South Africa is not known. Pedal
Power Association, a cycling Public Benefit Organisation, has 16 000 members, but membership is not
compulsory for participation or racing.'® Cycling South Africa, the governing body of racing in South Africa does
not publish their current membership numbers.'> Qhubeka, a Not-For-Profit charity organisation reported the
provision of 90 000 bicycles to children across South Africa by the end of 2018. The aim of this project was to
reduce the burden of long commutes to school.!” Although there are known numbers of association members,
these numbers do not necessarily provide an accurate reflection of the current number of cyclists in South

Africa.

The main focus of this thesis is investigating long-distance mountain biking (cross-country marathon) as this
appears to be the most common format for recreational cyclists, based on the types of mountain biking events

available in South Africa.'®

1.3 Development of mountain biking as a category

Mountain biking was first reported in the 1970’s and adopted as an Olympic category in 1996.2% It has seen
large growth since then and has diversified in sub-categories of mountain biking like cross-country, cross-
country marathon, downhill and most recently gravel (or cyclo-cross in professional racing), which is a hybrid
of road and mountain biking.>*? In the United States alone, between 2007 and 2018, there was a reported

growth of 1.8 million mountain bikers.*

There are multiple mountain biking clubs across South Africa, but without a single governing body, it is
impossible to estimate the total numbers of mountain bikers in the country. On a single online calendar of
cycling races in South Africain 2019, there were 165 mountain bike events, with multiple distances and stages,
and thousands of cyclists competing in each race.’® It is possible that many smaller events are not advertised
on this national website. It is clear that, even without the specific numbers of cyclists available, mountain

biking has a significant following in South Africa.
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The majority of the events would be classified as cross-country marathon events according to the UCI criteria
of distances greater than 60 km and combining amateurs and athletes in a single race. As this is the most
common, and accessible format of mountain biking for all levels of experience, cross-country marathon

mountain biking is the main focus of this thesis.

1.4 Health benefits of cycling

All forms of cycling, whether for recreation, competition or commuting, are associated with important health
benefits. For example, Rasmussen et al.?’ reported a 20% reduction in type 2 diabetes in adults who started
cycling in middle to older age, compared to adults who remained inactive. Commuter cycling reduced the risk
of type 2 diabetes, with greater benefit observed as the duration of the cycling increased.?’ Celis-Moralis et
al.?! also reported a significant reduction in all-cause mortality, cancer and cardiovascular disease incidence

in cycling commuters.

About 30% of adults worldwide do not meet the physical activity (PA) targets of 30 to 60 min of moderate PA
on at least five days per week for the maintenance of health.?2 Through active transportation (commuting),
both by foot or by bicycle, a greater percent of the population are participating in PA (whether intentionally
or by necessity).?2 The benefits of the increased PA outweigh the costs/disadvantages of traffic related
incidents and air pollution exposure.?? Active commuting has also been associated with a reduction in carbon
dioxide emissions and a reduction in motor vehicle accidents.” The added presence of commuter cyclists in

neighbourhoods has the benefit of ‘natural surveillance’ and a reduction in crime.?

In a 2018 study® in Johannesburg, South Africa, about 70% of males and 46% of females met the PA
requirements. This appears to have decreased significantly over the preceding decade, while sitting time has
increased from a median of three hours per day, to more than nine hours per day.2® The ownership of cars
was a significant factor in both males and females who completed less overall PA, although conversely, leisure

time PA was increased in those participants with cars, possibly related to greater access with car ownership.2®

1.5 Cycling injury incidence in emergency departments

Injuries are a major concern, with both road cycling and mountain biking reporting injuries ranging from minor
soft tissue injuries to severe and potentially life-threatening head or neck injuries.?’ In the United States,
cycling is the second highest sports-related cause of injury presenting to Emergency Rooms, after basketball.?®
While many of the injuries are minor, fractures and dislocations account for 23%, and traumatic brain injuries

for 2% of all reported injuries.?®



Chapter 1: Introduction

Injuries of this nature have serious potential long-term sequelae or additional associated trauma for those
involved.?>3® Many of the studies reporting injury in cyclists have not been recorded at race events, but in

hospital emergency departments.

Injury statistics on cycling-related admissions to emergency departments published in the last ten years (2010-
2020) are presented in Table 1. These studies were identified in PubMed and Google Scholar searches using
the following key words: ‘cycling’, ‘injury’, ‘incidence’ and ‘emergency departments’. Each emergency
department has documented their injuries in different manners, with different definitions and categories for
severity, area and type of injury. Differences in definition prevent comparisons between studies and the ability
to determine the overall/global burden.?! Injury definitions and severity categorisation are discussed further

in Chapter 2.

In these hospital-based cases, the environment of the injury is often not clearly recorded, and road versus
mountain biking or commuter versus recreational injuries are not clearly delineated. In Denmark3? in 2015,
commuter cycling resulted in 26 cycling-related deaths, 297 light injuries and 512 severe injuries in a
population of 5.7 mil. In the United States, cycling injuries account for 13% of all sports-related injuries, and
of these injuries, only 10% occurred during ‘sporting activity’.?® The majority (56%) occurred while commuting
on the streets, with 70% of street injuries involving a motor vehicle.?® Road accidents, in general, are the
greatest cause of death in 15-24 year olds and the eighth leading cause of death globally.3? In Australia, 30%

of road trauma affects cyclists, and the fatality rate of cyclists is 10 to 20 times that of car occupants.

As participation in cycling has increased, conflicting evidence on the incidence of injury has emerged.'??8 Both
Denmark3! and the United States!?report a national decrease in injury incidence, while Australia has reported
an increase in cycling injuries presenting to emergency departments.3? These data are not available for the

South African population.
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Table 1: Emergency room data on cycling-related injuries (all types) presented in chronological order of publication from 2010.

Authors, Location, Years of Number of . Severity of L L
. .. Sex (Age) Cause of accident .. Area of injuries Types of Injuries
Date Country monitoring  admissions injuries
Airaksinen Finland June 2004- 216/5553 Males: 133 Falls: 216 2 fatalities Head: 104 (35%) Not specified
etal. 34 May 2006 admissions (39 yr) No other party involved:174 29% hospitalized Neck: 2 (1%)
Females: 83  Collision with vehicle: 30 AlS level: Chest: 17 (6%)
(42 yr) Collision with cyclist: 9 1=169 Abdominal, lower back and
Collision with pedestrian: 3 2=109 pelvic: 16 (5%)
3=18 Shoulder and upper arm: 44
4=1 (15%)
5=1 Elbow and forearm: 32 (11%)
6=2 Wrist and hand: 24 (8%)
Hip and thigh: 15 (5%)
Knee and leg: 38(13%)
Ankle and foot: 8 (3%)
Nelson and USA (NEISS Jan 1994- MTB only Male: 81% Falls: 70% 5% hospitalised Upper extremities: 27% Fractures: 27%
McKenzie3> database) Dec 2007 217433 (29.8 yr) Thrown from bike: 14% Shoulder/Clavicle: 20% Soft tissue injuries: 24%
admissions Hit/strike: 7% Lower extremities: 20% Lacerations: 21%
Contact with bike: 5% Trunk: 14% Sprain/strain: 15%
Hit by/strike by: 2% Face: 9% TBI: 5%
Other: 2% Head: 7% Dislocation: 4%
Other: 4% Other: 6%
Chenetal.?® USA (NEISS 2001-2008 3.87 Male: 73% Locale of injury: 4% hospitalized Head: 13% Contusion/abrasion/
database) mil/30.45 (22.6 yr) Street 56% Fatalities Face: 16% haematoma: 30%
mil Female: Home 28% excluded from Neck: 1% Fracture/dislocation:
admissions 27% (22.3 Sports 10% study Wrist: 7% 23%
yr) Public 6% Hand: 9% Laceration: 22%
Farm/industry/ school 1% Arm: 7% TBI: 2%

Upper Truck: 12%
Lower Trunk: 6%
Elbow: 6%

Knee: 8%

Leg: 8%

Ankle: 4%

Foot: 1%

Strain/sprain: 12%
Other: 11%

AIS: Abbreviated Injury Scale 1= minor, 2=moderate, 3=severe, not life-threatening, 4=severe, life-threatening, 5=critical, survival uncertain 3¢; MTB: Mountain bike; NEISS: National Electronic Injury Surveillance System
of the US Consumer Product Safety Commission, TBI: Traumatic Brain Injury

Continued...
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Table 1 Emergency room data on cycling-related injuries (all types) presented in chronological order of publication from 2010 (continued).

Authors, Location, Years of Number of . Severity of L -
. .. Sex, Age Cause of accident .. Area of injuries Types of Injuries
Date Country monitoring  admissions injuries
Roberts et Southern April 1995- 258/11772 Male: 86% Fell off bicycle: 120 (47%) 17 fatalities Head: 174 (67%) Not specified
al.2? Alberta, March 2009  admissions Age: 39 (27-  Avoiding a person, animal, object: 5 (2%) (16 road, 1 MTB) Spine: 118 (46%)
Canada Road: 209 53 yr) Downhill at high speed: 19 (7%) Thorax: 88 (34%)
MTB: 49 Hit a speed bump: 2 (1%) Abdomen: 26 (10%)
Lost balance: 94 (36%) Bony pelvis: 17 (7%)
Fell while attempting a jump/trick: 29 Extremity injuries: 99 (38%)
(11%)
Veered off cliff, roadside, embankment:
14 (5%)
Collided with a person, animal, object: 28
(11%)
Collided with a parked vehicle: 7 (3%)
Hit by a motor vehicle: 58 (23%)
Hit by a commuter train: 1 (1%)
Cripton et Vancouver May 2008- Total: 683 Males: 404 Collision with motor vehicle: Canadian Triage Not reported Not reported
al.’3? and Toronto, Nov 2009 (59%) 231 (34%) and Acuity Scale
Canada Age 19 to Collision with streetcar or train tracks: (CTAS)
29 yr: 262 97 (14%) 1=1
(39) Collision with other surface features: 69 2=73
30t039yr:  (10%) 3=284
167 (25) Collision with obstacle 69: (10%) 4 =302
40to 49 yr: Collision with cyclist, pedestrian, animal:  5=18
115 (17) 40 (6%)
50to 59 yr: Falls 177 (26%)
81(12)
260 yr: 55
(8.1)
Dinhetal38  NSW, Jan 2012- Total: 258 Males: 80%  Collision with vehicle: 43% 1SS>12 =38 Upper limb: 57% Not specified
Australia June 2014 (37 yr) No collision: 57% Head injuries: 43%

Facial injuries: 30%
Lower limb injuries: 24%
Spine: 16%

Abdominal: 3%

CTAS: Canadian Triage and Acuity Scale 1= Resuscitation; need to be seen immediately, 2=Emergent; need to be seen within 15 min, 3=Urgent; need to be seen within 30 min, 4=Less urgent; need to be seen within 60
min, 5=Non urgent, need to be seen within 120 min; ISS: *Injury Severity Score= scored based on points per region and risk factors 3¢

Continued...

*Injury Severity Score: calculated out of 75 points. Points are awarded for severity of injury to the following categories: Head or neck, face, chest, abdominal or pelvic contents, extremities or

pelvic girdle, or external. The higher the score, the more severe the injury.
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Table 1: Emergency room data on cycling-related injuries (all types) presented in chronological order of publication from 2010 (continued).

Authors, Location, Years of Number of . Severity of . -
. .. Sex, Age Cause of accident .. Area of injuries Types of Injuries
Date Country monitoring  admissions injuries
Beck et al.3®  Victoria, Jan - Dec 186/345 Males: 81%  On-road crash: 69% Median ISS: 9 Head injury: 29% Not specified
Australia 2013 cycling Median age:  Bicycle path crash: 16% Major trauma: Spine: 32%
injuries 44 yr Other locations: 15% 142 Scapula/clavicle: 31%
Ribs: 26%
Arm: 21%
Pelvis: 8%
Leg: 19%
Foley et al.*0 Ireland Jan - Dec 534/52621 Males: 71% Collision with motor vehicle: 2 fatalities Fractures: Fractures: 162
2014 admissions Age 36.6 yr 79 (15%) ISS>5 (major Clavicle: 20 Dislocations/subluxation:
Collision with pedestrian: 42 (8%) trauma): 5 Shoulder: 15 19
Collision with cyclist: 17 (3%) patients Elbow: 40 Achilles tendon rupture: 1
Falls, undocumented cause: 244 (46%) Forearm: 11 ACL rupture: 1
Falls, uneven surface, weather Wrist/Hand: 33 Soft tissue injury: 271
conditions, taking photo: 152 (28%) Femur: 6 Head injury: 83
Knee: 5
Lower Leg/Ankle: 8
Face: 13
Spine/pelvis: 8
Kotlyar#! Colorado, USA  June 2012- 304/4127 Males: 70%  Trail injury: 203 Not specified Not specified Laceration/abrasion/
June 2015 admissions (33 yr) Road injury: 101 7% required contusion: 195 (64%)
during the transfer to higher Upper extremity fracture:
summer level care 78 (64%)
(MTB) Lower extremity fracture:
season 12 (4%)
Head injury: 28 (9%)
Thoracic injury: 17 (6%)
Abdominal: 2 (1%)
Neumann et Queensland, Jan 2011- 675 (2%) Males: 217 Collision with motor vehicle: 67 (26%) 3 fatalities (1%) Head: 97 Clavicle fracture: 11%
al.4? Australia Dec 2012 (83%) Non-collision event: 144 (55%) 15 ICU admissions  Brain: 49 Distal radius fracture: 7%
Females: 44  Event with pedestrian, cyclist or other Chest: 61
(17%) object: 50 (19%) Spine: 72
Mean Age: Abdomen: 37
39 yr Pelvis: 19
(15-77 yr) Upper limb: 121

Lower limb: 97

ISS: Injury Severity Score= scored based on points per region and risk factors 3¢; MTB: mountain bike

Continued...
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Table 1: Emergency room data on cycling-related injuries (all types) presented in chronological order of publication from 2010 (continued).

Authors, Location, Years of Number of . Severity of L Lo
. .. Sex, Age Cause of accident .. Area of injuries Types of Injuries
Date Country monitoring  admissions injuries
Eley et al.33 Victoria, 2010-2014 4144/ Males: 3264  Falls: 1611 10 fatalities Upper extremity: 1517 Abrasions/contusions
Australia 176695 (37.5yr) Collision with Motor vehicles: 576 Australian Triage Lower extremity: 562 /Lacerations: 1220
injuries Females: Collision with Objects: 162 Scale (ATS) Back: 138 Dislocation: 198
880 (36 yr) Collision with Cyclists: 70 1=241 Thorax: 280 Fracture: 1416
Collision with Pedestrians: 49 2=1233 Head: 737 Strain: 575
Collision with Car door: 41 3=1490 Neck: 134 Concussion: 109
Collision with Animals: 10 4=1058 Hip/pelvis: 84 Haemorrhage: 42
Unspecified collision 29 5=122 Abdomen/ trunk: 81 Pneumo-
Mechanism not reported: 1479 Other: 245 /haemothorax: 45

ATS: Australian Triage Scale 1=immediately life-threatening, 2=imminently life-threatening, 3=potentially life-threatening, 4=potentially serious, 5=less urgent
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1.6 Injury incidence in mountain biking

Fifty percent of mountain bikers have reported at least one serious acute injury related to mountain biking
and in professional mountain bikers this number increases to 86%.'* The incidence of injury among cross-
country marathon mountain bikers is 7.5 and 3.1 injuries per 1000 hours in males and females respectively.!?
Downhill riding is associated with a significantly greater incidence of injury (males; 46.8/1000 hours, and
females; 42.7/1000 hours).? Injuries in mountain biking present a unique challenge due to the combination
of muscle strains, joint injury, overuse injury and trauma related to falling, as well as a lack of access to injured
athletes on many of the events held off-road.** Many race events have onsite medical care, and these cyclists

may never be admitted to hospital due to the minor nature of their injury.*

Gaulrapp, Weber and Rosemeyer*® used a retrospective questionnaire to assess injuries in mountain bikers in
Europe. Participants were asked to recall all injuries they had experienced since starting to mountain bike. An
overall incidence of 1.1 injuries per 1000 hours was reported, with a risk rate of 0.6%. When they excluded
injuries that prevented cycling for less than a week, this risk rate lowered to 0.15%. Seventy-five percent of
injuries were skin lacerations, wounds and contusions, with joint sprains/dislocations and ligament tears
(10%), fractures (5.5%), muscle injuries (5.4%), concussion (2.8%) and dental injuries (0.5%) making up the
remaining acute injuries.* The areas affected were the upper extremities (46%), lower extremities (39%), head
(9%) and trunk (6%). While recall bias may be a concern in this study design, it is more likely that participants

would forget the minimal or minor injuries than those that were severe or life-threatening.*®

In a health clinic situated in Whistler, British Columbia, Canada, over the 2009 summer mountain biking
season, almost 100% of mountain bikers seen for injury were a result of a fall.*’ Only four of 898 injuries were
caused by a collision with another cyclist or object. The total number of cyclists in this bike park over the
season are unknown and therefore injury incidence cannot be calculated. The most common injuries treated
in this clinic were abrasions (29%), fractures (25%), sprains/strains (14%) and traumatic brain injuries (11%).*’
Seven cyclists were treated for severe injuries needing immediate care including spinal cord injury, multiple
rib fractures, and internal bleeding/suspected organ injury.*’ The reason for the severity of many of these
injuries is surmised to be related to the courses in the bike park; the bike park is the summer access to the ski

slopes and many of the tracks are steep downbhills, with cyclists generating high speeds and potentially losing

control.*’

Also in Canada, the Southern Alberta trauma database was used to analyse the severe injuries resulting in
hospitalisation from mountain biking compared to road cycling.?’ One hundred percent of these mountain

bike injuries were caused by a fall off a bicycle, with 55% of cyclists reporting a loss of balance.
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Twenty percent of cyclists were injured attempting a trick, 16% veered off a cliff/embankment and 6% collided
with an object or person.?’” Many cyclists experienced multiple injuries; the most affected areas were spine
(65%), head (57%), thorax (31%) and extremities (41%).?” Spinal injuries were more common in mountain
biking than in road cycling due to the risk of the rider falling over the handlebars onto the top of the head.? It
is important to consider that injuries in this database required hospitalisation, and therefore represent the

most severe injuries in mountain biking.

Injuries in mountain biking events pose a unique challenge to event organisers. Cyclists may present with a
combination of muscle strains, joint injury, overuse injury and trauma related to falling, and there may be a
lack of access to injured athletes related to the environment/terrain.*® Much of the data presented for injury
in mountain biking are related to collisions, falls and other traumatic mechanisms of injury. These are the
cyclists who present to the emergency departments or onsite medical services for treatment. Many cyclists
who are competing in longer events and spending many more hours in training on their bicycles experience

repetitive injuries. These repetitive injuries will be discussed below.

1.7 Factors affecting cycling injury

Cycling injury may be categorised as either acute/traumatic or repetitive mechanism (with a gradual or sudden

).31

onset).>* Many of the acute injuries are related to collisions or crashes, while the repetitive injuries have more

varied aetiology and less clarity on the causes.

1.7.1 Repetitive cycling-related injuries

Repetitive injury in sport is often underreported and does not meet many of the injury definitions (for example
time loss or medical attention).”® Repetitive forces and vibrations lead to microtraumatisation of
musculoskeletal structures both in direct contact with the bike, and indirectly; for example, the quadriceps
muscles in isometric contraction while standing on the pedals.!? Athletes who are able to continue training to
their full capacity while in pain, or in a reduced capacity while maintaining the scheduled training sessions,
may not consider themselves injured. These injuries are often not identified in sports events as the athletes

seldom request medical attention for these injuries at the time of the event.*®

Repetitive injuries are more often related to training errors and can include poor training load management
and improperly set up equipment (bike fit).** While there is a large market for fitment and setup of the bicycle
geometry, there is little conclusive data to show specific positional issues to be a risk factor for injury.*® Cyclists

who have greater experience in cycling or use cycling for commuting, report less pain while cycling.*
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This indicates that while overuse or repetition may predispose to injury, greater experience or prolonged

exposure to cycling may also protect against pain experienced in cycling.*

1.7.2 Acute cycling-related injuries

One third of all injuries in mountain biking occur during racing, and it is the Olympic sport with the highest
number of overall injuries.!? Acute injuries in competitive cycling may result from falls and collisions, or rapid
and forceful contractions resulting in musculotendinous injuries, contusions or bony fractures.® Eley et al.3
reported that 78% of hospital admissions in cyclists between 1999 and 2012 in Australian Emergency
Departments were as a result of falls. In mountain biking specifically, a loss of control accounted for 32% of
falls and collisions with other cyclists accounted for a further 16% of falls.>®° The remaining 52% were caused
by mechanical failures (17%), loss of traction (14%), collisions with stationary objects (7%) and other or
unknown causes (14%).%° Eley et al.*® suggested that bike handling skills may be a key factor in the occurrence

of acute cycling injury.

In a case series of five patients treated at an emergency unit in the United Kingdom, acute musculoskeletal
injuries associated with the use of cleats and clipless pedals were presented.’! The type of cycling (road or
mountain) was not specified, but the injuries were all a result of loss of control of the bicycle (unrelated to the
cleats), followed by an inability to unclip the foot to stabilise the bicycle before falling.>! These five cyclists all
suffered fractures (femur, ankle, clavicle and/or ribs) which could potentially be life-threatening and caused

significant morbidity in otherwise healthy cyclists.>?

In a case report of three mountain bikers, a similar mechanism of injury was reported. All three cyclists lost
control of their bicycles, fell to the side, and were unable to release their feet from the pedals.>? This
mechanism resulted in soft tissue injuries of the medial shin region (and patella tendon in one case) due to
impact of the leg with the exposed posterior chain ring. The author suggests that the loss of control of the

bicycle may not have led to the resultant injuries without the use of the clipless pedals.>?

1.8 Theoretical framework for the thesis

Although there are benefits associated with all forms of cycling, there are also the inherent risks of injury. This
is common to all types of physical activity with the magnitude of risk varying according to the type of activity.
The risks in sports and exercise need to be clearly quantified for the participants to make educated decisions
on their participation based on a cost:benefit ratio. Injury prevention programmes require knowledge of the

aetiology and magnitude of the injury problem within the context of the sport.>*>*
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Injury in cycling, in general, is a concern, and understanding the factors affecting injury may allow for the
development of strength, fitness or skills programmes to address the modifiable risk factors. In mountain
biking, the specific risk of injury has not been clearly reported, as the current available knowledge about
cycling is largely based on commuter cycling and hospital admissions. These data may not adequately

represent the injury patterns in mountain biking.

Injury prevention research and implementation are essential to mitigate the possible impact of injury on
athletes, in both professional and recreational settings.>® According to the van Mechelen model of injury

prevention, there are four stages to be considered (Figure 1).>

1. Establishing
the extent of 2. Establishing
the injury aetiology and
problem: mechanisms of
- Incidence sports injuries

- Severity

4. Assessing its
effectiveness by
repeating Step 1

3. Introducing a
preventative
EENIE

Figure 1: The van Mechelen model of injury prevention (Adapted from van Mechelen et al.>*).

When developing injury prevention programmes, the first stage is to establish the extent of the injury
problem. This includes describing the injuries sustained within a specific sport in terms of incidence and
severity of injury. Severity of injury can include the nature of the injury, duration and nature of treatment,

sporting time loss, working time loss, permanent damage and cost.>*
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Once the epidemiology of the injury is well established, the factors contributing to the injury need to be
established (Stage 2), before intervention measures may be developed (Stage 3) and tested for efficacy (Stage

4).

The broad aim of this thesis was to investigate the epidemiology of injury in mountain biking and the factors
affecting control of a bicycle that could contribute to falling and injury. In the following chapter, we present a
systematic review of the available research in this area to provide clarity on the extent of this problem in
mountain biking according to the framework of the van Mechelen model.>* We will present the theoretical
assessment of clinical tests in terms of their clinimetric indices. Thereafter, we describe the development and
clinimetric assessment of tests to assess the skills that contribute to control of a bicycle based on our findings

in the previous chapters.

Therefore, the specific aims of this thesis were to:
e Describe and quantify the incidence and severity of acute injury in mountain biking (Chapter 2).
e Describe the factors affecting acute injury in mountain biking, and the available methods of
assessment of risk factors (Chapter 2).
e Describe the methods to evaluate the clinimetrics of clinical assessments available to assess these

factors affecting injury (Chapter 3).

The specific aims will be revisited and additional focussed aims will be presented at the end of Chapter 3.
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Chapter 2: Incidence of injury in mountain biking - a systematic review

2.1 Background

In the model by van Mechelen et al.>*, the authors describe the first stage of developing an injury prevention
measure as determining the extent of the problem. This stage consists of describing the injury incidence and
measures of severity of the sport injuries being investigated. Van Mechelen et al.>* further explain that the
outcome of this initial stage depends on the definitions of injury and participation. The definition of injury has
consistently been a problem in injury studies across sporting codes and in different environments.3!
Inconsistencies and variations in definition result in an inability to compare studies to one another, leading to
an unknown overall burden of injury. The International Olympic Committee (IOC) published guidelines on
reporting and recording injury and illness data in sport in 2020 to enable methodological consistency in
epidemiological studies.3! According to these guidelines, injury in sport is defined as ‘tissue damage or other
derangement of normal physical function due to participation in sports, resulting from rapid or repetitive
transfer of kinetic energy’.3! The authors acknowledge that sunburn and drowning, for example, may be sports
injury from a different aetiology than kinetic transfer. The onset of injury may be a result of a sudden large
transfer of kinetic energy, as in the case of an accident, or gradual low energy transfer with insufficient
recovery, as in bony stress injuries.3! It may also present as a combination of the two where there is underlying
weakening with a sudden inciting incident. The mechanisms of injury are thus defined as acute, repetitive

(sudden onset) and repetitive (gradual onset).>

Many of the injury studies published do not follow the recommendations of injury reporting, in spite of van
Mechelen’s original recommendations being published in 1992.5% In 2019, Schwellnus et al.>> published a
consensus statement on the reporting of injury in mass participation events. Their recommendations are
specifically for endurance races comprising more than 1000 participants, including cycling events.> They
recommend using these guidelines even for similar events with a smaller number of participants when
possible. Most of the studies reporting mountain biking injury in races have a sample size smaller than 1000,

so this recommendation could be particularly relevant in this field.

The contributing factors to the high risk of injury in cycling, and in MTB in particular, have not been adequately
investigated.”® Environmental factors like the terrain and weather conditions may also impact the cyclist’s
performance and risk of injury. In the 2020 10C consensus statement??!, the authors state that epidemiologic
studies should address the questions of the risk of acute and overuse injury in a sport, the typical patterns and
severity of injuries and factors affecting the risk within competition or training. This systematic review is
presented to synthesise the available epidemiological data within the mountain biking cross-country

marathon context and to address the questions posed by Bahr et al.>!
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2.2 Aims and objectives
2.2.1 General aim
The aim of this systematic review was to identify the incidence of injury in cross-country marathon mountain

bike races.

2.2.2 Specific objectives

The specific objectives of this systematic review were to:
e Assess the epidemiology of injuries in cross-country marathon mountain bike races.
e |dentify the definitions and reporting methods of mountain biking-related injuries.
e Assess factors related to injury in cross-country marathon mountain bike races.

e Identify mechanisms of falling and injury in cross-country marathon mountain bike races.

2.3 Methods

The methods for this systematic review follow the principles outlined in the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses Protocols 2015 Statement (PRISMA-P).>’ The review has been
registered on the International Prospective Register of Ongoing Systematic Reviews (PROSPERO) (Reg No:
CRD42019134586) to avoid duplication of the research during the review process (Appendix IlIl). Ethical
approval was obtained from the Human Research Ethics Committee (HREC) of the Faculty of Health Sciences,

University of Cape Town (UCT) (HREC REF: 302/2019) (Appendix IV).

2.3.1 Eligibility criteria

Observational, cohort, epidemiological studies assessing the incidence and prevalence of injury in single day
and multi-stage cross-country marathon cycling races as per the UCI category were included in the study.’
Both prospective and retrospective studies of races of longer than 60 km, over one or more days, as per the
UCI ‘marathon’ category were included.® Professional and recreational or amateur events were included. All
races, including non-UCI accredited races, that met the distance requirement were included. No date

limitation was applied to the studies.

Articles written in English were included. Articles written in English were included. No articles that met the
eligibility criteria were written in any language other than English; therefore, no professional translation of

articles was required. Studies with mountain bikers over 18 years of age were included.
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2.3.2 Outcome measures

The primary outcome measure was the incidence of injury during the event. Secondary outcome measures
included the severity and location of the reported injuries, the type of injury, the rider’s ability to continue in
the event, prevalence of injury preceding the event, pre-event training distances and the experience/expertise
of the cyclists (recreational/amateur, professional). The definitions of injury and injury severity used in the

study were noted on the extraction form.

2.3.3 Information sources

The following databases were searched: PubMed, CINAHL (EbscoHost), PEDRO, SCOPUS and the Cochrane
library. Congress abstracts from cycling specific and clinical sports congresses (for example, Cycling Science
Conference and Winter Cycling Congress) held in the past ten years and available online were reviewed to
identify unpublished studies. Following the database searches, a grey literature search was performed in
Google Scholar. A manual search of the reference lists of eligible articles identified during the search was

performed.

2.3.4 Search strategy

Databases were searched using the following keywords: ((Mountain OR off-road OR cross-country OR races
OR racing OR stage race) AND (Bicycling [MeSH]) OR cycling OR bicycling OR biking OR bikers OR cyclists OR
bicycl*) AND (Injuries OR injury OR falling)). The database and grey literature searches took place on 1 July

2019 and included all relevant publications up to this date.

Following the keywords search, all abstracts and titles were downloaded to Covidence (Covidence systematic

review software, Veritas Health Innovation, Melbourne, Australia. Available at www.covidence.org). The

student researcher and a second independent researcher acted as reviewers and screened the title and
abstracts for eligibility based on the above-mentioned criteria. The two reviewers were given independent
access to the platform and rated each abstract and title for inclusion or exclusion. Upon disagreement on the
inclusion or exclusion of an article, the reviewers discussed and reached consensus on the article’s eligibility.
Any articles that were unclear in terms of inclusion between reviewers, following title and abstract screening,

were included in the full text screening (n=21).

Following title and abstract screening, both reviewers reviewed the full text articles for final eligibility and
inclusion into the review. The reviewers discussed and reached consensus on the inclusion of specific studies
in the case of disagreement between the two reviewers. This occurred in the case of three articles. Once the

articles were included, the reviewers extracted the appropriate data from the text.
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2.3.5 Data extraction and management

Data were extracted by the reviewers independently, using a pre-designed data extraction form, including
data on participants (age and sex), cycling event (length of stages, total race length, environmental conditions
and type of cycling), injury (area of injury, diagnostic practitioner and time off cycling), study design, and risk
of bias (Appendix V). All data were managed in Covidence (Covidence systematic review software, Veritas

Health Innovation, Melbourne, Australia. Available at www.covidence.org).

2.3.6 Risk of bias and quality assessment

The two reviewers independently assessed risk of bias and quality of the included studies. Thereafter they
discussed and confirmed their agreement based on the tool used. The AXIS tool for critical appraisal of cross-
sectional studies was used to assess the reporting quality and risk of bias as recommended by an expert in

systematic reviews (Corten, personal communication, 2019) (Appendix V1).>8

The tool provides 20 questions,
with seven questions addressing each quality of reporting and quality of design, and six on potential areas of
bias. Each question may be answered as ‘yes’, ‘no’ or ‘don’t know/unclear’. Comments by reviewers are

encouraged by the authors of the study to incorporate flexibility in the assessment of the quality and bias.*®

2.3.6.1 Bias assessment
Risk of bias was assessed based on the selection of participants, respondents and non-respondents (and the
reason for non-responses) and the internal consistency of the studies. Risk of bias was reported as ‘unclear’ if

the required information was not provided by the authors.>®

2.3.6.2 Quality of reporting
Reporting quality assessment included questions on whether the aims, population and methods were clearly
reported in the article. Results and limitations needed to be adequately described and discussed. Studies were

recorded as ‘unclear reporting quality’ if the content of these questions were not reported in the study.*®

2.3.6.3 Quality of design
The quality of design was evaluated on its appropriateness for the aims of the study and the justification of

the sample size and frame. Conflicts of interests and ethical approval were assessed in this section.>®

2.3.7 Data synthesis
Descriptive tables of all data are presented. All injury data were reported as an incidence (per time period) or

as prevalence (percentage).
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Descriptive summary tables were populated with information from each study, including study design,

participants, context (events, distance, environment) and outcomes (injury, ability to continue riding).

A narrative analysis of the types, severity and area of injuries was performed. A quantitative analysis would
have been performed if there were three or more studies with sufficient data reported in the same format or
with the same definitions of injury, as either incidence or prevalence. Only high-quality studies would have
been included for a meta-analysis. Studies with a high risk of bias, or poor study or reporting quality were
excluded from a meta-analysis (Minns Lowe, personal communication 2020, February 1; Corten, personal
communication 2019). Following risk of bias assessment, the same two reviewers decided on the exclusion of
the studies in a meta-analysis based on the above criteria. Sub-group analyses of age, sex, type of cycling and
experience were not conducted due to the insufficient information available in the studies, and differences in

study design and definitions.

2.4 Results

2.4.1 Search results

The electronic search returned 3263 references for evaluation (Figure 2). Forty-two studies were retrieved for
full-text evaluation. Four studies met the eligibility criteria and were included for data extraction and
gualitative synthesis. Due to inconsistencies in injury definitions, the studies were not suitable for meta-

analysis.
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Figure 2: PRISMA flowchart of study inclusions and exclusions.

2.4.2 Characteristics of the studies

Each study had a different design, from retrospective, to prospective and surveys, cohort and record audits
(Table 2). McGrath and YehI*® and Taylor and Ranse®® used a medical attention definition of injury and Stoop
et al.®! used the definition of ‘the presence of pain, discomfort or disability’ in a retrospective survey. Lareau
et al.** did not state their definition of injury. All studies investigated participants of specific races meeting the

UCI definition of ‘cross-country marathon’ of 60 km or longer, as per the inclusion criteria.
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Table 2: General descriptive characteristics of the four included studies.

. Injury
Authors, . N f . . Defi .
uthors Year  Study design urf1t‘)er ° Population Event distance © ' n.|t|on diagnosed
Country participants of injury by
Lareau, Cross-country Mouptaln blk.ers 100% by
taking partin 2 x 6-hour races .
Henderson n=111; Not participant
2011 Survey any one of 6 2 x 6-12 hour races .
and endurance ) defined (self-
s aa ) events in the 2 x 24-hour races : .
McGinnis n=337 diagnosis)
USA
All cyclists in the
. =52; i IT - .
McGrath Prospective . n=> inaugura .rans 7-day stage race Medical 100% by
so 2012 injured=22; Sylvania :
and Yehl cohort . L (376 km total) attention race doctors
uninjured=30 Mountain Bike
Epic Race
P e
! ) n=139 i i - ’ 9
Vetsch, 2019 sectional 3 the SWI§S EF.)IC 5-day stage race discomfort 100% by
. . reported Mountain Bike (342 km total) race doctors
Deliens and observational event 2017 or
Clijsen®? survey disability
Cross- n=14777; All cyclists in the 24-hour race in
Taylor and sectional injured=596; Australian 24- Medical 100% by
60 2013 . - teams (mean of 74 : . :
Ranse retrospective uninjured= hour km per cyclist) attention  race first aid
audit 14181 championships percy

2.4.3 Quality assessment

The four studies were assessed on reporting quality, study design quality and risk of bias using the AXIS

assessment tool (Appendix V1).>® The results are presented in Table 3. All studies had an unclear or high risk of

bias.

Table 3: AXIS Tool results for reporting and design quality, and risk of bias.>#

Quality of reporting questions

Study design quality
questions

Risk of bias questions

Question

Laureau et al.**

McGrath & Yehl>?

Stoop et al.61

Taylor & Ranse®®

1 4 10 11 12 16 18

2 3 5 8

Key: Green=yes, Yellow=unclear/not answered, Red=no/not done

17 19 20| 6 7 9 13 14 15

2 Definitions in this study- Cross-country: up to six hours; Endurance: more than six hours.

3 The number of participants reported in the results of this study do not add up to those in the methods. The reported

values from statistical analysis in this study are used in this narrative review.
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2.4.4 Injury incidence and prevalence

Injury incidence and prevalence are reported in Table 4. There was no standardised definition of injury, injury
type or severity of injury across the four studies. Area and type of injury are presented in the table as per the
categories reported in each of the studies. The majority of injuries in all studies were skin injuries, including
abrasions, contusions and lacerations. Concussion was reported by Lareau et al.,* Stoop et al. 5t and Taylor
and Ranse, ¢ and soft tissue injuries (including sprains or strains, muscles and ligaments) were reported by all

four studies (Table 4).

2.4.5 Contributing factors to injury

Contributing factors were assessed in two studies (Table 4). Stoop et al.?! found no significant relationships
between injury and age, exposure time, number of injuries, number of races per year, hours of training per
week or protective gear. Taylor and Ranse® assessed environmental factors that may influence injury and

found that higher ambient temperatures increased the risk of injury.

In this review, no two studies were similar enough in injury definition and reporting, or of sufficiently low risk

of bias to allow for meta-analysis, and will be presented as a narrative synthesis in the following section.®?
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Table 4: Injury incidence, type, area, severity and contributing factors in the studies.

Authors

Injury incidence/

prevalence

Total number of injuries

Type of injuries

Area of injuries

Severity

Contributing factors

Lareau et al.**

Prevalence:
Overall: 5.4%

Cross country: 7.2%

Endurance: 4.7%

Overall: 25/448

Cross country: 8/111

Endurance: 17/337

Sprain/strain: 1 (7%)
Nerve (concussion):2 (13%)

Skin: 12 (73%)
Eye: 1 (7%)

Back: 1
Head: 2

Not reported

Not reported

Bone: 5 (23%)
Skin: 12 (55%)

\l\(/;GISr;ath & Z;e;l;lence: 22/52 Eye: 1 (4.5%) Wrist: 5 (23%) Not reported Not reported
= Soft tissue: 3 (14%)
Bee sting: 1 (5%)
Elites
Knee/calf: 54%
Elites Ankle/foot: 7%
Bone: 40% Hip/thigh: 13% Elites
Skin and soft tissue: 34% Shoulder: 7% PPN .
Joint: 27% Wrist/hand: 20% Severe: 67% Age, exposure time, number of
Prevalence: ’ ’ Mild: 34% injuries, number of races/year,
) o L
Stoop et al.6! Total: 71'(.)6 o 56/99 Amateurs Amateurs hours o.f training/week,
Amateurs: 68.0% e a0 Y e 70 Amateurs protective gear assessed as
. Bone: 34% Knee/calf: 27% L
Elites: 74.0% . . Severe: 63% predictive factors. No
Skin and soft tissue: 37% Ankle/foot: 5% Mild: 37% significant relationships found
Nerve (concussion): 5% Hip/thigh: 27% T2 g P '
Joint: 24% Shoulder: 27%
Wrist/hand: 15%
Head: 7%
Trunk: 12%
Limb: 353
Head, neck, face: 60
. Trunk: 16 .
Incidence: 596/14 777 Bony (fractures): 12 Back: 3 Not reported as Meteorological factors
Taylor & 8.4/1000 hours Muscle/ligament: 66 L specific categories  assessed.
Male: 4% . Joint: 2 . .
Ranse®® Prevalence: Female: 6% Nerve (concussion): 3 Foreien bodv: 38 0.5/1000h were Higher ambient temperature
4.0% O Skin: 359 g v: race-ending increased risk.

Eye: 5

Multiple injuries: 89
Review of injury: 22
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2.5 Discussion

In this systematic review, we aimed to determine the epidemiology of injury in cross-country marathon
mountain biking. The prevalence of injury ranged from 4 to 71% of participants in the races. The studies by
Lareau et al.** and Taylor and Ranse®® had the lowest prevalence of injury at 4% and 5%, respectively. Both of
these studies investigated single day races ranging from under six hours to 24-hour races (in teams), compared
to the studies by McGrath and Yehl*® and Stoop et al.®!, which assessed seven-day and five-day stage races,
respectively. The prevalence of injury in the multi-day stages races ranged from 42% to 71%. The difference
in incidence could be attributed to the access to medical assistance in stage races and the need to be attended
to before the next day of racing in the multi-day stage races. Cyclists who have minor injuries like skin
abrasions or lacerations during multi-stage races may make use of the medical services to clean and dress
wounds before riding the following day. These same injuries in a single-day race may be managed by the
cyclists themselves once they return home. The effect of progressive fatigue over multi-stage races and the
distribution of injuries across the stages should be further investigated to provide greater understanding on

the differences in epidemiology between these events.

Consistency in the definition of injury in epidemiological research is essential to enable comparisons between
studies and develop a clear understanding of the burden of injury. 3! Lack of consistency in injury definitions
is a general problem in sport and exercise medicine, and not confined to mountain biking.3! The mass
participation consensus statement recommends the use of ‘medical encounter’ to determine race injury
incidence, but also suggests the use of the category ‘non-reported medical problem’; these would be injuries
managed by the athlete themselves or with external medical providers not involved in the event.>®> The
‘medical encounters’ are then categorised as either ‘illness’ or ‘injury’. Severity of injury would be classified
based on the level of medical assistance needed, from minor (no withdrawal from race) to severe/life-

).55

threatening (requiring transportation to hospital).>> The injuries are to be anatomically classified according to

the Orchard Sports Injury Classification System (OSICS) with additional information on the location of the
injury on the event course, onset of injury, mechanism of injury and contributing factors collected.>>%
Information on the non-reported medical problems could be gathered via self-report questionnaires or

interviews with participants to provide a more complete analysis of the event.

Medical attention injury definitions were used in two studies®*° (50%); thereby defining injury as only those
who requested assistance from medical staff. The risk of using medical attention as an injury definition is that
minor injuries that cyclists may be able to manage themselves, or overuse injuries that are not severe enough

to prevent riding, would be missed.
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While this aligns with the 2019 Consensus guidelines on injury reporting in mass-participation events, the
severity and anatomical classifications in all four included studies did not follow the recommended Orchard
Sports Injury Classification System (OSICS).>®> The OSICS was developed for use in injury surveillance research
and provides specific coding for the anatomical location, specific injured tissue and the pathology in sports
injuries.®® The studies included in our review were conducted prior to the 2019 mass participation consensus
guideline being published, which is likely the reason for the disparity between injury definitions between
studies, but the OSICS has been available for use in sport since 1992.%° An additional update to the Orchard
Classification system has been published in 2020, and includes both illness and injury as the Orchard Sports
Injury and lliness Classification System (OSIICS).%% Lareau et al.** did not report their definition of injury, and
can therefore not be replicated, or compared to other studies. Use of these standardised classifications will

allow for future studies to be compared and combined for analysis.

Details of the type of injuries, including mode of onset, area of injury and tissue- or pathology-types, provides
important epidemiological data.3! The majority of injuries reported in these studies were skin-related.**>9-61
The events during which these injuries occurred were not reported, but these types of injuries are commonly
related to falling from the bicycle; or may be blisters from repetitive friction on the skin in contact with the
pedals, handlebars or saddle.?%446657 Blisters would be classified as a repetitive injury, while lacerations,
abrasions and contusions would be considered acute injuries.®® Concussions were reported in three of the four
studies.**®%61 Since the search for the systematic review was performed, an additional study has investigated
the incidence of concussion in cross-country marathon cyclists.®® Concussion can have potentially severe long-
term sequelae and needs rapid assessment and withdrawal from training and competition.”® In all three
studies in our review, concussion was not cited as a race-ending injury.**%%¢! This could be due to delayed
onset of symptoms or a lack of awareness and assessment of concussion by cyclists themselves.®® In acute
injury management, the START algorithm (Simple Triage And Rapid Treatment) is used to triage injuries and
determine which injuries may be life- or limb-threatening.”* Concussion may not be assessed during a first aid
assessment at a mountain biking race event, as more immediate or obvious injuries as per the START algorithm
may take priority. Clark et al.%® found that of 40 cyclists who reported at least one symptom of concussion
over the previous year, only 12 were medically diagnosed with concussion. Sixty-eight percent of cyclists
continued to train and compete while experiencing symptoms of concussion.® It is unclear whether these
cyclists did not have sufficient knowledge to recognise these symptoms, and the dangers of participating while
concussed, or whether they wilfully continued to ride in spite of the concussion. Concussion also appears to
be underreported in cycling specifically, and cyclists are less likely to receive care in spite of clear signs and

symptoms indicating concussion. 72
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The severity of injuries was only reported in a single study on the 2017 Swiss Epic event.®! They used the
definition of severity as either mild (skin and soft tissues injury), or severe (concussion, bone fracture or joint

injury).?! These definitions of severity are cited as the definitions used by Gaulrapp, Weber and Rosemeyer.*

Gaulrapp et al.** had used severity definitions that included time loss as an additional factor: minimal severity
(skin wounds and contusions, < 1 week off cycling), minor severity (muscle strains or sprains, 1-3 weeks off
cycling) and severe injuries (fractures, ligament tears, joint dislocations, or cerebral concussions >3 weeks

1.1 study. There was no indication in this study of whether

recovery), which was not included in the Stoop et a
the injuries required advanced medical care beyond that provided at the race event, and no indication of
follow up on recovery.%! Severity of medical encounters has been described by Schwellnus et al.>> as minor (no
withdrawal from event required), moderate (withdrawal from the event, with non-life-threatening injuries)
and serious/life-threatening (transport to hospital/referral to high care). There are additional categories for
event-related sudden cardiac arrest, sudden cardiac death and sudden death.>> These differences in

definitions make it difficult to compare studies, but also to determine the true burden of the injuries

experienced in these events.

All studies included in our review had different study designs and injury definitions while purporting to have
the same goal. Stoop et al.5! used a retrospective survey to assess the injury incidence of all cyclists. The
timeframe of the study is not reported. In retrospective studies, recall bias is a significant concern.*® As there
was no record of the time post-race before the questionnaire was sent to participants, the significance of
potential recall bias is unknown. Coughlin®® also comments on the severity or significance of the disorder in
terms of its potential bias and suggests that only more severe injuries are reported if the time lapse is too
great. There is potential selection bias related to those who respond to injury incidence survey requests; only
injured participants may have responded. This bias is compounded in the study by Stoop et al.’! as the

response rate to the questionnaire was not reported.

Our third objective in this study was to determine the factors affecting injury in cross-country marathon races.
Only two studies assessed factors affecting injury.®%®! Stoop et al.?! assessed age, exposure time, number of
injuries, number of races per year, hours of training per week and protective gear as predictive factors for
injury. None of these factors were found to be predictive of injury in this specific race for either the elite or
amateur cyclists. Taylor and Ranse®® followed eight annual editions of a 24-hour race over mountain biking
terrain and found that ambient temperatures were associated with injury rates. In the years with
temperatures over 20 degrees Celsius, the higher temperatures were related to greater number of injuries.

There was also a significant relationship between lower temperatures and fewer injuries.®°
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The authors surmised that higher temperatures may increase fatigue and dehydration, but acknowledged that

other factors may also contribute to this relationship.®

None of the four studies reported the onset of the particular injuries as either sudden or gradual, which makes
it difficult to determine whether there were specific inciting events for injuries. Some assumptions may be
made based on the type of the injuries. For example, fractures, concussions or lacerations, are most likely
related to a fall. We are unable to assume whether they were due to a loss of control, collisions with objects
or other cyclists, mechanical problems or loss of traction as reported by Chow and Kronisch®°, and Kronisch

and Pfeiffer.”?

2.6 Summary and conclusion

The results of the systematic review show that further epidemiological studies are needed with standardised
injury definitions and recording methods. However, there is sufficient evidence that injury in mountain biking
is an area of concern.32#*5%%1 The available epidemiological evidence allows for progression to the second
stage of the van Mechelen model, as discussed in Section 1.8. This stage warrants the investigation of the
factors that may affect the risk of acute injury, particularly in relation to falling off a bicycle and the onset of
acute injuries. Falling off a bicycle results from a loss of control of the bicycle, collisions with other cyclists and
objects, mechanical faults and loss of traction.%3* These factors may be exacerbated by balance on a bicycle,
steering control, agility, physical conditioning or fatigue.**%7* These factors are not currently being routinely

assessed in cyclists as measures of either performance or risk of injury.

There is a lack of research explaining the contribution of balance, steering control and agility to falling off a
bicycle. This can be attributed to the inability to measure these factors. Developing a test which measures
these factors is the next logical step in understanding the mechanisms associated with falling. In particular,
this step should fulfil the criteria of being valid and reliable. The next section describes the steps for developing

such a test.
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Chapter 3: Clinimetric principles of measurement

3.1 Introduction

Musculoskeletal and skill screening tests are used extensively in sports and exercise medicine in an attempt
to determine performance or injury risk in athletes.”>’® The recommended steps for developing screening
tests, similarly to the van Mechelen model of injury prevention, include epidemiological assessment of the
injury incidence and severity, validation of the screening test in multiple cohorts, and a final randomised

control trial involving an intervention to the proposed ‘problem’ in comparison to a control group.”

The systematic development of a test should conform to the principles of clinimetrics. Clinimetrics is a
‘methodological discipline with a focus on the quality of measurements in medical research and clinical
practice. The quality of measurements includes both the quality of the measurement instruments and the
quality of the performance of the actual measurement’.”’ Following the epidemiological assessment of the
‘problem’, and the development of novel tests to assess or screen various physiological or biological properties
in individuals, we need to assess the quality of these measurements and whether the tests are valid within the
population being assessed.”® The systematic development of tests also includes quantifying the repeatability
between assessors and within the same assessor. These properties need to be rigorously evaluated before the
newly developed tests are used in clinical practice, to ensure the test measures exactly what it intends to
measure.”® Additional measures of specificity, sensitivity, and positive or negative predictive value need to be
assessed for tests designed to be predictive or diagnostic.”” The change in measurement that represents the
smallest meaningful change also needs to be determined. For the test to be useful, the smallest meaningful
change needs to be greater than the ‘noise’ or measurement error. These tests should only be used for an
injury prevention or performance assessment purpose if the tests have been proven to accurately determine

these factors.

3.2 Principles of clinimetrics

Assessment of clinimetric properties associated with tests have traditionally been more rigorously performed
in psychology, sociology, education and medicine.”®#% |n sports and exercise physiology, these attributes have
often been overlooked. Fava et al.”® state that the quality of clinimetrics includes both standardisation and
sensibility. Standardisation includes reliability and validity, and sensibility concerns the purpose and
framework, comprehensibility, replicability, discrimination properties (responsiveness/sensitivity), face and

content validity, and ease of practical application.”®
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Impellizzeri and Marcora” proposed the consideration of eight attributes when assessing the value of
performance or injury risk assessments in sports and exercise physiology (Figure 3).”° These attributes have
been used primarily in the development of Quality of Life and health assessment questionnaires but may

provide a useful framework for the assessment of sports physiology and performance tests.”®

Reliability

Conceptual
and
measure-
ment model

Cultural and

Responsive-
language

ness

adaptation

Alternative Interpreta-
forms bility

Burden

Figure 3: Attributes of clinimetric assessments. 79,80

3.2.1 Conceptual and measurement model

The conceptual model should provide the rationale and purpose of the newly developed test.” It should
include the concept to be measured, the target population and the level of measurement and the relationship
between these items.?% In the context of this thesis, the ability to perform on a mountain bike may be related
to control of the bicycle and physical conditioning. In mountain biking, the main cause of injury is loss of control
of the bicycle®, resulting in falls. Control of the bicycle includes components of balance, agility and visual
perception (Figure 4). Physical conditioning would include factors such as strength, endurance and maximal

oxygen consumption (VO,max); and the examination of such factors is beyond the scope of this thesis.
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Mountain bike
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Figure 4: Conceptual model of mountain bike performance based on the model presented by Impellizzeri and Marcora.”

50



Chapter 3: Principles of clinimetrics

3.2.2 Reliability

Reliability includes both absolute and relative reliability, and measures the amount of random error during
measurement.?’ Better reliability of a measurement implies better precision and lower measurement error.5!
Absolute reliability includes the internal variation or consistency within a participant.” Standard error of
measurement is often used as a longitudinal assessment to quantify this characteristic of the measurement.”®
Relative reliability is the variation of an individual within a sample of repeated measures, including test-retest

and inter-rater reliability.” This is described with an intra-class correlation coefficient.”®

The strength of the relationship between two measurements is defined by a correlation coefficient and the
difference between two measurements is defined by the limits of agreement.®? More specifically, the limits of
agreement define the 95% confidence intervals of the differences between measurements. Collectively, all

these reliability analyses indicate the suitability of the test.”>#082

3.2.3 Validity

The property of validity defines whether a test measures what it claims to measure.®° Face and content validity
are usually assessed qualitatively and refer to the extent by which a test measures what it claims to measure.
Criterion validity is the extent to which a measure is associated to other variables that it would be expected
to be associated with and can include convergent, concurrent and predictive validity. Discriminate validity
describes the degree to which a measure is not associated to variables that are different. These types of

validity are described in greater details with examples in Table 5.

Ecological validity is the relationship between a phenomenon in its natural setting and the investigation of this
phenomenon in an experimental context, for example, in a laboratory.®® For example, if a test determines
bicycle control to be good in a laboratory setting, and this is reflected in the performance of the cyclist in
natural mountain biking setting, this test would have good ecological validity.®* Ecological validity may be
assessed in six dimensions to determine its relationship to the real-life situation or test. The six dimensions®
include signals, objects, test medium, user interface, task and behaviour.8* Examples of low, medium and high

validity for each of the dimensions are presented in Table 6.

$ Signals: Sensory input including sounds, smells, lighting, heat; Objects: the equipment used, buildings, tools, furniture;
Test medium: device used; User interface: interaction of the participant with the system; Task: the experimental task
performed by the participant; Behaviour: the behaviour of the participant during the task.
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Table 5: Types of validity, descriptions of validity and examples.

Type of validity

Description

Face validity

The extent to which a test appears to measure what it purports to
measure; usually assessed qualitatively against the conceptual
definition of the measure.®

Construct validity

The extent to which a test measures the variable that it claims to
measure e.g. a balance test should be able to detect poor balance in
a patient.

Content validity

The extent to which the measure covers the construct it is assessing;
usually assessed qualitatively against the conceptual model of the
measure.®

Convergent validity

Concurrent validity

Criterion validity

Predictive validity

The extent to which a test is associated with other measures of the
same variable e.g. a Beep test measure of aerobic capacity should
be associated with a VO,max assessment of maximal aerobic
capacity.®

The extent to which a measure is associated with other variables
that should be related to the variable being measured (measured at
the same time as the construct) e.g. submaximal performance on a
six-minute walk test should be associated with maximal aerobic as
measured by VO,max testing.2>8¢

As with concurrent validity but the extent to which it is able to
predict the association with other variables in the future.®

Discriminant validity

The extent to which a measure differs from other measures of
variables that are different, for example: average force (measured
by a triaxial accelerometer) differs by player position, specific to the
demands of the position.®’

Ecological validity

The extent to which a laboratory test is associated with the variable
it is assessing in a real-life setting (example as in the text above).838
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Table 6: Assessment of the dimensions of ecological validity (Adapted with permission from Kieffer et al. 8%).

Low Medium High
. . . . Real signals (dust, noise,

Signals No signals Synthesised signals heat, pain , etc.)

Objects No objects Mock objects Real objects

Test medium Paper .MOCk dewcg Intended device

Different device

User interface Video storyboard Prototype Final interface
Mock-up

Task Only verbalised Mimicked aqd possibly Real L{sage .
verbalised Real manipulation

Behaviour Only verbalised Mimicked aqd possibly Re'al ac'tlons (ljnovmg,
verbalised talking, inspecting , etc.)

3.2.4 Responsiveness

Responsiveness is the sensitivity of an instrument to detect change and is arguably more important than
reliability.”®® Responsiveness can be defined as internal or external responsiveness. Internal responsiveness
is the sensitivity to change over a period of time, or the treatment effect of an intervention, and is often
assessed using a Cohen’s effect size or Guyatt’s responsiveness index.”*® If three different tools were used to
measure an intervention or treatment, the one with the greatest change would be considered the most
internally responsive.® External responsiveness is the ability to detect change in the measure being assessed
that would correspond with changes in the ‘gold standard’ test.”® This is also referred to as ‘longitudinal

validity’.”

In this case, the tool that had the highest correlation to the ‘gold standard’ test would have the greatest
external responsiveness.® When considering responsiveness of the measure, the measurement error should
be considered. Greater measurement error would result in less precise measurement and affect the ability of

the measure to analyse responsiveness.?!

3.2.5 Interpretability

Interpretability is an understanding of how easily the data may be compared to other measures or values of
the construct. In sports physiology, this may be a comparison to normative values if available.” Normative
values (or norms) describe the usual behaviour in a defined population group at a specific point in time or over
a specific period.® Norms describe the average of a group, and enable comparison of physiological
assessments against the bell-curve from very low (well below average) to very high (well above average).* For

example, in single leg stance balance in females aged 18 to 39 yr, the norm is 45 s.°?
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This decreases to 42 s between the ages of 40 to 49 yr and 41 s in 50 to 59 yr olds.’ By having knowledge of
these normative values, researchers or clinicians are able to make comparisons of novel tests against the

norms and improve their interpretation.

3.2.6 Burden

This is the burden placed on either the participant (respondent burden), or the researcher (administrative
burden) in terms of time, cognitive function or physical requirement.®® Financial burden on either the
respondent or administrator should also be considered. Burden should consider not only the participants’
time, but also the amount of time required to evaluate the assessment by the researcher, and how much

training may be required to administer the assessment accurately.®

An example of burden would be the use of an online-based questionnaire. These offer the opportunity for the
participant to save the questionnaire while busy with it and return to it later. Conveniently the researcher is
provided with a completed spreadsheet at the end, but this method would preclude those participants who
do not have access to the internet.®? There is no way to objectively measure this burden on participants in the
case of physical testing. The burden or benefit of the use of fatiguing or maximal physiological tasks need to
be carefully considered in terms of the information that these tests may provide in either a research or clinical

performance context.

3.2.7 Alternative forms

Alternative forms would include different methods of administering the tests, and the application of the other
clinimetric attributes to the alternative forms of testing. Alternative forms could include self-report,
interviewer-administered or trained observer rating.®’ Evidence of the other seven clinimetric attributes

should be available for all methods of administration.®

3.2.8 Cultural and language adaptation

This would include the adaptation of the instrument into the appropriate languages and taking cultural
sensitivities and beliefs into account when adapting for different populations.?’ For some instruments, this
may require translation into other languages and this process should also include the evidence of how
inconsistencies in different languages are addressed or reconciled.””®® Language and cultural adaptation of
the instructions for the tests presented in the following chapters would need to be considered for other

populations.

54



Chapter 3: Principles of clinimetrics

3.3 Application of attributes to clinical assessment instruments

The relative value of each attribute may vary depending on the measurement instrument and the requirement
of the test.?% For example, a test developed to assess balance is unlikely to have inconsistencies arising from
interpretation into other languages or cultures. The relative burden of an assessment like a VO,max test to
assess maximal aerobic capacity may be high for the participant in terms of physical requirements and time.
For the researcher this assessment is also burdensome in terms of preparation time and interpretation, but
the value of the results may outweigh the burden to the participants and researchers. Alternately there are
other methods to predict or assess VO,max. These methods are less fatiguing, and less expensive to
administer, but are not as accurate. The method chosen for a specific research study would need to consider

which component of the test would be more valuable in the particular study.

It is also important to acknowledge all of these attributes when assessing novel instruments or tests, even if
some have a small contribution in the particular situation.®® Measurement error may be greater than the
expected differences following an intervention which would affect the reliability of the measurements. While
tests may have good test-retest, intra-rater or inter-rater reliability, they may not be valid. This means that
the test may be able to accurately repeat measurements, but these measurements may not relate to the
construct that is being measured. Tests to be used in clinical practice should have excellent precision and low
measurement error as in most cases, clinicians will use a single measurement rather than repeated measures

as in the case of clinical research.%®

3.4 Summary and plan of development

Tests for screening clinically relevant measures for both performance and injury risk need to be developed
systematically and assessed critically to ensure their quality of measurement. In the second stage of the van
Mechelen model of injury prevention, the aetiology and mechanisms of injury need to be assessed.** Based
on the conceptual model (Section 3.2.1), we considered bicycle balance, agility and reaction time to be causal
indicators of bicycle control which may contribute to risk of injury. We need to, therefore, develop tests that
are able to assess these potential contributing factors to enable us to assess poor balance and agility as

possible mechanisms of injury.
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In the following chapter, we describe the development and clinimetric assessment of novel bicycle-specific

performance tests for balance and agility assessment

Therefore, the aims of the following chapters are to:
e Describe the current methods of assessing bicycle-specific balance and agility, and develop novel tests
to assess bicycle-specific balance and agility in mountain bikers (Chapters 4 and 5).
e Assess the clinimetric indices of the novel bicycle balance and agility tests (Chapter 5).

e Assess the effect of fatigue on the novel bicycle balance and agility tests (Chapter 6).
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Chapter 4: Development and assessment of novel bicycle balance tests- a

pilot study

4.1 Introduction

Control of a bicycle has been reported as a factor affecting falling.3%3 Based on the conceptual model
presented by Impellizzeri and Marcora’, mountain biking performance is comprised of bicycle control and
physical conditioning (Section 3.2.1, Figure 4). We propose that the indicators of bicycle control are balance,
agility and visual perception, comprising the variables static and dynamic balance, bicycle-specific agility and
choice and peripheral reaction time, respectively. In this chapter we review the literature related to these
variables, the current available methods of measuring them in cyclists, and the development of novel bicycle-

specific balance and agility tests.

4.2 Balance and control of the bicycle

Balance and postural control are complex processes using input from multiple systems within the body,
including the visual, vestibular and somatokinesthetic systems.'>*3 Balance can be described as either static
or dynamic. Static balance refers to the ability to maintain a base of support with minimal movement, while
dynamic balance refers to the ability to perform a moving task while maintaining a stable base.®* During static
balance, input from vestibular, visual and proprioceptive systems may overlap sufficiently to compensate for
deficits in one or another of the systems. Cycling requires input from all of these systems to work in a co-

ordinated manner to maintain control of the bicycle while moving in a more dynamic manner.>

Bicycles are two-wheeled vehicles, with only two small contact points on the ground.?® The rider interacts with
the bicycle via the grips on the handlebars, the pedals and the saddle.>® Cyclists use forward momentum to
keep the bicycles upright and they are easier to control at higher speeds than at low speeds.” Maintaining
balance on the bicycle to prevent it falling over is essential to reduce injuries related to falling.>® To maintain
an upright position and prevent falling to one side, strategies like steering, lateral movements of the knee, and

body leaning or twisting are used.*®

Wierda and Brookhuis®” found cycling to be a complex cognitive task at three levels, namely strategic,
manoeuvring and control. The control level includes the decisions on direction, speed and maintenance of
balance. As cyclists become more experienced, this control requires less cognitive input and becomes more
automatic.”” More experienced cyclists use the movements of the body independently of the direction of the

bicycle to control the bicycle and use less steer control.®
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Cyclists need to be aware of other moving objects around them and changes in the terrain, using vision,
vestibular and somatosensory input to adjust and control the bicycle.®® There are differences in environments,
terrains and other vehicles in road cycling compared to mountain biking. Mountain bikers primarily use
proprioception and input from the somatosensory system to respond to the rapidly changing environment
and terrain.!! Road cyclists, on the other hand, rely primarily on vision and visual input to anticipate motion

t.ll

and reaction to other vehicles and pedestrians, in a relatively stable environment.** These variations require

different central nervous system processing and motor responses.!

A previous study has examined balance and equilibrium in road cyclists and mountain bikers to assess the
differences between the two groups.!! These tests were performed with cyclists standing on a platform, rather
than on their bicycles and compared the equilibrium responses between road and mountain bikers.'! Further
balance tests in a seated cycling position have been conducted in laboratory settings, utilising expensive
equipment such as force plates and 3-dimensional (3D) motion capture systems.*>® Fonda et al.*® assessed
control in experienced and inexperienced cyclists while riding in a 7 m long, 60 cm wide ‘bike lane’ under
different conditions. Bicycle control was assessed from a moving start, a static start just before the bicycle
lane, and finally along a 3 cm wide line. The more experienced cyclists displayed less lateral deviation and
steering deviation than the inexperienced cyclists.®> Cain, Ashton-Miller and Perkins®® assessed body motion
in seven regular cyclists and seven non-cyclists in a 3D motion capture laboratory, using a bicycle mounted on
rollers, and a force plate. The authors assessed rider lean, bicycle roll (lateral movement) and steering control,
and found similar results in bicycle control as Fonda et al.>>® These types of testing environments are
inaccessible for most clinicians attempting to assess patient’s/athlete’s ability for the purposes of performance
evaluation or injury prevention particularly. This is mostly due to cost and only a small number of facilities
offering these laboratories. None of these studies on bicycle control were performed specifically on mountain

bikes.

4.3 Agility

Agility is a complex psychomotor skill, incorporating acceleration, deceleration, change of direction and
decision making.®® Agility has been tested in many sporting populations using the lllinois Agility Test (IAT). All
versions of the test use running or sprinting as their method of moving around the field or court. The IAT has
been criticised for not including a real-time decision making/perceptual cognitive component but still assesses
100,101

the remaining constructs of acceleration, change of direction and ‘dodging’ movements around cones.

Downhill mountain biking relies more on the skill of the cyclists than either road or uphill cycling.1?
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Little propulsion is needed for descending, but large amounts of steering, postural control and vibration
dampening through the musculoskeletal system are required to safely guide the rider down technical trails.
Inexperienced cyclists have greater variation in steering, and tend to overcorrect when losing control of their

bicycle.®

All of these components (acceleration, deceleration, change of direction and decision making) are used by
mountain bikers, seated on a bicycle, while navigating off-road terrain. It follows that measuring agility may
indicate the level of ability of the mountain biker. However, there are no validated protocols that test the

agility of a cyclist on a bicycle.

4.4 Reaction time

Reaction time is defined as the time taken to react to a stimulus.'% These stimuli can include auditory or visual
stimuli. Visual perception may be assessed by recording the reaction time to a visual stimulus.’%* Simple
reaction time is a single reaction to a single stimulus, while choice reaction requires a decision to be made
while reacting, for example, reacting in response to a specific colour.'°® These decisions are made following
input from both central and peripheral vision, and performance in visual perception can be an indication of
cognitive and motor function.'® Peripheral visual perception is assessed by reaction to stimuli in the periphery

of the visual field.1%

Rapid reaction times in sport are needed to respond quickly and accurately to the specific demands of the
sport, particularly during periods of high intensity exertion.® There have been very few studies investigating
reaction time in cycling. Reaction time has been investigated at different intensities of cycling and found to
have no differences in simple or choice reaction time up to 90% of VO,max in female cyclists.’® Ashnagar et
al.1% found that an acute sub-maximal bout of cycling improved choice reaction time. This may be related to
an increase in arousal of the central nervous system following exercise.!®® Conversely, Ozyemisci-Taskiran et
al.®” found reaction time decreased due to physical fatigue. Reaction time has not been investigated as a

factor affecting falling and injuries related to falling in either road or mountain cyclists.

4.5 Summary of the literature

In mountain biking, bicycle balance has been assessed only under specific laboratory conditions.'*®> The role
bicycle balance plays in either performance or falling and the injuries associated with falling is unknown. Agility
in running and cutting sports is assessed as a measure of deceleration, acceleration, rapid change of direction
and decision making.°? Although these skills are essential in bicycle control, they are not currently assessed

in research or clinical settings in a cycling specific manner.
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4.6 Aims and objectives

4.6.1 General aim
The aim of this study was to develop and pilot novel tests to assess reaction time, bicycle balance and bicycle

agility in cyclists.

4.6.2 Specific objectives
The specific objectives of this study were:
e To describe performance in traditional non-cycling specific static and dynamic standing balance tests
in cyclists.
e To describe performance in a self-developed, novel bicycle balance test in cyclists.
e To describe performance in a bicycle-specific agility test in cyclists.
e To describe performance in online simple and choice reaction time in cyclists.
e To determine the associations between performance in a traditional non-cycling specific balance tests
and reaction time, and the novel, cycling-specific balance and agility tests.
e To determine the differences in the novel bicycle balance and agility tests between those participants

using mountain bikes compared to road bicycles, and using flat pedals compared to clipless pedals.

4.7 Methods

4.7.1 Study design

This study had a descriptive analytical design.

4.7.2 Recruitment

Participants were recruited in the Cape Town Central Business District (CBD) within a radius of 10 km from the
Sport Science Institute of South Africa, in Newlands. A recruitment poster was displayed on notice boards at
gyms and cycling clubs in Cape Town (Appendix VII). The recruitment poster was also posted on the social
media accounts of local cycling clubs including Pedal Power Association, UCT Cycling Team and Table Mountain

Bikers.

4.7.3 Participants

4.7.3.1 Inclusion criteria
Healthy male and female mountain and road cyclists aged 18 to 69 years, who cycled a minimum of four hours

per week and had at least a six-month history of regular participation in cycling were included in this study.
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4.7.3.2 Exclusion criteria

Participants were excluded if they had experienced a lower limb musculoskeletal injury in the previous six
weeks, or if they were considered to be unsafe for physical testing based on the results in the Physical Activity
Readiness Questionnaire (PAR-Q) (Appendix VIII). Participants who were pregnant, or who had comorbidities
like uncontrolled hypertension, diabetes, vestibular disturbances and metabolic disorders were also excluded

from the study.

4.7.4 Sample size calculation

Sample size was calculated using the Will Hopkins sample size estimate for magnitude based inferences.%®
Given the proposed study design, we based our calculation on a correlation in a cross-sectional study. With a
smallest harmful correlation of 0.10, and smallest beneficial correlation of 0.50, the required sample size for

80%, 90% and 95% power were 19, 26 and 30 participants respectively.

4.7.5 Measurement instruments and forms

4.7.5.1 Informed consent form

All participants completed an informed consent form before continuing with testing procedures (Appendix IX).
Information on the sequence and description of tests, the potential risks and benefits, and the participant's
right to withdraw from the study at any time was provided for participants. Contact details of the student

researchers and the supervisors of the study were included on the form.

4.7.5.2 Physical Activity Readiness — Questionnaire (PAR-Q)
Participants completed the PAR-Q, to screen participants for medical conditions that may have put them at

risk of adverse events during physical testing (Appendix VII1).1%°

4.7.5.3 Self-developed training questionnaire
A self-developed questionnaire was used to collect information on the participants’ demographic
characteristics and training history (Appendix X). The questionnaire was reviewed by a panel of two experts in

cycling sports medicine and physiotherapy to establish content and construct validity.
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4.7.5.4 Anthropometry
Body mass (kg) was recorded using a calibrated scale (Seca Model, 708 Germany) and stature (cm) was
assessed with a stadiometer (Seca Model, 708 Germany). Body Mass Index (BMI) was calculated using the

following formula:

Mass (kqg)

Height (m)?
Waist circumference (cm) was measured using a standard non-stretch measuring tape halfway between the
iliac crests and the lower rib margin.!'° Leg length was assessed to calculate a normalised score for each of the
Y-balance dynamic balance test. The participant lay supine with the knees bent in a bridge position (on a
plinth), and lifted the hips off the plinth to balance the pelvis.!'! The researcher then passively straightened
the participant’s legs. Leg length was measured from the most inferior point of the anterior superior iliac spine
to the most distal point of the lateral malleolus.!! These two points were palpated and marked with a skin

marker, and the distance in centimetres was measured using a cloth tape measure on each leg a single time.

4.7.5.5 Visual acuity assessment

The Snellen chart was used to screen for visual impairments in participants (Appendix Xl). Participants were
required to complete the test wearing the glasses or contact lenses that they would normally use while riding.
Participants stood six metres away from the Snellen chart (test distance) and were asked to read the letters
off the chart. Normal vision is a score of 6/6, and indicates that at 6 m from the chart, they are able to read
the line that someone with normal vision could read at 6 m. Once they had reached the smallest row of letters
on the chart possible for them to read, the line on the chart was noted.!!? Visual acuity was recorded as:

Test distance
Normal distance

A score of 6/60 or below was considered as vision impairment, indicating that at 6 m they are able to read
what someone with normal vision could read from 60 m away. These participants were excluded from the

study.!?

4.7.5.6 Traditional standing balance tests

Single leg stance (balance) test

Single leg stance balance was performed three times on each leg, with the average time recorded.!
Participants were asked to stand barefoot, on the right leg, with the left leg lifted off the ground behind them.
Their arms were crossed over their chest. Participants were then asked to balance for as long as possible while

standing on the right leg, and the time was recorded (seconds).
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The test was terminated if the participants placed their left foot on the ground, or uncrossed their arms to
balance themselves, or alternately if they moved the stance foot to balance. If more than 45 s passed, the test
was terminated and the testing procedure continued with the remaining tests.’! Once participants completed
their first test on their right leg, the procedure was repeated on the left leg. This process was completed three
times, alternating between the right and the left to reduce the influence of fatigue on the results. Participants
then completed the single leg stance test with their eyes closed, in the same position, and alternating legs
until they had completed three repetitions on each leg. Validity and reliability of the static single leg stance

test have previously been established.**

Y-balance test

Dynamic balance was tested using a Y-balance test.!!® The Y-balance test is a reliable, shortened form of the
Star Excursion Balance Test (SEBT). Its use has been recommended to reduce time in testing and prevent
redundancy found in testing eight directions of movement as in the SEBT.!!3 There are three axes to the Y-
balance test; anterior (ant), posteromedial (PM) and posterolateral (PL). The PM and PL arms lie at 45° to the
midline and are named relative to the leg being tested. The participant started standing on the right leg in the
middle of the Y-shape and attempted to reach as far along the anterior arm as possible with the left leg,
without losing balance. The test was terminated if the heel of the right foot (stance leg) lifted off the ground,
if weight was placed through the left foot or if a hand touched the ground.'® The furthest point along the axis
was recorded (in cm), and the participant had three attempts for each axis. This was repeated for both the PM
and PL axes relative to the right leg. The maximum reach for each direction was used for analyses. This was

repeated standing on the left leg, in the same order.'?

The normalised composite score (CS) for each leg, the normalised single direction reach, and the single
direction reach were recorded. The normalised CS was calculated using the maximum reach in each direction,
and dividing by three times the leg length, expressed as a percentage. The normalised single direction reach
was calculated by dividing the average of a single direction by the leg length, also expressed as a percentage.!'®
The inter-rater reliability of the Y-balance test, when using the normalised single reach and normalised CS has

been reported as ICC 0.99-1.00 (95%Cl: 0.92-1.0) and ICC 0.97-0.99 (95%Cl: 0.92-0.99) respectively.''*

4.7.5.7 Novel bicycle-specific tests

Novel static bicycle balance test

The static bicycle balance test is a novel test designed by the researchers to assess balance in a functional
cycling position. The test was performed from a static start position on the start line on the participants’ own

bicycle (Figure 5).
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@€ SPLITSTANDING

To improve balance and equilibrium reactions //
Strengthen primary stabilisers of the hip, knee and ankle
rrove proprioceptive input in the lower limb // Strengthen

- Stand upright with feet parallel and shoulder width apart,
Method =%
- Step forward with your right leg into a lunge position
- Rise onto the balls of your feet, lifting the heels and bending
@ 37eps/i2sets)] 45 secrest between o the front leg slightly
sets - Hold position for 20-30 seconds

- Swap legs around and repeat with the left leg forward

2] Single Teg Stand

AIM

: METHOD :

- Place an unstable base on the floor e.g. thick towel, pillow, wobble board, bosu etc.

- Stand upright with your right foot in the centre of the balance aid, with the knee slightly bent

- Transfer your weight onto your right leg, and bend the left knee to 90 degrees

- Aim to balance on the right leg wihout leaning forward, sideways or backwards to correct for 30 seconds
- Swap legs to perform this on the left leg

QQER@DL@NE STANDING

- Improve equilibrium and righting M ET H OD

Sviaqieniglowelirbsibibes oo Thmemmmcmocsens
- Strengthening lower limb stabilizers

- Eccentric strengthening of gluteals, 3 reps /1 2 sets

hamstrings and calf 90 sec rest between sets

- Stand upm?hfs and sfowly bow down, with your arms out to the
side at shoulder heig
- Push your pelvis back shghﬂ and bend at the hips
- Ensure a neutral spine by tuc fung your chin in, and bow until
you are horizontal with the door
- Shift your weight onto the rlghf leg, and slowly lift up the left
le?‘ to counterbalance you, mamtalmng a neutral spine

d this position f r 5-10 seconds
- Repeuf on rhe left leg, after a 30 second rest
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Appendix XIV: Ethics approval (Chapter 4)

UNIVERSITY OF CAPE TOWN
Faculty of Health Sciences i

Human Research Ethics Committee

Room G50- Old Main Building

Groote Schuur Hospital

Observatory 7925

Telephone [021] 406 6492

Email: hrec-enquiries@uct.ac.za

Website: www.health.uct.ac.za/fhs/research/humanethics/forms

11 June 2020

HREC REF: 308/2020

Prof M Lambert

Human Biology

Division of Exercise and Sports Science Institute
Newlands

Email: mike.lambert@uct.ac.za

Student- kim.buchholtz@uct.ac.za

Dear Prof Lambert

PROJECT TITLE: THE ASSOCIATION BETWEEN TRADITIONAL BALANCE TESTING
PERFORMANCE AND NOVEL BICYCLE BALANCE AND AGILITY PERFORMANCE IN CYCLISTS-
PHD-CANDIDATE-MISS KIM BUCCHOLTZ

Thank you for submitting your study to the Faculty of Health Sciences Human Research Ethics
Committee (HREC) for review.

It is a pleasure to inform you that the HREC has formally approved the above-mentioned study.

This approval is subject to strict adherence to the HREC recommendations regarding
research involving human participants during COVID -19, dated 17 March 2020.

Approval is granted for one year until the 30 June 2021.

Please submit a progress form, using the standardised Annual Report Form if the study continues
beyond the approval period. Please submit a Standard Closure form if the study is completed within the
approval period.

(Forms can be found on our website: www.health.uct.ac.za/fhs/research/humanethics/forms)

The HREC acknowledge that the student: - Miss Kim Buchholtz will also be involved in this
study.

Please quote the HREC REF in all your correspondence.

Please note that the ongoing ethical conduct of the study remains the responsibility of the principal
investigator.

Please note that for all studies approved by the HREC, the principal investigator must obtain appropriate
institutional approval, where necessary, before the research may occur.

HREC 308/2020sa
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Yours sincerely

PROFESSOR M BLOCKMAN
CHAIRPERSON, FHS HUMAN RESEARCH ETHICS COMMITTEE

Federal Wide Assurance Number: FWA00001637.
Institutional Review Board (IRB) number: IRBO0001938
NHREC-registration number: REC-210208-007

This serves to confirm that the University of Cape Town Human Research Ethics Committee complies
to the Ethics Standards for Clinical Research with a new drug in patients, based on the Medical
Research Council (MRC-SA), Food and Drug Administration (FDA-USA), International Council for
Harmonisation of Technical Requirements for Pharmaceuticals for Human Use: Good Clinical Practice
(ICH GCP), South African Good Clinical Practice Guidelines (DoH 2006), based on the Association of
the British Pharmaceutical Industry Guidelines (ABPI), and Declaration of Helsinki (2013) guidelines.
The Human Research Ethics Committee granting this approval is in compliance with the ICH
Harmonised Tripartite Guidelines E6: Note for Guidance on Good Clinical Practice (CPMP/ICH/135/95)
and FDA Code Federal Regulation Part 50, 56 and 312.

HREC 308/2020sa
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Appendix XV: Recruitment advertisement (Chapter 5)

PARTICIPANTS NEEDED FOR UCT RESEARCH ON BALANCE AND
AGILITY IN CYCLING

Cycling specific balance and agility tests: a validation study

Do you cycle regularly? Do you mountain bike? There are many reasons why people may have falls while
cycling, especially in mountain biking. There has been some speculation that the mountain biker’s balance and
agility and skill on a bicycle may affect the number and severity of falls or crashes.

Currently there are no validated bicycle-specific balance and agility tests. The researchers from UCT’s Division
of Physiotherapy have developed cycling specific tests to measure these skills and are looking for participants
to see how well these tests work.

What will the testing involve?

We will measure your height, weight, body fat and leg length. We will then test your balance in a standing
position on each leg, as well as on your own bike while moving slowly. You will also need to move through an
agility course. All tests will be timed to allow us to determine the relationships between these skills. This
information will allow us to develop injury prevention programmes in the future based on these results.

Requirements to take part in the study:
e Between the ages of 18 and 60 years
e Regularly cycling, specifically mountain biking
e Able to travel to the Sports Science Institute with your mountain bike for testing 3 times during the
testing week and once to Newlands forest on the weekend following testing

Benefits of taking part in the study:

After the study has been completed, you will be provided with the details of your own performance in terms
of balance, reaction time and agility. You will also be given an infographic with some tips on how to improve
your mountain biking skills.

Get in touch
If you are interested, please contact us on kim.buchholtz@uct.ac.za or 021 406 6135 before 30 June 2018.
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Appendix XVI: Informed consent form (Chapter 5)

UNIVERSITY OF CAPE TOWN

vy of Cop

e
af

‘ Faculty of Health Sciences

Department of Health and Rehabilitation Sciences

Divisions of Communication Sciences and Disorders; Nursing and Midwifery; Occupational Therapy;

Physiotherapy; Disability Studies

F45 Old Main Building, Groote Schuur Hospital
Observatory, Cape Town, W Cape, 7925

Tel: +27 (0) 21 406 6401/ 6428/ 6628/ 6534
Fax: +27 (0) 21 406 6323

Cycling specific balance and agility tests: a validation study

Dear Participant

Thank you for considering participation in this research project. This study is being completed as one part of
a PhD study looking at factors affecting injury in multi-day mountain bike events. This study will evaluate newly
developed balance and agility tests performed on a bicycle. This study is being supervised by Dr Theresa
Burgess (Division of Physiotherapy) and Prof Mike Lambert (Division of Exercise Science and Sports Medicine),
with input from the experts in the cycling division of the High Performance Centre of the Sports Science

Institute of South Africa.

Why is this study being done?

There is a lack of research on balance, agility and reaction time in cyclists. Our goal is to validate these newly
developed tests to determine whether they are useful for assessing balance and agility. This will be important

for determining factors that can contribute to the risk of falling or injury in cycling.
Why are you being asked to take part?

We need to use mountain bikers as our test participants to ensure that our results can be applied to the

general mountain biking population.
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How many people will take part in the study?

Thirty four cyclists will be recruited.

What will happen on the testing days?

The testing procedure will include 4 days of testing. On arrival at the Sports Science Institute of South Africa,

you will be given all of the relevant information on the testing sessions.

The testing days are as follows:

Day 1: You will be asked to fill in this informed consent form, giving us permission to test you further. You will
be asked to complete a questionnaire to allow us to screen you for any medical issues that may be of concern
in the testing. Once you have completed the screening, you will be given the link to an online questionnaire
to fill in, with details on your current training, previous cycling experience, type of cycling and non-cycling
training and previous events. This online questionnaire will need to be completed before the second day of

testing.

Your body weight and height will be measured, and then your leg length will be assessed while lying on a
plinth. Your body fat will be measured using a device called calipers, which will give a slight pinching feeling in
seven different areas of the body. Following these measurements, we will do a quick vision screening on a
vision chart attached to the wall, and then a reaction time test, which will be completed on a computer. The
reaction time test is for choice reaction and will take 30 seconds to finish. You will be requested to complete
this test three times and then further peripheral reaction time tests each another three times. Once you have

completed these initial tests, you will move on to the testing stations below:

e Station 1 - Single leg balance test: In this test you will be asked to cross your arms over your chest
and stand on your right leg. We will record how long you can concentrate on a point on the wall and
keep your balance for. Then we will test your standing balance on your left leg. You will repeat this

test three times on each side.

e Station 2 - Y-balance test: In this test there will be a “Y” drawn on the floor. You will be asked to start
in the middle point on your right leg with your hips facing forward and your hands on your hips. You
will then be asked to slide your left foot as far forward as possible, whilst keeping your standing leg
steady, and then return to the middle. We will measure how far you can move your foot in each

direction. You will repeat this task 3 times in all three directions on both legs.
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¢ Station 3 - Novel static bicycle balance test: You will be asked to ride your bicycle in a straight line for
10m. At the end of the 10m you will brake and we will record how long you can keep your balance on
the bicycle for. Trick movements to keep your balance will be noted, for example: taking one or both
hands off the handlebars, taking one or both feet off the pedals and turning the handlebars, causing

the wheel to turn (more than 10 cm from the midline).

e Station 4 — Novel dynamic bicycle balance tests: You will be asked to ride along four different tracks
at a speed of between 5 and 7 kilometres per hour and keep the front wheel on the line as much as
possible. The tracks will include a straight line, a curved line, a straight line with ramps and a curved
line with ramps. Your score will be a measurement of the percentage of time spent with the front

wheel on the line.

e Station 5 - Bicycle-specific agility test: You will be asked to ride your bike around an obstacle course
made with poles as fast as you can. A researcher will explain to you the order which you should cycle
through. The test will be stopped if you touch the poles or put your foot down to keep stable, and you
will return to the starting point. You will be asked to repeat the test three times, and your time for all
three will be averaged.

[duration approximately 2 hours]

Days 2 and 3: You will be asked to return to the Sports Science Institute for testing at a similar time of the day
to the previous testing session. The testing will be made up of Stations 1 to 5 as they were done at the first
session, repeating the previous tests.

[duration approximately 30 minutes]

Day 4: This is an outdoor testing session taking place at the Newlands Forest trails. You will be requested to
transport yourself and your bike to the testing session. You will be required to ride down the section from the
Gravel road in Newlands forest (coming from the Kirstenbosch direction), to the M3 freeway three times while
being timed. Between the downbhill runs, you will need to ride or walk your bicycle back up to the start.

[duration approximately 30 minutes]

What do we do to decide if you are eligible to be take part?

We look at your age, general health, cycling history, race history and injury history to check that you meet the

criteria.
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You will fill out a Pre-Participation Screening Questionnaire before doing any tests to make sure you are safe
to participate in the testing. You will also be asked to ride the Outdoor section in Newlands forest at least

three times on your own before completing the testing sessions.

What are the risks of this study?

The risks involve falling and injuring yourself during the balance agility and outdoor tests, possible damage to
your personal bicycle should you fall off it, and tiredness and stiffness from exercise in the days after the
testing. You will also not be reimbursed for the cost of travelling to SSISA and will be required to complete all
testing sessions during one week. Days one to three need to be completed between the Monday and Friday
of the testing week, and day four on the Saturday or Sunday immediately following the testing week. You will
need to transport your own bike (the same bike for each session) to all of the testing days, and you will need

to wear a helmet for all cycling specific tests.

What happens if | get hurt taking part in this study?

The researcher in this study is a registered physiotherapist and has been trained in first aid. Should you fall
and hurt yourself, they will immediately assess the extent of the injury and determine whether mountain
rescue is required (during the outdoor testing sessions), or whether you can be cared for with basic first aid.
All emergency equipment will be kept on site during the outdoor testing to make sure that you will have
immediate care. All of the indoor testing days will take place at the Sports Science Institute where there are

doctors available and emergency protocols for serious injury or illness.

‘This research study is covered by an insurance policy taken out by the University of Cape Town if you suffer a

bodily injury because you are taking part in the study.

The insurer will pay for all reasonable medical costs required to treat your bodily injury, according to the SA
Good Clinical Practice Guidelines 2006, which are based on the Association of the British Pharmaceutical
Industry Guidelines. The insurer will pay without you having to prove that the research was responsible for

your bodily injury. You may ask the study doctor for a copy of these guidelines.

The insurer will not pay for harm if, during the study, you:

e Use medicines or other substances that are not allowed

e Do not follow the study doctor’s instructions

e Do not tell the study doctor that you have a bad side effect from the study medicine
e Do not take reasonable care of yourself and your study medicine
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If you are harmed and the insurer pays for the necessary medical costs, usually you will be asked to accept
that insurance payment as full settlement of the claim for medical costs. However, accepting this offer of
insurance cover does not mean you give up your right to make a separate claim for other losses based on

negligence, in a South African court.

It is important to follow the study doctor’s instructions and to report straightaway if you have a side effect

from the study medicine.’

Are there any benefits to you for being in the study?

There are no direct benefits to you for taking part in this study. You will be given an infographic on agility and
balance training for cycling, and your access to Tokai will be paid on the day of testing should you not have
the required SANParks Activity Card. This will allow you access for the remainder of the day to the tracks. A
lucky draw with sponsored prizes will be held at the end of the testing period. Refreshments will be provided

on all testing days.

Will the results of the research be shared with you?

There will be the option in the questionnaire to tick a box stating whether you would like a summary of the

results once the research project has been completed.

Who will see the information that is collected about you during the study?

Only the researchers involved and the supervisors will have access to the information. The digital information
will be stored in a password-protected folder on a computer to protect your privacy. Hard copies of
information will be stored in a cabinet with a lock. Confidentiality of personal information will be maintained

at all times.

Who do | speak to (or contact) if | have any questions about the study?
If you would like to contact the researcher:

Ms Kim Buchholtz (084 774 4214, kim.buchholtz@uct.ac.za)

208



Appendices

If you would like to speak to a supervisor of the study:

Dr Theresa Burgess (021 406 6171, theresa.burgess@uct.ac.za)

Prof Mike Lambert (021 650 4558, mike.lambert@uct.ac.za)

The UCT’s Faculty of Health Sciences Human Research Ethics Committee can be contacted on 021 406 6338 in
case you have any ethical concerns or questions about your rights or welfare as a participant on this research

study.

By signing this form, you agree to participate in the above study, and understand the potential risks involved.
All data collected from this study will be stored in a protected manner, and will only be seen by the
investigators involved. You have the right to withdraw from the study at any given time provided you inform

any of the researchers involved.

l, , hereby consent to take part in the above study. | understand the risks involved

and | am aware that my participation in this study is voluntary and that | may withdraw at any stage of the

study.

Name of participant Signed Date
Name of researcher Signed Date
Name of witness Signed Date
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Appendix XVII: AHA/ACSM Health/Fitness Pre-participation screening questionnaire

Exercise Pre-participation Health Screening Questionnaire for Exercise Professionals
Assess your client health needs by marking all true statements.

Step 1

SYMPTOMS

Does your client experience:

__chest discomfort with exertion

___unreasonable breathlessness

__dizziness, fainting, blackouts

__ankle swelling

__unpleasant awareness of a forceful, rapid or irregular heartrate

__burning or cramping sensations in your lower legs when walking shortdistance

If you did mark any of the statements under the symptoms, STOP, your client should seek medical clearance before engaging in or
resuming exercise. Your client may need to use a facility with a medically qualified staff.

If you did not mark any symptoms, continue to steps 2 and 3

Step 2

CURRENT ACTIVITY
Does your client currently perform planned, structured physical activity at least 30 min at moderate intensity on at least 3 days per week
for at least the last 3 months?

Yes O No O
Continue to Step 3

Step 3

MEDICAL CONDITIONS

Has your client had or do they currently have:

___aheart attack

__heart surgery, cardiac catheterization, or coronaryangioplasty
__pacemaker/implantable cardiac defibrillator/rhythm disturbance
__heart valve disease

__heart failure

__heart transplantation

__congenital heart disease

___ diabetes

__renal disease

Evaluating Steps 2 and 3:

e If you did not mark any of the statements in Step 3, medical clearance is not necessary.

e If you marked Step 2 “yes” and marked any of the statements in Step 3, your client may continue to exercise at light to
moderate intensity without medical clearance. Medical clearance recommended before engagingin vigorous exercise.

e If you marked Step 2 “no” and marked any of the statements in Step 3, medical clearance is recommended. Your client may
need to use a facility with a medically qualified staff.

Magal & Riebe (2016)

Additional Question: Have you ever been diagnosed with a balance or neurological disorder by a medical
practitioner for example: a vestibular dysfunction, stroke, epilepsy, BPPV (benign paroxysmal positional
vertigo)?

Yes Ol No Ol

If yes, please describe:
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Appendix XVIII: Demographic and training questionnaire
Questionnaire

Cycling specific balance and agility tests: a validation study

Please complete this questionnaire before attending your second session of testing at the Sports
Science Institute. You will be requested to complete an informed consent form before filling in the
guestionnaire. Please answer all the questions in this questionnaire as accurately and honestly as

you are able to.

Investigator:
Kim Buchholtz

kim.buchholtz@uct.ac.za

Supervisors:
Dr Theresa Burgess

theresa.burgess@uct.ac.za

Prof Mike Lambert

mike.lambert@uct.ac.za

This questionnaire has 2 sections:
Section A: Personal information
Section B: Cycling information
Section A: Personal Information

Name:

Email Address:

Contact number:

Age:

Date of Birth:

Sex:

What is your main sport?
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Section B: Cycling information

Please complete the information for both road and mountain biking if you do both

1. What type of mountain bike do you ride habitually (Trail bike, cross-country, marathon, downhill, etc.)?

2. What is the wheel size?

26 inch [l
27.5inch [l
29 inch [l

3. Have you had your bike professionally fitted for you?
Mountain: Yes []
No [

If yes, where was it done?

Road: Yes [l
No [l

If yes, where was it done?

4. How long have you been cycling for?
Mountain: months years

Road: months years

5. How often, on average, do you cycle each week?
Mountain: days

Road: days

6. How many hours, on average, per week do you currently cycle?

Mountain

Road

7. For how many months of the year do you cycle?

Mountain
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Road

8. What are your main training goals?

Fitness improvement / control [
Performance progression
Weight loss

Strength training

O o o O

Power and speed training

9. What kind of feedback and tracking systems do you use to monitor your training/performance? (GPS,

heartrate registration, cadence measurements, power measurements, Strava, motion tracking, etc..)

Mountain bike:

Road cycling:

10. What other training do you do?

Sport Average hours per week During which months per year?

11. Do you specifically do any bicycle skill training?
Yes Ol
No Ol

If yes, please describe:

12. Do you specifically do any balance training?
Yes Ol

No [l
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If yes, please describe:

How often, on average, per week?

How long per session?

13. Do you specifically do any bicycle balance training?
Yes Ol
No Ol

If yes, please describe:

How often, on average, per week?

How long per session?

14. Do you have a cycling coach/trainer?

Yes ]

No ]

Do the follow the programme they have set for you?
Yes ]

No ]

15. Do you have another cycling programme that you follow?
Yes Ol
No Ol

Where did you get it from?

16. What events do you compete in?
Mountain:

Single day? [

How many per year?

Which events?

Multi stage 2-3 day? []
How many per year?

Which events?
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Multi stage 4+ days? [J
How many per year?

Which events?

Road: [
How many per year?

Which events?

17. Have you ever cycled in the Cape Town Cycle tour?
Yes Ol
No Ol

18. What is the most recent year (CTCT) you have completed?

What was your time?

Do you consider yourself currently stronger or weaker than at that stage?
Stronger O

Weaker ]

Same fitness [

19. Have you ridden the Newlands forest downhill section at least three times in the past?
Yes Ol
No Ol

20. Do you feel safe riding this section as part of the required testing?

Yes Ol

No Ol

21. Would you like to have the results of this study shared with you at the end of the research period?

Yes [l
No [l

Thank you for taking the time to complete this questionnaire!
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Appendix XIX: Safety questionnaire

Participant Name:

Date of testing:

1. How difficult did you find the overall experience of the testing procedure?
[J Not difficult at all
[] Difficulty with 2 or fewer tests
] Difficulty with at least half of the tests
[ Extremely difficult to complete the testing

[J Unable to complete the testing procedure due to difficulty

2. Please rate each test in terms of difficulty?
2.1 Static bicycle balance test
[ Extremely easy
[1Easy
[1 Manageable
[ Difficult

[ Extremely difficult

2.2 Dynamic balance test 1
(] Extremely easy

[1Easy

[J Manageable

[ Difficult

[ Extremely difficult

2.3 Dynamic balance test 2
L] Extremely easy

[1Easy

1 Manageable

[ Difficult

[ Extremely difficult
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2.4 Dynamic balance test 3
[ Extremely easy

[]Easy

[1 Manageable

LI Difficult

[ Extremely difficult

2.5 Dynamic balance test 4
[] Extremely easy

[1Easy

[J Manageable

LI Difficult

[ Extremely difficult

2.6 Agility course
L] Extremely easy
[l Easy

[J Manageable

[ Difficult

[ Extremely difficult

2.7 Outdoor test
(] Extremely easy
[]Easy

[J Manageable

U Difficult

[] Extremely difficult

3. Did you feel unsafe with any of the tests?
[IYes
[ No

3.1 If yes: which ones?

[] Static bicycle balance test
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[J Dynamic balance test 1
[J Dynamic balance test 2
[J Dynamic balance test 3
[J Dynamic balance test 4
[J Agility course

(] Outdoor test

3.2 If yes: what do you feel could have been changed to make you feel more secure during the test? (Please

complete for each test that felt unsafe)

4. Would you be willing to complete all of these tests again in the future?
[IYes
[ No
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Appendix XX: Feasibility study results (Chapter 5)

The objectives of the feasibility study were:
e To assess the intra-rater reliability of the video analysis of the novel tests
e To assess the length of time the full session of testing will take to complete
e To determine areas of concern regarding safety in any of the novel tests
e Toassess qualitatively the ease with which the participants were able to complete the outdoor testing

session

Participants
There were four male and one female participants in the feasibility study. The descriptive characteristics of

the participants are presented in the Table 46 below.

Table 46: Descriptive characteristics of the feasibility study participants. Data are presented as mean (range).

Variable Total (n=5)
Age (years) 50.6 (40.0-64.0)
Mass (kg) 77.7 (65.5-92.8)
Stature (cm) 175.3 (172.5-179.5)
Fat percentage (%) 25.3(22.6-31.3)
Lean body mass (kg) 58.0 (49.8-68.0)

Video analysis

The video analysis was completed on each video from day one of the feasibility study, using WonderShare
Filmora (VBroadcast Limited, Hong Kong) software as described in Chapter 5 (Table 47). The video analysis
was repeated three times on separate occasions for each video to allow for assessment of intra-rater reliability
of the analysis. The error score was calculated as the percentage of the overall time taken to complete the
test in which the participants kept the front wheel on the line. For one participant, the videos for DBBT1 and
DBBT2 were unreadable, and for one participant the camera shifted during testing on DBBT3, attempt 3, and

these were excluded from the analysis (reflected in the different ‘n’ in Table 47).
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Table 47: Reliability measures of the video analysis of error during DBBT1 to DBBT4 for three attempts.

Attempt

Attempt

Attempt ICC

TEM

Effect size

Effect size

X 5 3 (95% C1) (95% Cl) (1vs2) Descriptor (2vs 3) Descriptor
'(Driig 704%163  727£172 703150 0.7(:3'_902‘ &7) (3;:;8) (-0.2%%3.93) Trivial (_0.;2{_15 66) Trivial
I()riE:;LTZZ) 623+163  693+170  63.4:19.7 (0.8(2—905.98) (3.;41:2.7) (-o.ff;.zn Moderate (-1._101-3550) small
'(Driig 53.1+17.6 56.9+17.9 54.2+16.8 (0.8(2_903.98) (3.313.1) (-o.é);é.%) Small (_0;;09'_106.59) Trivial
'(Driig 5004215 53.5+217 529+215 (0.7%_901‘97) (5.57_'100‘2) (-o.gé%g.sn Trivial (_O.;(Zf);w) Trivial

ICC=Intra-class correlation co-efficient; TEM=Typical Error of Measurement

Measures of reliability were found to be sufficient for the video analysis of the DBBTs. Changes were made to

the securing of the camera to the bicycle to ensure that it did not shift during testing and result in difficulties

with analysis as experienced in the feasibility study.

Safety monitoring

The safety questionnaire results for each participant are presented in the Table 48 below. Based on these

results, no changes were required to the tests to ensure safety of the participants.

Table 48: Responses to the safety questionnaire by the feasibility study participants, and the score allocated to those responses where

applicable

Participant 1 Participant 2 Participant 3 Participant 4 Participant 5
a1 Difff\(/;/\i/\’izrz or Not diff at all Difff\::\i,tzrz or Difff\::\i,tzrz or Difff\::\i,tzrz or
Q2.1 Difficult (1) Difficult (1) Manageable Easy Manageable
Q2.2 Manageable Easy Manageable Manageable Manageable
Q2.3 Manageable Easy Manageable Manageable Manageable
Q2.4 Difficult (1) Easy Manageable Difficult (1) Difficult (1)
Q2.5 Difficult (1) Easy Manageable Difficult (1) Difficult (1)
Q2.6 Easy Easy Manageable Easy Easy
Q2.7 Manageable Extremely Easy Difficult (1) Manageable Easy
Q3 No No No No No
Q3.1 - - - - -
Q4 Yes Yes Yes Yes Yes
Total score 3 1 1 2 2
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Appendix XXI: Safety monitoring during validation study

The responses to the safety questionnaire are presented in Table 49 below. None of the participants met the cut-off score of 9/16 for the test to be considered

dangerous.

Table 49: Individual responses for participants on the perceived safety of the novel bicycle balance and agility test, and the outdoor trail.

Participant Participant Participant Participant Participant Participant Participant Participant Participant Participant
1 2 3 4 5 6 7 8 9 10

at Diff with at Diff withat  Diff with 2 or  Diff with at Not diff at Extremely Diff with 2 Diff with 2 Not diff at Diff with 2

least % least % fewer least % all diff or fewer or fewer all or fewer
Extremely - -

Q2.1 Manageable Manageable Manageable Easy Easy Difficult (1)  Manageable  Difficult (1) = Manageable Manageable
- - Extremely -

Q2.2 Difficult (1) Difficult (1)  Manageable Easy Easy Manageable Manageable Manageable Manageable  Difficult (1)

Extremely

Q2.3 Manageable Manageable Manageable Easy Easy Manageable Easy Manageable Manageable Manageable
- - Extremely - -

Q2.4 Difficult (1) Difficult (1)  Manageable Manageable Easy Difficult (1)  Manageable Manageable Manageable  Difficult (1)

Extremely -

Q2.5 Manageable Manageable Manageable Manageable Easy Difficult (1)  Manageable Manageable Manageable Manageable

Q2.6 Easy Manageable Manageable Manageable Extg::/ely Easy Extg::/ely Manageable Manageable Easy

Q2.7 Manageable  Manageable Manageable  Difficult (1) Easy Manageable Easy Manageable  Manageable Easy

Q3 No No No Yes (2) No No No No No No

Q3.1 - - - Outdoor - - - - - -

Q4 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Total score 2 2 0 3 0 3 0 1 0 2
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Participant Participant Participant Participant Participant Participant Participant Participant Participant Participant
11 12 13 14 15 16 17 18 19 20
at Diff with 2 Not diff at Diff with at  Diff with2 or  Diff with at Diff with 2 Diff with 2 Diff with 2 Diff with 2 Diff with 2
or fewer all least 7 fewer least % or fewer or fewer or fewer or fewer or fewer
Q2.1 Difficult (1)  Manageable  Difficult (1) Easy Difficult (1) Ext.remely Manageable Ext.remely Easy Difficult (1)
diff (2) diff (2)
Q2.2 Manageable Manageable Easy Manageable Manageable Manageable Manageable Manageable Easy Manageable
Extremely -
Q2.3 Manageable Manageable Easy Manageable Manageable Manageable Manageable Easy Easy Difficult (1)
Q2.4 Manageable Manageable Manageable Manageable  Difficult (1) Easy Manageable  Difficult (1) Manageable  Difficult (1)
- - Extremely
Q2.5 Manageable Manageable Difficult (1)  Manageable  Difficult (1)  Manageable Manageable Easy Manageable diff (2)
Q2.6 Easy Manageable Easy Easy Difficult (1)  Manageable  Difficult (1)  Manageable Manageable Manageable
Q2.7 Easy Difficult (1)  Manageable Manageable Manageable Easy Manageable  Manageable Easy Manageable
Q3 No No No No No No No No No No
Q3.1 - - - - - - - - - -
Q4 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Total score 1 1 2 0 4 2 1 3 0 5

222



Appendices

Appendix XXII: Ethics approval (Chapter 5)

g UNIVERSITY OF CAPE TOWN ' x’
v

7 Faculty of Health Sclences
e Human Research Ethics Committee
Room E53-46 Old Main Bullding
Groote Schuur Hospital
Observatory 7925
Telephone [021) 405 6626
Email: shuretiathomas@uct acze

24 May 2018
HREC REF: 268/2018

Dr T Burgess
Physiotherapy
Health & Rehab
F-floor, OMB

Dear Dr Burgess

PROJECT TITLE: CYCLING SPECIFIC BALANCE AND AGILITY TESTS: A VALIDATION STUDY
(PhD-candidate Ms K Buccholtz)

Thank you for submitting your response to the Faculty of Health Sclences Human Research Ethics
Commlttee.

It is & pleasure to Inform you that the HREC has formally approved the above-mentioned study.
Approval is granted for one year untll the 30 May 2019.
Please submit a progress form, using the standardised Annual Report Form If the study continues

beyond the approval period. Please submit a Standard Closure form If the study Is completed within
the approval period.

(Forms can be found on our website: www,health.uct.ac.za/fhs/research/humanethics/forms)
Please quote the HREC REF In all your correspondence.

Please note that the ongolng ethical conduct of the study remains the responsibliity of the principal
Investigator.

Please note that for all studies approved by the HREC, the principal Investigator must obtain
appropriate Institutional approval, where necessary, before the research may occur.

The HREC acknowledge that the student, Kim Buccholtz will also be Involved in this study.

Yours sincerely -
Y

Federal Wide Assurance Number: FWAO0001637.
Institutional Review Board (IRB) number: IRB0O0001938
This serves to confirm that the University of Cape Town Human Research Ethics Committee complies
to the Ethics Standards for Clinical Research with a new drug in patlents, based on the Medical
HREC 268/2018
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Appendix XXIII: Infographic for participants (Chapter 5)

Becoming more skilled on your bike could reduce
your fisk of falling
Follow the tips below to improve your bike handling

More time on the trails

PRACTICE! PRACTICE! Thfﬂi” ?ki”sf.such as b.Uf;}ﬂY STRENGTHEN your legs!
PRACTICE! opping, Tigure of eights Power helps to get you
and track stands on

will improve your skills emply lots or fields

IDEAS T0 IMPROVE YOUR RIDING

Walk difficult sections of trail before riding them
to find the best route down, then practice until
you feel confident!

Ride different terrain regularly so that you get
used to different obstacles

Feather your brakes before turning corners and
coming into difficult sections... Don't slam on
brakes and lock them as you will lose traction!

Have fun playing on your bike and learning to
control it at slow speeds

Keep your leg speed up! Ride between 70-100
rpm... it's more efficient and helps to maintain
traction on loose trail
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Appendix XXIV: Recruitment advertisement (Chapter 6)

The effect of physical and cognitive fatigue on bicycle balance
performance

One of the main causes of injury in mountain biking is falling. Researchers from UCT’s Divisions of
Physiotherapy and Exercise Science and Sports Medicine have recently developed tests to measure balance
and agility on a bicycle. We are using these tests to work out which cyclists may be at risk for falling and injury.
In this study we would like to test whether physical or mental fatigue affects balance on a bicycle.

What will the testing involve?

You will complete a short questionnaire on your cycling history. We will measure your height, weight and body
fat and then test your balance on a bicycle, and your agility around a short indoor obstacle course. After this
we will give you a task to cause either physical or mental fatigue, and retest your balance. We will repeat these
tests a second time about a week later using the other task (physical or mental) to make you tired.

Requirements to take part in the study:
e Between the ages of 18 and 60 years
e Ride a mountain bike in cleats
e Able to travel to the Sports Science Institute on three separate days with your mountain bike for
testing

Benefits of taking part in the study:

After the study has been completed, you will be provided with the details of your own performance in terms
of balance and agility. We will use the information on this study learn more about the effect of fatigue on
balance and agility on a mountain bike.

Get in touch
If you are interested, please contact us on kim.buchholtz@uct.ac.za or 084 774 4214 before {date}.
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Appendix XXV: Informed consent form (Chapter 6)

Division of Exercise Science and Sports Medicine

\. Department of Human Biology
— Faculty of Health Sciences
e S S m O University of Cape Town
EXERCISE SCIENCE AND | SPORTS MEDICINE P.O. Box 115, Newlands 7725, South Africa

\ Tel: +27 21 650 4561 Fax: +27 21 650 1796

Head of Division: Professor A September

The effect of physical and cognitive fatigue on bicycle balance
performance

Dear Participant

Thank you for considering taking part in this research project. This study is being done as one part of a PhD
study looking at the factors that may affect balance and agility on a mountain bike. This study will look at the
effect of fatigue or tiredness on bicycle balance. This study is being supervised by Dr Theresa Burgess (Division
of Physiotherapy) and Prof Mike Lambert (Division of Exercise Science and Sports Medicine), with input from

the staff in the cycling division of the High Performance Centre of the Sports Science Institute of South Africa.

Why is this study being done?

There is a lack of information on balance and agility in cyclists. Many cyclists may be injured when falling off
their bicycles, and we are not sure why cyclists may fall. This study is trying to see how either mental or physical

fatigue might affect your balance when riding.

Why are you being asked to take part?

We need cyclists between 18 and 60 years old who ride mountain bikes in cleats

How many people will take part in the study?

We need about 20 people for the study

What will happen on the testing days and during training?

The testing procedure will include three sessions of testing over a maximum of three weeks. On arrival at the
Sports Science Institute of South Africa on the first day, you will be given all of the relevant information on the

testing sessions.
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The testing sessions are as follows:

Day 1: You will be asked to read this informed consent form and sign if you agree to take part in this study,
giving us permission to test you further. You will be asked to complete a questionnaire to allow us to screen
you for any medical issues that may be of concern in the testing. If we find any medical issues during the
screening process that would make us worried about you completing any of the test, we will refer you to your
doctor or another doctor (if you don’t have one) to make sure that it is safe for you to exercise. Once you have
completed the screening, you will be given the link to an online questionnaire which will ask details on your

current training, previous cycling experience, type of cycling and non-cycling training and previous events.

Your body weight and height will be measured, and your body fat will be measured using skinfold calipers,
This will involve pinching your skin and underlying fat at four different sites, and measuring the thickness. It is
not painful, but may be slightly uncomfortable. Following these measurements, we will do a quick vision
screening on a vision chart attached to the wall. Should you not be able to read the vision chart, you will not
be able to complete the tests, for your own safety. Apart completing the forms and the vision screening, you

will have a chance to practice each of the tests that you will be tested on in the next two sessions.

e Station 1 — Dynamic bicycle balance tests: You will be asked to ride along four different tracks at the
slowest speed possible and keep the front wheel on the line as much as possible. The tracks will
include a straight line, a curved line, a straight line with ramps and a curved line with ramps. Your
score will be a combination of how accurately you can keep the front wheel on the line and how slowly

you can move along the line. See the picture below for the tests:

Test 1 Test 2 Test 3 Test 4
7 A

Bridge

10m Bridge
Bridge

Bridge

e |
0.5m 0.5m
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e Station 2 - Bicycle-specific agility test: You will be asked to ride your bike around an obstacle course
made with poles as fast as you can. A researcher will explain to you the order which you should cycle
through the course. The test will be stopped if you touch the poles or put your foot down to keep
stable, and you will return to the starting point. You will be asked to repeat the test three times, and

your best time will be used (see below picture).
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Days 2 and 3:
You will be randomly allocated into either the mental fatigue testing, or the physical fatigue for the second
session, and then complete the other fatigue task in the third session. Please do not drink any coffee for one
hour before your testing time. On days 2 and 3 you will be asked to redo all the tests that you practised on in
the first session. We will put a heart rate monitoring strap around your chest before you start the tests. We
will time and record these tests for your score. You will warm up for 10 mins on a stationary bicycle before
having your grip strength tested and starting the tasks. Once you have completed all the balance and agility
tests, we will ask you to do the fatigue task.
e Grip strength

We will measure your grip strength using a hand dynamometer. You will squeeze a handle as hard as

you can for 3 seconds and then relax for 15 seconds. You will then repeat this 2 more times before

doing the same test on the other hand. We will test your grip strength before the first cycling tests,

after the fatiguing task, and at the end of the testing session on days 2 and 3.
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e Fatigue task
You will have been randomly allocated to complete a task, which causes either physical fatigue or
mental fatigue.

e The physical fatigue task will be repeated 1 minute sprints on an Assault Airbike, using both arms and
legs. The legs move around like a bicycle, while the arms are moving forwards and backwards like a
cross-trainer. You will repeat these 1 min sprints 5 times and be asked to go as fast as you can for the
full minutes. Between each sprint you will be given 30 seconds to recover. This task is to make your
body physically tired. You will be given 5 mins for your heart rate to recover following the fatigue task
before you move back to the balance tests. In between each of the balance tests you will be asked
how much effort you are feeling. You will do another 2 x 1 minute sprints in between each of the
balance tests to ensure that you remain physically tired for all the tests.

[duration approximately 1h30]
OR
e The mental fatigue task will be 30 mins of an online task which needs you to think carefully for the full

time period. You will be seated at a computer to do this task.

The task will ask you to look at different names on the screen and identify the colour of the word on
the screen, and press a button to confirm the colour as quickly as you can. This task is designed to
make you feel like you have done a lot of complicated thinking and to make you mentally tired. You
will then go back to the balance tests. In between each test you will rate how much effort you feel,
and you will do another 2 mins of the online task to ‘top up’ the mental fatigue each time.

[duration approximately 1h45]

Day 3: Following a 10 minute warmup, Stations 1 and 2 will be completed again at the 2" testing session. The
fatigue task that was not completed on the first day will now be done after the stations. This task will be done

as described above.

What do we do to decide if you are eligible to be take part?

Once you complete this informed consent form, you will fill out a Pre-Participation Screening Questionnaire
so we can determine whether it is safe for you to participate in the testing. If you are considered safe for
exercise on this screening, and you pass the vision screening with sufficient eye sight for safe testing, you will

be included in the physical testing.
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What are the risks of this study?

All tests are performed on a soft surface to reduce the risk of getting hurt should you fall during the balance
and agility tests. However, there is a low risk of injuring yourself should you fall. There is also a low risk of
damaging your bicycle should you fall off it. You will not be reimbursed for the travelling costs to SSISA. You
will need to transport your own mountain bike (the same bike for each session) to all of the testing days, and
you will need to wear a helmet for all cycling specific tests for safety reasons. Following the mental fatigue
task you may feel tired and drained. This is a temporary feeling which will disappear after a short sleep.
Following the physical fatigue task, you may feel that your body is quite tired, and you may experience some

muscle soreness in the few days following the testing. This should go away within 48 hours.

What happens if | get hurt taking part in this study?

The researcher in this study is a registered physiotherapist and has been trained in first aid. Should you fall
and hurt yourself, she will immediately assess the extent of the injury. All the testing will take place at the
Sports Science Institute where there are doctors available during working hours and there are emergency

protocols for serious injury or illness.

This research study is covered by an insurance policy taken out by the University of Cape Town in the event of
you getting an injury while taking part in the study. The insurer will pay for all reasonable medical costs
required to treat your bodily injury, according to the SA Good Clinical Practice Guidelines 2006, which are
based on the Association of the British Pharmaceutical Industry Guidelines. The insurer will pay without you
having to prove that the research was responsible for your bodily injury. You may ask the study researcher for

a copy of these guidelines.

The insurer will not pay for harm if, during the study, you:

e Use medicines or other substances that are not allowed

e Do not follow the study researcher’s instructions

e Do not take reasonable care of yourself
If you are harmed and the insurer pays for the necessary medical costs, usually you will be asked to accept
that insurance payment as full settlement of the claim for medical costs. However, accepting this offer of
insurance cover does not mean you give up your right to make a separate claim for other losses based on

negligence, in a South African court.
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Are there any benefits to you for being in the study?
There are no direct benefits to you for taking part in this study. Refreshments will be provided on all testing

days.

Will the results of the research be shared with you?

The results of the study will be shared with you at the end of the study.

Who will see the information that is collected about you during the study?

Only the researchers involved and the supervisors will have access to the information. The digital information
will be stored in a password-protected folder on a computer to protect your privacy. Hard copies of
information will be stored in a cabinet with a lock. Confidentiality of personal information will be maintained
at all times. Findings of this study will be published in research journals, but the results will be of the full group

of participants and every effort will be made to ensure that individuals are identifiable.

Who do | speak to (or contact) if | have any questions about the study?

If you would like to contact the researcher:

Ms Kim Buchholtz (084 774 4214, kim.buchholtz@uct.ac.za)

If you would like to speak to a supervisor of the study:

Dr Theresa Burgess (021 406 6171, theresa.burgess@uct.ac.za)

Prof Mike Lambert (021 650 4558, mike.lambert@uct.ac.za)

Prof Marc Blockman, the chair of UCT’s Faculty of Health Sciences Human Research Ethics Committee can be
contacted on 021 406 6338 in case you have any ethical concerns or questions about your rights or welfare as

a participant on this research study.
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By signing this form, you agree to participate in the above study, and understand the potential risks involved.
All data collected from this study will be stored in a protected manner, and will only be seen by the
investigators involved. You have the right to withdraw from the study at any given time provided you inform

any of the researchers involved.

l, , hereby consent to take part in the above study. | understand the risks involved

and | am aware that my participation in this study is voluntary and that | may withdraw at any stage of the

study.

Name of participant Signed Date
Name of researcher Signed Date
Name of witness Signed Date
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Appendix XXVI: Ethics approval (Chapter 6)

UNIVERSITY OF CAPE TOWN
E’ Faculty of Health Sclences

Human Research Ethics Committee

Room E53-46 Old Main Bullding
Groote Schuur Hospital
Observatory 7925
Telephone [021) 406 6626
Emaill:
Woebsits:

30 May 2019
HREC REF: 338/2019

Prof Mike Lambert
Human Blology

Sport Science Institute
3" fioor

Dear Prof Lambert

PROJECT TITLE: THE EFFECT OF PHYSICAL AND COGNITIVE FATIGUE ON BICYCLE BALANCE
PERFORMANCE (PHD CANDIDATE - MS K BUCHHOLTZ) SUB-STUDY LINKED TO 268/2018

Thank you for submitting your study to the Faculty of Health Sciences Human Research Ethics
Committee.

Itis a pleasure to Inform you that the HREC has formally approved the above-mentioned study.
Approval is granted for one year until 30 May 2020.
Please submit a progress form, using the standardised Annual Report Form If the study continues

beyond the approval period. Please submit a Standard Closure form If the study Is completed within the
approval period.

(Forms can be found on our website: yoww,health.uct.ac.za/fhs/research/humanethics/forms)

Please quote the HREC REF In all your correspondence.

Please note that the ongoing ethical conduct of the study remains the responsibllity of the principal
Investigator.

Please note that for all studles approved by the HREC, the principal Investigator mugt obtaln
appropriate Institutional approval, where necessary, before the research may occur.

The HREC acknowledge that the student, Kim Buchholtz will also be Involved In this study.

Yours sincerely ,7)\\

ral Wide Assurance Number: FWAQD001637.
Institutional Review Board (IRB) number: IRB00001938
NHREC-registration number: REC-210208-007

MREC 338/2019
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Appendix XXVII: Additional results - responder analysis

Physical fatigue protocol

Table 50: Relationship between mountain biking experience and responder/non-responder status in the physical fatigue protocol

TEST Group N Mean Rank Sum of U-value p-value
Responders 8 6.3 85.5
DBBT1 Non-responders 8 10.7 50.5 14.5 0.067
w Responders 9 7.9 715
=) DBBT2 26.5 0.974
g Non-responders 6 8.1 48.5
<
[
2 DBBT3 Responders 12 9.2 110.5 395 0.765
o Non-responders 6 10.1 60.5
@
> R d 10 9.0 99.0
T  pBBT4 | oPonder 36.0 0.742
Non-responders 8 9.9 72.0
Responders 6 8.1 48.5
AGILITY Non-responders 6 4.9 29.5 8.5 0.154

Table 51: Relationship between annual cycling distance and responder/non-responder status in the physical fatigue protocol

TEST Group N Mean Rank Sum of U-value p-value
Responders 8 8.7 69.5
DBBT1 Non-responders 8 8.3 66.5 305 0.899
w Responders 9 7.8 70.5
> DBBT2 255 0.885
g Non-responders 6 8.3 49.5
<
- R d 12 8.8 105.0
S  DBBT3 | roneer 27.0 0.423
o Non-responders 6 11.0 66.0
wv
>
z DBBT4 Responders 10 8.6 86.0 310 0.445
Non-responders 8 10.6 85.0
Responders 6 7.2 35.0
AGILITY Non-responders 6 5.8 43.0 14.0 0.589
Table 52: Relationship between age and responder/non-responder status in the physical fatigue protocol
TEST Group N Mean Rank Sum of U-value p-value
Responders 8 9.4 75.5
DBBT1 Non-responders 8 7.6 60.5 24.5 0.457
w Responders 9 8.2 74.0
> DBBT2 25.0 0.841
g Non-responders 6 7.7 46.0
<
- R d 12 9.1 109.5
S  DpBBT3 | roncer 315 0.697
o Non-responders 6 10.3 61.5
(%]
>
z DBBT4 Responders 10 10.0 100.0 350 0.678
Non-responders 8 8.9 71.0
Responders 6 7.3 44.0
AGILITY Non-responders 6 5.7 34.0 130 0.457
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Table 53: Relationship between mass and responder/non-responder status in the physical fatigue protocol

TEST Group N Mean Rank Sum of U-value p-value
Responders 8 6.4 51.0
DBBT1 Non-responders 8 10.6 85.0 15.0 0.083
w Responders 9 8.9 80.0
> DBBT2 19.0 0.388
g Non-responders 6 6.7 40.0
<
[
2 DBBT3 Responders 12 8.8 106.0 »8.0 0.494
o Non-responders 6 10.8 65.0
wv
>
z DBBT4 Responders 10 10.8 108.0 270 0274
Non-responders 8 7.9 63.0
Responders 6 7.2 43.0
AGILITY Non-responders 6 5.8 35.0 14.0 0.589
Table 54: Relationship between stature and responder/non-responder status in the physical fatigue protocol
TEST Group N Mean Rank Sum of U-value p-value
Responders 8 6.1 48.5 «
DBBT1 Non-responders 8 10.9 87.5 125 0.0406
w Responders 9 8.8 79.0
> DBBT2 20.0 0.437
g Non-responders 6 6.8 41.0
<
[
2 DBBT3 Responders 12 8.0 95.5 175 0.087
o Non-responders 6 12.6 75.5
@
= R d 10 10.7 106.5
T  pBBT4 | oPonder 28.5 0.327
Non-responders 8 8.1 64.5
Responders 6 7.5 45.0
AGILITY Non-responders 6 5.5 33.0 12.0 0.394

Cognitive fatigue protocol

Table 55: Relationship between mountain biking experience and responder/non-responder status in the cognitive fatigue protocol

TEST Group N Mean Rank Sum of U-value p-value
Responders 10 9.95 99.5
DBBT1 Non-responders 6 6.08 36.5 155 0.125
% Responders 9.29 65.0
o DBBT2 26.0 0.585
= Non-responders 9 7.89 71.0
<
[
w DBBT3 Responders 6 10.50 63.0 12.0 0.081
= Non-responders 9 6.33 57.0
2
8 DBBT4 Responders 7 9.00 63.0 35.0 50.999
O Non-responders 10 9.00 90.3
Responders 7 7.21 50.5
AGILITY Non-responders 6 6.75 40.5 19.5 0.841
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Table 56: Relationship between annual cycling distance and responder/non-responder status in the cognitive fatigue protocol

TEST Group N Mean Rank Sum of U-value p-value
Responders 10 9.7 96.5
DBBT1 Non-responders 6 6.6 39.5 18.5 0.228
& Responders 9 8.7 61.0
5] DBBT2 30.0 0.898
E Non-responders 8.3 75.0
<
[T
w DBBT3 Responders 6 8.6 51.5 235 0712
= Non-responders 9 7.6 68.5
2
8 DBBT4 Responders 7 11.3 79.0 19.0 0.126
O Non-responders 10 7.4 74.0
Responders 7 7.4 51.5
AGILITY Non-responders 6 6.6 39.5 18.5 0.759
Table 57: Relationship between age and responder/non-responder status in the cognitive fatigue protocol
TEST Group N Mean Rank Sum of U-value p-value
Responders 10 8.4 83.5
DBBT1 Non-responders 6 8.8 52.5 285 0.894
& Responders 7 6.3 44.0
o DBBT2 16.0 0.106
E Non-responders 9 10.2 92.0
<
[T
w DBBT3 Responders 6 9.8 58.5 16.5 0.233
= Non-responders 9 6.8 61.5
2
8 DBBT4 Responders 7 7.2 50.5 295 0237
O Non-responders 10 10.3 102.5
Responders 7 6.8 47.5
AGILITY Non-responders 6 7.3 435 195 0.877
Table 58: Relationship between mass and responder/non-responder status in the cognitive fatigue protocol
TEST Group N Mean Rank Sum of U-value p-value
Responders 10 8.9 89.0
DBBT1 Non-responders 6 7.8 47.0 26.0 0.713
& Responders 7 10.0 70.0
5] DBBT2 21.0 0.299
E Non-responders 9 7.3 66.0
<
[T
w DBBT3 Responders 6 8.5 51.0 4.0 0.776
= Non-responders 9 7.7 69.0
2
8 DBBT4 Responders 7 11.4 80.0 18.0 0.109
O Non-responders 10 7.3 73.0
Responders 7 6.7 47.0
AGILITY Non-responders 6 7.3 44.0 19.0 0.836
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Table 59: Relationship between stature and responder/non-responder status in the cognitive fatigue protocol

TEST

Group N Mean Rank Sum of U-value p-value
Responders 10 8.9 89.0
DBBT1 Non-responders 6 7.8 47.0 26.0 0.692
& Responders 7 10.0 70.0
o DBBT2 21.0 0.286
E Non-responders 9 7.3 66.0
<
[T
w DBBT3 Responders 6 8.5 51.0 4.0 0.753
= Non-responders 9 7.7 69.0
2
9 DBBT4 Responders 12.0 84.0 14.0 0.0431%
O Non-responders 10 6.9 69.0
Responders 7 6.1 43.0
AGILITY Non-responders 6 8.0 48.0 150 0.445
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