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Female sprint athletes experience a higher rate of non-contact knee ligament injuries,
most commonly to the anterior cruciate ligament (ACL) and medial collateral ligament
(MCL), when compared to their male counterparts (Renstrom et al., 2008). This is the result
of a combination of anatomical, physiological, and hormonal differences (Papoutsidakis, A.,
2011). These specific differences include greater ligament laxity, wider Q-angles between
the hips and knees, reduced leg stiffness, and hormonally influenced neuromuscular
control (Mancino et al., 2024). Knee ligament injuries cause a significant decline in athletic
performance and progression, and also compromise long-term ligament health and
physical ability (CDC, 2024). This highlights the importance of preventative strategies that
address these biomechanical, physiological, and hormonal fluctuations. Acknowledging
this could mean a reduction in injury severity and frequency, therefore promoting
sustained performance, longevity, and long term well being.

This report critically examines the biomechanical and physiological risk factors
contributing to ligament injuries in female sprinters, with a particular focus on the role of
footwear. By evaluating current evidence and identifying design limitations in sprint spikes,
the report highlights opportunities for preventative strategies. The findings support the
development of evidence-based solutions to reduce injury severity and frequency, thereby
promoting sustained performance, longevity, and athletic well being.

RAYZREXECUTIVE SUMMARY

“What are the key factors that contribute to the heightened frequency
and severity of Anterior Cruciate Ligament injuries among female
sprint athletes, and how can these issues be addressed to enhance
long term athletic performance and wellbeing?”

ABBREVIATION KEY:
ACL: Anterior Cruciate Ligament
ACLR: Anterior Cruciate Ligament Reconstruction Surgery
EMS: Electro Muscular Stimulation
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RAYZRINTRODUCTION
PROJECT OVERVIEW
Female sprint athletes are at increased risk of Anterior Cruciate Ligament (ACL) injuries due
to anatomical, physiological, and biomechanical differences when compared to male
athletes (Mancino et al., 2024). ACL injuries require surgery for full rehabilitation
(Papaleontiou et al., 2024), prolonging time away from sport. The experience of an ACL
injury directly affects athletic progression, performance and long-term wellbeing.

Despite the prevalence of knee injuries in female sprinters, currently available devices and
equipment are designed based on male metrics and sprint biomechanics, with minimal
consideration for ACL injury prevention. This highlights the need for accessible, effective
and female-specific preventative technologies for sub-elite athletes.
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This project aims to reduce the severity and frequency of non-contact overuse knee
ligament injuries in female sprint athletes by identifying key contributing factors and
exploring opportunities for innovation.

PROJECT AIM
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PROJECT SIGNIFICANCE
Preventing ACL injuries in female sprinters is critical not only for athlete safety but also for
maintaining progression, performance, and long-term joint health. By exploring the
contributing factors and identifying opportunities for innovation, this project aims to
address the gap in female-specific athletic equipment for injury prevention and athletic
performance.
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Aren't able to Return

RAYZRBACKGROUND

Anterior cuciate ligament injuries have proven
to be a highly prevalent problem among
female athletes, preventing them from
reaching their full athletic potential (Mancino
et al., 2024). ACL injuries are presented as the
highest non-contact injury risk for female
athletes (Renstrom et al., 2008) due to a range
of anatomical, neuro-muscular, hormonal and
ligament laxity factors (Mancino et al., 2024). It
was found that female athletes are 2-8 times
more likely to acquire an ACL injury when
compared to their male counterparts (PMC,
2016).  ACL injuries present more of a risk than
other knee ligament injuries, as they generally
require surgical intervention to heal effectively
(Papaleontiou et al., 2024). Since the ACL
resides within the synovial cavity of the knee, it
lacks direct blood supply from surrounding
bone or soft tissue , which decreases the ability
for the body to recover without surgery
(Kiapour & Murray, 2014).

According to a recent systematic review, it was
found that only “Fifty-five percent return to
competitive sport following anterior cruciate
ligament reconstruction surgery” (Ardern, 2014),
which further increases the significance of the
issue. Additionally, it is important to consider
the mental, emotional and physical limitations
and setbacks an injury can have on an athlete.
Not to mention future implications, as it was
found that “people who have injured their ACL
are more likely to get osteoarthritis in that knee
later in life.” (CDC, 2024). 

PROBLEM
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OVERVIEW
The purpose of this section is to explore existing research regarding the problem
surrounding ACL injuries in female sprint athletes, the key contributors to this, and the
future implications. The aim is to develop a better understanding of the issue present.

55%only

are able to return to
competitive sport
sport after ACL
reconstruction

“2-8 
more likely

to experience ACL
rupture than their
male counterparts ”

”

“

requires surgical
intervention to heal

effectively

“ACL
injury

”

times

Figure 1: Statistic Infographic

Figure 2: Statistic Infographic

Figure 3: Statistic Infographic
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RAYZR
CONTRIBUTORS TO INJURY RISK

Female athletes face a range of physiological
and biomechanical factors that increase their
risk of ACL injury. One major contributor is
muscular imbalance and neuromuscular
activation (Myer et al., 2004). Women often
show lower levels of hamstring activation due
to dominance of the quadriceps and hip flexors
(Myer et al., 2009) . As hamstring recruitment is
essential for efficient sprint mechanics (VALD,
2025), this imbalance encourages
compensatory movement through the hips and
adductors, which further promotes knee valgus
(O’Sullivan et al., 2022).  The combination of
adductor tightness and poor activation patterns
lead to increased susceptibility to ACL injury.

Females generally have thinner and laxer
ligaments (PMC, 2016) with the ACL being 20 to
30 percent smaller than in males, which
reduces the ligaments’ capacity to absorb force
(Lipps et al., 2011). With wider hips, a greater Q-
angle and higher arches, lower limb alignment
is negatively affected, promoting pronation and
knee valgus under high impact (Sharma et al.,
2023). It was discovered that “the female athlete
must exert a larger amount of force in order to
obtain the same amount of extensor force as
their male counterparts” (Gant et al., 2024),
therefore, in combination with biomechanical
misalignments, it places increased strain on the
ACL.

BACKGROUND

Hormonal fluctuations have a significant
influence as well, increasing susceptibility to
ACL injury. Changes in oestrogen levels affect
ligament stiffness, neuromuscular control
and fatigue (Shultz, Schmitz, Nguyen, &
Schulte, 2012). During the pre-ovulatory and
ovulatory phases, increased oestrogen increases
knee laxity and reduces leg stiffness (Hewett,
Myer, Ford, Paterno, & Quatman, 2016).

Low oestrogen and progesterone levels during
menstruation impair proprioception and slow
neural responses (Roditi et al., 2024) , which
elevates injury risk.

Fatigue directly interacts with these factors
and amplifies risk. High training demands
reduce muscular activation, strength and
impair technique, making athletes more
susceptible to misalignment, promoting poor
landing and sprinting mechanics. Fatigue has
been directly linked to ACL injury as it
diminishes the body’s ability to compensate
for anatomical differences (Bourne et al., 2019).

In summary, it was found that muscular
imbalance, anatomical structure, hormonal
fluctuations and fatigue put female athletes
at higher injury risk, explaining the higher
prevalence of ACL injuries in female
athletes.

SUMMARY

Figure 4:AI Generated Infographic
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THEME PRODUCT GAP

Compex SP
8.0

3 2 3 2

Therabody
PowerDot

4 3 3 2

RunScribe
Plus Pods

4 3 2 2

Vicon Motion
Capture

1 1 5 2

Qualisys +
Force Plates

1 1 5 2

VALD
HumanTrak

2 2 4 2

Nike Superfly
Elite 2

4 3 2 1

adidas
Adizero
Prime SP 2

4 3 2 1

Currex
RunPro
Insoles

5 2 2 2

VALD
ForceDecks

2 2 4 2

VALD
NordBord

2 2 4 2

VALD
ForceFrame

2 2 4 2

RAYZRBENCHMARKING
OVERVIEW
The purpose of this section is to analyse the effectiveness of current tools and technology that could
potentially be utilised in the prevention of ACL injury in female sprint athletes.  The products were
split among four categories to better understand the efficiency of the range of applications available.
Each product theme was analysed based on accessibility, cost, female specific consideration and ACL
injury prevention effectiveness.
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Wearable
Technology

Biomechanical
Analysis

Footwear /
Orthotics

Strength /
Asymmetry

Analysis

These products are accessible and portable,
very popular among athletes due to low cost,
but focus mainly on recovery rather than
active ACL injury prevention. They do not
consider female specific metrics in their
design. 

These tools are highly accurate and target
sprint mechanics, however are lab based,
costly and largely inaccessible. They do not
provide integrated solutions for correcting
high risk movements and do not directly
target female specific metrics.

Sprint spikes are designed for performance,
therefore lacking support needed for training
sessions. Arch support offer added support,
but promote strength deficits and can
actually worsen the issue, causing the
individual to rely on them to have the correct
foot position. Both of these products provide
limited evidence specifically for ACL injury
prevention. They do not address knee valgus
or sprint specific mechanics and do not
consider female anatomical differences.

These tools identify asymmetries and
strength deficits which help to identify
contributors to injury and therefore prevent
them. They are facility based and their
programs are generic rather than tailored to
female sprint athletes.

Figure 5: Product Table Matrix

PRODUCT TABLE MATRIX

ACCESSIBILITY COST INJURY
PREVENTION

FEMALE
SPECIFIC
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After combining the benchmarking data
into a product table matrix as shown in
Figure 5, the specific strengths and
weaknesses could be determined across
each sector. The most effective solution
found for ACL injury prevention was
Strength and Asymmetry Analysis. This
technology, as shown in Figure 6,
although highly effective in identifying
imbalances that contribute to knee
ligament injuries, is highly inaccessible
to sub-elite athletes. Similarly, with the
second most effective category in ACL
injury prevention, biomechanical analysis
technology, displayed in Figure 9,
provides detailed insights into joint
angles, force outputs, and high-risk
movements that could contribute to
injury, these two categories were clearly
displayed as most effective for injury
prevention in Figure 10. However, as
indicated in Figure 4, these are
inaccessible due to high cost and a lab-
based environment. 

In contrast, less effective injury
prevention methods are more
accessible. As indicated in Figure 7,  
neuromuscular stimulation devices are
effective for enhancing muscular
activation patterns. However, these
products are not specifically targeted
towards knee ligament stability. In
contrast, wearable gait analysis tools
such as the RunScribe Plus Pods
(RunScribe Plus - GAIT Analysis, n.d.), are
effective in analysing metrics such as
pronation, impact forces, stride length,
and asymmetry, which are relevant to
identifying ACL risk factors, however still
lack the consideration of female specific  
anatomical and biomechanical
differences.

RAYZRBENCHMARKING
MARKET GAPS
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Current sprint footwear presents another
major market gap, as sprint spikes
potentially contribute to ACL injury risk in
female athletes (Akhundov et al., 2022).
Factors such as a negative heel position,
and overall lack of support increase stress
on the forefoot. This promotes a pronated
foot position, further exacerbating high-risk
knee valgus position in females (PMC,
2008).

Sprint spikes are currently designed
based on male metrics, Figure 8
displays the neglect of female-specific
needs across all footwear products.
Orthotics are a popular method to help
with arch support, however develop
dependence on the product and
worsening of foot strength, further
promoting injury risk (Robert, 2025).
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Figure 8: Footwear and Orthotic Product Radar Chart
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RAYZRBENCHMARKING

After analysing each category, the data was
then visualised into a shaded line graph in
order to analyse existing trends across all
benchmarking data. Referring to Figure 11,
the existing trends found that there is a
significant gap across all product
categories surrounding the consideration
of female-specific data in the design of
sprint analysis and wearable injury
prevention tools. There was a clear gap
between the accessibility of these
products and their effectiveness in injury
prevention, which was due to high costs,
lab-based tools, and the need for expert
interpretation, making them largely
unavailable to sub-elite and female
athletes.

SUMMARY
This section effectively revealed the key
gaps among existing tools and
technologies that could potentially be
utilised for ACL injury prevention in female
sprint athletes. Strength and asymmetry
analysis tools were proven the most
effective, yet highly inaccessible to sub elite
athletes. Similarly, biomechanical analysis
tools identified high risk movements but
were also largely inaccessible. More
accessible options, such as electro-
muscular stimulation and wearable gait
analysis tools, were found to be less
effective in the prevention of injury. Current
sprint footwear provided minimal support
and contributed to injury risk. With minimal
female-specific metric consideration across
all product ranges, this gap increases
female athletes’ susceptibility to ACL
injuries.

Figure 11: ACL Injury prevention effectiveness
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RAYZRRESEARCH

The focus of this research was to examine the risk of anterior cruciate ligament (ACL) injury in female
athletes, with particular attention to anatomical, physiological, and hormonal contributors. Primary
research was undertaken to validate common risk factors identified in secondary research and to
explore the effectiveness of current prevention strategies. This study also seeks to understand the
long-term impacts of ACL injuries on athletes’ performance and wellbeing, providing deeper insights
into the implications of injury prevention and management in female athletics.

OVERVIEW

METHODOLOGY
As for the methodology, qualitative data
collection was utilised with the purpose  of
obtaining deeper insight into the factors
contributing to ACL injuries in female athletes.
This approach enabled the attainment of
research objectives, through gathering
knowledge and comprehensive perspectives
among injured athletes, athletic coaches, and
physiotherapists who experience this problem
first-hand. This methodology allowed for a
deeper insight into the challenges, contributors,
and broader contexts surrounding ACL injury
prevention, developing data that could not be
obtained through secondary or quantitative
methods. This method is essential for discovering
evidence-based and female-specific design
opportunities for injury prevention.

Throughout this study, two research methods
were implemented. The first method was semi-
structured interviews, which allowed structured
questions to be asked while also providing space
for discussion to explore topics that may not
have been initially considered. The utilisation of
this method enabled an in-depth review of
personal perspectives, past experiences, and the
broader implications of ACL ligament injuries.
The second method was observation, which
involved attending a track session with a female
athlete who had recently experienced a knee
ligament injury. The observation provided
valuable insight into recurring issues and
behaviours, while also confirming themes
identified throughout the interviews.

FALLON WIEDEMEIJER    N11275901
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Figure 12: Data Collection Design
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INTERVIEW DESIGN
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Semi-structured interviews were the first utilised
method for data collection. This method was
chosen for this study as it provides detailed
insight into personal experiences and opinions,
and seemed most effective in the pursuit of the
project objectives. The utilisation of this method
was highly effective for gathering expert
perspectives from coaches, physiotherapists, and
athletes with first-hand experience dealing with
overuse ACL  injuries in female athletes. The
interview structure utilised a total of 6-7 open-
ended questions to encourage discussion, with
additional add-on questions to gain further
insight on their personal experiences and
knowledge. With incentives such as coffee, and
previously handed out design briefs in order to
inform the participant of the project background
and aims, they were relaxed and more
comfortable talking about and sharing their
personal experiences.

OBSERVATION DESIGN
The observation was chosen as a data collection
method because it allowed insight into exactly
what the athlete does throughout a training
session, helping to identify subtle factors that
might lead to injury, which included decision
making, behavioural aspects and fatigue
management. This method was useful to gain
further insight into how equipment is actually
utilised rather than relying solely on reported
experiences. With the collaboration of two
female athletes and an athletics coach, a tripod
was utilised to video capture the entire training
session. From warm-up, to cool down, field notes
were taken based on the athletes’ actions,
comments and decision making throughout the
session. Field notes were also taken based on the
coach’s observations and comments about the
athlete’s technical form and their advice based
on technique.

RESEARCH
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RESEARCH

LIMITATIONS
The main limitation of these primary data
collection methods was the small sample size,
with only a limited number of participants
interviewed and observed, which restricted
the breadth of insights of the findings.
Another limitation was potential selection
bias, as many participants were drawn from
existing connections, which may have
influenced their responses. With personal
background in athletics, this may have shaped
the way that the data was interpreted. Finally,
contextual factors were relevant, as the
observation was conducted in rainy
conditions, which may not accurately reflect
typical athletic behaviour or running patterns
of the athlete.

SUMMARY
The selected primary research methods,
including a focus group, semi-structured
interviews, and an observation, were
implemented to explore the factors
contributing to ACL injuries in female sprint
athletes, as well as the implications of these
injuries. These qualitative methods enabled
the collection of insightful and detailed
perspectives from physiotherapists, coaches,
and athletes. This approach provided a
thorough understanding of the challenges
and contexts surrounding ACL injury
prevention and supported the development
of practical insights into the issue.
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RAYZRanalysis

After the interviews and audio recordings, which were transcribed using Otter AI. The transcripts
were manually annotated and analysed to extract data aligned with the research objectives. Affinity
mapping was utilised to categorise the data into codes and overarching themes. The data was then
organised in Excel and visualised using Flourish Studio to enhance understanding and
interpretation.

ANALYSIS METHOD

INTERVIEW 1

The female athlete interviewed highlighted that
self-awareness of pain and body signals is
critical in preventing injury. A previously injured
female sprinter shared her experience with an
overuse knee ligament injury and its impact on
her long-term progression. Returning to training
too early worsened her symptoms and
ultimately required her to have surgery. She
stated that sprinting contributed to the severity
due to the high-impact forces and the track
surface. Reflecting on what she would have done
differently, she said, “The surgeons told me to give
it a rest for six months to let it heal by itself… I
would have taken a break.”

The first interview was with Level 5 athletics
coach Annette Rice, who shared insights into
injury patterns from her experience. She
explained, “My first point of focus is their body
awareness and how they are using their body in
their running...” Without this awareness, athletes
may not recognise warning signs, preventing
effective injury management. This was reflected
in the data, where body awareness, overuse and
muscle imbalance, and gradual progression
emerged as the most common themes as seen in
Figure 15. Annette also highlighted
biomechanical issues such as knee valgus and
foot pronation, noting that athletes often act
only once injury occurs. Another concern was
training load and progression: “You've got to
start very gently and have very nice increments,
very slow development...” (0:12). Without this,
athletes may struggle to adapt to sprinting forces
on synthetic tracks, increasing injury risk.

INTERVIEW 2

INTERVIEW 1: CODE FREQUENCY

Body Awareness
18.8%

Gradual Progression
16.7%

Overuse / Muscle Imbalance
14.6%Footwear

14.6%

Training Load
10.4%

Female Anatomy
6.3%

Foot Pronation
6.3%

Warm Up / Cool Down
4.2%

Posture
2.1%

Individualised Training
2.1%

INTERVIEW 2: CODE FREQUENCY

Body Awareness
34.6%

Gradual Progression
30.8%

Training Limitation
15.4%

Symptoms
7.7%

Rest / Recovery
7.7%

Surgery
3.8%

FALLON WIEDEMEIJER    N11275901
ID STUDIO 7                             DNB311

Figure 15: Interview 1 Code Frequency

Figure 16: Interview 2 Code Frequency
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OBSERVATION: CODE FREQUENCY

Body Awareness
42.9%

Training Load
23.8%

Training Limitation
19%

Footwear
14.3%

RAYZR
INTERVIEW 3: CODE FREQUENCY

Body Awareness
23.7%

Overuse / Muscle Imbalance
18.4%Footwear

18.4%

Training Load
13.2%

Female Anatomy
7.9%

Mental / Motivation
7.9%

Warm Up / Cool Down
5.3%

Rest / Recovery
5.3%INTERVIEW 3

analysis

OBSERVATION
The observation validated key themes from the
interviews, with body awareness and training
load emerging as the most prominent factors
displayed in Figure 18. Athletes demonstrated
awareness by modifying footwear or pausing
mid-session in response to knee pain, showing
how early recognition can reduce injury
severity. The observation also confirmed the
influence of track surface, sprint intensity,
and footwear on knee load, supporting the
need for gradual progression, close
monitoring, and supportive equipment. 

FALLON WIEDEMEIJER    N11275901
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In interview three, physiotherapists discussed
injury patterns and prevention for female knee
ligaments. They agreed athletes often push
through pain due to the “no pain, no gain”
mentality, increasing fatigue and injury risk.
“That’s also what athletes as a mental
approach, have a no pain, no gain viewpoint,
when that’s really not the right way to
approach it.. If you have pain, it’s your body’s
way of indicating something” (17:35). They also
emphasised monitoring technique and
strength, stating, “You need to know whether
or not they’re using the muscles the right way.
If there is any imbalance in the muscle that
could lead to injuries” (5:53), as Figure 17
highlights, body awareness, muscle balance
and neuromuscular connection are critical
for prevention.

I would have stopped for a couple of months.”
(4:16–4:51). As displayed in Figure 16, The most
prevalent themes were body awareness,
gradual progression and training load, which
further increases the importance of athletes
listening to their bodies, gradually increasing
intensity, and following structured training to
reduce the risk of long-term setbacks.

Figure 17: Interview 3 Code Frequency

Figure 18: Observation Code Frequency
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After analysing the individual interviews and
observation, the findings were coded and
categorised into six overarching themes. Figure
19 displays a sunburst chart showing the weight
of each theme and frequency of each subcode.
Body awareness, gradual progression and
overuse emerged as the most significant
issues, appearing consistently across all data
collection methods. Subcodes such as
recognition of fatigue, pain signals and
training intensity were particularly prevalent,
highlighting the areas most relevant to injury
risk. The chart visually emphasises these
patterns and provides a clear overview of which
factors dominated the primary data. Based on
the overarching themes present, additional
themes and subcodes were developed to
analyse the data further.

COMBINED DATA
COMBINED THEME AND CODE FREQUENCY

Figure 19: Sunburst chart representation of theme
weight and code frequency

Figure 20: Alluvial Chart Representing Narrowed Data 
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Movement mechanics was a strong and recurring theme across all interviews and the
observation. Physiotherapist participants expressed that muscular imbalances and knee
stability were common issues they have observed that reduce stability and increase the
vulnerability for ligament injuries. The participants also expressed that athletes often pushed
through pain, which increases fatigue and therefore lowers neuromuscular connection,
promoting inefficient sprint mechanics. The athletics coach interview further confirmed this
insight, with the first aspect she observes as a warning sign involving foot pronation and knee
valgus positions, indicating weaknesses that directly impact knee ligament impact. These
findings emphasise the critical role of proper movement mechanics in maintaining stability in
order to reduce the risk of ligament injury in female sprint athletes.

RAYZRanalysis

THEME 1    BODY AWARENESS
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THEME 2    MOVEMENT MECHANICS

Body awareness emerged as a key theme across all interviews and the observation. Athletes’
ability to recognise fatigue, discomfort, and early warning signs was crucial in managing
training and reducing injury risk. The injured sprinter emphasised how returning to training too
early worsened her condition, while the coach highlighted that athletes often only take action
after an injury occurs. Observation confirmed that athletes adjusted footwear or paused sessions
in response to knee pain, demonstrating how self-awareness informs preventative decision-
making. These findings reinforce the importance of recognising warning signs and maintaining
body awareness to prevent overuse and ligament injuries. 

THEME 3    TRAINING LOAD + FATIGUE
Training load and fatigue emerged as the most significant theme across all data, as visibly
present in the alluvial diagram displayed in Figure 20, showing the greatest contribution to ACL
injury risk and the highest number of sub-code connections. Participants consistently highlighted
that high intensity sessions, excessive volume, and insufficient recovery increase fatigue,
which in turn impairs neuromuscular connection patterns, as well as knee and foot positioning.  
This theme is closely linked with body awareness, as athletes are not always perceptive of their
fatigue and often push through pain. Overuse injuries were frequently associated with a lack of
gradual progression and monitoring of training loads. Inefficient load management stresses
joints and muscles beyond their capacity, increasing injury risk. 
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SUMMARY
This data was collected to gain insight from individuals with first-hand experience of ACL injuries,
with the aim of identifying the most critical factors and implications for female sprint athletes. The
process involved transcribing the raw data and coding it to organise recurring patterns,
connections, and the relative weight of key issues. Through this process, themes were collated
and refined, allowing for the scope to be narrowed to three dominant contributors: with training
load and fatigue being most prominent, as well as movement mechanics, and body awareness
being extremely prevalent. These themes provide a structured understanding of the most crucial
underlying causes of ACL injuries.
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AWARE
NESS

Across all primary data collection, participants reported that
athletes often fail to recognise warning signs and symptoms
linked to injury. The injured athlete revealed that a lack of
awareness contributed to the severity of her injury and
suggested that earlier recognition might have prevented the
need for surgical intervention. The coach and physio participants
noted that athletes often push through pain or fail to notice
warning signs, delaying validation until the injury becomes
serious. Secondary research supports these findings, showing
that low neuromuscular activation reduces an athlete’s ability
to detect fatigue and compensate for female anatomical
structural differences during sprinting, therefore increasing
ACL injury risk.

Inefficient movement mechanics were consistently identified as
a significant contributor to ACL injury in female athletes,  
including the biomechanical factors that influence movement
patterns, such as knee alignment and muscular coordination.
This finding was validated through secondary research, where it
was discovered that low hamstring activation encourages
compensatory movement through the hips and adductors,
which further promotes knee valgus (O’Sullivan et al., 2022)..
Primary data confirmed this finding. In interview one, Annette
explained that knee valgus and foot pronation are the first
factors she observes among her athletes. She noted a clear
correlation between these observed inefficiencies and athletes
later sustaining injuries, highlighting the significance of
insufficient mechanics and injury risk.
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The purpose of this section is to compare the primary research collected through
observations and interviews with the secondary data presented in the background and
benchmarking sections. This project aimed to explore the key factors contributing to ACL
injuries in female sprint athletes and to identify opportunities for prevention. Across both
primary and secondary research, three major contributors emerged: a lack of body
awareness, inefficient movement mechanics, and inadequate management of training
load and fatigue.

INTRODUCTION
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Primary data identified overuse injuries as strongly linked to
poor training load management, lack of gradual progression,
and fatigue. This theme was the most prominent across the
entire research phase. All interview participants emphasised that
athletes often continue training despite pain, which places
excessive stress on joints and muscles beyond their physical
capacity. Fatigue not only increases the likelihood of injury but
also reduces sprint mechanic efficiency, as the body is unable to
adapt or compensate for the female anatomical structure
during sprinting. The finding was confirmed through secondary
research methods, where it was discovered that fatigue has
been directly linked to ACL injury as it diminishes the body’s
ability to compensate for anatomical differences (Bourne et al.,
2019).
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RESEARCH GAPS
The most significant gap identified was the lack of female specific design considerations
that address body awareness and recognition of fatigue warning signs. Another
significant gap lies in the inaccessibility of effective technologies such as strength and
asymmetry analysis or biomechanical testing, which are limited to elite and world class
athletes, and only conducted within lab-based environments. Sprint footwear represents an
additional gap, as spikes are designed with the consideration of only male metrics, while
also providing minimal support, further promoting pronation and knee valgus in female
athletes. Female athletes are significantly more prone to ACL injuries than their male
counterparts (PMC, 2016), yet current prevention tools and technologies fail to support
their needs, with added limited accessibility to these technologies, there is a clear
opportunity for intervention.
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RAYZRDESIGN IMPLICATIONS

MUST COULD

SHOULD SHOULD NOT

Address female-specific risk factors such
as biomechanics, fatigue, and anatomical
differences.
Be practical and safe for sprint training
environments.
Provide real-time, preventative insights
and indications of warning signs
Be durable, accessible, and effective in ACL
injury prevention

Be affordable and accessible for both elite
and sub-elite athletes.
Encourage early recognition of fatigue and
injury warning signs.
Integrate with existing training products
and technologies.
Support progressive load management
and adaptation.

Incorporate wearable or smart textile
technologies to monitor biomechanics and
neuromuscular signals.
Offer predictive feedback to reduce injury
risk.
Explore corrective or supportive product
features such as orthotic or footwear
adaptations.
Use sustainable or eco-friendly materials.

Replace professional medical advice or
physiotherapy, or provide a diagnosis
Rely solely on generic or male-based
biomechanical data.
Overcomplicate use with excessive features 
Create financial or technological barriers that
exclude sub-elite athletes
Neglect female specific-data

FALLON WIEDEMEIJER    N11275901
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The insights gained from this research provide clear direction for the design process and highlight
opportunities for innovation in female-specific ACL injury prevention. Building on the key themes
identified in the discussion, including inefficient movement mechanics, limited body awareness,
and the impact of training load and fatigue, there is a clear need for products that support the
early recognition of injury warning signs. Design solutions should address movement mechanics
by monitoring knee alignment, foot pronation, and muscular coordination, promoting body
awareness through feedback on movement patterns and compensatory actions. The design
should also support training load management by helping athletes recognise fatigue and adjust
intensity based on body awareness insights. Wearable technologies offer practical opportunities
to deliver accessible solutions and could be developed further to integrate biomechanical analysis
and neuromuscular stimulation tools specifically suited to female anatomical differences and
sprint mechanics. By addressing the gaps highlighted in this study surrounding limited
accessibility to female-specific tools for injury prevention, innovative solutions have the potential
to reduce ACL injury risk, improving athletic progression, as well as promoting long-term well-being
for female sprinters.
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The aim of this project was to explore the key
factors contributing to the heightened
frequency and severity of anterior cruciate
ligament injuries among female sprint
athletes, and to consider how these issues
could be addressed to support long term
athletic performance and wellbeing. The
findings of this project highlighted that while
biomechanical, physiological, and
environmental factors all contribute to injury
risk, the absence of accessible female-
specific injury prevention tools remains a
critical gap. Addressing this gap through
tailored solutions that help to identify injury
warning signs, promote body awareness,
and recognise fatigue signals could play a
vital role in reducing both the frequency
and severity of injuries in female sprint
athletes. The reduction in severity and
frequency of ACL injury could also contribute
to the prioritisation of the athletes wellbeing,
which is essential for ensuring sustainable
performance and supporting the long term
success of female sprinters.
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