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Abstract

Sport is the leading cause of injury in youth, with the lower extremity being the most
common injury location. Additionally, more injuries occur during the period of peak
growth and maturation and are more prominent in females compared to males. In order
to reduce injury risk, injury prevention (IP) programs have been developed and
successfully implemented in youth. However, there is limited research specifically
targeted at youth females, including what components of an IP program are most
beneficial in this group. The overall purpose of this thesis was to examine the effects of
an IP program embedded in the school curriculum on injury risk factors, injury rates and
athletic performance measures in youth females. Additionally, there was a focus on
better describing injuries in this population, possible association between injury and the

phases of the menstrual cycle, and the role strength plays in performance.

To better understand the rate of injuries in this population and to see if an association
existed between injuries and phase of the menstrual cycle, an online questionnaire
(using an all physical problem definition of injury) was used to record training and
competition exposure and self-reported injuries over 30 weeks. On average, girls trained
3.4 hours/week and competed for one hour/week. During the study, 74 participants
reported 595 injuries. The average weekly prevalence of all injuries was 20.7% (95% Cl:
20.0-21.3), of which 8.6% (95% Cl: 8.3-9.0) were acute injuries and 12.0% (95% Cl: 11.4-
12.6) were gradual onset/overuse injuries. The overall rate of sport and PE injuries was
10.4 injuries/1000 hours of exposure. The most common acute injury involved the ankle
(35%), whereas the most common gradual onset/overuse injury involved the knee
(51%). There was no significant association between the stage of the menstrual cycle
and the likelihood of injury (P = 0.18). There were significant differences between
strength groups (strong, average and weak as measured by isometric mid-thigh pull) for
all performance measures. Strong girls (SG) had significantly faster sprint times than
average girls (AG). Additionally, SG and AG performed significantly better than weak girls
in all assessments. The results from both studies demonstrate the need for an IP

program targeting the lower extremity.

Finally, the effect of an IP program, integrated into the school curriculum, on injury risk

factors and athletic performance measures in youth females was examined
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[intervention (INT) n = 43, control (CON) n = 49]. The INT group completed a 23 week IP
program whereas the CON group continued normal physical education class. The overall
adherence to the IP program was 82%. Significant improvements were found in
movement skill (approximately 80% more likely to have an improved movement skill as
measured by the back squat assessment and drop vertical jump) and balance (as
measured by the y-balance) for the INT group compared to the CON group [mean
difference (95% Cl) = 2.07 cm (0.48 to 3.66 cm) and 2.66 cm (1.03 to 4.29 cm),
respectively]. A significant difference was found in weekly training and competition
hours with the INT group (who competed at a much higher level of competition)
reporting greater sports participation than the CON group (4.15 vs 2.19 training hours
and 0.77 vs 0.55 competition hours). There was no significant difference found in any of

the injury rates between the two groups.

These findings highlight that a long-term IP program integrated into the school
curriculum can improve movement quality and balance in youth females and it may be
protective against increased injury risk for youth females competing at higher levels of
competition. It is recommended that practitioners implementing this program should

ensure good adherence, individual progression and a focus on movement technique.
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Chapter 1 : Introduction

Rationale

Sport and physical activity has many health and physical benefits in youth, such as
enhanced functioning of the cardiorespiratory and muscular systems [1], bone mass [2],
self-esteem [3], cognitive functioning [4] fundamental movement skills and a lower risk
of diabetes and obesity [1]. Additionally, there is evidence that sport participation in
youth can lead to a lifetime of involvement in sports and physical activity [5].
Nevertheless, participating in sports comes with risk of injury as many countries have
reported that sport is the main cause of injury in children and adolescents [6-10]. Worse,
injuries in youth sport can negatively impact present and future participation in physical
activity [11, 12]. However, sports injuries in children and adolescents may be reduced
by targeting neuromuscular deficits [13]. Given the negative consequences of injuries in
youth sport, the development and early implementation of injury prevention programs

is crucial.

Thereis increased risk of injury during the period of rapid growth and maturation in both
males and females [14]. Growth refers to the quantifiable change in anthropometrics,
body composition, body size, or the size of specific regions of the body, and is a
constantly evolving process, whereas maturation refers to the qualitative structural and
functional system change towards a mature state and is variable among body systems
[15]. The increase in height of the center of mass and body mass seen during the
adolescent growth spurt without corresponding neuromuscular adaptations could lead
to altered movement patterns and the development of risk factors for injury [16]. This
is especially evident during peak height velocity (period of accelerated growth, PHV)
which occurs at the age of 11-12 in girls and 13-14 in boys [17]. This period of growth
results in biomechanical and neuromuscular differences between the sexes and may
contribute to the increased rates of injuries reported in youth females. For instance,
high school female athletes have shown significantly greater rates of injury than males
[14]. One reason for this could be that the increase in body mass in males is primarily
due to gains in skeletal tissue and muscle mass, whereas for females it is primarily due
to anincrease in fat mass [18]. Additionally, males demonstrate a ‘neuromuscular spurt’
(increase in strength and power during maturational growth and development) while

females do not [16, 19]. Specifically, research has shown that females have only about

1



half as much lower extremity strength development compared to males [20]. This may
lead to deficits in neuromuscular abilities and therefore injury [21]. For instance,
research shows that males jump higher and suffer smaller landing forces compared to
females [19]. Furthermore, multiple studies have shown that throughout maturation
females display significantly greater knee abduction moment and motion during drop-
jumping compared to males during the later stages of maturation(circa and post-peak
height velocity) [16, 22-24]. Research also shows that these kinetics and neuromuscular
deficits may contribute to the higher rate of injury in females [25]. Although limited
research is available in youth females, developing strength to enhance development
during maturation may be beneficial. More research is needed to determine the

relationship strength plays in the physical ability of youth females.

The onset of menarche may also affect injury risk in young female athletes. During the
menstrual cycle, the levels of progesterone and estrogen hormones fluctuate. The
complex interaction of these hormones may play a role in the susceptibility of females
to lower extremity injuries [26]. However, studies investigating injury risk during a
certain phase of the menstrual cycle are contradictory. For instance, some report that
females are at greater risk of injury during the ovulatory phase [26], while others report
greater risk during the luteal phase [27, 28]. Moreover, some researchers have found a
greater risk of injury during menses in the follicular phase [29]. All the above studies
targeted adult female populations, except for one study that also included middle and
high school age participants [28]. Unfortunately, this study did not report on the age of
participants. Therefore, more research is needed to determine if a link exists between

injury risk and the phases of the menstrual cycle in youth females.

The Translating Research into Injury Prevention Practice (TRIPP) model is a framework
for developing injury prevention strategies [30]. According to the TRIPP model,
prevention strategies can only be developed and implemented (stage 3) after injury
surveillance (stage 1) is established and risk factors for injury (stage 2) are identified
(Figure 1.1). Risk factors in sport are any factors that may increase the possibility of
injury [31]. These factors can be intrinsic or extrinsic and modifiable or non-modifiable
[32]. Intrinsic (within the body) risk factors previously reported include sex, hormonal,
anatomic [33], neuromuscular and biomechanical factors [34]. Extrinsic (outside the

body) risk factors include environmental conditions, level and type of activity, playing



surface, rules and equipment [33, 34]. Modifiable risk factors are those that can be
altered by injury prevention strategies, while non-modifiable risk factors cannot be
altered [31]. Identification of these risk factors, especially intrinsic modifiable factors,
will help determine who is most at risk of injury and guide the development of

appropriate injury prevention programs.

TRIPP

Injury surveillance

Establish aetiology and mechanisms

of injury

Develop preventive measures

“Ideal conditions’/scientific

evaluation

Describe intervention context to
inform implementation strategies
Evaluate effectiveness of preventive

measures in implementation context

Figure 1.1: Translating Research into Injury Prevention Practice (TRIPP) theoretical
framework (Finch, 2006).

Injury surveillance research has identified that the lower extremity is the most
commonly injured area during sport in youth [35]. Although limited, evidence has shown
the ankle and knee to be the most common injury sites in youth females [36].
Specifically, in youth female soccer, basketball and gymnastic athletes the ankle, knee,
and the thigh are the most common acute injury locations [37]. Although there is
consensus about the lower extremity being the most common injury location, there is a
lack of consensus about the rates of injuries in youth females. For instance, the rate of
injuries in youth female soccer, basketball and gymnastics has been reported as 8.6
injuries per 1000 hours of sports exposure [37]. Alternative evidence suggests injury

rates per 1000 hours exposure range from 2.5-10.6 in soccer, 3.6-4.1 in basketball and



0.5-4.1 in gymnastics [25]. The differences between the rates of injuries may be due to
the definition of injury used (all injury versus time-loss). Research has shown that time-
loss and medical attention injury definitions can underestimate injury rates in youth
[38]. Given that many athletes continue to play and train despite having an injury,
studies that use a time-loss definition are likely to underestimate the rate of injury [39].
In fact, it has been suggested that an all injury definition can identify more than 10 times
as many injuries as a time-loss method [40]. Thus, there is a need for more research
using an all injury/physical problem definition in youth females to capture the true rate

of injuries in this population.

In response to the growing number of sports injuries in youth, injury prevention (IP)
programs have been developed to target risk factors and reduce injury rates and/or
improve athletic performance. These IP programs are typically composed of one or more
exercise components and executed in sports that demand high rates of contact,
jumping/landing, accelerating/decelerating and/or rapid changes of direction as these
actions have been linked to injury [41]. Based on the evidence available, IP programs
have the potential to improve strength, power and neuromuscular control and reduce
muscle imbalances in youth females [42]. Previous research has shown that these
benefits can be enhanced with high adherence as well as programs that consist of
multiple components progressed based on the ability of the participant [43]. However,
most IP programs investigated to date have not been set-up to maximize adherence,
individually progressed, acute in nature or included real world implementation.
Accordingly, there is a need for the investigation of such programs to better understand

their true potential for impacting injury risk in youth females.

Purpose
The overall purpose of this thesis was to examine the effects of an IP program embedded
in the school curriculum on injury risk factors, injury rates and athletic performance

measures in youth females. Specifically, there were five aims of this thesis:

1. Review the literature related to injury risk factors and injury prevention
programs in youth females to help guide practitioners in designing prevention

measures.



2. Examine sport and physical education injury rates in youth females during a
school year and investigate if an association exists between injury and phase of
the menstrual cycle.

3. Examine the relationship between maximum strength and measures of athletic
performance and movement skill in youth females.

4. Investigate the effects of an injury prevention program on injury risk factors and
athletic performance in youth females.

5. Investigate the effects of an injury prevention program on injury rates in youth

females.

Significance of Thesis

Injury prevention programs in youth sport are becoming more popular due to an
increased number of injuries, particularly to the lower extremity and with higher rates
in girls than boys. Existing research on IP programs has targeted reducing injury risk
factors, injury rates and/or athletic performance [42, 44]. However, due to the variety
of IP programs currently available in the literature, it may be difficult for practitioners to
know what factors make a successful program. This thesis will compare previous IP
programs and provide a comprehensive understanding of what makes a successful IP
program in youth females. Despite the growing popularity of IP programs, most sport
coaches and secondary school physical education teachers do not have the essential
knowledge or expertise to design and implement IP programs [45]. Therefore, this thesis
will provide a real world example to help guide practitioners, coaches and physical
education teachers in the use of an IP program in an all girls’ secondary school

curriculum.

Previous injury prevention research has focused on reducing risk factors for injury, injury
incidence and/or improving athletic performance in youth athletes, but not in
combination. Additionally, few studies have focused on girls, most programs have been
acute in nature, have not been embedded in the school curriculum, and have not
considered maturation or menstruation. Further research is needed investigating
evidence-based injury prevention programs in youth females to better understand the
potential for modification of risk factors, reduction in injury rates and improvements in
athletic performance. This thesis will add to the limited literature by investigating a post-

PHV cohort over an academic school year. This thesis could have a substantial influence



on practitioners working in a high school setting by providing guidelines and empirical

evidence on how to design and implement a successful IP program in a school setting.

Thesis Structure

The thesis is comprised of eight chapters and three main sections (Figure 1.2). The first
section contains a comprehensive literature review examining injury risk factors in
females and injury prevention programs in youth (chapters 2 and 3). The second section
consists of prospective and cross-sectional studies examining the injury rates in youth
females and the relationship of strength to performance in youth females (chapters 4
and 5). The final section consists of longitudinal, controlled studies on the injury
prevention program (chapters 6 and 7). All chapters except the first, second, seventh
and eighth were written in the format of the respective journal to which they were
submitted. Chapters 2-7 begin with a preface that explains how each chapter is linked
in the larger narrative. Due to the nature of the thesis structure (pathway two, thesis by

publication), there may be some repetition between thesis chapters.
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Chapter 2 : Review of Biomechanical and Neuromuscular Risk Factors

Associated with Lower Extremity Injury in Females

Introduction

Sports related injury has been shown to be the primary cause of injury in youth [6-10],
with the lower extremity the most commonly injured area [35]. These injuries can
negatively impact present and future participation in physical activity and reduce quality
of life in adulthood [11, 12]. However, sports related injuries in youth may be reduced
using appropriate injury prevention strategies [31]. An understanding of the extent of
the problem, who is most at risk, and risk factors for injury must be established before

prevention strategies can be implemented [30].

Injury risk factors in sport are any influences that may increase the possibility of injury
[31]. These factors can be intrinsic or extrinsic and modifiable or non-modifiable [32].
Intrinsic (within the body) risk factors previously reported include sex, hormonal,
anatomic [33], neuromuscular and biomechanical factors [34]. Extrinsic (outside the
body) risk factors include environmental conditions, level and type of activity, playing
surface, rules and equipment [33, 34]. Modifiable risk factors are those that can be
altered by injury prevention strategies, while non-modifiable risk factors cannot be
altered [31]. Identification of these risk factors, especially intrinsic modifiable factors,
will help determine who is most at risk of injury and guide the development of the most

appropriate injury prevention training intervention.

Reviews of injury risk factors in sport typically address individual sports and focus on
studies in adult populations [46]. Moreover, the literature around youth sports injury is
generally sports-specific. There is a need for further reviews targeting females and
youth, with a focus on risk to the lower extremity. Therefore, the purpose of this review
is to identify the modifiable biomechanical and neuromuscular risk factors associated
with lower extremity injury in females. A narrative approach was used as it not only
provides an interpretation and critique of the relevant studies but allows a deeper

understanding of the topic [47].

A comprehensive search of seven electronic databases (MEDLINE [EBSCO], OVID,
PubMed, ScienceDirect, SPORTDiscus, Web of Science and Google Scholar) was

conducted over the period February to December 2017. The following search terms
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were used and combined using Boolean operators: ‘injury risk factors’, ‘sports injury’,
‘athleticinjury’, ‘females’, ‘women’, ‘girls’, ‘neuromuscular’, ‘biomechanical’. The search
was limited to full text, English language studies published in peer reviewed journals.
The study selection process involved removing duplicates, examining for relevance
based on title and abstract and finally examining the full-text articles to confirm the

studies focused on evidence of lower extremity injury risk factors in females.

Biomechanical Risk Factors

Lower extremity injury is common among sports that involve jumping and landing,
running and decelerating, and changing direction [41]. Understanding the biomechanics
of these sporting actions can offer insight into the mechanisms of injury risk. When
reviewing studies of biomechanical risk factors for lower extremity injury, mechanics at
the hip and knee joint were apparent. Therefore, this section will focus on sagittal,

frontal and transverse actions at the hip and knee.

Hip biomechanics

Several biomechanical factors at the hip have been related to injury risk. First, increased
hip flexion with landing or cutting has been identified as a risk factor. For example,
researchers found that high school, college, and professional female basketball players
landed with increased hip flexion compared to male players during ACL injuries [48].
Furthermore, evidence demonstrates a significantly greater hip flexion moment when
comparing the landings of ACL injured to non-injured female soccer, basketball and
volleyball athletes [49]. There is also evidence that women with patellofemoral pain
syndrome (PFPS) land with greater hip flexion during single leg jumps than those without
PFPS [50]. Landing in a position of increased hip flexion may be due to weakness of the
hip extensor musculature (gluteus maximus, semimembranosus, semitendinosus, and
biceps femoris) [51]. The hip weakness may also result in an inability of the hip
musculature to absorb ground reaction forces, causing more load to be absorbed at the
knee and ankle [52]. Increased hip flexion from forward trunk lean shifts the center of
mass closer to the knee joint, which may result in the knee being in a position of

increased abduction, a position of potential increased injury risk [53].

Increased hip adduction has also been associated with lower extremity injury. Women

with PFPS demonstrated a significantly larger degree of hip adduction during single leg



jumps than those without PFPS [54]. Similarly, researchers found greater hip adduction
angle and lower hip abduction strength among women with PFPS during single leg jumps
[50]. Excessive hip adduction causes the knee joint to move medially, shifting the center
of mass over the stance limb, and potentially leading to increased knee abduction [55].
Knee abduction can be attributed to decreased hip musculature control and has been
shown to contribute to knee, particularly ACL, injuries [49]. Studies have found that hip
adduction is the main contributor to excessive knee abduction [56, 57], which is
especially evident in females compared to males [58, 59]. Researchers concluded that
frontal plane motion at the hip (hip adduction) was the only significant predictor of knee

abduction during cutting maneuvers [60].

Despite hip adduction being linked to lower extremity injury by some authors, other
research has found no connection [61, 62]. Specifically, females with PFPS failed to show
a difference in peak hip adduction compared to those without PFPS during running, a
drop-jump and a step-down [62] and stair-step task [61]. It was proposed that the lack
of differences observed between groups may have been the result of compensation for
potentially painful motion [62]. In addition, the authors hypothesized that the relatively
low demand of some tasks may have also contributed to the lack of peak hip adduction

in females with and without PFPS [61].

A third biomechanical factor at the hip thought to be related to injury risk is excessive
hip internal rotation. Research has shown that repetitive jumping, landing, and cutting
with the hip in excessive internal rotation can lead to the development of PFPS [63].
Additionally, females with PFPS showed greater hip internal rotation compared to
controls during running, a drop jump, and a step-down [62]. Excessive hip internal
rotation and knee abduction can be linked to weakened hip extensors and external
rotators, primarily the gluteus maximus and medius, which may contribute to increased

lateral forces at the patellar-femoral joint [64] potentially contributing to PFPS.

Although some studies found an association between excessive hip internal rotation and
injury, several studies have not shown a correlation [61, 65]. Females with PFPS were
found to produce less hip internal rotation during single-leg jumps than those without
PFPS [54, 65]. Decreased internal rotation was thought to be a compensatory

mechanism used with those who have PFPS to limit potentially painful motion.
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Furthermore, no differences in hip internal rotation were found between those women
with or without PFPS during a stair descent [61]. This study concluded that the task (stair
descent at a heart rate of 96 beats per minute) might not have been challenging enough

since all participants had ample hip strength to sustain lower extremity alignment.

Based on the evidence reviewed, excessive hip flexion, adduction and internal rotation
have been repeatedly linked to lower extremity injury. The contribution of excessive hip
motion in the frontal and transverse planes to lower extremity injury risk is less certain
than in the sagittal plane. Specifically, it is unclear if differences in hip motion and
strength are the cause or result of PFPS. Most current research compares injured to non-
injured participants with few prospective studies and thus the ability to identify true risk
factors for injury is limited. Therefore, there is a need for more prospective studies on
healthy populations to determine if these factors are a cause or effect of lower extremity
injury. There is also a need for more work on the biomechanical factors at the hip in

youth populations due to a paucity of available research.

Knee biomechanics

Injury risk during landing or cutting has also been linked to biomechanics of the knee
joint, particularly a position of the knee near full extension. For instance, females with
PFPS showed a decreased knee flexion angle compared to those without PFPS during a
jump-landing task [63]. Furthermore, video analysis of ACL injuries in female football
athletes found that ninety-two percent of the non-contact ACL injuries occurred with
30° or less of knee flexion [66]. Likewise, video analysis of ACL injuries in female handball
athletes revealed that at the time of injury the knee had little flexion in addition to being
abducted and externally rotated [67]. On the other hand, similar knee flexion angles
were reported at impact of a jump-landing task between female soccer, basketball and
volleyball athletes with and without an ACL injury [49]. However, maximum knee flexion
angles were 10.5° less in injured than uninjured athletes [49]. Knee flexion angles
between 0° and 30° have been shown to increase the strain on the ACL [41, 66, 67], with
the highest strain shown at 15° of knee flexion [68]. Strain on the ACL may also increase
due to neuromuscular imbalance between the hamstrings and quadriceps causing

increased anterior shear of the tibia on the femur [69].
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Even though landing or cutting with less knee flexion is linked to injury risk, authors have
reported that sagittal plane forces alone are unlikely to rupture the ACL [49, 70, 71].
Excessive frontal plane forces at the knee, however, are thought to be sufficient to
rupture the ligament [70, 71]. For example, knee abduction moments were found to be
the main predictors of ACL injury risk in female soccer, basketball and volleyball athletes
[49]. Additionally, differences in knee abduction exist between males and females. For
instance, increased knee abduction upon landing has been shown in female ACL-injured
athletes compared to male ACL-injured and female controls [72]. Similarly, video
analysis of handball and basketball athletes revealed that women demonstrated higher
knee abduction angles compared to men during ACL injuries [73]. Furthermore, dynamic
abduction was the main predictor of ACL injury [48, 58, 67, 74]. Indeed, research has
shown that female players have 5.3 times higher relative risk of sustaining a knee valgus
collapse than males [48]. An increase in knee abduction moments and motion observed
in females indicates decreased neuromuscular control of the lower extremity in the
frontal plane, which could be due to neuromuscular deficits at the hip and trunk [42,
75]. Additionally, excessive eversion or pronation at the foot coupled with internal tibial
rotation may increase knee abduction and stress on the ACL as well as the

patellofemoral joint [76].

Excessive knee abduction has also been linked to increased risk of PFPS. For example,
female basketball players who developed PFPS over the course of a season landed with
an increased knee abduction moment during a preseason drop vertical jump [77]. The
onset of PFPS was attributed to repetitive landing in dynamic knee abduction [77]. This
is thought to increase the quadriceps angle (Q-angle) as the knee shifts medially [78]. A
larger Q-angle increases the lateral forces acting on the patella which alters the stress

on the patellofemoral joint and results in PFPS [78].

Knee abduction combined with internal rotation has also been linked to increased risk
of injury. For instance, landing and cutting with a position of increased knee abduction
was found to be coupled with increased internal rotation in ACL injury video sequences
of women’s handball and basketball athletes [73]. Additional evidence from video
analysis of female Australian football athletes showed the knee most commonly gave
way in abduction (47.4%) and internal rotation (42.1%) [66]. Video analysis of ACL injury

in female handball athletes showed either increased internal or external rotation was
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linked with knee abduction and flexion angles [67]. In contrast, Boden et al. [41] found
that the amount of internal and external rotation was minimal at the time of ACL injury
when analyzing video of female and male football, basketball, soccer and volleyball
athletes. However, the results of this study were not divided by sex (16 males, seven
females) which may explain why the results are not in accordance with previous
research in females. Therefore, it is important to always report sex differences in the

results in order to determine if a difference exists.

The evidence at the knee joint points to increased knee extension, abduction and
internal rotation as contributing to injury risk in females. The most substantial evidence
for injury risk is excessive abduction of the knee joint in the frontal plane. Additionally,
there is good evidence that differences in sagittal and transverse plane motion
combined with excessive knee abduction contribute to greater risk of injury in females.
Similar to studies on biomechanics at the hip joint, there is a need for more prospective
research in youth females as only one study was done in females under 18 years old
[49]. Also, the studies examining biomechanical risk factors mainly focus on ACL injury

or PFPS and there is a need for studies looking at all lower extremity injuries.

Neuromuscular Risk Factors

Altered neuromuscular control has been linked to increased injury risk, especially in the
lower limb [16, 49]. Neuromuscular control is the precise muscle activation that allows
for a coordinated and efficient action during dynamic sporting actions [79]. For example,
video analysis of ACL injury in female handball players revealed that contact with
another player prior to the injury appeared to alter the athlete’s intended movement
[67]. As a result, understanding how neuromuscular risk factors influence injury risk is
important to guide appropriate prevention programs. Key neuromuscular
considerations include deficits in strength, balance and proprioception. Therefore, this

section will focus on those three neuromuscular risk factors.

Strength

Deficits in the ability to produce force (i.e., strength) may limit neuromuscular control
and, in turn, increase injury risk. To protect the lower body from injury during sporting
maneuvers, dynamic stabilization via coordinated and co-activated muscles is crucial. At

the knee joint, co-activation of the quadriceps and hamstrings may improve stability and
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reduce loads associated with injury [80]. However, altered coordination, co-activation
or muscle imbalances may lead to quadriceps dominance (when the quadriceps
dominate over the hamstrings to stabilize the knee joint). Quadriceps dominance may
lead to a decrease in the hamstrings to quadriceps (HQ) strength ratio, with a HQ ratio
lower than 60% found to be a precursor for ACL injury [81, 82]. Females are prone to
use quadriceps dominance more than their male counterparts, possibly due to structural
and hormonal differences between sexes [13, 83]. This has been shown when isokinetic
knee flexion/extension strength was compared between female athletes who had an
ACL injury to age matched male and female controls and results demonstrated a
combination of decreased hamstring strength but not quadriceps strength in female
injured subjects [82]. In contrast, females who were not injured showed a decrease in
guadriceps strength and similar hamstrings strength compared to male athletes [82].
This suggests a decreased HQ ratio may be a risk factor for future lower extremity
injuries. Indeed, HQ strength ratio was tested in NCAA Division Ill female basketball and
soccer athletes and results revealed that injured athletes had a HQ ratio less than 60%
[84]. All five of the female soccer athletes who had an ACL injury during their season
were found to have an HQ ratio of less than 55% [85]. Conversely, measurements of five
strength variables (isokinetic quadriceps and hamstring torques, HQ ratio, isometric hip
abduction strength and one-repetition maximum seated leg press) in female handball
and football players were not found to be associated with an increased risk for ACL injury
[86]. This study measured the HQ ratio at 60°/s, which is slower than typical sporting
actions. Additionally, the length of time between baseline testing and an ACL injury was
relatively long (average 1.8 years), which suggests that baseline strength levels may have
changed before the injury occurred. Taken together, these may help explain why a
decreased HQ ratio was not found between injured and non-injured athletes in this
study. Another study in female football athletes found that after one season, HQ
strength ratios were not significantly different between those injured and non-injured
athletes, indicating that low isokinetic strength was not a risk factor [87]. This study had
both elite and non-elite football athletes, so it is unclear if level of play has an effect on

the HQ ratio.

Poor gluteus maximus and medius strength may also play a role in injury [88]. The gluteal

muscles assist in the maintenance of a stable pelvis and in the prevention of excessive
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hip adduction and internal rotation [89]. Excessive hip adduction and internal rotation
observed during ACL injury leads to knee abduction and tibial external rotation [90].
Interestingly, this same alignment has been shown in overuse injuries such as PFPS [90].
For instance, isometric hip strength was tested in athletes with and without PFPS.
Injured subjects had significantly lower hip abduction and external rotation strength
compared to the controls [90]. Additionally, male and female futsal, soccer, volleyball,
basketball and handball athletes were measured for isometric hip abduction and
internal rotation strength at the start of their season. Athletes who experienced an ACL
injury during the season had significantly lower hip strength compared to the uninjured
athletes [91]. These studies suggest poor hip strength is related to lower extremity injury

risk.

Based on the studies reviewed there is consistent evidence that deficits in knee and hip
muscle strength, specifically the hamstring and gluteal muscles, increase the risk of
injury in females. However, all of the studies on strength and its relationship to injury
risk are in adult females, except one study in high school and collegiate athletes that

does not report ages. Therefore, more research is needed in youth females.

Balance/proprioception

Dynamic balance is the integration of perceptual information and neuromuscular
control strategies to regulate the stability of the body’s center of mass during dynamic
tasks [79]. The relationship between balance measured by postural sway and lower
extremity injury risk is currently unclear. For instance, male and female high school
basketball players performed unilateral balance tests assessed by postural sway scores
with both eyes opened and closed during the preseason and those athletes who
displayed poor balance (high postural sway) had almost seven times more ankle sprains
than those athletes with good balance [92]. Additionally, female soccer players who had
low postural sway scores (good balance) were found to have an increased risk of leg
injuries [85]. In contrast, postural sway in lacrosse, football and field hockey athletes
was not found to be a risk factor for ankle injury in both males and females [93]. The
differences found between these studies could be due to the fact that there is not a
widely acceptable technique for measuring postural sway and the three studies used a

different measurement system.
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Although there is not a clear relationship between postural sway scores (balance
measure) and injury, there is evidence that the Star Excursion Balance Test (SEBT) is
linked to injury. For example, male and female NCAA Division | collegiate athletes tested
for balance via the SEBT preseason demonstrated that those athletes who sustained a
noncontact ankle or knee injury had a significant side-to-side asymmetry in the anterior
direction [94]. Similarly, male and female high school athletes performed a battery of
functional performance testing and results showed that when those injured athletes
were matched with uninjured athletes, significant differences were found in the SEBT
anterior reach direction [95]. These results are consistent with prior studies that showed
lower extremity injury in high school athletes was linked to poor balance and SEBT reach
deficits [92, 96]. A recent study, however, found no correlation between the modified
SEBT and injury in female handball or basketball athletes [97]. These results may differ
as the Steffen et al. [97], only measured ACL injury where the other studies measured

all lower extremity injury.

Diminished proprioception of the trunk may also lead to increased injury risk of the
lower extremity. A lack of neuromuscular control at the trunk can result in uncontrolled
trunk movement which may compromise dynamic stability of the lower extremity
placing the knee in a valgus position and excess strain on the knee ligaments [49, 64].
For instance, the effects of isolated trunk displacement after a perturbation were
measured in male and female athletes over a three year period and results showed that
lateral trunk displacement was greater for those injured athletes compared to those
uninjured athletes [98]. Additional evidence based on trunk proprioception measured
via active and passive repositioning found those females with knee injuries showed
deficits in active repositioning compared to those who did not sustain a knee injury [99].
The authors concluded that impaired trunk control and trunk proprioception predicted

future injury to the knee in females but not males [98, 99].

The evidence for diminished balance as a risk factor as measured by postural sway is
unclear. However, when using the SEBT to measure balance, there is a clear link to injury
risk. While research is limited there is preliminary evidence that trunk proprioception is
linked to injury risk. Of note, all the current research is in adult populations so more
research is needed in youth. Ideally further research should be prospective, focused on

youth and record all injuries to best inform design of injury prevention programs.
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Conclusion

The identification of modifiable injury risk factors is needed to inform the development
of preventative measures. Current evidence suggests that in females, biomechanical
factors at the hip and knee are of particular importance. Specifically, there is evidence
that landing or cutting in a position of increased hip flexion, adduction and/or internal
rotation, increased knee extension, abduction and/or internal rotation can lead to
increased injury risk. In terms of neuromuscular factors, deficits in knee and hip
musculature strength, balance and proprioception of the trunk have been linked to
increased injury risk in females. These risk factors can help inform the programming of
exercises for intervention strategies that target improved neuromuscular function of the
lower extremity during sporting movements. Training programs that include a focus on
hip and knee control during functional tasks (e.g. plyometric and agility exercises), lower
extremity strength, core strength and balance are likely to be most successful. As most
studies have been conducted in adults, there is a need for further prospective studies

focused on youth females.

17



Chapter 3 : Injury Prevention Programs in Youth: A Narrative Review

Targeting Females

This chapter comprises the following article published ahead of print in the Strength and

Conditioning Journal.
Reference:

Sommerfield, L.M., Harrison C.B., Whatman C.S., & Maulder P.S. (2019). Injury
prevention programs in youth: A narrative review targeting females. Strength and

Conditioning Journal. Published ahead of print.

Prelude

According to the TRIPP model, injury risk factors should be established before
prevention strategies can be implemented. The review of literature in chapter 2
evaluated the evidence for risk factors in females and identified specific biomechanical
and neuromuscular factors. These factors included increased knee abduction and hip
flexion during landing as well as a lack of strength and balance for lower extremity injury.
Alongside evidence for these risk factors, it was important to determine what factors
have made previous IP programs effective in youth. Thus, the aim of chapter 3 was to
review previous research on IP programs in youth targeted at reducing injury risk
factors, injury incidence and/or improving athletic performance. The findings provide
coaches and practitioners with insights into what makes a successful IP program in youth
females and may assist with developing IP programs. It also guided the development of

the IP program presented in chapter 6.

Introduction

Sport is the main cause of injury in children and adolescents [6-10]. Approximately three
million youth in the United States and one in four Canadian adolescents seek medical
attention for a sports related injury annually [7, 100]. Unfortunately, the high prevalence
of injury in youth sport negatively impacts present and future participation in physical
activity [11, 12]. For example, high injury rates result in time loss from participation and
a decrease in physical activity due to fear of injury or re-injury, accordingly [101]. This is
of particular concern for female athletes as they have shown significantly greater rates

of injury than males (e.g. 14% higher injury rate, in youth female compared to youth
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male soccer athletes) [14]. Injuries in youth may be a result of risk factors that fall into
one of two main categories: extrinsic (outside the body) and intrinsic (within the body)
[32]. Extrinsic risk factors for injury include environmental factors such as weather,
playing surface, and equipment, increased training and competition loads, poor
coaching and sport specialization [7, 33, 34, 36, 102]. Intrinsic risk factors include
neuromuscular and biomechanical factors that can be modified for example, under
developed athletic competencies such as strength and fundamental movement skills
[32-34]. In response to the growing number of sports injuries in youth, injury prevention
(IP) programs that target these modifiable intrinsic risk factors have been developed

[103, 104].

Research shows that exercise-based IP programs can reduce overall injury rates by about
40% in youth sport [105], reduce injury risk factors [44] and lead to increased athletic
performance [106, 107]. These IP programs are commonly carried out with sports where
the demands of the sport are linked to injury such as a high rate of contact,
jumping/landing, accelerating/decelerating or rapid changes of direction [41]. Injury
prevention programs typically comprise one or multiple exercise components (e.g.,
plyometrics, speed, agility, strength, balance) that target specific biomechanical and
neuromuscular injury risk factors, rates of specific injuries and/or athletic performance.
For the purpose of this paper, IP programs have been grouped by when they are
delivered (as a warm-up or independently). Warm-up interventions generally last five to
25 minutes and are implemented before a sports training, whereas independent training
interventions are separate from a sports training and are typically longer in duration (10-

90 minutes).

Whether implemented as a warm-up or independent training intervention, IP programs
in youth are significantly affected by growth and maturation [46, 108]. Growth is defined
as anincrease in the size of the body, whereas maturation is defined as progress towards
a mature state [109] and both are considered to be a risk factor for injury in youth [46].
Youth, which includes both children (up to age 11 in girls and age 13 in boys) and
adolescents (aged 12-18 in girls and 14-18 in boys) [109], experience a period of
accelerated growth during their development [109]. Referred to as the ‘adolescent
growth spurt’, this accelerated growth comprises a phase of increasing height and mass

that starts around age 10 in females and age 12 in males [15]. These changes have been
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shown to disrupt motor control and movement patterns [108], and as a result, increase
the risk of injury [16]. This is especially evident during peak height velocity (PHV), the
period of maximum growth that occurs at approximately 11-12 years in females and 13-
14 years in males [17]. For example, Hewett et al. [49] found that excessive knee
abduction and hip adduction motion and torque were linked to ACL injury risk during
PHV in females. In addition, excessive frontal plane motion at the ankle and decreased
knee flexion during sporting movements (e.g., jumping and landing, changing direction)
may also increase injury risk during this phase of development [64, 74]. Decreased trunk
and hip muscular co-activation, poor core stability, quadriceps dominance and leg
dominance have also been identified as injury risk factors more common in youth,

particularly during growth and maturation [98, 110].

Biomechanical and neuromuscular factors associated with athletic performance and
injury risk differ between sexes during PHV. For instance, during a drop vertical jump
(DVJ) males have been shown to increase vertical jump height and reduce landing force
while females did not [19]. Additionally, multiple studies have shown that post-PHV
females display significantly greater knee abduction moment and motion during a DV
compared to males of the same developmental stage [16, 22-24]. These differences are
possibly due to greater gains in skeletal tissue and muscle mass in males compared to
females [18]. Moreover, males demonstrate a ‘neuromuscular spurt’ during
adolescence (i.e., an increase in strength and power), while females do not [16, 19]. The
lack of lower body strength and muscular imbalances shown between the quadriceps
and hamstrings are additional risk factors for lower extremity injury in females [108,
111]. Research shows that neuromuscular deficits in youth females compared to males
may contribute to the higher rates of injury seen [25]. For example, adolescent females
have a four to six times higher rate of ACL injury during a pivoting or jumping sport than
adolescent males [16, 81]. Together, these factors demonstrate a greater need for more

IP programs implemented with female athletes.

Identifying and summarizing the evidence for the effectiveness of IP programs in youth
(especially females) may provide coaches and other practitioners with insight into the
components of a successful IP program. Many of the IP programs for youth females are
targeted towards improving neuromuscular coordination (strength, power, balance,

etc.) to decrease risk of injury and improve athletic performance. Consequently, the
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purpose of this review is twofold: 1) to examine existing IP programs and evaluate their
effectiveness for males and females, and 2) provide practical IP recommendations for
females. This review will highlight independent and warm-up based IP programs in
females first, followed by males and finally both sexes. Finally, the review will provide
practical recommendations for the use of IP programs in females and identify areas for

future research.

A comprehensive search of seven electronic databases (MEDLINE [EBSCO], OVID,
PubMed, ScienceDirect, SPORTDiscus, Web of Science and Google Scholar) was
conducted over the period December 2017 to September 2018. The following search
terms were used and combined using Boolean search: ‘prevention programs’, ‘youth or
adolescents or young people or young adult’, ‘sports injury or athletic injury’. The search
was limited to full text, English language studies published in peer reviewed journals.
The study selection process involved removing duplicates, examining for relevance
based on title and abstract and finally examining the full-text articles to confirm studies
focused on evidence for the effect of an IP program in youth sport. Thirty-three studies,
with age range nine to 24 years, were found to be appropriate for the scope of the
review, twenty-four with female participants, four with male participants, and five with
both female and male participants. A summary of the characteristics of the IP programs

can be found in Table 3.1, 3.2 and 3.3.

Injury Prevention Programs in Youth

Females

Injury prevention programs used with females have been shown to improve athletic
performance measures including upper and lower body strength [112], single and
double leg jump height and speed [42]. They can also decrease risk factors for injury by
improving balance [44, 113, 114], improving neuromuscular imbalances between the
quadriceps and hamstrings [115] and improving landing technique (i.e., increasing knee
flexion and hip abduction, decreasing knee abduction and hip internal rotation) [116-
118]. Furthermore IP programs have been shown to decrease prevalence of lower
extremity injury [119], overuse injuries [120-122], severe injuries [120-122] knee injuries
[123], gradual onset injuries [124], acute injuries [124], ankle sprains [124], and ACL
injuries [125, 126]. The majority (58%) of IP programs reported in the literature that

target females utilize an independent IP training program rather than a warm-up IP
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program. Of these, 17 reported positive outcomes, six reported negative outcomes and

one reported both positive and negative outcomes (Table 3.1).
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Table 3.1: Injury prevention programs in youth females.

First author, yr

Participants

Type of IP program

Frequency and/or
duration of IP

Injury prevention program

Key outcomes

details
program
volleyball athletes Individualized resistance Significant improvements in 1RM squat (67%) and bench
Al t ,2011 Ind dent 26 k . .
ugustsson 14-20 years ndependen weeks training (16%) and number of push-ups (122%) and sit-ups (55%)
Filipa, 2010 soccer athletes Independent 2x/week Core stabllllty and lower Significant improvements in the composite score for the
13-17 years 8 weeks extremity strength SEBT
Heidt, 2000 soccer athletes Independent 3x/week fggg?::;;gi’dprli\lll(:’rzf::;;’t;F;c:]r; Occurrence of injury significantly less in trained group
14-18 years 7 weeks . (14.3% versus 33.7%)
flexibility
Sc;?degavscl)(!fz:ﬁ” 60-90 min Plyometrics, stretching and
Hewett, 1999 Independent 3x/week 4 I L g Significantly less incidence of knee injury
athletes weight training
6 weeks
no reported age
Lim, 2009 basketball athletes Independent 20 min Stretching,istrengthe.rTing, Higher knee flexio.n angles and knee abduc.tion torques
15-17 years 8 weeks plyometrics and agility and lower HQ ratios and max knee extension torques
basketball athletes 70 min Plyometrics, strengthening, Significant decrease in total BESS errors and increased
McLeod, 2009 Ind dent o
ceod, 14-16 years naependen 6 weeks balance and stability-ball SEBT
basketball, soccer . . Increased 1RM squat (92%), bench press (20%), single leg
90 min Plyometrics, core K . .
and volleyball . hop distance, VJ height, speed and knee flexion angle at
Myer, 2005 Independent 3x/week strengthening, balance, .
athletes 6 weeks resistance training and speed landing and decreased knee valgus (28%) and varus
13-17 years gandsp (38%)
soccer and 3x/week Neuromuscular training -no High risk group decreased knee abduction torque (13%)
Myer, 2007 basketball athletes Independent . & & & Ap . . ) 4 0
7 weeks details reported at landing while the low risk group did not
15-17 years
soccer, basketball 20 min
. d volleyball . No significant diff inincid f tact ACL
Pfeiffer, 2006 and vofleyba Independent 2x/week Plyometric program © slghificant i erence.|r.1 m.CI ence o noncontac
athletes injuries
In-season
no ages reported
ienifi v less hip i | . hi
soccer athletes 2-3x/week Stretching, strengthening, Signi |Fant y ess . P '”terf‘a .rf)tatlon.and greater hip
Pollard, 2006 Independent . - abduction at landing. No significance in knee valgus or
14-17 years In-season plyometrics and agility
angles
Soligard, 2008 soccer athletes Independent 20 min Running, str.ength, ba!ance, Significantly lower risk of overa.II .|nJ.ur|es, overuse injuries
13-17 years In-season plyometrics and agility and severe injuries
Vescovi, 2010 soccer athletes Independent 3x/week Stretch|ng,.strengthe.rT|ng, Small non-significant |mprovemgnts in speed but not in
13-18 years 12 weeks plyometrics and agility CMJ or agility
handball athlet 10-15 mi Significantly reduced th ber of t tic and
Wedderkopp, 1999 ancbatiathietes Independent min Ankle disc program ighiticantly reduced the rllu.m .er ot traumatican
16-18 years 10-month season overuse injuries
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Wedderkopp, 2003

Grandstrand, 2006

Kiani, 2010

LaBella, 2011

Lindblom, 2012

Mandelbaum, 2005

Otsuki, 2014

Steffen, 2008

Steffen, 2008

Steffen, 2013

Walden, 2012

handball athletes
14-16 years

soccer athletes
9-11 years

soccer athletes
13-19 years

basketball and
soccer athletes
15-17 years

soccer athletes
12-16 years

soccer athletes
14-18 years

basketball athletes

12-14 years

soccer athletes
13-17 years

soccer athletes
16-18 years

soccer athletes
13-18 years

soccer athletes
12-17 years

Independent

Warm-up

Warm-up

Warm-up

Warm-up

Warm-up

Warm-up

Warm-up

Warm-up

Warm-up

Warm-up

10-15 min
10-month season
20 min
2x/week
8 weeks
20-25 min
2x/week
12 weeks
preseason and
in-season
20 min
3-4x/week
In-season
15 min
2x/week
11 weeks
20 min
2-seasons
20 min
3x/week
6 months

20 min
8 months

3x/week
10 weeks

2-3x/week
4-5 months

15 min
2x/week
In-season

Ankle disc program

Agility, plyometrics, strength
and flexibility

Harmonknee program: muscle
activation, balance, strength
and core stability

Strength, plyometrics, balance
and agility

Core stability, balance, landing
technique and proper knee
alignment
Stretching, strengthening,
plyometrcs and agility

Lower body strength,
plyometrics and agility

FIFA 11+: core stability, lower
extremity strength, balance and
agility
FIFA 11+: core stability, lower
extremity strength, balance and
agility
FIFA 11+: core stability, lower
extremity strength, balance and
agility
Core stability, balance and
proper knee alignment

Significantly fewer moderate, major and traumatic
injuries

No significant differences in landing mechanics (knee
abduction and adduction)

Significantly lower incidence of any knee injury (77%)
and non-contact knee injuries (90%)

Significant reduction in gradual-onset injuries (65%),
acute noncontact injuries (56%) and noncontact ankle
sprains (66%)

No significant improvements in performance (SEBT, CMJ,
3-step jump, 10 and 20 m sprint and modified Illinois
agility test)

Significant decrease in ACL injuries (88%)

Significant decreases in knee valgus and increases in
knee flexion

No significant differences in distribution of type, location
or severity of injuries

No difference in performance measures (isokinetic and
isometric HQ ratios, DVJ and CMJ, 40 m sprint, and
slalom dribble)

Higher adherence to the IP program led to
improvements in y-balance (4-7%) and a reduction in
injury risk

Significant reduction in rate of ACL injury (64%) but non-
significant in severe or acute knee injury

1RM =1 repetition maximum, SEBT= star excursion balance test, HQ = hamstring: quadriceps ratio, BESS = balance error scoring system,
VJ = vertical jump, ACL = anterior cruciate ligament, CMJ = counter-movement jump, DVJ = drop vertical jump.
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Independent IP Training Programs

The prescription of independent IP training programs in youth females ranges from two
to three times per week for six to 26 weeks (majority six to eight weeks) and includes
one or more of the following components: stretches, lower body and/or core strength,
plyometrics, agility, balance, conditioning and speed [42, 81, 112-117]. For example,
high school female basketball, soccer and volleyball athletes (13-17 years) underwent
six weeks of an IP program consisting of four parts: plyometrics and movement, core
strengthening and balance, resistance training and speed training, three times a week
for 90 minute sessions [42]. Trained participants compared with controls showed
increases in predicted one repetition maximum squat and bench press, right and left
single leg hop distance, vertical jump height and speed (9.1 m sprint). The IP program
group also showed significantly lower knee valgus and varus torques during a DV)J
compared to the control group [42]. In addition to positive impacts on athletic
performance and risk factors for injury, independent IP training programs have also
reduced the prevalence of injury in youth females [119-122]. In particular, 42 high school
female soccer players (14-18 years) participated three times per week, for seven weeks
in an independent IP training program that incorporated conditioning, plyometrics,
strength and flexibility exercises. Results showed that the occurrence of injury was
significantly less in the trained group compared with the control [119]. An additional
independent IP training program utilizing plyometrics, stretching and weight training
targeted knee injuries in high school soccer, volleyball and basketball athletes [81]. This
IP program was done for 60-90 minutes, three times per week for six weeks in female
athletes who were compared against a female and male control group (untrained
groups). Results demonstrated a significant reduction in knee injury in the trained
females compared to the female control, but no significance when compared to the
males [81], indicating that discrepancies in neuromuscular deficits between sexes can

be reduced.

Despite the positive effects shown by some independent IP training programs in youth
females, others have shown little or no impact [127, 128]. For example, in a study
designed to target noncontact anterior cruciate ligament (ACL) injuries, high school
soccer, basketball and volleyball athletes underwent a plyometric training program

twice a week for the duration of their season. The results demonstrated no significant
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difference in the injury incidence between groups [127]. The program primarily focused
on jump-landing and run-deceleration mechanics, which alone may not have been
enough to reduce the ACL injury rate. Indeed, IP programs that have shown a reduction
in ACL injuries have incorporated strength exercises [81, 125]. In another study, only
small improvements in speed (10, 20, 30 and 40 m sprint) and no improvements in
counter-movement jump height or agility were found when female soccer players
participating in a 15 minute independent IP training program were compared to a
control group [128]. The lack of improvement may have been due to the instructions
given for the IP program, which were to perform drills at a slow speed, thus minimizing

neuromuscular stimulation beyond a normal soccer match.

Warm-up Based IP Programs

Warm-up based IP programs in youth females have also been shown to reduce risk
factors for lower extremity injury and incidence of injury in youth females. More
specifically, programs ranging from 15-20 minutes per session, one to four times per
week for eight weeks to six months have lowered the incidence of noncontact knee
injuries [123], gradual-onset injuries, acute noncontact injuries, noncontact ankle
sprains [124], and ACL injuries [125, 126]. Warm-up based IP programs have also been
shown to significantly improve biomechanical risk factors at the knee during landing
(increased flexion, decreased abduction) [118] and balance [44] in youth females. For
instance, lower body strength, plyometrics and agility exercises were performed by
basketball players (12-14 years) for 20 minutes, three times per week. After six months
of training, knee abduction was significantly decreased and knee flexion significantly
increased during a DVJ compared to the control group [118]. A similar warm-up
intervention in soccer athletes (14-18 years) showed an 88% reduction in ACL injury after

one season and a 74% reduction after two seasons compared to the control group [125].

Although some warm-up based IP programs in youth females have shown positive
effects, others have shown no beneficial effects on injury risk or athletic performance
[129-132]. One warm-up based IP program that has received a lot of attention is the
FIFA 11+, a 20 minute warm-up program developed to reduce the risk of lower extremity
injury in soccer players age 14 and over. The FIFA 11+ consists of 15 exercises divided
into three parts, including initial and final running exercises with a focus on cutting,

jumping and landing techniques, core and leg strength, balance, plyometrics and agility
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exercises (part two). The exercises in part two have varying levels of progression [120].
A group of adolescent female soccer players (16-18 years) took part in a 10 week IP
program consisting of the FIFA 11+, three times per week for 15 minutes. Participants
and controls were tested for isokinetic and isometric strength of the quadriceps and
hamstrings, hip adductors and abductors, vertical jump, sprint and soccer skills. Results
showed no difference between groups in any of the performance measurements [131].
The FIFA 11+ has also been utilized to target reducing the prevalence of all injuries. After
a season of the program, female soccer athletes were not found to have any significant
differences in distribution of type, location or severity of injuries compared to the
control group [132]. Low compliance to this IP program (only used during 52% of all

training sessions) may explain the lack of difference found.

Based on the available evidence, implementing an IP program in youth females can
decrease risk factors for injury, decrease the prevalence of injury, and/or improve
athletic performance. Following the independent IP training programs, benefits were
found in one or more of these components in 86% of studies reviewed, where only 60%
of warm-up based IP programs reported benefits. This suggests that an independent IP

training program is more likely to be beneficial in youth females.

Males

The current research in youth males has also investigated the effects of IP programs on
injury prevalence, risk factors and athletic performance. The programs have been shown
to aid in lowering injury rates for lower extremity injuries as well as improving
performance measures of balance, jump height and sprint time. The majority of studies
(three out of four) investigating IP programs have used a warm-up to a sports training,
with the FIFA 11+ being the most commonly investigated IP program. Three programs

report positive outcomes and one reports positive and negative outcomes (Table 3.2).
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Table 3.2: Injury prevention programs in youth males.

Frequency and/or

. . . . Injury prevention program
First author, yr Participants Type of program duration of IP Jury p prog Key outcomes

details
program
FIFA 11+: core stability, lower
soccer 5x/week extremity strength (minus Significant improvements in CMJ (6%), 3-step jump
Kilding, 2008 athletes Independent . . Y
6 weeks hamstring exercise), balance (3.4%) and speed (20 m sprint 2%)
9-11 years .
and agility
FIFA 11+: core stability, lower  FIFA 11+ group: improved y-balance (anterior 2.5% and
soccer extremity strength, balance posteromedial 7.2%), single leg hop limb symmetry
3x/week and agility (8.3%), sprint times (10 m 8.4% and 20 m 1.8%) and
Ayala, 2017 athletes Warm-up . .
15-17 vears 4 weeks Harmonknee: muscle jump height (9.1%)
y activation, balance, strength Harmonknee group: improved sprint times (10 m 2.7%
and core stability and 20 m 2.9%) and jump height (9.7%)
basketball 20 min FIFA 11+: core stability, lower  Significant lower injury rates for overall injuries, training
Longo, 2012 athletes Warm-up 3-4x/week extremity strength, balance injuries, lower extremity injuries, acute injuries and
11-24 years 9 months and agility severe injuries
field hockey 20 min Runnine. agility. balance Only BESS decreased significantly more in the
Zech, 2014 athletes Warm-up 2x/week stren tlgwlar%d Tlometric; intervention. No effects were found for SEBT, TTS and
12-18 years 10 weeks & P COP sway velocity

CMJ= counter-movement jump, BESS = balance error scoring system, SEBT = star excursion balance test, TTS= time to stabilization, COP =

center of pressure.
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Independent IP Training Programs

The FIFA 11+ is typically done as a warm-up to a sports training, but it has been used as
an independent IP training program in youth males as well [133]. This IP program used
all of the exercises from the FIFA 11+ except the hamstring exercise due to the younger
population of nine to 11-year old athletes. The program was done five times per week
for six weeks and measured performance variables including counter-movement jump
(CMJ), three-step horizontal jump, prone hold, 20 m sprint and lllinois agility test. After
the six week duration, CMJ, three-step jump and speed were significantly improved

[133] thus showing performance benefits of the FIFA 11+.

Warm-up Based IP Programs

Two other studies used the FIFA 11+ for the intended use as a warm-up IP program in
youth males. One of the studies compared the FIFA 11+ and the Harmonknee program
(running exercises, muscle activation, balance, strength and core stability) to a control
group [134]. Both the FIFA 11+ and the Harmonknee were completed three times per
week for four total weeks. For performance measures, the FIFA 11+ improved y-balance,
single leg hop distance, speed (10 and 20 m sprints) and jump height (DVJ) whereas the
Harmonknee improved speed and jump height. The other study that used the FIFA 11+
targeted reducing prevalence of injuries [135]. This IP program was done three to four
times per week for the entire basketball season (nine months). After the season, results
demonstrated significantly lower injury rates for overall injuries, training injuries, lower

extremity injuries, acute injuries and severe injuries [135].

An additional study in males utilized a warm-up IP program that found both beneficial
and non-beneficial results. This IP program included running, agility, balance, strength
and plyometrics in field hockey athletes (age 12-18 years) 20 minutes, twice per week
for 10 weeks. The intervention and control groups were measured for a range of balance
measures (star-excursion balance test, balance error scoring system (BESS) time to
stabilization and change of pressure during a single leg landing). Only the BESS
significantly improved in the intervention compared to control, whereas there was no
significant differences found for the rest of the balance measures [136]. Although
balance was a component to this IP program, it was only a small portion which, when
combined with the other components, might not have been specific enough to result in

significant improvements in the balance measures.
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Even though there are fewer studies examining IP programs in males compared to
females, the programs have been successful in improving balance, speed, and power in
soccer players (nine to 11 and 15-17 years) as well as reducing injury rates for all lower
extremity injuries in basketball players (11-24 years). However, when balance measures
were the only factor assessed improvements were not as successful, with only one out
of four measurements improving. The FIFA 11+ was used with both female and male
participants and proved to be more beneficial with male participants. This could be due
to the higher compliance found in the programs with male participants than females
(72% and 100% versus 60%, respectively). More research is needed in males to truly

understand the effects of IP programs in order to make future recommendations.

Females and Males

Injury prevention programs have also been utilized in groups that include both males
and females. Including both sexes in research will over time, inform the development of
IP programs for females and males. Additionally, the programs can act as a guide for
those who have both sexes in their sports team or physical education class. As these
programs become developed and specific needs for each sex are understood, then
moving to single sex programs may provide the most benefit. These IP programs target
prevalence of injuries and have been used as a warm-up or as independent training [106,
137-141]. For these IP programs, two studies report positive outcomes, two studies
report negative outcomes and one study reports both positive and negative outcomes

(Table 3.3).
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Table 3.3: Injury prevention programs in youth females and males.

Frequency

. .. . Injury prevention program
First author, yr Participants Type of program  and/or duration ury p prog

Key outcomes

of IP program details
basketball 5-10 min
Cumps, 2017 athletes Independent 3x/week Balance training Significantly lower relative risk of lateral ankle sprains
14-22 years 22 weeks
soccer and
McGuine, 2006 b:::;it:ll Independent 313\;:;; Balance training Significantly lower rate of ankle sprains (38%)
15-17 years
basketbel smin e e
Emery, 2007 athletes Warm-up 5x/week g Non-significant reduction in acute onset injuries (29%)
12-18 years 18 weeks home-exercise program on
wobble board
. D ic stretches, . L .
soccer athletes 15 min yn:':\mlc strete es. . Non-significant reduction in all injury (38%) and acute-
Emery, 2010 Warm-up eccentric strength, agility, .
13-18 years 20 weeks . onset injury (43%)
plyometrics and balance
RUNNI ine landi
handball . unn‘mg, cutting, landing Significantly lower overall injuries, lower limb injuries,
15-20 min technique, neuromuscular L . L
Olsen, 2005 athletes Warm-up 3 months control. balance and acute knee injuries, and upper limb injuries. Non-
15-17 years ! significant differences in acute ankle injuries (37%)

strength
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Independent IP Training Programs

Independent IP training incorporating balance exercises has also been investigated in
combined male and female groups with the aim of reducing knee and ankle injuries. Two
studies incorporated a balance training program that was done for five to 10 minutes,
three times per week with basketball (14-22 years) and soccer (15-17 years) athletes
and found a significant reduction in ankle sprains after the IP program [137, 140]. There
were no significant differences in the incidence of ankle sprains found between sexes in

the intervention group [137, 140].

Warm-up Based IP Programs

The warm-up IP programs in combined groups of youth males and females range from
10-20 minutes in duration and focus on combinations of the following components:
stretching, agility, plyometrics, neuromuscular control, strength and balance. These IP
programs have been used with basketball (12-18 years), soccer (13-18 years) and
handball (15-17 years) athletes and have shown a significant reduction in overall, lower
limb, acute knee and upper limb injuries [141] as well as a non-significant reduction in
all injury and acute onset injuries [138, 139]. The studies where non-significance was
found incorporated a home-based balance training program and compliance to that part
of the program was low (<15% and 60%, respectively). This further adds to the
importance of compliance being a major consideration when developing and

implementing an IP program.

Although there have not been as many studies examining IP programs with both sexes
as participants, the programs have been successful in reducing prevalence of ankle
sprains, overall, lower-limb, acute knee, and upper limb injuries. More research is
needed in IP programs with both sexes to make appropriate recommendations for

future IP programs.

Conclusion

Injury prevention programs have been developed in the attempt to reduce sports
related injuries in youth. Of particular importance in youth are changes that occur during
the adolescent growth spurt. This period can result in an increased risk of injury,
especially in females. For females, independent IP training programs have been more

commonly investigated and shown more successful than warm-up IP programs. In
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contrast, warm-up based IP programs were used more with male groups and both types
of programs proved equally likely to be of benefit. In both sexes, the warm-up and
independent IP training programs demonstrate that prevalence of injuries can be

reduced.

Practical Applications and Areas for Future Research

Several limitations of the research to date can help inform the design of future IP
programs. First, poor subject compliance (minimum session attendance) has been
shown to limit the effectiveness of a program. Accordingly, a minimum session
attendance of approximately 80% is recommended to optimize the effectiveness of a
program. In order to maximize compliance, it is important to enlist the key stakeholders
(parents, coaches, teachers, administrators, athletes, etc.) in the IP program as well as
explain the purpose of the exercises to the participants throughout implementation. In
addition, higher compliance may be attained when the IP is administered within a
regularly attended setting such as a school, for example, the physical education

program.

Second, exercises should appropriately match the skill level of the target population.
When exercises are too challenging, time is wasted regressing rather than progressing
the difficulty. Therefore, accurately assessing the skill level of the target population at
the start of an IP program and prescribing exercises and activities specific to the
individual is essential. Similarly, to ensure maximum benefit, exercise volume and
intensity should be set in accordance with the goal of the program. For example, if the
goal is to improve biomechanical factors during landing from a jump, then the volume
and intensity of the exercises should be sufficient to facilitate this (maximum effort
jumps versus solely sub maximum effort). Given the need for individual assessment and
prescription, IP programs are best delivered by a suitably trained practitioner (e.g.

strength and conditioning coach).

Third, speed of movement should be considered. The IP program should allow for
progressions to the exercises so that the speed of movements can be advanced to mimic
real-time sporting actions. Exercises should be progressed appropriately by starting with
body weight exercises that focus on correct positions of the body. When the athlete has

shown proficient technique, minimal equipment for moderate resistance (e.g. medicine

33



balls or dumbbells) should be added. Finally, heavier weights or more dynamic

movements should be added. Example progressions can be found in Figure 3.1.

Fourth, when the aim of the program is to reduce injury, components such as lower body
strength, core stability, plyometrics, agility and balance should be implemented two to
three times per week for 20 minutes or longer. Lastly, when time is not a limiting factor,
independent IP training programs should be preferred over warm-up based programs.
Since these programs are done separately from a sports training, they allow for more
time and focus to be devoted to the program, which results in a greater stimulus to make
changes in strength, risk factors, etc. A summary of recommendations for female IP

programs can be found in Figure 3.2.
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Plyometrics

[low eccentric i Moderate eccentric loading jumps/hops. E.g. Snap High eccentric loading-reactive movements and jumps in
body positions and load absorption. down + vertical jump different planes E.g. Reactive snap-down (on command) with
E.g. Snap-down horizontal jump

Fundamental movement Change of direction-pre-planned drills. E.g. Agility-reactive and unanticipated movements. E.g. Reactive agility drills
skills-correct body positions. Straight line run to lateral lunge with pause (start run then call out direction at cone-right)
E.g. Lateral lunge

Core Stability

Isometric- correct body Dy ic stability (simple)-while maintaining correct body Dynamic stability (complex)-progress the difficulty from stage
position. E.g. Side plank position add in a dynamic component. E.g. Side plank with hip 2. E.g. Side plank with leg raise
hold lift

Figure 3.1: Examples of plyometric, agility and core stability progressions in youth
females, starting with 1) low intensity body weight exercises, progressing to 2)
moderate intensity with minimal equipment and sub maximum effort jumps and agility
exercises, then progressing to 3) high intensity with more resistance and maximum
effort jumps and agility exercises.
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Body weight- fundamental Light resistance-add light Moderate/heavy resistance-add
movement skills. E.g. Body weight resistance with medicine balls, moderate/heavy resistance with
squat bands, etc. E.g. Medicine ball squat barbells, kettlebells, dumbbells,
etc, E.g. Barbell back squat

Balance

Static balance-maintain center of Dynamic-maintain same position while adding in a dynamic movement. E.g. Dynamic stabilization-maintain
mass over base of support. E.g. Calf 2-way leg swing same position while moving. E.g.
raise hold Balance beam walk with cone reach

Figure 3.1 (continued): Examples of lower body strength and balance progressions in
youth females, starting with 1) low intensity body weight exercises, progressing to 2)
moderate intensity with minimal equipment and sub maximum effort jumps and agility
exercises, then progressing to 3) high intensity with more resistance and maximum
effort jumps and agility exercises.
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Figure 3.2: Components of a successful IP program in females. Aim to achieve movement
competence first and then progress to sport specific movements.
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Chapter 4 : A Prospective Study of Sport Injuries in Youth Females

This chapter comprises the following article published ahead of print in Physical Therapy

in Sport.
Reference:

Sommerfield L.M., Harrison C.B., Whatman C.S., and Maulder P.S. (2020). A prospective
study of sport injuries in youth females. Physical Therapy in Sport, Published ahead of

print.

Prelude

The first step in the TRIPP model is to establish injury surveillance in youth females in
order to have an understanding of the type, site and occurrence of injuries before
developing an IP program. However, most of the available research is sport specific
and/or conducted with elite athletes and uses an injury definition (time-loss) that
underestimates the rates of injury. Therefore, the aim of this chapter was to describe
sport and physical education injuries in youth females over a school year. A

guestionnaire with an all physical problem definition was implemented, accordingly.

Introduction

Many youth across the world participate in sport. In New Zealand for example, 81% of
five to 17 year olds participate in organized sport (physical education classes at school,
sports competitions/tournaments and training or practicing with a coach/instructor)
[142]. Although there are many health-related benefits of physical activity, participating
in sport at a young age involves risk of injury [143]. Specifically in New Zealand in 2016,
there was a total of 494,860 insurance claims related to sports injury with an associated
cost of approximately $506 million NZD [144]. Additionally, from 2012-2017 there was
a 19% increase in sports-related injuries in youth 18 years and under [145]. Increased
injuries may be a result of increased training and competition loads which often occur
alongside under developed athletic competencies such as strength and fundamental
movement skills [7, 36, 102]. Injuries in sport may result in reduced game or competition
time, or worse, an early finish to the sports season. Furthermore, injuries can have long-
term consequences that limit sport participation and lifelong physical activity [25, 46].

For example, knee and ankle injuries may result in an increased risk for osteoarthritis
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later in life [143]. Consequences from sports injury can be especially problematic for
young girls, as they have shown greater rates of injury than boys [14]. Given the negative
consequences of injuries in youth sport, injury prevention strategies should be
implemented early. Prevention strategies include use of appropriate equipment and
facilities, rule modifications and adequate physical preparation [146]. Appropriate
training programs, adequate recovery, and participating in a variety of sports are also

possible injury prevention strategies [147].

The complex interaction of the sex hormones that occurs with the onset of menarche
may play a role in the susceptibility of females to sports injuries [26]. For instance,
estrogen can affect blood pressure, heart rate and rhythm and vascular flow, substrate
metabolism and brain function. Additionally, progesterone effects thermoregulation,
ventilation and fuels needed for energy [148]. Furthermore, due to the fluctuation of
hormones, ACL laxity, neuromuscular function and thus athletic performance may
change throughout the menstrual cycle [149]. Studies investigating the relationship
between injury risk and the menstrual cycle are, however, contradictory. For instance,
some researchers report that females are at greater risk of injury during the ovulatory
phase [26], some report greater risk during the luteal phase [27, 29], while other
researchers report greater risk during menses in the follicular phase [28]. Additionally,
previous studies are limited to adult females (>19 years) and there are few prospective
studies. Therefore, more research is needed to determine if a link exists between injury

and the different phases of the menstrual cycle in youth females.

In response to the growing number of injuries in youth sport, there has been increased
focus on injury prevention programs. The Translating Research into Injury Prevention
Practice (TRIPP) model is a framework for developing injury prevention strategies [30].
According to the TRIPP model, prevention strategies can be developed and
implemented only after injury surveillance and risk factors for injury are established.
Thus, to develop and implement effective injury prevention programs, an understanding
of the type, site, occurrence, average duration, and exposure times of injuries in the
target population is needed. Little is known about the patterns of injuries in youth
females with the available evidence specific to certain sports and/or elite athletes and
to our knowledge there are no previous reports on physical education (PE) injuries [150-

152].
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Therefore, the main objective of this study was to describe sport and PE injuries in youth
females over one school year. An additional objective was to investigate if an association

exists between injury and phases of the menstrual cycle.

Methods

Participants

One hundred and three girls (mean £ SD; age = 14.0 £ 0.6 y; height = 162.6 + 5.8 cm;
mass = 57.4 + 9.8 kg) from PE classes at a girls’ secondary school in New Zealand
participated in this study. The participants were recruited from four PE classes. The
classes were determined prior to the school year based on the PE teachers agreeing to
let the primary researcher use time from their classes for this study. The girls
participated in a variety of sports outside of PE class including netball, soccer, field
hockey, lacrosse, swimming, athletics, badminton, and rowing. The University Ethics
Committee approved the study. Informed parental consent and participant assent was

obtained from all girls.

Procedures

Injury data was collected prospectively over three school terms (30 weeks) using an
online questionnaire via Google Forms. Participants were familiarized before the study
began, then sent an email reminder to complete the questionnaire at the start of their
PE class once a week for the duration of the study. Injuries were defined as any physical
problem affecting training or competition in the previous week. Weekly follow-up by the
primary researcher was used to confirm and classify the injuries correctly. This allowed
for those responses reported as a sickness/illness (e.g. conjunctivitis) or those occurring
outside of sports and PE to be appropriately removed. Based on the questionnaire
responses and weekly interviews with all participants who reported an injury, the
number of new injury cases was determined, and all injuries were further defined as
acute or gradual onset/overuse by the researcher. An acute injury was one that could
be linked to a specific event whereas an gradual onset/overuse injury could not [153].
The participants reported injuries over the previous week as well as their training and
competition (match) exposure. Training and competition exposure were determined
from participant responses to Question 1 and 2 of the questionnaire (Figure 1) and PE

exposure was determined from attendance and participation in PE class (number of 60
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minute PE classes converted to hours per week). If no response was received within two

days, a further email reminder was sent.

Reporting of Injuries

The questionnaire used in this study was a modification of the Oslo Sports Trauma
Research Centre (OSTRC) questionnaire [150, 154] and consisted of two parts. Part 1
included six questions covering: training exposure, game/competition (match) exposure
and the impact of any injuries on sports participation, training volume, sports
performance and the extent of any symptoms (Figure 1). If a participant reported an
injury, they then completed Part 2 of the questionnaire, which asked about the
anatomical location of the injury and how and when the injury occurred. For all new
injury cases reported, the average duration in weeks (as determined by follow-up from
the primary researcher) was also reported. If the participant had more than one injury,
the questionnaire repeated itself, allowing for registration of additional injuries. Finally,
participants were asked what day they were on in their menstrual cycle. To do this,
participants downloaded either the FITrWoman or My Calendar App (depending on
Apple or Android device-both gave day of cycle) prior to the commencement of the
study and tracked their menstrual cycle (Figure 1). The participants simply switched from
the questionnaire to one of the Apps, got the day of their cycle and then entered it into
the questionnaire. If a participant did not have their menstrual cycle, then they put
“N/A” and they were not included in the data for menstrual cycle and injuries (n=105).
For this study the menstrual cycle was divided into three phases: menses, follicular and
luteal. In menses (days 1 to 5) concentrations of estrogen and progesterone are low.
During the follicular phase (start of menses to end of ovulation; for this study after
menses, days 6 to 14) a surge in estrogen occurs prior to ovulation, followed by a
decrease. In the luteal phase (days 15 to end of cycle) progesterone and estrogen levels
rise steadily before decreasing at the end of the cycle [155]. The PE teachers included
learning about the menstrual cycle at the start of the school year to correspond with

this study.
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Physical Problem Report Questionnaire
*Physical problem = injury, aches, pains, stiffness, swelling, etc. Does NOT include colds or sickness.

Question 1- Training Exposure
State in numbers, how many hours you have participated in your sport training during the past week?

Question 2- Match Exposure
State in numbers, how many minutes you have participated in your sport matches during the past week?

Question 3

Have you had any difficulties participating in normal training and competition due to physical problems during the
past week?

[ Full participation without physical problems

O Full participation, but with physical problems

[0 Reduced participation due to physical problems

[ Cannot participate due to physical problems

Question 4

To what extent have you reduced your training volume due to physical problems during the past week?
I No reduction

[J To a minor extent

[0 To a moderate extent

[J To a major extent

[J Cannot participate at all

Question 5

To what extent have physical problems affected your performance during the past week?
I No effect

[J To a minor extent

[0 To a moderate extent

[0 To a major extent

[J Cannot participate at all

Question 6

To what extent have you experienced symptoms during the past week?
0 No symptoms

[J To a mild extent

[0 To a moderate extent

[J To a severe extent

Question 7- Physical Problem Area

Please select the location of your physical problem. If the physical problem involves several locations please select
the main area. If you have multiple physical problems please complete a separate registration for each one.
[0 Head/face

J Neck

[ Shoulder (including clavicle)

O Upper Arm

O Elbow

[J Forearm

I Wrist

[0 Hand/fingers

O Chest/ribs

0 Abdomen

I Thoracic spine (upper & mid back)

O Lumbar spine (low back)

[ Pelvis and buttock

[ Hip and groin

O Thigh

O Knee

[J Lower leg
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O Ankle
O Foot/toes
[ Other

Question 8
This physical problem involved:

[0 Sudden onset & contact with another person or equipment

[J Sudden onset & NO contact with another person or equipment
O Gradual onset/overuse

O Unknown

Question 9

Physical problems occurred during which of the following:
[ Practice/sport specific training

0 Game/competition

O Physical education class

[ Active transport (e.g., biking to school)

O Other

Question 10- Menstrual Cycle
What day are you in your menstrual cycle according to the FITrWoman or My Calendar App?

Figure 4.1: Study questionnaire.

Statistical Analysis
Means and standard deviations were calculated for all demographics. The injury rate
and corresponding 95% confidence intervals (Cl) were calculated based on the number

of new injury cases per 1000 hours of sport (training and competition) and PE exposure.

The prevalence of all injuries was calculated for each week of the study using methods
previously published [150]. Specifically, the number of participants reporting injuries
each week were divided by the number of respondents to the questionnaire each week.
The prevalence of substantial injuries was also calculated based on the responses to
Questions 4 and 5 of the questionnaire. Substantial injuries were those leading to
moderate to severe reductions in training volume or sports performance, or complete
inability to participate. If options 3-5 in Questions 4 and/or 5 were chosen, then the
injury was classified as substantial. All prevalence estimates were presented as means

with corresponding 95% ClI.

Each week, an injury severity score ranging from 0 to 100 was also calculated from
responses to Questions 3-6 as recommended by the authors who designed the
guestionnaire [40]. The responses to these questions were allocated a numerical value
from 0 to 25, where 0 represents no problems and 25 the maximum. Questions 3 and 6

were scored 0-8-17-25, and Questions 4 and 5 were scored 0-6-13-19-25. The severity
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scores for each week an injury was reported were then summed in order to get a
cumulative severity score. The cumulative severity score was then divided by the
number of weeks the injury was reported to get an average weekly severity score [40].
Finally, for each new injury case the average duration of the injury (in weeks) was

calculated.

The Pearson chi-square test was used to compare observed and expected frequency of
injury based on the participant’s date of injury in accordance to the phase of the
menstrual cycle (menses, follicular, luteal). Similar to previously reported methods [26],
we hypothesized there would be an equal chance of injury on any given day of the cycle.
Thus, the expected frequency was determined by describing the length of each phase as

a percentage of the entire cycle and using this as the expected injury frequency.

Results

Response Rate to Questionnaire

The overall response rate to the questionnaire was 92%, with the weekly response rate
during school terms consistently over 90%. Response rate during school holidays (four

weeks) dropped, averaging 60% (Figure 4.2).

Response Rate
110%

Q,
100% ........ ... .. ... ' ) ® [ ]
ap% @ P
80%

70%

Response rate

60% ] L
°

50%
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

Week of reporting

Figure 4.2: Weekly response rate during the 30-week study. The two drops in response
rate occur during term breaks in the school year.

Training, Competition, PE Exposure and Injury Rates

A total of 18,351 hours of sport and PE exposure was reported over the 30-week study
duration (9,641 hours during training, 2,048 hours during competition and 6,662 hours
during PE). The average hours of training, competition and PE per week was 3.4 hours

of training, one hour of competition and 2.2 hours of PE. The overall rate of sport and
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PE injuries was 10.4 injuries per 1000 hours of training, competition and PE exposure.
The rate of sport injuries was 15.3 injuries per 1000 hours (training 12.3 and competition
30.1 per 1000 hours). The rate of PE injuries was 2.6 injuries per 1000 hours of PE

exposure.

Prevalence of Injuries

A total of 595 injuries were reported by 74 of the 103 participants. Twenty-nine
participants (28%) reported no injuries over the course of the study, 42 participants
(41%) reported one to two injuries, 24 participants (23%) reported three to four injuries
and 8 participants (8%) reported more than four injuries. Of all reported injuries, 194
(33%) were categorized as substantial. The average weekly prevalence of all injuries was
20.7% and of substantial injuries was 6.7% (Table 4.1). The average weekly duration for
new injury cases was 2.1 weeks and for substantial injuries 1.8 weeks (Table 4.1).
Throughout the 30-week study duration, the prevalence of overall, acute and gradual

onset/overuse injuries decreased (Figure 4.3).
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Table 4.1: Average weekly prevalence, average duration, average weekly severity score
and cumulative severity score of all reported injuries, acute injuries and gradual

onset/overuse injuries.

Physical problem Overall Acute Gradual onset/overuse
Overall n =595 n =244 n=351
Average weekly prevalence 20.6% 8.6% 12.0%
(20.4-21.3%) (8.3-9.0%) (11.4-12.6%)
Average duration (weeks) 2.1 2.0 2.1
(1.9-2.2) (1.8-2.3) (1.8-2.3)
Average weekly severity score 32.4 335 31.6
(30.6-34.1) (30.6-36.4) (29.3-33.8)
Cumulative severity score 74.7 79.8 71.1
(65.7-83.7) (64.9-94.6) (59.8-82.4)
Substantial n=194 n=92 n =102
Average weekly prevalence 6.7% 3.3% 3.5%
(6.4-7.0%) (3.0-3.5%) (3.1-3.9%)
Average duration (weeks) 1.8 2.0 1.7
(1.6-2.1) (1.6-2.4) (1.3-2.0)
Average weekly severity score 58.8 60.3 57.7
(55.8-61.9) (55.9-64.6) (53.3-62.1)
Cumulative severity score 116.6 136.3 101.2
(96.8-136.4) (105.4-167.1) (75.7-126.7)

Data are presented as mean values with (95% Cl).
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Figure 4.3: Weekly prevalence of injuries reported during the 30 weeks of the study.
Solid lines represent all reported problems and dashed lines represent substantial
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Prevalence of Acute and Gradual Onset/Overuse Injuries

A total of 244 acute injuries and 351 gradual onset/overuse injuries were reported. The
average weekly prevalence of acute injuries was 8.6% and gradual onset/overuse
injuries was 12% (Table 4.1). The average weekly duration of new cases of acute injuries
was two weeks and of gradual onset/overuse injuries was 2.1 weeks (Table 4.1). The
most commonly reported acute injuries involved the ankle (35.2%) followed by knee
(11.9%), while the most commonly reported gradual onset/overuse injuries involved the
knee (51.3%) and lumbar spine (9.4%) (Table 4.2). The average duration, average weekly

severity score and cumulative severity score for all injuries can be found in Table 4.1.
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Table 4.2: Overview of reported injuries and duration by injured area.

Acute injury Averége Overuse injury Averfage
=244 Duration* N =351 Duration*
(weeks) (weeks)

Ankle 86 (35.2%) 2.8 Knee 180 (51.3%) 2.7
Knee 29 (11.9%) 1.6 Lumbar spine 33 (9.4%) 33
Thigh 21 (8.6%) 1.5 Lower leg 22 (6.3%) 1.6
Shoulder 20 (8.3%) 4.0 Thigh 19 (5.4%) 1.3
Hand/fingers 20 (8.3%) 1.8 Shoulder 18 (5.1%) 2.6
Wrist 12 (4.9%) 2.4 Ankle 17 (4.8%) 1.2
Lumbar spine 12 (4.9%) 2.0 Hip/groin 15 (4.3%) 1.4
Foot/toes 12 (4.9%) 1.7 Foot/toes 15 (4.3%) 1.3
Thoracic spine 8 (3.3%) 2.0 Thoracic spine 12 (3.4%) 1.5
Lower leg 8 (3.3%) 1.6 Wrist 7 (1.9%) 7.0
Abdomen 3(1.2%) 1.0 Pelvis/buttock 6 (1.7%) 1.5
Head/face 2 (0.8%) 1.0 Chest/ribs 3 (0.9%) 1.0
Neck 2 (0.8%) 2.0 Hand/fingers 2 (0.6%) 1.0
Upper arm 2 (0.8%) 2.0 Neck 1(0.3%) 1.0
Elbow 2 (0.8%) 1.0 Forearm 1(0.3%) 1.0
Chest/ribs 2 (0.8%) 1.0

Forearm 1 (0.4%) 1.0

Pelvis/buttock 1 (0.4%) 1.0

Hip/groin 1 (0.4%) 1.0

Data for physical problem area are presented as a frequency. * = based on new injuries

reported.
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Prevalence of Substantial Injuries

A total of 92 substantial acute and 102 substantial gradual onset/overuse injuries were
reported. The average weekly prevalence of substantial acute injuries was 3.3% and
substantial gradual onset/overuse was 3.5% (Table 4.1). The average weekly duration of
substantial acute injuries was two weeks and of substantial gradual onset/overuse
injuries was 1.7 weeks (Table 4.1). The average duration, average weekly severity score

and cumulative severity score for substantial injuries can be found in Table 4.1.

Menstruation

There was no significant association between menstrual phase and proportion of
injuries (chi-square = 3.42, p = 0.18). However, there were more injuries during the
menses phase than expected (26 injuries, 25% observed, 18% expected). Conversely
there were less injuries than expected in both the follicular (29 injuries, 27% observed,

32% expected) and luteal phases (50 injuries, 48% observed, 50% expected).

Discussion

This study demonstrated that on average, 21% of youth females from a girls’ secondary
school (12-15 years) experienced an injury during sports participation or PE each week.
Gradual onset/overuse injuries were more common than acute injuries (59% versus
41%, respectively). The overall sports and PE injury rate was 10.4 injuries per 1000 hours
of sports and PE exposure. Based on these findings, injury prevalence in youth females

may be higher than previously reported.

Accurate injury rates in youth are critical to the development and evaluation of injury
prevention programs. The OSTRC questionnaire used in this study has been shown to be
a more valid tool to track injuries, as it captures all injuries rather than just time-loss
[38]. Furthermore, Clarsen, Myklebust [40] suggested the OSTRC questionnaire method
can identify more than 10 times as many injuries as the time-loss method. Thus the
current study was designed to capture more than just time-loss injuries, with an “all
physical problems” injury definition [150, 154]. The injury rate in this study (10.4 injuries
per 1000 hours) is similar to that reported in the only other study we are aware of that
used the OSTRC questionnaire in youth females [37]. In a cohort of 60 female soccer,
basketball and gymnastic athletes (mean age 16.6 years), the injury rate over the course

of one season (30-36 weeks) was 8.6 injuries per 1000 hours of sport participation [37].
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We suggest the rates from the current study and the study by Richardson, Clarsen [37]
represent a more valid indication of injury rates in youth females compared to the lower
rates reported previously (2.3 to 4.8 injuries per 1000 hours) using a time-loss or medical
attention definition [156-158]. To illustrate, a cohort of male and female ballet dancers
(aged 11-30 years) completed weekly questionnaires (modified OSTRC questionnaire)
using three injury definitions: 1) time-loss, 2) medical attention, and 3) any complaint
for an academic year (31-40 weeks). The self-reported injury rates based on injury
definition were 0.72 injuries per 1000 dance hours for time-loss, 0.99 injuries per 1000
dance hours for medical attention and 3.24 injuries per 1000 dance hours for any
complaint [38]. Based on these results, it was concluded that time-loss and medical
attention definitions underestimate injuries and therefore injury rates in youth as many

athletes continue to play and train despite having an injury [39].

Although injury rates in the current study were higher than previously reported, most
injury locations are in agreement with previous studies in youth females [36, 37]. In this
study, the most injured area of the body for acute injuries was the lower extremity
(64.7%), followed by the upper extremity (25.1%) and the trunk (10.2%). For gradual
onset/overuse injuries, the lower extremity was still the most common (78.1%),
followed by the trunk (13.7%) and then the upper extremity (8.2%). This is consistent
with previous research, showing the ankle and knee to be the most common injury sites
in youth females [36]. In the current study, the most common acute injury locations
were the ankle, knee and the thigh, whereas the most common gradual onset/overuse
injury locations were the knee, lumbar spine and lower leg. A similar distribution of
acute and gradual onset/overuse injury locations has been reported in youth female
soccer, basketball and gymnastic athletes with the ankle, knee, and the thigh the most
common acute injury locations and the knee, thigh and lower back the most common
gradual onset/overuse injury locations [37]. Thus, this supports the need for prevention

programs designed to reduce lower extremity and lower back injury in youth females.

The average weekly prevalence of injury in the current study (20.7%) was similar to that
reported by Pluim, Loeffen [151] in a study of elite youth tennis players aged 11-14 years
(21.5%). The prevalence of acute (8.6% vs 3%, respectively) and gradual onset/overuse
injuries (12% vs 12.1%, respectively) in the current study was also similar to that

reported by Pluim, Loeffen [151]. However, the prevalence of substantial injuries found
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in our study (6.7%) was less than half of that reported by Pluim, Loeffen [151] (15.2%).
The difference between the current study and Pluim, Loeffen [151] is likely due to the
elite nature of the players in the Pluim, Loeffen [151] study and the injury definition
which included illness. The average weekly duration for both acute (2 weeks) and
gradual onset/overuse injuries (2.1 weeks) in the current study was also similar to that
of Pluim, Loeffen [151] (2.2 and 2.5 weeks, respectively). According to previous research
an average duration of two weeks (8-28 days) would be considered moderate severity
[40, 150]. Based on the average weekly duration of acute and gradual onset/overuse
injuries by injured area, our findings indicate that only 8.4% of acute and 10% of gradual

onset/overuse injuries would be considered severe (>28 days) [40, 150, 159].

Although we did not find a link between injuries and the menstrual cycle , similar to
previous studies in females [27-29], we found a greater number of injuries than
expected (25% versus 18%, respectively) in the menses phase. Indeed, a study that
divided the menstrual cycle into similar phases found that more injuries occurred in the
menses phase, particularly on days 1 and 2 of the menstrual cycle [28]. Two other
studies reported more injuries during both menses and luteal phases in women’s soccer
and handball athletes [27, 29]. In contrast, another study found a greater risk of injury
during the ovulatory phase [26]. These different findings may be due to differences in
the definition and timeframes of each phase. Alternatively it may be due to the fact that
fluctuating levels of estrogen and progesterone can favor either tissue degradation or
repair at specific times during the menstrual cycle [28]. Hormone levels may also affect
the neuromuscular system, specifically motor performance during the different phases
of the menstrual cycle, and motor skill deficits during certain phases could lead to

potential injuries [160].

A strength of the current study was the high overall response rate (93%) and the weekly
follow-up by the primary researcher to confirm the nature of any injury. An additional
strength of the current study was that the PE teachers included learning about the
menstrual cycle at the start of the school year to coincide with this study. This may have
assisted the girls to accurately track their menstrual cycle and confidently answer any

guestions the primary researcher had regarding their menstrual cycle.
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Conclusion

To our knowledge, this is the first study to report on sport and PE injuries over the course
of an academic school year, as well as investigate if more injuries occur during a certain
phase of the menstrual cycle, in youth females (12-15 years). We have shown that injury
rates in youth females (based on an “all physical problem” definition) may be higher
than previously reported and confirmed the lower extremity as the most common injury
location. The high rate of injuries in this group corroborates the need for the

implementation of injury prevention strategies.
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Chapter 5 : The Relationship between Strength, Athletic Performance and

Movement Skill in Youth Females

This chapter comprises the following article published ahead of print in the Journal of

Strength and Conditioning Research.
Reference:

Sommerfield, L.M., Harrison C.B., Whatman C.S., & Maulder P.S. (2019). The relationship
between strength, athletic performance and movement skill in youth females. Journal

of Strength and Conditioning Research. Published ahead of print.

Prelude

Previous chapters in this thesis have provided evidence to show that the lower extremity
is an important area to target in youth females to prevent injury. Specifically, chapter 4
identified the lower extremity and lower back as the most common locations for injury
in sport and physical education. Chapter 2 identified a lack of lower body strength as a
risk factor for injury, and chapter 3 suggested that if time is limited, an IP program should
focus on lower extremity strength. Though previous research has identified a
relationship between strength, movement skill and athletic performance in male
populations, such relationships are relatively unstudied and unclear in young females.
Thus, the aim of this chapter was to examine the influence of strength on movement

skill and athletic performance in youth females.

Introduction

Muscular strength in children and adolescents is associated with many health and
physical benefits including enhanced functioning of the cardiorespiratory and muscular
systems [1], enhanced bone mineral density and skeletal health [161], lower risk of
obesity and sports injuries, as well as favorable changes and maintenance of body
composition [162]. Strength also contributes to components of athletic performance
[163] including power [164], speed and agility [42]. There is evidence that muscular
strength is linked to enhanced movement skill development and an active lifestyle in

adulthood [165].

As well as enhancing movement development and building confidence to participate,

muscular strength is likely to reduce the risk of sport related injury, further contributing
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to increased participation in adulthood [36, 166]. Muscular strength has been shown to
reduce sports-related injury risk in youth [167]. Injury risk has been linked to
neuromuscular control during dynamic sporting actions, which are achieved by a
combination of active muscle force and passive ligament restraints [49]. Deficits in
strength may limit the ability for muscular co-contraction leading to reduced joint
stability. A recent review on best-practice guidelines for preventing anterior cruciate
ligament injuries in young females recommended that programs incorporate lower body
strength exercises and focus on landing stabilization (e.g. neuromuscular control) [168].
Previous research that incorporated strength exercises as part of a training program

showed a reduction in injuries in youth [138].

Given links to movement skill and injury risk, the development of muscular strength
during youth seems of particular importance. Youth, defined as children (< 11 years in
girlsand <13 years in boys) and adolescents (aged 12-18 in girls and 14-18 in boys) [109],
go through a period of accelerated growth. This growth spurt includes a phase of
increasing height and mass, which have been shown to disrupt motor control and
movement patterns [108]. During the growth spurt, differences between males and
females become apparent in neuromuscular strength, power and coordination [18,
169]. The difference between sexes is possibly due to unique hormonal changes that
lead to the unfavorable distribution of fat and muscle mass in females [18, 170],
resulting in reduced relative muscle strength [16, 19]. Relative strength (takes into
account a person’s body mass) may be a better indicator than absolute strength of
performance and movement tasks as a person has to move their own body mass through
space [171]. Greater relative strength can also increase the ability to generate a higher
impulse which could be beneficial for time constant tasks such as acceleration and
deceleration. Furthermore, research has shown that, compared to youth males, youth
females have half the lower extremity muscle strength development [20]. Thus,
understanding strength and how it affects the young female athlete is of interest to best

support their development.

Little is known about the relationship between maximum strength, athletic performance
and movement skill in youth females. To our knowledge, only one study has reported
on the relationship between strength and performance in youth females [172]. The

findings showed that stronger athletes were significantly faster in sprint and change of
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direction and jumped higher than weaker athletes. However, the study did not examine
the relationship between strength and movement skill and was limited to netball
players. Therefore, the purpose of this study was to examine the relationship between
maximum strength and measures of athletic performance and movement skill in youth
females. Furthermore, this study aimed to determine whether higher relative strength

is related to better athletic performance and movement skill.

Methods

Experimental Approach to the Problem

A cross-sectional design was used to examine the relationship between relative
strength, measured via an isometric mid-thigh pull (IMTP), and athletic performance,
including 10 and 20 m speed, double and single leg (R = right leg, L = left leg)
countermovement jump (CMJ) and movement skill, as measured by the back squat

assessment (BSA) and drop vertical jump (DVJ).

Subjects

One hundred and four youth females (mean * SD; age = 14.0 + 0.6 y; height = 162.6
5.9 cm; mass = 57.3 £ 9.7 kg) from physical education (PE) classes at a girls’ secondary
school participated in this study. Descriptive characteristics can be found in Table 5.1.
The girls participated in a variety of sports including netball, soccer, field hockey,
lacrosse, swimming, athletics, badminton, and rowing. The University Ethics Committee
approved the study and subjects and parents/guardians were informed of the benefits
and risks of the investigation prior to signing an institutionally approved informed
consent/assent document to participate in this study. Informed parental/guardian

consent and subject assent was obtained from all girls.

Procedures

Testing was performed across two separate PE classes at the start of an academic school
term. Prior to testing on both days, subjects completed a standardized warm-up
followed by exercise specific warm-ups (e.g. double and single leg CMJ at 70%, 80% and
90% maximum perceived effort) as instructed by the primary researcher. Day one
consisted of anthropometrics (height, seated height and body mass), DVJ, IMTP and 10
and 20 m sprints. Day two consisted of BSA and double and single leg CMJ.
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Isometric Mid-thigh Pull

The IMTP was performed using a portable strain gauge (MT501 Universal Load Cell) at a
sampling rate of 1000 Hz and analysed with custom software. A straight barbell was
fixed to a chain and the chain adjusted until the barbell was placed below the hip crease
for each subject in order to assume a body position that replicates the start of the
second pull position during the clean. Subjects stood with feet approximately shoulder
width apart, a knee angle between 125-145°, a hip angle between 140-150°, hand grip
a thumbs width away from the hips and torso upright as described previously [173].
Once stable, subjects were instructed to pull on the bar as hard and fast as possible for
three seconds for two trials, with a minute rest between trials. Verbal encouragement
was given to all subjects throughout the pull. Peak force (PF) was reported and divided

by body mass to determine relative PF (relIMTP).

Maturation

Anthropometric variables of body mass, standing height and seated height were
collected. Standing height was measured to the nearest 0.1 cm using a stadiometer
(Model: WSHRP; Wedderburn, New Zealand). Seated height was measured to the
nearest 0.1 cm using a meter stick taped to a wall above a 40 cm wooden box. Body
mass was measured to the nearest 0.1 kg using a digital scale (Model: TI390150K; Tanita,
New Zealand). Maturation was assessed using a sex-specific regression equation from
Mirwald et al. [174] which has been found to be reliable, non-invasive and a practical

solution for the measure of biological maturity.

Countermovement Jump

The CMJ, double and single leg, was performed on two portable force plates (Pasco,
California, USA) at a sampling rate of 100 Hz. Subjects were instructed to keep their
hands on their hips at all times to avoid interference from the upper body and to squat
down to a self-selected depth and jump as high as possible. For the single leg trials, an
additional instruction to start with one leg flexed to 90° at the hip was given. The
subjects performed two trials of each jump with one minute rest between trials. Force-
time data was analysed with custom-built LabVIEW software (version 14.0, National
Instruments, Austin, TX, USA). The software used displacement (integral of velocity over

time) to calculate CMJ height.

57



Sprints

The sprints (10 and 20 m) were performed in an indoor gymnasium using double-beam
timing gates (SWIFT Performance, Alstonville, Australia). Subjects started with a self-
selected foot forward, 50 cm behind the first set of gates, from a static position with no
rocking or movement beforehand. Each subject completed two trials separated by at

least one minute rest.

Drop Vertical Jump

Two tripod mounted iPads (one m high) were placed three m anterior and lateral to a
30 cm high bench. Subjects were instructed to stand with feet shoulder width apart on
the bench, drop down off the box onto a tape marker 30 cm in front of the bench and
immediately perform a maximum vertical jump. Performance was assessed using the
land error scoring system, a 17 item assessment of jump-landing technique based on
‘errors’ in lower extremity and trunk position during initial ground contact and
maximum knee flexion [175]. A lower score indicates a better jump-landing technique.

Subjects performed three trials, with the average of the three trials used for analysis.

Back Squat Assessment

Similar to the DVJ, two tripod mounted iPads (one m high) were positioned three m
anterior and lateral to the subject. Subjects were instructed to stand with feet shoulder
width apart, hold a dowel in back squat position with a grip slightly greater than shoulder
width, forearms parallel to torso and upper back musculature contracted. A researcher
used the script suggested by Myer et al. [176], “please stand upright with feet shoulder
width apart. Squat down until the top of your thighs are at least parallel to the ground,
and then return to the initial starting position. Perform 10 continuous repetitions at a
consistent, moderate pace or until you are instructed to stop.” The BSA uses 10 criteria
for scoring that are categorized into upper body, lower body and movement mechanics.
If an undesired technique is found in two or more of the 10 repetitions then a deficit is

scored. A lower score indicates better squat technique.

Statistical Analysis
Mean values and standard deviations were calculated for all descriptive data (Table 5.1).
[177]. With-in session reliability was calculated using pairwise comparisons on log-

transformed data to reduce the effects of any non-uniformity error [178]. The typical
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error was expressed as a coefficient of variation (CV) to determine absolute reliability
and the intraclass correlation coefficient (ICC) was used to determine relative reliability.
For the ICCs, 95% confidence intervals (Cl) were reported. Acceptable within-session
reliability of an ICC of 2 0.70 and CV < 15% was used [179]. Kolmogorov-Smirnov tests
revealed that all the data was normally distributed. The best effort was used for analyses
of all performance measures except BSA and DVJ, which were rated on a scale. Pearson’s
product-moment correlation coefficient (r) was used to determine relationships
between strength, athletic performance and movement skill. The correlation
coefficients were classified as follows: 0.0-0.1 = trivial, 0.11-0.3 = small, 0.31-0.5 =
moderate, 0.51-0.7 = large, 0.71-0.9 = very large, 0.91-1 = nearly perfect [180]. Due to
multiple correlations performed, the p value was corrected for familywise error to p <
0.01. To further examine the influence of relative strength on performance variables the
relMTP results were converted to z-scores and subjects classified as either weak (z > -
1.0), average (z =-1to 1) or strong (z > 1). A one-way between groups ANOVA was used
to assess the differences in performance variables between strength groups. Bonferroni
post-hoc tests were used to examine the differences between groups. Differences
between groups are reported as percent difference and effect sizes according to Cohen’s
d were classified as follows: 0.0-0.19 = trivial, 0.2-0.49 = small, 0.5-0.79 = medium, = 0.8
= large [177]. Descriptive data was analysed through Microsoft Excel 2013, whereas
Pearson correlations and the ANOVA were analysed using SPSS (version 25; SPSS Inc,

Chicago, IL). Statistical significance was set at p < 0.05.
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Table 5.1: Subject characteristics for anthropometric and performance measures.

Subject characteristics (n = 104) Mean £ SD
Age (years) 14.0+0.6
Seated height (cm) 85.5+3.1
Standing height (cm) 162.6 £ 5.9
Body mass (kg) 57.3+9.7
Maturity offset (years from PHV) 1.8+0.5
IMTP (N) 769.3 £189.9
rellMTP (N/kg) 13.5+2.9
BSA+ 48+2.0
DVIJ+ 7.2+1.8
10m sprint (s) 2.06 £0.11
20m sprint (s) 3.63£0.25
CMJ height (cm) 21.8+4.5
RCMJ height (cm) 11.3+3.1
LCMJ height (cm) 11.1+3.1

PHV = peak height velocity; IMTP = isometric mid-thigh pull; relIMTP = relative isometric
mid-thigh pull; BSA = back squat assessment; DVJ = drop vertical jump; CMJ =
countermovement jump; RCMJ = right-leg countermovement jump; LCMJ = left-leg
countermovement jump. + = rated on a scale; BSA out of 10 and DVJ out of 17.

Results

All tests achieved acceptable within-session reliability (Table 5.2). Descriptive
characteristics for the anthropometric and performance variables can be found in Table
5.1. The relationship between strength and performance variables is shown in Table 5.3.
Specifically, IMTP had significant small to large relationships with all performance
variables (r =0.23-0.62, p < 0.01) except RCMJ and LCMJ height (r = 0.17-0.23, p > 0.01).
The rellMTP had significant moderate to large relationships with all performance

variables (r = 0.32-0.60, p < 0.01).
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Table 5.2: Reliability of tests.

Variable ICC (95% Cl) CV (%)
IMTP (N) 0.91 (0.88 to 0.93) 8.3
rellMTP (N/kg) 0.89 (0.85 t0 0.92) 8.3
10m sprint (s) 0.92 (0.89 to 0.94) 1.6
20m sprint (s) 0.85 (0.80 to 0.89) 2.8
CMJ Height (cm) 0.84 (0.79 to 0.89) 9.6
RCMJ Height (cm) 0.87 (0.81 to 0.90) 12.3
LCMJ Height (cm) 0.89 (0.85 t0 0.92) 10.8
BSA+ 0.98 (0.93 to 0.99) 12.4
DVIJ+ 0.98 (0.93 to 0.99) 6.8

IMTP = isometric mid-thigh pull; relIMTP = relative isometric mid-thigh pull; CMJ =
countermovement jump; RCMJ = right-leg countermovement jump; LCMJ = left-leg
countermovement jump; BSA = back squat assessment; DVJ = drop vertical jump; + =
rated on a scale; BSA out of 10 and DVJ out of 17, a lower score indicates a better
performance.
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Table 5.3: The association between strength and all performance measures.

Variable IMTP (95% Cl) rellMTP (95% Cl)

BSA -0.31* (-0.49 to -0.12) -0.42* (-0.59 to -0.23)
DVJ -0.29* (-0.48 to -0.10) -0.35* (-0.93 to -0.28)
10m sprint -0.44* (-0.61 to -0.28) -0.60* (-0.76 to -0.43)
20m sprint -0.45* (-0.62 t0 -0.27) -0.57* (-0.73 to -0.40)
CMJ height ~ 0.27* (0.08 to 0.46) 0.45* (0.27 t0 0.62)
RCMJ height  0.17 (-0.03 to 0.37) 0.32* (0.13 to 0.50)
LCMJ height  0.23 (0.03 to 0.41) 0.35* (0.16 to 0.53)

IMTP = isometric mid-thigh pull; relIMTP = relative isometric mid-thigh pull; BSA = back
squat assessment; DVJ = drop vertical jump; CMJ = countermovement jump; RCMJ =
right-leg countermovement jump; LCMJ = left-leg countermovement jump; Cl =
confidence interval; *p < 0.01.

Results for all performance variables by groups based on strength can be found in Table
5.4. There were significant differences between strength groups for all performance
measures (Table 5.5). Post hoc Bonferroni comparisons indicated that strong girls (SG)
had significantly faster sprint times than average girls (AG) in the 10 m and 20 m sprints.
Additionally, SG and AG performed significantly better than weak girls (WG) in all

assessments.
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Table 5.4: Performance variables by groups based on strength.

Variable Strong (n = 14) Average (n =71) Weak (n = 19)
Mean * SD Mean + SD Mean * SD

Age (years) 13.9+0.54 14.1 £ 0.60 14.0 £ 0.57

IMTP (N) 994.43 £123.33 780.90 £ 153.64 560.32 £ 132.19

rellMTP (N/kg)
BSA+

DVI+

10m sprint (s)
20m sprint (s)
CMJ height (cm)

RCMJ height (cm)
LCMJ height (cm)

18.40+1.31
39+1.38
6.28 £ 0.89
1.97 £0.05
3.43+0.09
243+39
12.1+3.6
12.2+3.0

13.66 + 1.50
47+1.8
6.95 +1.55
2.05+0.10
3.61+0.20
21.8+4.0
10.9+2.8
10.8+2.6

9.37+1.40
6.1+2.0
8.46 +£2.25
2.17+0.11
3.86+0.33
18.2+3.4
9.2+1.8
89+20

IMTP = isometric mid-thigh pull; relIMTP = relative isometric mid-thigh pull; BSA = back
squat assessment; DVJ = drop vertical jump; CMJ = countermovement jump; RCMJ =
right-leg countermovement jump; LCMJ = left-leg countermovement jump; + = rated on
a scale; BSA out of 10 and DVJ out of 17.
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Table 5.5: Differences in performance between groups based on strength.

Variable ANOVA Strong vs Average Strong vs Weak Average vs Weak
F(2,101) P % difference ES P % difference ES P % difference ES P

Maturity offset (yrs from PHV) 0.78 0.467

IMTP (N) 36.13 <0.001* 40.1 2.47 <0.001 77.5 3.4 <0.001 26.7 1.25 <0.001
rellMTP (N/kg) 155.41 <0.001* 48.8 5.63 <0.001 96.5 6.66 <0.001 32 2.69 <0.001
BSA+ 6.23 0.003* -24.8 -0.71 0.448 -36.3 -1.13  0.004 -15.3 -0.49 0.015
DVIJ+ 8.28 <0.001* -12.3 -0.65 0.543 -25.7 -1.39 0.001 -15.3 -0.64 0.002
10m sprint (s) 20.21 <0.001* -5.2 -1.52  0.019 -9.5 -2.57 <0.001 -4.6 -1.01 <0.001
20m sprint (s) 15.13 <0.001* -6.5 -1.7 0.036 -11.1 -2.05 <0.001 -5.0 -0.74 <0.001
CMJ height (cm) 10.36 <0.001* 11.5 0.64 0.297 334 1.66 <0.001 19.6 0.96 0.001
RCMJ height (cm) 5.86 0.004* 10.4 0.36 1.000 31.1 1.07 0.023 18.7 0.76  0.005
LCMJ height (cm) 7.07 0.001* 134 0.52 1.000 37.3 1.32 0.005 21.1 0.82 0.003

IMTP = isometric mid-thigh pull; relIMTP = relative isometric mid-thigh pull; BSA = back squat assessment; DVJ = drop vertical jump; CMJ =

countermovement jump; RCMJ = right-leg countermovement jump; LCMJ = left-leg countermovement jump; + = rated on a scale; BSA out

of 10 and DVJ out of 17; *p < 0.05.
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Discussion

This study examined the relationship between maximum strength and measures of
athletic performance and movement skill in youth females. Our findings showed that
strength was positively associated with sprint performance, jump height and movement
ability (BSA and DVJ). In addition, the SG were significantly faster than the AG and WG

and they performed better than the WG on all other tests.

These findings are in agreement with previous research that has shown moderate to
strong relationships between maximal strength (one repetition maximum) and 10 m
sprint (r=0.94), 30 m sprint (r =0.71) and CMJ height (r =0.78) in elite adult male soccer
players [181]. Relative strength had strong to very strong correlations with speed and
change of direction ability in female softball players [182]. Similarly in adults, thigh
muscular strength was significantly correlated with vertical jump and triple-hop distance
[183]. The current study supports findings from existing evidence to reinforce the

importance of relative strength on performance measures of speed and jump height.

In line with the positive correlations, group comparisons revealed that SG performed
significantly better than both AG and WG in 10 m and 20 m sprint. A previous study
found that, in a group of youth netball athletes, strong girls were significantly faster in 5
m and 10 m sprint compared to weak girls [172]. Both the findings from the current
study and the study by Thomas et al. [172] demonstrate the importance of relative
strength measures to sprint performance. Furthermore, collegiate male football players
with high relative strength (measured by a back squat) compared to those with low
relative strength had better sprint performance [184]. Since sprinting requires high
levels of relative strength to generate the forces required to overcome the inertia of
body mass, these findings make sense. Evidence in male youth football athletes suggests

that increases in relative strength occur alongside increases in sprint performance [185].

As well as being faster, SG also jumped higher than WG. These findings agree with a
previous study that found stronger netball players (measured by IMTP) were able to
produce significantly greater vertical jump heights than weaker players [172]. In a group
of male and female collegiate athletes, stronger athletes (measured by IMTP) jumped
higher than weaker athletes [186]. The current study supports findings from existing

evidence in confirming that isometric measures of strength are related to sprinting and

65



jumping and that stronger athletes are faster and jump higher. Accordingly, to improve
performance, developing strength relative to body mass is key in youth females, as the
ability to change direction, accelerate, decelerate and jump are all dependent on the
ability to move one’s own body mass. Furthermore, increasing relative strength can lead
to the ability to generate sufficient impulse which could be beneficial for time constant

tasks such as acceleration and deceleration.

In agreement with the performance measures, SG also showed better movement skill
than WG. Although variation exists in the tests that were utilized, previous research has
found a link between strength and movement scores. In youth male soccer players, a
significant association was found between reactive strength index and the functional
movement screen total score [187]. Likewise, relative strength (measured by the IMTP)
was the greatest predictor and significantly correlated with the resistance training skills
battery [171]. It has been reported that children who do not have sufficient strength
may be less competent in movement skill on the playground and sport field [188].
Without opportunities to gain strength in order to be competent in their abilities to
move, youth will be less likely to engage in physical activity throughout life [189].
Additionally, because relative muscular strength is associated with movement ability, it
may reduce injury risk by improving neuromuscular control. Previous research has
demonstrated that youth athletes are at a greater risk of sports-related injury if they do
not possess adequate muscle strength [190]. This highlights the importance of
improving relative muscle strength in youth to both improve physical activity

trajectories and reduce associated injury risk.

In the current study, maturational status was measured with the intent to investigate
any association with strength. As almost all (98 out of 104) of the subjects were post
peak height velocity (period of maximum growth, PHV) females, we could not
investigate the influence of maturity status. However, this was a strength of the study
as maturity status was not a confounder. As most were post-PHV, future research should
aim to include subjects in all three maturation groups. Recent research looked at the
influence of maturity status on strength and movement skill in youth males and found
that maturity status had a significant relationship with absolute strength but non-
significant relationships with both relative strength and the resistance training skills

battery [171]. To our knowledge, only one study has examined the relationship between

66



maturity status and strength in youth female soccer players and found that post-PHV
girls had higher relative strength than circa (in the period of maximum growth) and pre-
PHV girls [191]. However, there is no research on maturity status and its relationship to
movement skill in youth females. As females, compared to males, have reduced relative
strength, power and coordination following the growth spurt, more research is needed
to see if this exists across maturation groups. This information may assist practitioners
and coaches in developing long-term athletic development programs according to

maturation status.

Practical Applications

The results from the current study illustrate the importance of developing relative
lower-body strength to enhance sprint performance, jump height and movement ability
in youth females. Furthermore, strong girls demonstrated superior sprint times than
both average and weak girls and superior jump height and movement skill than weak
girls. Thus, it is recommended to coaches and practitioners that a large emphasis of
training programs be placed on developing relative strength in order to improve

performance and movement skill in youth females.
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Chapter 6 : The Effect of a School Based Injury Prevention Program on

Physical Performance in Youth Females

Prelude

In chapter 5, findings showed that relatively stronger girls were faster, jumped higher
and had better movement skill than weaker girls, highlighting the importance of relative
strength in young girls for performance and injury risk outcomes. Injury prevention
programs have been used for multiple purposes, including to develop relative strength,
reduce injury risk factors and increase athlete performance. However, most IP programs
have been short in duration, generalized in their progression and implemented outside
the school curriculum. Accordingly, chapter 6 aimed to further our understanding of an
IP usefulness by examining the mechanistic and performance effects of a 23 week,
progressive (length and complexity) program embedded in a school setting. The IP
program developed and presented in this chapter is based on risk factors linked to injury
in females identified in chapter 2 and integrates the components that have made IP

programs successful identified in chapter 3.

Introduction

Sport and physical activity has many positive effects on the musculoskeletal,
cardiorespiratory and psychological health of youth [3]. There is also evidence that when
ayoung person participates in sport their level of physical activity as an adult is increased
[5]. However, participating in sports comes with risk of injury. In fact, sport is the leading
cause of injury in youth [6-8], with the lower extremity the most commonly injured area
[35]. These injuries occur most frequently during sports that include jumping and
landing, running and decelerating and changing direction [41]. Furthermore, injuries in
youth can negatively impact present and future involvement in sport and physical
activity [192]. For instance, limited competition time, an early finish to the sports
season, and/or a reduction in physical activity due to the fear of re-injury [46]. Given the
high incidence of lower extremity injuries during sport, preventative measures that

reduce risk are warranted.

Increased injury risk and reduced performance in youth has been associated with
changes in height and body mass shown to disrupt motor control and movement

patterns [16]. This becomes more prominent during peak height velocity (PHV), a period
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of accelerated growth that occurs at approximately 11-12 years in females and 13-14
years in males [15]. Peak height velocity is a time where males start to physically
outperform females. For example, research shows that males jump higher and suffer
smaller landing forces compared to females [19]. Moreover, post-PHV females have
been shown to exhibit significantly greater knee abduction moment and motion during
drop-jumping compared to their male counterparts [16, 22]. These changes may
contribute to the increased injury risk in youth females [14, 25]. In summary, the natural
development of skeletal tissue and muscle mass during PHV appear to result in a
neuromuscular spurt (i.e., increase in strength and power) for young males. Such

changes are missed out on by young females, increasing their risk of injury [18, 19].

Injury prevention (IP) programs have been shown to reduce injury incidence, risk factors
for injury and/or improve athletic performance in youth athletes [42, 44]. The benefits
of an IP program designed for females may result in increases in strength, power and
neuromuscular control as well as a reduction in muscle imbalances [42]. These benefits
can be optimized with programs consisting of multiple components, individually
progressed based on participant ability and with high adherence [43]. Most IP programs,
however, have been acute in nature, have not been individually progressed, have not
been embedded in the school curriculum to maximise adherence, and have not
considered maturation. Investigations into an evidence-based IP program in youth
females is required to better understand the potential for reduced injury risk and
improved performance in this at-risk population. Therefore, the purpose of this study
was to examine the effects of an IP program, integrated into the school curriculum, on

injury risk factors and athletic performance measures in youth females.

Methods

Experimental Approach to the Problem

A non-randomized controlled trial was used to determine the effects of an IP program
done during the physical education (PE) curriculum on injury risk factors and athletic
performance in youth females. Two PE classes were used for the intervention (INT)
group and two PE classes of the same grade level were used for the control (CON) group.
For the INT group, girls were selected based on their level of interest and physical ability
ina 10 m sprint and beep test. Both groups included one year nine and one year 10 class.

The INT group completed an IP program during PE class, while the CON group completed
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their regular PE class. The IP program was done twice per week over three school terms.
When data collection weeks and school term breaks were accounted for, the INT group
completed 23 weeks of the IP program (Figure 6.1). Both groups completed the same
battery of tests four times throughout the intervention period (Figure 6.1). These
included athletic performance measures of speed (10 and 20 m sprint), jump height and
power assessed by single and double leg countermovement jump (CMJ), and modifiable
factors associated with injury risk including strength (isometric mid-thigh pull [IMTP]),
balance (y-balance) and movement skill assessed by the back squat assessment (BSA),

and drop vertical jump (DVJ).
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Figure 6.1: Overview of the annual plan of the injury prevention program and timeline of data collection.
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Subjects

Ninety-two youth females from PE classes at a girls’ secondary school participated in this
study. Forty-three girls from year nine and 10 PE classes were in the INT group and 49
girls from year nine and 10 PE classes were in the CON group. The girls participated in a
variety of sports including netball, soccer, field hockey, lacrosse, swimming, athletics,
badminton, and rowing. The University Ethics Committee approved the study and
subjects and parents/guardians were informed of the benefits and risks of the
investigation prior to signing an institutionally approved informed consent/assent
document to participate in this study. Informed parental/guardian consent and subject

assent was obtained from all girls.

Procedures

Testing was done during two separate PE classes at the start of an academic school term
then at the end of each school term for four sessions total. Prior to testing on both days,
participants completed a standardized warm-up followed by exercise specific warm-ups
(e.g. double and single leg CMJ at 70%, 80% and 90% maximum perceived effort) as
instructed by the primary researcher (an experienced strength and conditioning coach).
Day one consisted of anthropometrics (height, seated height and body mass), DVJ, IMTP
and 10 and 20 m sprints. Day two consisted of BSA, double and single leg CMJ and y-
balance. The PE classes were divided into even groups and performed the tests in a
randomized order on the first testing session. For the subsequent testing sessions, the
participants performed the tests in the same order. This approach was used due to the

number of participants and the time constraint of a school curriculum.

Maturation

Anthropometric variables of body mass, standing height and seated height were
collected. Standing height was measured to the nearest 0.1 cm using a stadiometer
(Model: WSHRP; Wedderburn, New Zealand). Seated height was measured to the
nearest 0.1 cm using a meter stick taped to a wall above a 40 cm wooden box. Body
mass was measured to the nearest 0.1 kg using a digital scale (Model: TI390150K; Tanita,
New Zealand). Maturation was assessed using a sex-specific regression equation from
Mirwald et al. [174], which has been found to be reliable, non-invasive and a practical
solution for the measure of biological maturity. Maturation was classified into three

groups based on PHV: pre-PHV = < -0.51 years of the estimated time of PHV, circa-PHV
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=-0.51t0 0.5 years of the estimated time of PHV, post-PHV = >0.51 years post estimated
time of PHV.

Sprints

The sprints (10 and 20 m) were performed in an indoor gymnasium using double-beam
timing gates (SWIFT Performance, Alstonville, Australia). Participants started with a self-
selected foot forward, 50 cm behind the first set of gates, from a static position with no
rocking or movement beforehand. Each participant completed two trials separated by
at least one minute rest. Ten and 20 m sprint were used because they are a common
field based speed test and have been shown to be reliable in youth, with ICCs ranging

from 0.88-0.98 and CVs ranging from 0.83-2.07% [193].

Countermovement Jump

The CMJ, double and single leg, was performed on two portable force plate (Pasco,
California, USA) at a sampling rate of 100 Hz. Participants were instructed to keep their
hands on their hips at all times to avoid interference from the upper body and to squat
down to a self-selected depth and jump as high as possible. For the single leg trials, an
additional instruction to start with one leg flexed to 90 degrees at the hip was given. The
participants performed two trials of each jump with one minute rest between trials.
Force-time data was analysed with custom-built LabVIEW software (version 14.0,
National Instruments, Austin, TX, USA), with 30 N being the force threshold to determine
the onset of movement. The software used displacement (integral of velocity over time)
to calculate CMJ height. Using the CMJ height data, CMJ power was then calculated with
the following formula by Mihalik et al.[194]: Power = [(61.9 * (vertical jump height in
cm)) + (36 * mass) - 1822]. Double and single leg CMJ were used as they are a common
field based power test and acceptable reliability in youth has been reported previously

(ICC = 0.62) [195].

Isometric Mid-thigh Pull

The IMTP was performed using a portable strain gauge (MT501 Universal Load Cell) at a
sampling rate of 1000 HZ and analysed with custom software. A straight barbell was
fixed to a chain and the chain adjusted until the barbell was placed below the hip crease
for each participant. Participants stood with feet approximately shoulder width apart, a

knee angle between 125-145°, hand grip a thumbs width away from the hips and torso
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upright as described previously [173]. Once stable, participants were instructed to pull
on the bar as hard and as fast as possible for three seconds for two trials, with a minute
rest between trials. Verbal encouragement was given to all participants throughout the
pull. Peak force was reported and divided by body mass to determine relative PF
(relIMTP). The IMTP was chosen as it is a time-efficient, inexpensive way to measure
strength. A portable IMTP with a fixed load-cell has been shown to be reliable in adult
and youth males [196, 197]. We found similar within-session reliability in pilot testing

with youth females (ICC = 0.93; CV=6.0%).

Y-balance

The y-balance was performed by having the participant place their hands on their hips
and stand on one leg, with the distal aspect of the great toe behind the center line. The
maximum reach distance was measured by pushing the target reach indicator in the
anterior, posteromedial and posterolateral directions. Each participant performed two
successful trials in each direction. A trial was discounted and repeated if one of the
following occurred: the participant’s hands were removed from the hips, their stance
foot or heel was moved, they did not return to the starting position in a controlled
manner, or they visibly kicked the target reach indicator. The greater of the two trials
were used for analysis. Composite reach distance was assessed for overall performance
on the test. The y-balance assessment is a widely accepted measure of balance and has

been reported as reliable in youth [198].

Back Squat Assessment

Two tripod mounted iPads (one m high) were positioned three m anterior and lateral to
the participant. Participants were instructed to stand with feet shoulder width apart,
hold a dowel in back squat position with a grip slightly greater than shoulder width,
forearms parallel to torso and upper back musculature contracted. A researcher used
the script suggested by Myer et al. [176], “please stand upright with feet shoulder width
apart. Squat down until the top of your thighs are at least parallel to the ground, and
then return to the initial starting position. Perform 10 continuous repetitions at a
consistent, moderate pace or until you are instructed to stop.” The BSA uses 10 criteria
for scoring that are categorized into upper body, lower body and movement mechanics.
If an undesired technique is found in two or more of the 10 repetitions then a deficit is

scored. A lower score indicates better squat technique. The BSA was chosen as it is a
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way to measure movement skill and mimics the squatting pattern used in the IP

program.

Drop Vertical Jump

Similar to the BSA, two tripod mounted iPads (one m high) were placed three m anterior
and lateral to a 30 cm high bench. Participants were instructed to stand with feet
shoulder width apart on the bench, drop down off the box onto a tape marker 30 cm in
front of the bench and immediately perform a maximum vertical jump, similar to
previous procedures [199]. Performance was assessed using the landing error scoring
system [200], a 17 item assessment of jump-landing technique based on ‘errors’ in lower
extremity and trunk position during initial ground contact and maximum knee flexion
[175]. A lower score indicates a better jump-landing technique. Participants performed
three trials, with the average of the three trials used for analysis. The DVJ is a widely
used way to measure the presence or absence of biomechanical risk factors at the lower
extremity and trunk and has been reported as reliable in youth (k = 0.92, C1 0.829-0.969)
[199].

Injury Prevention Program

Due to the nature of school terms in New Zealand, the IP program was divided into three
phases lasting eight, nine and six weeks separated by two-week school holidays between
terms (Figure 6.1). Each phase of the IP program was divided into two or three
mesocycles lasting three or four weeks, with a focus on movement skill via plyometrics,
agility, lower body strength, core stability and balance. The first phase of the program
was a 10 minute session incorporating body-weight exercises. The second phase was a
20 minute session including light resistance exercises. After the 10 and 20 minute
sessions were completed, participants participated in their regular PE class for the
remainder of the class period. The third and final phase of the IP program lasted for the
entire PE class (40 minutes) and incorporated moderate to high resistance exercises.
Proper technique, movement and landing mechanics were emphasized throughout the
IP program. Each IP session was run by the primary researcher who was a certified
strength and condition specialist and had a PE teacher present throughout the
intervention period. In order to account for adherence to the IP program, the rating of
perceived exertion scale was used to track who completed the IP program each session.

The IP program by duration and exercise progressions can be found in Table 6.1.
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Table 6.1: Exercise progressions to the injury prevention program.

Plyometrics Agility Lower Extremity Strength Core Stability Balance
DL snap downs Weight-shifters Squat Side plank Calf raises
E SL snap downs 5 m DL deceleration DL glute bridge Superman hold Airborne leg-
En Phase 1 5 m SL deceleration swings
Q.
(]
'é DL snap downs + VJ, + HJ Step + recover Squat Side plank SL calf raises
= Phase 2 SL snap downs + VJ, + HJ 10 m DL deceleration SL glute bridge Superman (repetitions) Airborne leg-
9 10 m SL deceleration swings
Reactive DL & SL snap downs Speed-skaters Partner DL squat Side plank + bent knee hip Slider-disc
(with pause) + VJ 5 m DL deceleration + VJ + backward Lunges (in-place) abduction holds circles around
Phase 1  Reactive DL & SL snap downs deceleration Partner Nordic hamstring curls cone
(with pause) + HJ 5 m SL deceleration + VJ + backward
deceleration
£ Reactive DL & SL snap downs Lateral jump w/stick Squat with feet against bench Side plank + hip abduction Slider-disc y-
a (no pause) + VJ Run + Speed-skater to tennis ball (w/pause) Stationary reverse lunges (hips up/down) shape
g Phase 2 Reactive DL & SL snap downs 5 m forward DL deceleration + cone jump + w/slider
) (no pause) + HJ backward deceleration 5s partner Nordic hamstring
2 5 m forward SL deceleration + cone jump + curls
E backward deceleration
Q Partner reactive DL & SL snap Lateral jump Goblet squat Side plank + hip abduction Slider-disc y-
downs +VJ Run + speed-skater to tennis ball (no pause) Walking lunges + leg lift (single reps) shape w/cone
Partner reactive DL & SL snap 10 m DL deceleration + cone jump + 7s partner Nordic hamstring push
Phase 3 downs + HJ backward deceleration curls
10 m SL deceleration + cone jump +
backward deceleration
£ Depth drop Back squat Front-side-side plank Balance beam
:,’%, Phase 1 DB walking lunges cone touch
o Sandbag RDL
S
g Depth drop + V) Back squat Feet-elevated front-side- Balance beam
£ DB walking lunges side plank cone touch
§ Phase 2 Sandbag split-stance RDL
DL = double leg; SL = single leg; VJ = vertical jump, HJ = horizontal jump; DB = dumbbell; RDL = Romanian deadlift.

76



Statistical Analysis

An independent-samples t-test was conducted to compare descriptive characteristics,
maturation and baseline performance, between the INT and CON groups. For all
continuous outcome variables repeated measures regression models were used to
evaluate the intervention over time. Ordered regression models were used to obtain an
odds ratio to evaluate the effect of the intervention on the ordinal outcome measures
(BSA and DVJ). Marginal analysis and slopes were carried out due to non-randomized
allocation of INT and CON groups. From the marginal analysis, slopes of the predictive
model for both groups and a comparison between groups were used. The best effort
was used for analysis of all performance measures except BSA (rated based on 10
repetitions) and DVJ (rated based on an average score). For the dependent variables,
within session reliability was calculated using pairwise comparisons on log-transformed
data to reduce the effects of any non-uniformity error [178]. The typical error was
expressed as a coefficient of variation (CV) to determine absolute reliability and the
intraclass correlation coefficient (ICC) was used to determine relative reliability. For the
ICCs, 95% confidence intervals (Cl) were reported. For the BSA and DVJ, inter-rater
reliability was calculated by rating 10 videos of each test and rating them again seven
days later. Descriptive data was analysed using SPSS (version 25; SPSS Inc, Chicago, IL),
whereas regression models, marginal analysis and slopes were analysed using Stata
software (version 15.1; StataCorp LLC, College Station, TX). Statistical significance was

set at p <0.05.

Results

All tests achieved acceptable (ICC 2 0.70 and CV < 15%) [179] within-session and intra-
rater reliability (Table 6.2). Adherence to the IP program was 82%. Results of the
independent sample t-test indicated no significant difference in any of the descriptive
characteristics between the INT and CON groups, with most of the participants being in
post-PHV maturation status (Table 6.3). However, a significant difference was shown in
baseline performance measures with the INT group outperforming the CON group in all
measures (Table 6.3) except right and left CMJ power. Movement quality in both the
BSA and DVJ significantly increased in the INT group compared to the CON group (Table
6.4). Additionally, for the INT group, there was a significant improvement found for

IMTP, double and single leg CMJ power, double and left leg CMJ height, and both right
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and left composite y-balance scores. There was no significant improvement for rellMTP,
10 or 20 m sprint, right CMJ height, or either asymmetry measure. In the CON group,
there was significant improvement for both IMTP and rellIMTP, 10 m sprint, single and
double leg CMJ power and height, and left leg composite y-balance. There was no
significant improvement for 20 m sprint, right leg composite y-balance, or either
asymmetry measure. When comparing the mean difference between groups, significant
differences were found in both y-balance measures in favor of the INT group and
relIMTP in favor of the CON group. A summary of the results for all within and between

group differences can be found in Table 6.5.

Table 6.2: Reliability of tests.

Variable ICC (95% ClI) CV (%)
IMTP (N) 0.91 (0.88 to 0.93) 8.3
rellMTP (N/kg) 0.89 (0.85 to 0.92) 8.3
10m sprint (s) 0.92 (0.89 t0 0.94) 1.6
20m sprint (s) 0.85 (0.80 to 0.89) 2.8
CMJ Power (W) 0.91 (0.88 to 0.93) 8.5
CMJ Height (cm) 0.84 (0.79 to 0.89) 9.6
RCMJ Power (w) 0.94 (0.92 to 0.96) 12.3
RCMJ Height (cm) 0.87 (0.81 to 0.90) 12.3
LCMJ Power (W) 0.94 (0.92 to 0.96) 12.2
LCMJ Height (cm) 0.89 (0.85t0 0.92) 10.8
Y-balance R Composite (cm) 0.77 (0.70 to 0.83) 3.5
Y-balance L Composite (cm) 0.84 (0.79 to 0.88) 2.9
BSA+ 0.98 (0.93 to 0.99) 12.4
DVJ+ 0.98 (0.93 to 0.99) 6.8

IMTP = isometric mid-thigh pull; rellMTP = relative isometric mid-thigh pull; CMJ =
countermovement jump; RCMJ = right-leg countermovement jump; LCMJ = left-leg
countermovement jump; R = right leg; L = left leg; BSA = back squat assessment; DVJ =
drop vertical jump; + = rated on a scale; BSA out of 10 and DVJ out of 17, a lower score
indicates a better performance.
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Table 6.3: Baseline descriptive characteristics for anthropometric and performance

variables.

Overall (n=92)

Intervention (n = 43)

Control (n =49)

Participant characteristics P
Mean + SD Mean £ SD Mean £ SD

Age (years) 14.0+0.6 14.0+0.6 14.1+0.5 0.43
Height (cm) 162.5+5.8 163.7+5.7 161.4+5.8 0.06
Body mass (kg) 57.1+9.3 56.9+9.5 57.4+9.2 0.80
Maturity offset (years from PHV) 1.8+0.5 1.9+0.6 1.8+0.5 0.45
IMTP (N) 752.98 +180.08 830.10 + 168.52 685.31+163.53 <0.001*
relIMTP (N/kg) 13.26 +2.82 14.68 +2.38 12.02 +2.59 <0.001*
10m sprint (s) 2.07+0.11 2.02 +0.09 2.11+0.12 <0.001*
20m sprint (s) 3.64+0.26 3.54+0.17 3.74+0.29 <0.001*
CMJ Power (W) 1575.55 + 380.65 1664.06 * 386.86 1496.46 + 360.90 0.04*
CMJ Height (cm) 21.7+45 23.5+4.4 20.2+4.1 <0.001*
RCMJ Power (w) 930.12 +351.16 997.90 +351.48 869.56 +343.30 0.09
RCMJ Height (cm) 11.3+3.2 12.7+33 10.0+2.5 <0.001*
LCMJ Power (W) 921.08 +361.31 986.11 + 358.82 862.97 +357.30 0.11
LCMJ Height (cm) 11.2+3.1 12.5+3.2 99+25 <0.001*
Y-balance R Composite (cm) 228.39+14.41 231.74 +13.84 225.38 +14.38 0.04*
Y-balance L Composite (cm) 229.67 +15.39 233.41+15.13 226.25+15.0 0.03*
BSA+ 494 +1.92 449+1.64 5.33+2.01 0.04*
DVJ+ 7.23+1.78 6.44 +1.34 7.29+1.84 <0.001*

IMTP = isometric mid-thigh pull; rellMTP = relative isometric mid-thigh pull; CMJ =
countermovement jump; RCMJ = right-leg countermovement jump; LCMJ = left-leg
countermovement jump; R = right leg; L = left leg; BSA = back squat assessment; DVJ =
drop vertical jump; + = rated on a scale; BSA out of 10 and DVJ out of 17, a lower score

indicates a better performance; *p < 0.05.
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Table 6.4: Effects of the intervention on movement performance.

Variable Odds Ratio (95% Cl) z P
BSA+ 0.14 £ 0.07 (0.05 to 0.35) -4.15 <0.001*
DVJ+ 0.20 £ 0.07 (0.10 t0 0.38) -4.77 <0.001*

BSA = back squat assessment; DVJ = drop vertical jump; + = rated on a scale; BSA out of
10 and DVJ out of 17, a lower score indicates a better performance; *p < 0.05.
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Table 6.5: Slopes from marginal analysis by group and between group differences.

Intervention Control Intervention vs Control

Variable Slopes (95% Cl) z P Slopes (95% Cl) z P Slope difference (95% Cl)  chi? P
IMTP (N) 15.70 (4.89 t0 26.54)  2.84  0.005* 28.76 (18.66 to 38.82) 5.58  <0.001* -13.06 (-27.88 to 1.76) 2.98 0.08
rellMTP (N/kg) 0.004 (-0.18 to0 0.19) 0.04 0.970 0.34 (0.17 to 0.52) 3.83 <0.001* -0.34 (-0.60 to -0.08) 6.66 0.001*
10m sprint (s) -0.004 (-0.011t0 0.002) -1.39  0.163 -0.007 (-0.012 t0 -0.0007)  -2.19  0.028* 0.002 (-0.006 to 0.011)  0.25 0.61
20m sprint (s) -0.002 (-0.014 t0 0.011) -0.25 0.806 -0.006 (-0.018 to 0.006) -0.950 0.340 0.004 (-0.01 to 0.02) 0.23 0.63
CMJ Power (W) 59.55 (40.99 to 78.10) 6.29 <0.001* 52.95 (35.12 to 70.77) 5.82 <0.001* 6.60 (-19.13 to 32.33) 0.25 0.62
CMJ Height (cm) 0.004 (0.001 to 0.006) 236  0.018* 0.005 (0.002 to 0.007) 3.19 0.001* -0.001 (-0.005 to 0.003) 0.26 0.61
RCMJ Power (w) 48.86 (33.12 to 64.59) 6.08 <0.001* 42.53 (27.41 to 57.66) 5.51 <0.001* 6.32 (-15.50 to 28.15) 0.32 0.57
RCMJ Height (cm) 0.002 (-0.0006 to 0.004) 1.49 0.137 0.003 (0.0005 to 0.005) 2.42 0.015* -0.001 (-0.004 to 0.002) 0.36 0.55
LCMJ Power (W) 52.70 (35.38 to 70.03) 5.96 <0.001* 46.40 (29.77 to 63.04) 5.47 <0.001* 6.30(-17.72 to 30.32) 0.26 0.61
LCMJ Height (cm) 0.003 (0.0002 to 0.005) 2.17  0.030* 0.003 (0.0006 to 0.005) 2.51 0.012* -0.003 (-0.004 to 0.003 0.03 0.86
Y-balance R Composite (cm) 3.54 (2.37 to 4.72) 591 <0.001* 0.89 (-0.25 to 2.02) 1.53 0.125 2.66 (1.03 to 4.29) 1020  0.001*
Y-balance L Composite (cm) 3.34 (2.20 to 4.49) 5.74 <0.001* 1.28(0.17 to 2.38) 2.27 0.023* 2.07 (0.48 to 3.66) 6.49 0.01*

IMTP = isometric mid-thigh pull; rellMTP = relative isometric mid-thigh pull;, CMJ = countermovement jump; RCMJ = right-leg
countermovement jump; LCMJ = left-leg countermovement jump; R = right leg; L = left leg; *p < 0.05.
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Discussion

To our knowledge, this is one of the few studies to incorporate a long term, progressive
IP program into a school PE curriculum with youth females. Integrating the program into
the school curriculum ensured high program adherence (82%), had positive benefits on
movement skill and balance and made the study more relevant to implementation in a
real-world setting. Additionally, this study is one of the few in this area to account for
maturational status. The findings show that the participants were almost all post-PHV
and that the athletes in the INT group performed better than the CON group consisting
of primarily non-athletes, on all baseline physical measures. Movement skills and
balance improved after the IP program in the INT group, whereas relative strength

improved in the CON group.

Our study found that movement quality as measured by the BSA and DVJ can be
improved by an IP program. The INT group had much better odds of an improved score
in both the BSA and DVJ following the intervention period compared to the CON group.
More deficits in both the BSA and DVJ indicate poor movement quality which has been
linked to injury risk [20]. Additionally, improved movement quality has direct
biomechanical and neuromuscular implications for successful performance [201].
Specifically the squat pattern is essential for daily activities such as sitting, lifting and
sporting maneuvers [176], while good technique during jumping and landing is essential
in many sports and it has also been linked to reduced injury risk [41]. Previous research
in female youth basketball, soccer and volleyball athletes has also reported
improvements in movement quality following an IP program [42, 115-118]. For example,
a significant decrease in knee valgus (28%) and varus (38%) torques was found in youth
female basketball, soccer and volleyball athletes after six weeks of an IP program
consisting of plyometrics, movement, core strength, balance, resistance and speed
training [42]. Thus IP programs, particularly in the school curriculum where high
adherence rates are easier to obtain, can improve movement quality, potentially

reducing injury risk and improving performance in youth females.

Similar to our findings, previous studies have also reported improvements in balance as
a result of an IP program [113]. For instance, female soccer athletes significantly
improved y-balance performance compared to a control group after an eight week IP

program consisting of core stability and lower extremity strength exercises [113]. It has
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been suggested that improvements in y-balance scores are more likely to do with
improved neuromuscular control and dynamic balance than increased lower extremity
strength [202]. This is in agreement with the results from the current study that show
balance and movement improved in the INT group, but not strength. Since poor balance
as measured by the y-balance test has been linked to increased injury risk [92, 94-96],
practitioners should incorporate balance exercises as part of an IP program in youth

females.

The change in the absolute strength measure over time in this study (IMTP) did not differ
between groups. However, the CON group improved their relative strength measure
(rellIMTP) more than the INT group, which is in contrast to other studies that have found
significant increases in back squat strength following an IP program in youth female
volleyball, soccer and basketball athletes [42, 112]. This could be due to the lack of
specificity between the lower extremity strength exercises performed in the current IP
program (e.g. hamstring curls and lunges) and the strength measure of the IMTP. The
IMTP was chosen as it was a practical way to measure lower body strength due to the
limited duration of a PE class and the high number of participants. More specific
isokinetic measures of strength were considered, but for logistical reasons it was not
possible to undertake these tests. Based on the exercise progressions and observations
from the primary researcher, it did seem that hamstring strength improved throughout
the study. Additionally, a lack of improvement in strength in the INT group relative to
the CON may have been due to the higher relative strength levels in the INT group at
baseline and therefore they were less likely to make improvements. The INT group may
also be better at a max effort test as they are more familiar with max effort as athletes
compared to the CON group. Of note, the CON group’s post-test relative strength was

still lower than the baseline relative strength of the INT group.

The IP program did not improve sprint speed, CMJ power or jump height in the present
study. The exercises in the IP program were designed to target reducing injury risk, with
a secondary goal to improve athletic performance measures. As a result, the IP program
did not have a primary focus on sprint mechanics or developing speed which may explain
why the intervention did not significantly improve sprint times. Similarly, the plyometric
exercises in this study’s IP program had an emphasis on proper movement patterns

when jumping and landing, rather than jumping as high and as powerfully as possible.
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This may further explain why neither single or double leg CMJ height nor power
significantly increased following the intervention. The findings are in agreement with
other research on IP programs in females that did not find significant improvements in
sprint speed, jump power or height [112, 128, 130, 131]. In contrast, Myer et al. [42]
found that jump height and sprint speed significantly improved in the INT group
compared to the CON group after a six week IP program in female youth soccer,
volleyball and basketball athletes. The conflicting results could be attributed to the fact
that speed training was incorporated into their IP program. Therefore, if an additional
goal of an IP program is to improve athletic performance, it is suggested that IP programs

include speed and plyometric training at maximal effort.

Practical Applications

The results from the current study demonstrate that a long-term IP program integrated
into the school curriculum significantly improved movement quality and balance in
youth females. Practitioners implementing this program should ensure good adherence,
individual progression and a focus on movement technique. To achieve improvements
in strength, sprint and jump performance, the exercises selected should be similar to
the tests (e.g. back squat exercise and back squat test). In addition, progressing to sport-
specific movement speeds is recommended if the goal of the IP program is also to

improve performance in youth females.
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Chapter 7 : The Effect of a School Based Injury Prevention Program on

Injury Risk in Youth Females

Prelude

Chapter 6 examined the effects of an IP program integrated into the school curriculum
on risk factors for injury and athletic performance. Findings showed significant
improvements in movement skill and balance following the IP program but no change in
athletic performance. The final step, in relation to the TRIPP model, to establish the
effectiveness of this IP program was to determine the influence on injury risk in this
population. Therefore, the aim of this chapter was to examine the effects of the IP
program from chapter 6 on training and competition injury rates in youth females. The
findings from chapter 6 and this chapter provide coaches, teachers and practitioners
with valuable insight into the design, implementation and effectiveness of an IP program

integrated into the school curriculum in secondary school girls.

Introduction

Sport and physical activity participation by youth has many health and physical benefits,
but inherently involves risk of injury [143]. Injuries in sport are costly to both the
healthcare system [144] and the individual as injuries may result in reduced game time
or an early finish to the sports season [25]. For example, in New Zealand in 2016 there
was a total of 494,860 claims related to sports injury with an associated cost of
approximately $506 million NZD [144]. Additionally, from 2012-2017 there was a 19%
increase in sports-related injuries in youth 18 years and under [145]. In the worst case
scenario, injuries can have long-term consequences that limit sport participation and
life-long physical activity [46]. For instance, up to 50% of drop-outs in youth gymnastic
athletes have been reported to be due to injury [192]. If physical activity in youth is
reduced due to injury this can negatively impact health factors such as bone mineral
density and body mass index [3]. The negative effects from sports injury can be
especially problematic for young girls as they have shown greater rates of injury than
boys (e.g. 14% higher injury rate, in youth female compared to youth male soccer
athletes) [14]. In girls, injury rates per 1000 hours exposure range from 2.5-10.6 in
soccer, 3.6-4.1 in basketball and 0.5-4.1 in gymnastics [25]. Due to the risk and serious
consequences of sport related injury there is a need for preventative measures

implemented early in youth, specifically targeted towards females.
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In response to the growing number of injuries in youth sport, injury prevention (IP)
programs that target a reduction in risk factors and/or injury incidence directly have
been developed. Previous research shows that IP programs can reduce overall injury
rates in youth by approximately 40% [105]. A common factor in the success of these
programs is high adherence [131, 139]. In fact a recent study confirmed that poor
adherence to a neuromuscular warm-up program results in limited reduction in injury
risk [203]. Programs completed two to three times per week, with multiple components,
progressed according to the technical capability of the participants are shown to be the
most beneficial [43]. While some have been successful, the majority of IP programs
investigated to date have been acute in nature and have lacked individual progression.
Additionally, few have been embedded into a school curriculum to maximize adherence
and thus the likely benefit of the program. Further research investigating an evidence-
based IP program in youth females is needed to better understand the potential for such
programs to reduce injury risk in this population. Therefore, the purpose of this study
was to examine the effects of an IP program, embedded into the school curriculum, on

training and competition injury rates in youth females.

Methods

Participants

One hundred and three girls (mean * SD; age = 14.0 + 0.6 y; height = 162.6 + 5.8 cm;
mass = 57.4 + 9.8 kg) from physical education (PE) classes at a girls’ secondary school
participated in this study. Fifty-three girls were in the intervention (INT) group and 50
girls were in the control (CON) group. Girls were selected to the INT group based on their
level of interest and physical ability. The University Ethics Committee approved the

study. Informed parental consent and participant assent was obtained from all girls.

Procedures

Injury data was collected prospectively over three school terms (30 weeks) using an
online questionnaire via Google Forms. Participants were familiarized before the study
began, then sent an email reminder to complete the questionnaire at the start of their
PE class once a week for the duration of the study. Injuries were defined as any physical
problem affecting training or competition. The participants reported injuries over the
previous week as well as their training and competition (match) exposure. If no response

was received within two days, a further email reminder was sent.
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Reporting of Injuries

The questionnaire used in this study was a modification of the Oslo Sports Trauma
Research Centre (OSTRC) questionnaire [150, 154] and consisted of two parts. Part one
included six questions covering: training exposure, game/competition (match) exposure
and the impact of any injuries on sports participation, training volume, sports
performance and the extent of any symptomes. If a participant reported an injury, they
then completed part two of the questionnaire, which asked about the anatomical
location of the injury and how and when the injury occurred. If the participant had more
than one injury, the questionnaire repeated itself, allowing for registration of additional

injuries.

Injury Prevention Program

Due to the nature of school terms in New Zealand, the IP program was divided into three
phases lasting eight, nine and six weeks separated by two-week school holidays between
terms. Each phase of the IP program was divided into two or three mesocycles lasting
three or four weeks, with a focus on movement skill via plyometrics, agility, lower body
strength, core stability and balance. The first phase of the program was a 10 minute
session incorporating body-weight exercises. The second phase was a 20 minute session
including light resistance exercises. Following the completion of these sessions,
participants participated in their regular PE class for the remainder of the class period.
The third and final phase of the IP program lasted for the entire PE class (40 minutes)
and incorporated moderate to high resistance exercises. Proper technique, movement
quality and landing mechanics were emphasized throughout the IP program. Each IP
session was run by the primary researcher who was a certified strength and conditioning

specialist and had a PE teacher present throughout the intervention period.

Statistical Analysis

An independent samples t-test was conducted to compare descriptive characteristics
between the INT and CON group. Injury rates and corresponding 95% confidence
intervals were calculated per 1000 hours of training and competition exposure. The
injury rates were compared between the two groups (as injury rate ratios [IRR]) by
means of Poisson regression analysis using SPSS (version 25; SPSS Inc, Chicago, IL).

Statistical significance was set at p < 0.05.
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Results

The overall response rate to the questionnaire was 92% and the overall adherence to
the IP program was 82%. Results from the independent samples t-test indicated no
significant difference in any of the descriptive characteristics between groups (Table
7.1). However, a significance difference was found in weekly training and competition
hours with the INT group reporting greater sports participation than the CON group
(Table 7.1). The rate of all injuries per 1000 hours was 15.1 in the CON group and 17.9
in the INT group (Table 7.2). There was no significant difference in any of the injury rates
between the two groups. Injury rates in competition were higher than in training. All
injury rates and the comparison between groups expressed as rate ratios can be found
in Table 7.2. The most common injuries were to the lower extremity with the knee, ankle

and thigh being the top three injured areas (Table 7.3).
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Table 7.1: Descriptive characteristics of participants and weekly sport exposure hours.

.. L. Overall (n =103) Intervention (n = 53) Control (n = 50)
Participant characteristics P
Mean * SD Mean * SD Mean * SD

Age (years) 14.0+£0.58 13.9+0.6 14.1+0.5 0.18
Height (cm) 162.6 £5.8 163.6+5.7 161.6+5.8 0.71
Body mass (kg) 57.4+9.8 57.6+10.3 57.2+9.2 0.83
Maturity offset (years from PHV) 1.8+0.5 1.8+0.6 1.7+£0.5 0.64
Weekly training hours 3.20+4.21 4.15+4.78 2.19+3.22 <0.001*
Weekly competition hours 0.66 £1.28 0.77+£1.42 0.55+1.10 <0.001*

*significant difference between intervention and control.

Table 7.2: Effect of the injury prevention program on injury risk.

. Intervention (n = 53) Control (n = 50) .
Variable - - Rate ratio (95% Cl) P
n Incidence x 1000 hrs (95% Cl) n Incidence x 1000 hrs (95% Cl)
All injuries 138 17.9 (15.0-21.1) 60 15.1 (11.5-19.4) 1.19 (0.87-1.63) 0.27
Training injuries 89 13.7 (11.0-16.9) 30 9.5 (6.4-13.6) 1.44 (0.94-2.26) 0.08
Competition injuries 49 40.1 (29.7-53.0) 30 36.3 (24.5-51.9) 1.10 (0.69-1.80) 0.67
Lower extremity injuries 89 11.5(9.3-14.2) 35 8.8 (6.1-12.2) 1.31 (0.88-2.00) 0.17
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Table 7.3: Injury by body area.

Injury location Frequency (percent)
Knee 43 (21.7%)
Ankle 30 (15.2%)
Thigh 21 (10.6%)
Lower leg 15 (7.6%)
Foot/toes 15 (7.6%)
Lumbar spine 11 (5.6%)
Thoracic spine 11 (5.6%)
Hand/fingers 11 (5.6%)
Hip/groin 9 (4.5%)
Shoulder 8 (4.0%)
Wrist 5(2.5%)
Chest/ribs 4 (2.0%)
Pelvis/buttock 3(1.5%)
Abdomen 3(1.5%)
Elbow 2 (1.0%)
Neck 2 (1.0%)
Forearm 2 (1.0%)
Head/face 2 (1.0%)
Upper arm 1(0.5%)
Discussion

The main finding of this study is that the IP program did not significantly reduce injury
rates in secondary school youth females. This is in spite of the IP program being
integrated into the school curriculum which resulted in excellent adherence to the
program and allowed for individual progression. Previous research has found similar
results to the current study with no reduction in injury rates following an IP program in
youth female soccer, basketball and volleyball athletes [127, 132]. In contrast, most
research on IP programs targeted towards reducing injury rates have found a
significantly reduced rate following an IP program [112, 119, 120, 123-125]. For instance,
youth female soccer athletes completed a 20 minute IP program twice per week for the
entire season and found a significant decrease in ACL injury rate in the INT group
compared to the CON group (0.05 vs 0.47 injuries per 1000 hours) [125]. The contrasting
results from our study and those that reduced injury rates may be due to the difference
in injury definition (all physical problem versus time-loss). This study is the only one to
utilize an all injury definition which captured both overuse and acute injuries, whereas
a time-loss definition would capture mainly acute injuries. Thus, it is difficult to compare

the effects of this IP program to others.
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Rates of injury in both groups found here were much higher than those reported in
previous studies that have used a time-loss definition of injury where rates in youth
males and females range from 2.3-4.8 injuries per 1000 hours of sports participation
[156-158]. For example, a higher rate (8.6 injuries per 1000 hours of sport participation)
was found in studies of female soccer, basketball and gymnastic athletes that also used
the OSTRC questionnaire [28]. It has been suggested that the injury definition used in
the current study (any physical problem) is more valid because it can identify 10 times
as many injuries as a time-loss method [40]. As many athletes continue to train and play
despite having an injury, we suggest that an all injury definition rather than a time-loss
or medical definition of injury represents a more valid indication of injury rates in youth

females.

The injury rates did not significantly differ between groups in the current study.
However, the IP program may have helped in keeping the incidence in the INT group
similar to that of the CON group. The participants in the INT group were competing at a
much higher level of sport than those in the CON group and thus they may have been
exposed to higher risk due to increased intensity of competition. In fact, previous
research has demonstrated this in female youth gymnastic athletes as those competing
at a higher level (seven through nine) had a rate ratio of 1.47 times greater than those

competing at a lower level (four through six) [204].

For both groups, injury risk in competition was much higher than training. This is similar
to previous studies in male adult and youth soccer, female adult soccer and male and
female youth basketball athletes that have reported a higher risk of injury in competition
than training [205-207]. For instance, the injury rate of 16 injuries per 1000 hours of
competition was significantly higher than the injury rate of two injuries per 1000 hours
of training in female basketball athletes [206]. It is suggested that the higher injury risk
in competition is due to the higher intensity level and maximum effort during
competition versus training. Given the lack of studies on youth females our findings
confirm that this difference between competition and training injury rates also exists in

this at-risk group.

The most commonly injured body locations from this study is in agreement with

previous research. Specifically, the knee, ankle and thigh were the top locations, which
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is consistent with previous research showing the ankle, knee and thigh to be the most
common in youth female soccer, basketball and gymnastic athletes [37]. Additional
research has shown the ankle and knee to be the most common injured areas in youth
females [36]. Accordingly, these results corroborate the need for IP programs to target

the lower extremity in youth females.

Conclusion

The results from the current study show high injury rates in youth females. Similar to
previous research, injury rates in competition are higher than in training. Although the
IP program did not reduce injury rates, it may be protective against increased injury risk
for youth females competing at higher levels of competition. Future research should aim
to include groups of a similar activity level to truly compare the effects of an IP program

on injury risk.
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Chapter 8 : Discussion and Conclusion

The overall purpose of this thesis was to provide novel insights into the benefits and
implications of an IP program embedded into the school curriculum twice per week on
injury risk factors, injury rates and athletic performance measures in youth females. To
achieve the purpose, it was necessary to first determine what the risk factors for injury
are (chapter 2) and what has made previous IP programs successful (chapter 3) in order
to inform the development of the IP program. A review of literature showed that lower
extremity biomechanical and neuromuscular risk factors are of particular importance
(chapter 2). Specifically, landing or cutting in a position of increased hip flexion,
adduction and/or internal rotation, increased knee extension, abduction and/or internal
rotation, deficits in knee and hip musculature strength, balance and trunk
proprioception have all been linked to increased injury risk in females. Chapter 3
highlighted that independent IP training programs with a high session attendance, a
duration greater than 20 minutes, and frequency of two to three times per week have
shown the greatest benefit in youth females. Additionally, programs with multiple
components (plyometrics, agility, strength, core stability and balance) progressed
according to the technical competency of the participants are the most beneficial. Given
the knowledge from the literature reviews on risk factors and existing IP programs, an

IP program was developed for the target population.

The prospective reporting of injuries throughout the study period provided novel
insights into the specific sport and PE injuries as well as if an association between injury
and phase of the menstrual cycle existed in youth females (chapter 4). Using a recently
developed “all physical problem” definition, the results showed that injury rates in youth
females may be higher than previously reported using time-loss definitions. They also
confirmed the lower extremity as the most common injury location and established the
need for an IP program in this population. Based on the substantial evidence showing
lower extremity injury as most common and that strength is a risk factor for injury in
females (chapter 2) the relationships between maximum strength and measures of
athletic performance and movement skill in adolescent females were investigated
(chapter 5). The results illustrated that strong girls demonstrated faster sprint times,

greater jump height and better movement skill than weak girls. Thus, coaches and
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practitioners working with youth females should emphasize relative strength to improve

speed and jump performance, as well as movement skill.

The effects of an IP program integrated into the school curriculum on injury risk factors
and athletic performance measures in year nine and ten secondary school girls were
examined (chapter 6). This IP program was done twice per week for 23 weeks and
focused on plyometrics, agility, lower extremity strength, core stability and balance. The
successful integration of the program into the school curriculum resulted in high
program adherence (82%) and provides evidence this type of program can be
implemented in a real-world setting, such as a school. Movement skill and balance
improved after the IP program in the INT group, whereas relative strength improved in
the CON group. Practitioners implementing this program should ensure good

adherence, individual progression and a focus on movement technique.

The effects of the IP program (from chapter 6) on injury risk in youth females was also
examined in chapter 7. Similar to chapter 4, higher injury rates were shown than those
reported in previous youth research. This result is most likely due to the injury definition
used. Specifically, we utilized an all physical problem definition, compared to time loss
injuries, as is has been shown to better reflect the true injury burden. When injury rates
were compared between groups, no significant difference was observed. Although the
IP program did not reduce injury rates, it may be protective against increased injury risk
for youth females competing at higher levels of competition. The participants in the INT
group were competing at a higher level of sport than those in the CON group and
therefore may have been exposed to higher risk due to increased intensity of

competition.

Figure 8.1 summarizes the key findings from this thesis. The findings suggest that youth
females engaging in a school curriculum based IP program can make significant
improvements in movement skill and balance. The program may also be able to reduce
the risk of injury for youth females competing at higher levels of competition where
injury risk has been reported to be greater. Furthermore, based on the use of a novel
(and likely more accurate) injury definition in youth females this thesis suggests injury
rates in this group are higher than previously reported and confirms that the lower

extremity is the most commonly injured area of the body. Additionally, the thesis

94



provides a novel perspective on the importance of relative strength for movement skill
development and athletic performance and further supports the implementation of IP
programs that target these factors. This thesis is also the first to look at the association
between injuries and the menstrual cycle in youth females, providing preliminary

evidence that injury is not linked to a certain phase of the menstrual cycle in this group.

0 Administering the IP program during the school day led to high adherence (82%)

The use of an all physical problem injury definition suggests higher injury
rates than previously reported time-loss definitions
KE 1 The IP program did not reduce injury rates but kept rates similar to those

for girls competing in lower level competitions
FINDINGS

x The IP program was effective in improving movement skill and balance

£

q No association found between injury and phase of the menstrual cycle

Relatively stronger girls have better movement ability, run faster and jump
higher than weaker girls

V

Figure 8.1: Key findings from the thesis.

Practical Applications
Based on the findings of this thesis, the following practical applications may assist
practitioners, coaches, teachers and researchers with the implementation of an IP

program into the school curriculum:

1. Training programs that focus on hip and knee control during functional tasks (e.g.
plyometric and agility exercises), lower extremity strength, core strength and

balance are likely to be most successful.

2. Prescribing exercises and activities specific to the skill level of the individual will
be most beneficial. Accurately programming for the skill level can be
accomplished by starting with body weight exercises that focus on correct
positions of the body. Only when the athlete has shown proficient technique,

should the volume and intensity of the movement be increased.
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3. Allow for progressions to the exercises so that the intensity (resistance, speed
and complexity) of movements can be advanced to mimic real-time sporting

actions.

4. Emphasize the development of relative strength in order to improve

performance and movement skill.

5. If monitoring of injury is a goal of an IP program then a survey tool based on an

all physical problem injury definition is likely to be the most valid.

Limitations
There were several limitations of this thesis due to the unique integration within the

school curriculum which have been outlined below.

o Due to the thesis being conducted in the PE curriculum, the intervention and
control groups were not randomized. Instead, a year nine class was created with
class selection based on interest and an existing sports-focused year 10 class was
used. Due to the non-randomized nature, the intervention group, who were

more athletic, outperformed the control group in all tests.

o Limited time in class, as well as a high number of participants, made data
collection challenging. Accordingly, an IMTP was chosen to assess lower
extremity strength as it is a practical, time-efficient test. A more specific,
isokinetic measure of strength was considered, but unrealistic to complete
logistically. Although hamstring strength may have improved throughout the

duration of the IP program, without directly measuring it cannot be confirmed.

e Afocus on exercises to reduce injury risk may have come at the cost of improving
athletic performance. Specifically, due to the poor level of movement
competency of the participants, the IP program focused on proper movement
patterns instead of sprint mechanics, all-out speed or jumping as high and
powerfully as possible. Therefore, the participants in this research did not

improve their sprint and jump performance.

e Maturational status was measured with the intent to investigate any

associations with injury risk or athletic performance. However, almost all (98 out
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of 104) girls were post-PHV, so we could not investigate this or see how the IP
program influenced different maturation groups. As this research was done with
the two youngest year levels of a girls’ secondary school, there was no way to

capture all three maturational groups.

Future Research

The limitations presented in the above section can help inform future research

directions on how IP programs implemented into a school setting can influence injury

risk and athletic performance in youth females. The following are recommended for

future research:

Use of more specific measures to better evaluate the impact of the program on

strength.

If improving athletic performance is another goal of an IP program, then once
proper movement mechanics are established, progressing to sport specific

speeds is recommended.

As this is the only study to examine if more injuries occur during a certain phase

of the menstrual cycle in youth females, more research is needed in this area.

In order to fully capture the extent of injuries, an all injury definition should be

used instead of a time-loss definition of injury.

As the participants in this thesis were all post-PHV, including younger girls in
order to fully understand the influence of IP programs on all maturational groups

is recommended.

Finally, investigating the effects of an IP program in both males and females
across maturation status will help inform the development of sex specific

programs and be beneficial for those who work with both sexes.

97



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

References

Blom, L., et al., Maximizing the benefits of youth sport. J Phys Educ Recreat
Dance, 2013. 84(7): p. 8-13.

Bielemann, R.M., J. Martinez-Mesa, and D.P. Gigante, Physical activity during life
course and bone mass: A systematic review of methods and findings from cohort
studies with young adults. BMC Musculoskelet Disord, 2013. 14: p. 77.

Loprinzi, P.D., et al., Benefits and environmental determinants of physical activity
in children and adolescents. Obes Facts, 2012. 5(4): p. 597-610.

Sibley, B.A. and J.L. Etnier, The relationship between physical activity and
cognition in children: A meta-analysis. Pediatr Exerc Sci, 2003. 15(3): p. 243.
Kjgnniksen, L., N. Anderssen, and B. Wold, Organized youth sport as a predictor
of physical activity in adulthood. Scand J Med Sci Sports, 2009. 19(5): p. 646-654.
Belechri, M., et al., Sports injuries among children in six European union
countries. Eur J Epidemiol, 2001. 17(11): p. 1005-1012.

Bijur, P.E., et al., Sports and recreation injuries in US children and adolescents.
Arch Pediatr Adolesc Med, 1995. 149(9): p. 1009-1016.

Hedstrom, E.M., U. Bergstrom, and P. Michno, Injuries in children and
adolescents—Analysis of 41,330 injury related visits to an emergency department
in northern Sweden. Injury, 2012. 43(9): p. 1403-1408.

Michaud, P., A. Renaud, and F. Narring, Sports activities related to injuries? A
survey among 9-19 year olds in Switzerland. Inj Prev, 2001. 7: p. 41-45.
Mummery, W.K., et al., A descriptive epidemiology of sport and recreation
injuries in a population-based sample: Results from the Alberta Sport and
Recreation Injury Survey (ASRIS). Can J Public Health, 1998. 89(1): p. 53-56.
Caine, D.J., L. Purcell, and N. Maffulli, The child and adolescent athlete: A review
of three potentially serious injuries. BMC Sports Sci Med Rehabil, 2014. 6(1): p.
1-20.

Emery, C.A., B. Hagel, and B.A. Morrongiello, Injury prevention in child and
adolescent sport: Whose responsibility is it? Clin J Sport Med, 2006. 16(6): p. 514-
521.

Huston, L.J. and E.M. Woijtys, Neuromuscular performance characteristics in elite
female athletes. Am J Sports Med, 1996. 24(4): p. 427-436.

Powell, J.W. and K.D. Barber-Foss, Sex-related injury patterns among selected
high school sports. Am J Sports Med, 2000. 28(3): p. 385-391.

Beunen, G.P. and R.M. Malina, Growth and biologic maturation: relevance to
athletic performance in the child and adolescent athlete. 2005: Oxford: Blackwell
Publishing

Hewett, T.E., G.D. Myer, and K.R. Ford, Decrease in neuromuscular control about
the knee with maturation in female athletes. ) Bone Joint Surg Am, 2004. 86(8):
p. 1601-1608.

Granados, A., A. Gebremariam, and J.M. Lee, Relationship between timing of
peak height velocity and pubertal staging in boys and girls. J Clin Res Pediatr
Endocrinol, 2015. 7(3): p. 235-237.

Beunen, G.P. and R.M. Malina, Growth and physical performance relative to the
timing of the adolescent spurt. Exerc Sport Sci Rev, 1988. 16: p. 503-540.
Quatman, C.E., et al., Maturation leads to gender differences in landing force and
vertical jump performance a longitudinal study. Am J Sports Med, 2006. 34(5): p.
806-813.

98



20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Lloyd, R.S., et al., Position statement on youth resistance training: The 2014
International Consensus. Br J Sports Med, 2014. 48(7): p. 761-767.

DiStefano, L.J., et al., Maturation and sex differences in neuromuscular
characteristics of youth athletes. ) Strength Cond Res, 2015. 29(9): p. 2465-2473.
Ford, K.R., et al., Longitudinal sex differences during landing in knee abduction in
young athletes. Med Sci Sports Exerc, 2010. 42(10): p. 1923-1931.

Schmitz, R.J., S.J. Shultz, and A.-D. Nguyen, Dynamic valgus alignment and
functional strength in males and females during maturation. J Athl Train, 2009.
44(1): p. 26-32.

Yu, B., et al., Age and gender effects on lower extremity kinematics of youth
soccer players in a stop-jump task. Am J Sports Med, 2005. 33(9): p. 1356-1364.
Caine, D.J., N. Maffulli, and C. Caine, Epidemiology of injury in child and
adolescent sports: Injury rates, risk factors, and prevention. Clin Sports Med,
2008. 27(1): p. 19-50.

Woijtys, E.M., et al., Association between the menstrual cycle and anterior
cruciate ligament injuries in female athletes. Am J Sports Med, 1998. 26(5): p.
614-619.

Moller-Nielsen, J. and M. Hammar, Women's soccer injuries in relation to the
menstrual cycle and oral contraceptive use. Med Sci Sports Exerc, 1989. 21(2): p.
126-129.

Slauterbeck, J.R., et al., The menstrual cycle, sex hormones, and anterior cruciate
ligament injury. J Athl Train, 2002. 37(3): p. 275-278.

Myklebust, G., et al., A prospective cohort study of anterior cruciate ligament
injuries in elite Norwegian team handball. Scand J Med Sci Sports, 1998. 8(3): p.
149-153.

Finch, C., A new framework for research leading to sports injury prevention. J Sci
Med Sport, 2006. 9(1-2): p. 3-9.

Meeuwisse, W.H., Predictability of sports injuries. What is the epidemiological
evidence? Sports Med, 1991. 12(1): p. 8-15.

Murphy, D.F., D.A.J. Connolly, and B.D. Beynnon, Risk factors for lower extremity
injury: a review of the literature. Br J Sports Med, 2003. 37(1): p. 13-29.

Smith, H.C,, et al., Risk factors for anterior cruciate ligament injury: A Review of
the literature — Part 1: Neuromuscular and anatomic risk. Sports Health, 2012.
4(1): p. 69-78.

Alentorn-Geli, E., et al., Prevention of non-contact anterior cruciate ligament
injuries in soccer players. Part 1: Mechanisms of injury and underlying risk
factors. Knee Surg Sports Traumatol Arthrosc, 2009. 17(7): p. 705-729.

Frisch, A., et al., Injuries, risk factors and prevention initiatives in youth sport.
Scand J Med Sci Sports, 2009. 92: p. 95-121.

Caine, D.J,, C. Caine, and N. Maffuli, Incidence and distribution of pediatric sport-
related injuries. Clin J Sport Med, 2006. 16(6): p. 500-513.

Richardson, A., et al., High prevalence of self-reported injuries and illnesses in
talented female athletes. BMJ Open Sport Exerc Med, 2017. 3(1): p. e000199.
Kenny, S.J., et al.,, The influence of injury definition on injury burden in
preprofessional ballet and contemporary dancers. J Orthop Sports Phys Ther,
2018. 48(3): p. 185-193.

Bahr, R., No injuries, but plenty of pain? On the methodology for recording
overuse symptoms in sports. Br ) Sports Med, 2009. 43(13): p. 966-972.

99



40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54,

55.

56.

57.

Clarsen, B., G. Myklebust, and R. Bahr, Development and validation of a new
method for the registration of overuse injuries in sports injury epidemiology: The
Oslo Sports Trauma Research Centre (OSTRC) Overuse Injury Questionnaire. Br )
Sports Med, 2013. 47(8): p. 495-502.

Boden, B.P., et al., Mechanisms of anterior cruciate ligament injury. Orthop,
2000. 23(6): p. 573-578.

Myer, G.D., et al., Neuromuscular training improves performance and lower-
extremity biomechanics in female athletes J Strength Cond Res 2005. 19(1): p.
51-60.

Sommerfield, L.M., et al., Injury prevention programs in youth: A narrative review
targeting females. Strength Cond J, 2019. Published ahead of print.

Steffen, K., et al., High adherence to a neuromuscular injury prevention
programme (FIFA 11+) improves functional balance and reduces injury risk in
Canadian youth female football players: A cluster randomised trial. Br J Sports
Med, 2013. 47(12): p. 794-802.

McGladrey, B.W., et al., High school physical educators' and sport coaches’
knowledge of resistance training principles and methods. J Strength Cond Res,
2014. 28(5): p. 1433-1442.

Emery, C.A., Risk factors for injury in child and adolescent sport: A systematic
review of the literature. Clin ) Sport Med, 2003. 13(4): p. 256-268.

Greenhalgh, T., S. Thorne, and K. Malterud, Time to challenge the spurious
hierarchy of systematic over narrative reviews? European journal of clinical
investigation, 2018. 48(6): p. €e12931.

Krosshaug, T., et al., Mechanisms of anterior cruciate ligament injury in
basketball video analysis of 39 cases. Am J Sports Med, 2007. 35(3): p. 359-367.
Hewett, T.E., et al., Biomechanical measures of neuromuscular control and valgus
loading of the knee predict anterior cruciate ligament injury risk in female
athletes: A prospective study. Am J Sports Med, 2005. 33(4): p. 492-501.
Willson, J.D., S. Binder-Macleod, and |.S. Davis, Lower extremity jumping
mechanics of female athletes with and without patellofemoral pain before and
after exertion. Am J Sports Med, 2008. 36(8): p. 1587-1596.

Zazulak, B.T., et al., Gender comparison of hip muscle activity during single-leg
landing. ) Orthop Sports Phys Ther, 2005. 35(5): p. 292-299.

Decker, M.J., et al., Gender differences in lower extremity kinematics, kinetics and
energy absorption during landing. Clin Biomech 2003. 18(7): p. 662-669.
Blackburn, J.T. and D.A. Padua, Sagittal-plane trunk position, landing forces, and
quadriceps electromyographic activity. J Athl Train, 2009. 44(2): p. 174-179.
Willson, J.D. and |.S. Davis, Lower extremity strength and mechanics during
jumping in women with patellofemoral pain. J Sport Rehabil, 2009. 18(1): p. 76-
90.

Powers, C.M., The influence of abnormal hip mechanics on knee injury: A
biomechanical perspective. ) Orthop Sports Phys Ther, 2010. 40(2): p. 42-51.
Hollman, J.H., et al., Relationships between knee valgus, hip-muscle strength, and
hip-muscle recruitment during a single-limb step-down. J Sport Rehabil, 2009.
18(1): p. 104-117.

Willson, J.D. and I.S. Davis, Utility of the frontal plane projection angle in females
with patellofemoral pain. ) Orthop Sports Phys Ther, 2008. 38(10): p. 606-615.

100



58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Ford, K.R., G.D. Myer, and T.E. Hewett, Valgus knee motion during landing in high
school female and male basketball players. Med Sci Sports Exerc, 2003. 35(10):
p. 1745-1750.

Landry, S.C., et al., Neuromuscular and lower limb biomechanical differences
exist between male and female elite adolescent soccer players during an
unanticipated run and crosscut maneuver. Am J Sports Med, 2007. 35(11): p.
1901-1911.

Imwalle, L.E., et al., Relationship between hip and knee kinematics in athletic
women during cutting maneuvers: a possible link to noncontact anterior cruciate
ligament injury and prevention. J Strength Cond Res, 2009. 23(8): p. 2223-2230.
Bolgla, L.A,, et al., Hip strength and hip and knee kinematics during stair descent
in females with and without patellofemoral pain syndrome. ) Orthop Sports Phys
Ther, 2008. 38(1): p. 12-18.

Souza, R.B. and C.M. Powers, Differences in hip kinematics, muscle strength, and
muscle activation between subjects with and without patellofemoral pain. )
Orthop Sports Phys Ther, 2009. 39(1): p. 12-19.

Boling, M.C., et al., A prospective investigation of biomechanical risk factors for
patellofemoral pain syndrome: The Joint Undertaking to Monitor and Prevent
ACL Injury (JUMP-ACL) cohort. Am J Sports Med, 2009. 37(11): p. 2108-2116.
Markolf, K.L., et al., Combined knee loading states that generate high anterior
cruciate ligament forces. ) Orthop Res, 1995. 13(6): p. 930-935.

Willson, J.D. and I.S. Davis, Lower extremity mechanics of females with and
without patellofemoral pain across activities with progressively greater task
demands. Clin Biomech, 2008. 23(2): p. 203-211.

Cochrane, J.L., et al., Characteristics of anterior cruciate ligament injuries in
Australian football. ) Sci Med Sport, 2007. 10(2): p. 96-104.

Olsen, 0., et al., Injury mechanisms for anterior cruciate ligament injuries in team
handball: A systematic video analysis. Am J Sports Med, 2004. 32(4): p. 1002-
1012

Beynnon, B.D., et al., Anterior cruciate ligament strain behavior during
rehabilitation exercises in vivo. Am J Sports Med, 1995. 23(1): p. 24-34.

Hewett, T.E., et al.,, Understanding and preventing ACL injuries: Current
biomechanical and epidemiological considerations N Am J Sports Phys Ther,
2010. 5(4): p. 234-251.

McLean, S.G., et al., Sagittal plane biomechanics cannot injure the ACL during
sidestep cutting. Clin Biomech, 2004. 19(8): p. 828-838.

Pflum, M.A., et al., Model prediction of anterior cruciate ligament force during
drop-landings. Med Sci Sports Exerc, 2004. 36(11): p. 1949-1958.

Hewett, T.E., J.S. Torg, and B.P. Boden, Video analysis of trunk and knee motion
during non-contact anterior cruciate ligament injury in female athletes: Lateral
trunk and knee abduction motion are combined components of the injury
mechanism. Br J Sports Med, 2009. 43(6): p. 417-422.

Koga, H., et al., Mechanisms for noncontact anterior cruciate ligament injuries:
knee joint kinematics in 10 injury situations from female team handball and
basketball. Am J Sports Med, 2010. 38(11): p. 2218-2225.

Ford, K.R., et al., Gender differences in the kinematics of unanticipated cutting in
young athletes. Med Sci Sports Exerc, 2005. 37(1): p. 124-129.

Paterno, M.V., et al., Neuromuscular training improves single-limb stability in
young female athletes. ) Orthop Sports Phys Ther, 2004. 34(6): p. 305-316.

101



76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

Loudon, J.K.,, W. Jenkins, and K.L. Loudon, The relationship between static
posture and ACL injury in female athletes. ) Orthop Sports Phys Ther, 1996. 24(2):
p. 91-97.

Myer, G.D., et al., The incidence and potential pathomechanics of patellofemoral
pain in female athletes. Clin Biomech, 2010. 25(7): p. 700-707.

Powers, C.M., The influence of altered lower-extremity kinematics on
patellofemoral joint dysfunction: a theoretical perspective. J Orthop Sports Phys
Ther, 2003. 33(11): p. 639-646.

Fort-Vanmeerhaeghe, A., et al., Integrative neuromuscular training and injury
prevention in youth athletes. Part I: Identifying risk factors. Strength Cond J 2016.
38(3): p. 36-48.

Withrow, T.J., et al., Effect of varying hamstring tension on anterior cruciate
ligament strain during in vitro impulsive knee flexion and compression loading. )
Bone Joint Surg Am, 2008. 90(4): p. 815-823.

Hewett, T.E., et al., The effect of neuromuscular training on the incidence of knee
injury in female athletes: A prospective study. Am J Sports Med, 1999. 27(6): p.
699-706.

Myer, G.D., et al., The relationship of hamstrings and quadriceps strength to
anterior cruciate ligament injury in female athletes. Clin ) Sport Med, 2009. 19(1):
p. 3-8.

Hewett, T.E., et al., Plyometric training in female athletes: decreased impact
forces and increased hamstring torques. Am J Sports Med, 1996. 24(6): p. 765-
773.

Kim, D. and J. Hong, Hamstring to quadriceps strength ratio and noncontact leg
injuries: A prospective study during one season. Isokinet Exerc Sci, 2011. 19(1): p.
1-6.

Séderman, K., et al., Risk factors for leg injuries in female soccer players: A
prospective investigation during one out-door season. Knee Surg Sports
Traumatol Arthrosc, 2001. 9(5): p. 313-321.

Steffen, K., et al., Association between lower extremity muscle strength and
noncontact ACL injuries. Med Sci Sports Exerc, 2016. 48(11): p. 2082-2089.
Ostenberg, A. and H. Roos, Injury risk factors in female European football. A
prospective study of 123 players during one season. Scand J Med Sci Sports, 2000.
10(5): p. 279-285.

Myklebust, G., et al., Prevention of anterior cruciate ligament injuries in female
team handball players: A prospective intervention study over three seasons. Clin
J Sport Med, 2003. 13(2): p. 71-78.

Leetun, D.T., et al., Core stability measures as risk factors for lower extremity
injury in athletes. Med Sci Sports Exerc, 2004. 36(6): p. 926-934.

Ireland, M.L., et al., Hip strength in females with and without patellofemoral pain.
J Orthop Sports Phys Ther, 2003. 33(11): p. 671-676.

Khayambashi, K., et al., Hip muscle strength predicts noncontact anterior cruciate
ligament injury in male and female athletes. Am J Sports Med, 2016. 44(2): p.
355-361.

McGuine, T.A,, et al., Balance as a predictor of ankle injuries in high school
basketball players. Clin J Sport Med, 2000. 10(4): p. 239-244.

Beynnon, B.D., et al., Ankle ligament injury risk factors: a prospective study of
college athletes. ) Orthop Res, 2001. 19(2): p. 213-220.

102



94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

Stiffler, M.R., et al., Star excursion balance test anterior asymmetry is associated
with injury status in division | collegiate athletes. ) Orthop Sports Phys Ther, 2017.
47(5): p. 339-346.

Smith, J., et al., Prospective functional performance testing and relationship to
lower extremity injury incidence in adolescent sports participants. Int J Sports
Phys Ther, 2017. 12(2): p. 206-218.

Plisky, P.J., et al., Star excursion balance test as a predictor of lower extremity
injury in high school basketball players. J Orthop Sports Phys Ther, 2006. 36(12):
p. 911-919.

Steffen, K., et al., No association between static and dynamic postural control
and ACL injury risk among female elite handball and football players: a
prospective study of 838 players. Br ) Sports Med, 2017. 51(4): p. 253-259.
Zazulak, B.T., et al., Deficits in neuromuscular control of the trunk predict knee
injury risk: A prospective biomechanical-epidemiologic study. Am J Sports Med,
2007. 35(7): p. 1123-1130.

Zazulak, B.T., et al., The effects of core proprioception on knee injury. Am J Sports
Med, 2007. 35(3): p. 368-373.

Emery, C.A. and H. Tyreman, Sport participation, sport injury, risk factors and
sport safety practices in Calgary and area junior high schools. Paediatr Child
Health, 2009. 14(7): p. 439-44.

Bloemers, F., et al., Physical inactivity is a risk factor for physical activity-related
injuries in children. Br J Sports Med, 2012. 46(9): p. 669-674.

Adirim, T.A. and T.L. Cheng, Overview of injuries in the young athlete. Sports
Med, 2003. 33(1): p. 75-81.

Weber, M.L., K.C. Lam, and T.C. Valovich MclLeod, The effectiveness of injury
prevention programs for youth and adolescent athletes. Int J Athl Ther Train,
2016. 21(2): p. 25-31.

Bien, D.P., Rationale and implementation of anterior cruciate ligament injury
prevention warm-up programs in female athletes. ) Strength Cond Res, 2011.
25(1): p. 271-285.

Rossler, R., et al., Exercise-based injury prevention in child and adolescent sport:
A systematic review and meta-analysis. Sports Med, 2014. 44(12): p. 1733-1748.
DiStefano, L.J., et al., Integrated injury prevention program improves balance and
vertical jump height in children. J Strength Cond Res, 2010. 24(2): p. 332-342.
Myer, G.D., K.R. Ford, and T.E. Hewett, The effects of gender on quadriceps
muscle activation strategies during a maneuver that mimics a high ACL injury risk
position. ) Electromyogr Kinesiol, 2005. 15(2): p. 181-189.

Myer, G.D., et al., Longitudinal assessment of noncontact anterior cruciate
ligament injury risk factors during maturation in a female athlete: A case report.
J Athl Train, 2009. 44(1): p. 101-109.

Lloyd, R.S., et al.,, National strength and conditioning association position
statement on long-term athletic development. ) Strength Cond Res, 2016. 30(6):
p. 1491-1509.

Read, P.J,, et al., Neuromuscular risk factors for knee and ankle ligament injuries
in male youth soccer players. Sports Med 2016. 46(8): p. 1059-1066.
Quatman-Yates, C.C., et al., A longitudinal evaluation of maturational effects on
lower extremity strength in female adolescent athletes. Pediatr Phys Ther, 2013.
25(3): p. 271-276.

103



112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

Augustsson, S.R., et al., Performance enhancement following a strength and
injury prevention program: A 26-week individualized and supervised intervention
in adolescent female volleyball players. Int J Sports Sci Coach, 2011. 6(3): p. 399-
418.

Filipa, A., et al., Neuromuscular training improves performance on the star
excursion balance test in young female athletes. ) Orthop Sports Phys Ther, 2010.
40(9): p. 551-558.

McLeod, T.C.V,, et al., Balance improvements in female high school basketball
players after a 6-week neuromuscular-training program. J Sport Rehabil, 2009.
18(4): p. 465-481.

Lim, B.-O., et al., Effects of sports injury prevention training on the biomechanical
risk factors of anterior cruciate ligament injury in high school female basketball
players. Am J Sports Med, 2009. 37(9): p. 1728-1734.

Pollard, C.D., et al., The influence of in-season injury prevention training on lower-
extremity kinematics during landing in female soccer players. Clin J Sport Med
2006. 16(3): p. 223-227.

Myer, G.D., et al., Differential neuromuscular training effects on ACL injury risk
factors in "high-risk" versus "low-risk" athletes. BMC Musculoskelet Disord, 2007.
8: p. 39-39.

Otsuki, R., R. Kuramochi, and T. Fukubayashi, Effect of injury prevention training
on knee mechanics in female adolescents during puberty. Int ) Sports Phys Ther,
2014.9(2): p. 149-156.

Heidt Jr, R.S., et al., Avoidance of soccer injuries with preseason conditioning. Am
J Sports Med, 2000. 28(5): p. 659-662.

Soligard, T., et al.,, Comprehensive warm-up programme to prevent injuries in
young female footballers: Cluster randomised controlled trial. BMJ, 2008. 337: p.
a2469.

Wedderkopp, N., et al., Comparison of two intervention programmes in young
female players in European handball--with and without ankle disc. Scand J Med
Sci Sports, 2003. 13(6): p. 371-375.

Wedderkopp, N., et al., Prevention of injuries in young female players in
European team handball: A prospective intervention study. Scand J Med Sci
Sports, 1999. 9(1): p. 41-47.

Kiani, A., et al., Prevention of soccer-related knee injuries in teenaged girls. Arch
Intern Med, 2010. 170(1): p. 43-49.

LaBella, C.R,, et al., Effect of neuromuscular warm-up on injuries in female soccer
and basketball athletes in urban public high schools: Cluster randomized
controlled trial. Arch Pediatr Adolesc Med, 2011. 165(11): p. 1033-1040.
Mandelbaum, B.R., et al., Effectiveness of a neuromuscular and proprioceptive
training program in preventing anterior cruciate ligament injuries in female
athletes: 2-year follow-up. Am J Sports Med, 2005. 33(7): p. 1003-1010.
Waldén, M., et al., Prevention of acute knee injuries in adolescent female football
players: Cluster randomised controlled trial. Br J Sports Med, 2012. 46(13): p.
e3042.

Pfeiffer, R.P., et al., Lack of effect of a knee ligament injury prevention program
on the incidence of noncontact anterior cruciate ligament injury. ) Bone Joint Surg
Am, 2006. 88(8): p. 1769-1774.

104



128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

Vescovi, J.D. and J.L. VanHeest, Effects of an anterior cruciate ligament injury
prevention program on performance in adolescent female soccer players. Scand
J Med Sci Sports, 2010. 20(3): p. 394-402.

Grandstrand, S.L., et al., The effects of a commercially available warm-up
program on landing mechanics in female youth soccer players ) Strength Cond
Res, 2006. 20(2): p. 331-335.

Lindblom, H., M. Waldén, and M. Hagglund, No effect on performance tests from
a neuromuscular warm-up programme in youth female football: A randomised
controlled trial. Knee Surg Sports Traumatol Arthrosc, 2012. 20(10): p. 2116-
2123.

Steffen, K., et al., Performance aspects of an injury prevention program: A ten-
week intervention in adolescent female football players. Scand J Med Sci Sports,
2008. 18(5): p. 596-604.

Steffen, K., et al., Preventing injuries in female youth football — A cluster-
randomized controlled trial. Scand J Med Sci Sports, 2008. 18(5): p. 605-614.
Kilding, A.E., H. Tunstall, and D. Kuzmic, Suitability of FIFA's "the 11" training
programme for young football players - Impact on physical performance. ) Sports
Sci Med, 2008. 7(3): p. 320-326.

Ayala, F., et al., Training effects of the FIFA 11+ and harmoknee on several
neuromuscular parameters of physical performance measures. Int J Sports Med,
2017.38(4): p. 278-289.

Longo, U.G., et al., The FIFA 11+ program is effective in preventing injuries in elite
male basketball players: A cluster randomized controlled trial. Am J Sports Med,
2012. 40(5): p. 996-1005.

Zech, A., et al., Time course and dimensions of postural control changes following
neuromuscular training in youth field hockey athletes. Eur J Appl Physiol, 2014.
114(2): p. 395-403.

Cumps, E., E. Verhagen, and R. Meeusen, Efficacy of a sports specific balance
training programme on the incidence of ankle sprains in basketball. J Sports Sci
Med, 2007. 6(2): p. 212-219.

Emery, C.A. and W.H. Meeuwisse, The effectiveness of a neuromuscular
prevention strategy to reduce injuries in youth soccer: A cluster-randomised
controlled trial. Br J Sports Med, 2010. 44(8): p. 555-562.

Emery, C.A., et al., A prevention strategy to reduce the incidence of injury in high
school basketball: A cluster randomized controlled trial. Clin J Sport Med, 2007.
17(1): p. 17-24.

McGuine, T.A. and J.S. Keene, The effect of a balance training program on the
risk of ankle sprains in high school athletes. Am J Sports Med, 2006. 34(7): p.
1103-1111.

Olsen, O.-E., et al., Exercises to prevent lower limb injuries in youth sports: Cluster
randomised controlled trial. BMJ, 2005. 330(7489): p. 449.

Smith, M., et al., Results from New Zealand's 2018 report card on physical activity
for children and youth. ) Phys Act Health, 2018. 15(S2): p. 390-392.

Caine, D.J. and Y.M. Golightly, Osteoarthritis as an outcome of paediatric sport:
An epidemiological perspective. Br J Sports Med, 2011. 45(4): p. 298-303.
Fulcher, M.L., et al., Development and implementation of the ACC SportSmart
warm-up programme: A nationwide sports injury prevention initiative in New
Zealand. Br J Sports Med, 2018. 52(20): p. 1334-1338.

105



145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

Accident Compensation Corporation, in Accident Compensation Corporation
Injury Statistics Database.

MacKay, M., et al., Looking for the evidence: a systematic review of prevention
strategies addressing sport and recreational injury among children and youth. )
Sci Med Sport, 2004. 7(1): p. 58-73.

Faigenbaum, A.D., et al., Injury trends and prevention in youth resistance
training. Strength Cond J 2011. 33(3): p. 36-41.

Constantini, N.W., G. Dubnov, and C.M. Lebrun, The menstrual cycle and sport
performance. Clin Sports Med, 2005. 24(2): p. 51.

Adachi, N., et al., Relationship of the menstrual cycle phase to anterior cruciate
ligament injuries in teenaged female athletes. Archives of Orthopaedic & Trauma
Surgery, 2008. 128(5): p. 473-478.

Clarsen, B., et al., The Oslo Sports Trauma Research Center questionnaire on
health problems: A new approach to prospective monitoring of illness and injury
in elite athletes. Br J Sports Med, 2014. 48(9): p. 871-877.

Pluim, B.M., et al., A one-season prospective study of injuries and illness in elite
junior tennis. Scand J Med Sci Sports, 2016. 26(5): p. 564-571.

Hjelm, N., S. Werner, and P. Renstrom, Injury risk factors in junior tennis players:
A prospective 2-year study. Scand J Med Sci Sports, 2012. 22(1): p. 40-48.

Fuller, C.W., et al., Consensus statement on injury definitions and data collection
procedures in studies of football (soccer) injuries. Br Med Bull, 2006. 16(2): p. 83-
92.

Mgller, M., et al., Validity of the SPEx sports injury surveillance system for time-
loss and medical attention injuries in sports. Scand J Med Sci Sports, 2017.
Pestana, E.R., et al., Effect of different phases of menstrual cycle in heart rate
variability of physically active women. Sport Sci Health, 2018. 14(2): p. 297-303.
Malisoux, L., et al., Injury incidence in a sports school during a 3-year follow-up.
Knee Surg Sports Traumatol Arthrosc, 2013. 21(12): p. 2895-2900.

Theisen, D., et al., Injury risk is different in team and individual youth sport. ) Sci
Med Sport, 2013. 16(3): p. 200-204.

Hjelm, N., S. Werner, and P. Renstrom, Injury profile in junior tennis players: A
prospective two year study. Knee Surg Sports Traumatol Arthrosc, 2010. 18(6): p.
845-850.

Jayanthi, N.A., et al., Sports-specialized intensive training and the risk of injury in
young athletes: A clinical case-control study. Am J Sports Med, 2015. 43(4): p.
794-801.

Stocker, J., Motor performance and state anxiety at selected stages of the
menstrual cycle. Diss Abstr Int, 1974. 34: p. 3971.

Alvarez-San Emeterio, C., et al., Effect of strength training and the practice of
Alpine skiing on bone mass density, growth, body composition, and the strength
and power of the legs of adolescent skiers. ) Strength Cond Res, 2011. 25(10): p.
2879-2890.

Bass, S.L., The prepubertal years: A uniquely opportune stage of growth when the
skeleton is most responsive to exercise? Sports Med, 2000. 30(2): p. 73-78.
Behringer, M., et al., Effects of resistance training in children and adolescents: A
meta-analysis. Pediatrics, 2010. 126(5): p. 1199-1210.

Sander, A., et al., Influence of a 2-year strength training programme on power
performance in elite youth soccer players. Eur J Sport Sci, 2013. 13(5): p. 445-451.

106



165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

Glenmark, B., G. Hedberg, and E. Jansson, Prediction of physical activity level in
adulthood by physical characteristics, physical performance and physical activity
in adolescence, an 11 year follow up study Eur J Appl Physiol, 1994. 69(6): p. 530-
538.

Martens, R., Turning kids on to physical activity for a lifetime. Quest 1996. 48(3):
p. 303-310.

Myer, G.D., et al., Integrative training for children and adolescents: techniques
and practices for reducing sports-related injuries and enhancing athletic
performance. Phys Sportsmed, 2011. 39(1): p. 74-84.

Petushek, E.J., et al., Evidence-based best-practice guidelines for preventing
anterior cruciate ligament injuries in young female athletes: A systematic review
and meta-analysis. Am J Sports Med, 2018: p. 1744-1753.

Espenschade, A., Motor performance in adolescence including the study of
relationships with measures of physical growth and maturity. Monogr Soc Res
Child Dev, 1940. 5(1): p. i-126.

Roemmich, J.N. and A.D. Rogol, Physiology of growth and development. Its
relationship to performance in the young athlete. Clin Sports Med, 1995. 14(3):
p. 483-502.

Pichardo, A.\W., et al., The influence of maturity offset, strength, and movement
competency on motor skill performance in adolescent males. Sports, 2019. 7(7):
p. 168.

Thomas, C., et al.,, A comparison of isometric midthigh-pull strength, vertical
jump, sprint speed, and change-of-direction speed in academy netball players. Int
J Sports Physiol Perform, 2017. 12(7): p. 916-921.

Comfort, P., et al., Standardization and methodological considerations for the
isometric midthigh pull. Strength Cond J, 2019. 41(2): p. 57-79.

Mirwald, R.L., et al., An assessment of maturity from anthropometric
measurements. Medicine and science in sports and exercise, 2002. 34(4): p. 689-
694.

Padua, D.A., et al., The landing error scoring system as a screening tool for an
anterior cruciate ligament injury-prevention program in elite-youth soccer
athletes. ) Athl Train, 2015. 50(6): p. 589-595.

Myer, G.D., et al., The back squat: A proposed assessment of functional deficits
and technical factors that limit performance. Strength Cond J, 2014. 36(6): p. 4-
27.

Cohen, J., Statistical power analysis for the behavioral sciences. Second edition.
ed. 1988: L. Erlbaum Associates.

Hopkins, W.G. Reliability from consecutive pairs of trials. 2000. Available from
http://www.sportssci.org/resource/stats/xrely.xls.

Meylan, C.M., et al., The reliability of jump kinematics and kinetics in children of
different maturity status. J Strength Cond Res, 2012. 26(4): p. 1015-1026.
Hopkins, W.G. A scale of magnitudes for effect statistics. 2006 June 3, 2019;
Available from: http://sportsci.org/resource/stats/effectmag.html.

Wislegff, U., et al., Strong correlation of maximal squat strength with sprint
performance and vertical jump height in elite soccer players. Br J Sports Med,
2004. 38(3): p. 285-288.

Nimphius, S., M.R. Mcguigan, and R.U. Newton, Relationship between strength,
power, speed, and change of direction performance of female softball players. )
Strength Cond Res, 2010. 24(4): p. 885-895.

107


http://sportsci.org/resource/stats/effectmag.html

183.

184.

185.

186.

187.

188.

189.

190.

191.

192.

193.

194.

195.

196.

197.

198.

199.

200.

201.

Hamilton, R.T., et al., Triple-hop distance as a valid predictor of lower limb
strength and power. J Athl Train, 2008. 43(2): p. 144-151.

McBride, J.M,, et al., Relationship between maximal squat strength and five, ten,
and forty yard sprint times. J Strength Cond Res, 2009. 23(6): p. 1633-1636.
Chelly, M.S., et al., Effects of a back squat training program on leg power, jump,
and sprint performances in junior soccer players. J Strength Cond Res, 2009.
23(8): p. 2241-2249.

Kraska, J.M., et al.,, Relationship between strength characteristics and
unweighted and weighted vertical jump height. Int ) Sports Physiol Perform,
2009. 4(4): p. 461-473.

Lloyd, R.S., et al., Relationships between functional movement screen scores,
maturation and physical performance in young soccer players. ) Sports Sci, 2015.
33(1): p. 11-19.

Hands, B., Changes in motor skill and fitness measures among children with high
and low motor competence: A five-year longitudinal study. J Sci Med Sport, 2008.
11(2): p. 155-162.

Faigenbaum, A.D., R.S. Lloyd, and G.D. Myer, Youth resistance training: Past
practices, new perspectives, and future directions. Pediatr Exerc Sci, 2013. 25(4):
p. 591-604.

Faigenbaum, A.D. and G.D. Myer, Exercise deficit disorder in youth: Play now or
pay later. Curr Sports Med Rep, 2012. 11(4): p. 196-200.

Emmonds, S., et al., The influence of age and maturity status on the maximum
and explosive strength characteristics of elite youth female soccer players. Sci
Med Footb, 2017. 1(3): p. 209-215.

Maffulli, N., et al., Long-term health outcomes of youth sports injuries. Br ) Sports
Med, 2010. 44(1): p. 21-25.

Rumpf, M.C., et al.,, Assessing youth sprint ability--Methodological issues,
reliability and performance data. Pediatr Exerc Sci, 2011. 23(4): p. 442-467.
Mihalik, J.P., et al., Comparing short-term complex and compound training
programs on vertical jump height and power output J Strength Cond Res, 2008.
22(1): p. 47-53.

Lloyd, R.S., et al., Reliability and validity of field-based measures of leg stiffness
and reactive strength index in youths. J Sports Sci, 2009. 27(14): p. 1565-1573.
James, L.P,, et al., Validity and Reliability of a Portable Isometric Mid-Thigh Clean
Pull. J Strength Cond Res, 2017. 31(5): p. 1378-1386.

Till, K., et al., Validity of an isometric midthigh pull dynamometer in male youth
athletes. ) Strength Cond Res, 2018. 32(2): p. 490-493.

Plisky, P.J., et al., The reliability of an instrumented device for measuring
components of the star excursion balance test. North American Journal Of Sports
Physical Therapy: NAJSPT, 2009. 4(2): p. 92-99.

Redler, L.H., et al., Reliability of a field-based drop vertical jump screening test
for ACL injury risk assessment. Phys Sportsmed, 2016. 44(1): p. 46-52.

Fox, A., et al., A systematic evaluation of field-based screening methods for the
assessment of anterior cruciate ligament (ACL) injury risk. Sports Med, 2016.
46(5): p. 715-735.

Myer, G.D., et al., Real-time assessment and neuromuscular training feedback
techniques to prevent anterior cruciate ligament injury in female athletes.
Strength Cond J, 2011. 33(3): p. 21-35.

108



202.

203.

204.

205.

206.

207.

Thorpe, J.L. and K.T. Ebersole, Unilateral balance performance in female
collegiate soccer athletes. ) Strength Cond Res, 2008. 22(5): p. 1429-1433.
Slauterbeck, J.R., et al., Implementation of the FIFA 11+ injury prevention
program by high school athletic teams did not reduce lower extremity injuries: A
cluster randomized controlled trial. Am J Sports Med, 2019: p. 2844-2852.
Caine, D., et al., A three-year epidemiological study of injuries affecting young
female gymnasts. Phys Ther Sport, 2003. 4(1): p. 10-23.

Junge, A. and J. Dvorak, Soccer injuries: A review on incidence and prevention.
Sports Med 2004. 34(13): p. 929-938.

Messina, D.F., W.C. Farney, and J.C. Delee, The incidence of injury in Texas high
school basketball. A prospective study among male and female athletes. Am |
Sports Med, 1999. 27(3): p. 294-299.

Backx, F.J.G., et al., Injuries in high-risk persons and high-risk sports. A
longitudinal study of 1818 school children. Am J Sports Med, 1991. 19(2): p. 124-
130.

109



Appendices

Appendix |. Conference Abstract Presentations
1. Sommerfield, L.M., Whatman, C.S., Harrison, C.B., Maulder, P.S. and
Borotkanics, R.J. The effects of a school based injury prevention program on
injury risk in youth females. Poster presentation. ASCA International Conference

on Applied Strength and Conditioning, Gold Coast, Australia, November 2019.
2. Sommerfield, L.M., Harrison, C.B., and Whatman, C.S. Relationship between

maturation and performance measures in youth females. Oral presentation.

International Conference of Strength Training, Perth, Australia, December 2018.
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Appendix Il. Questionnaire from Chapters 4 and 7

Physical Problem Report Questionnaire

*Physical problem = injury, aches, pains, stiffness, swelling, etc. Does NOT include colds or
sickness.

Question 1- Training Exposure

State in numbers, how many hours you have participated in your sport training during the past
week?

Question 2- Match Exposure

State in numbers, how many minutes you have participated in your sport matches during the
past week?

Question 3

Have you had any difficulties participating in normal training and competition due to physical
problems during the past week?

O Full participation without physical problems
O Full participation, but with physical problems
[ Reduced participation due to physical problems

[ Cannot participate due to physical problems
Question 4

To what extent have you reduced your training volume due to physical problems during the past
week?

LI No reduction

[ To a minor extent

[ To a moderate extent
[ To a major extent

[ Cannot participate at all
Question 5
To what extent have physical problems affected your performance during the past week?

[ No effect
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[ To a minor extent

] To a moderate extent
[ To a major extent

[ Cannot participate at all

Question 6

To what extent have you experienced symptoms during the past week?

[ No symptoms
O To a mild extent
[ To a moderate extent

[ To a severe extent

Question 7- Physical Problem Area

Please select the location of your physical problem. If the physical problem involves several
locations please select the main area. If you have multiple physical problems please complete a

separate registration for each one.
[ Head/face

LI Neck

[ Shoulder (including clavicle)

O Upper Arm

L1 Elbow

L1 Forearm

L Wrist

0 Hand/fingers

O Chest/ribs

L1 Abdomen

[ Thoracic spine (upper & mid back)
O Lumbar spine (low back)

01 Pelvis and buttock

[ Hip and groin
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O Thigh

U Knee

O Lower leg

LI Ankle

O Foot/toes

Ul Other

Question 8

This physical problem involved:

[ Sudden onset & contact with another person or equipment
[ Sudden onset & NO contact with another person or equipment
O Gradual onset/overuse

0 Unknown

Question 9

Physical problems occurred during which of the following:

I Practice/sport specific training

[0 Game/competition

LI Physical education class

[ Active transport (e.g., biking to school)

L1 Other

Question 10- Time Loss

Please state the number of days over the past 7-day period that you have had to completely
miss training or competition due to this physical problem?

0o
01
02
03
04

as
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a6

a7z

Question 11- Reporting

Is this the first time you have registered this physical problem through this monitoring system?
[ Yes, this is the first time

[ No, | have reported the same problem in one of the previous four weeks

[ No, | have reported the same problem previously, but it was more than four weeks ago
Question 12- Menstrual Cycle

What day are you in your menstrual cycle according to the FITrWoman or My Calendar App?

114



Appendix l11. Ethical approval for Chapters 4-7

r

TE WANANGA ARDNUI
O TAMAKI MAKAL BAU

Auckland University of Technology Ethics Committee (AUTEC)
Auwckland University of Technology

D-EE, Private Bag 92006, Auckland 11432, NZ
T:+54 § 921 999 ext. B316

E: ethics@aut.ac.nz

www.autacnz/researchethics

31 July 2018

Craig Harrison
Faculty of Health and Environmental Sciences

Dear Craig

Ethics Application: 17/102 Assessing injury incidence in adolescent female athletes

On 27 June 2017 you were advised that your ethics application was approved.

| would like to remind you, that it was a condition of this approval that you submit to AUTEC the following:

* A brief annual progress report using the EAZ Research Progress Report / Amendment Form, available
at  http://www aut ac nz/research/researchethics/forms, or

& A brief Completion Report about the project using the EA3 from, which is available online through

http:/ fwww. aut ac.nzfresearch/researchethics/forms. This report is to be submitted either when the
approval expires on 27 June 2020 or when the project is completed;

It is also a condition of approval that AUTEC is notified if the research did not proceed or any adverse events
occurring during the research. If there has been any alteration to the research, (incuding changes to any
documents provided to participants) then AUTEC approval must be sought using the EA2 form.

To enable us to provide you with efficient service, please use the application number and study title in all
coerrespondence with us. If you have any enguiries about this application, or anything else, please contact us at

ethics@aut.acnz.

Yours sincerely

flecms

Kate O'Connor
Executive Secretary
Auckland University of Technology Ethics Committee

Ce: lsommerfield 14@ gmail.com; chris whatmand® aut ac.nz
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AUTEC Secretariat

Auckland Uniwersity of Technology

D-E8, WUADE Level 4 WU Building City Carm pus
T:+54 9921 9999 ext. B316

E: ethics@aut. &0
www.autacnzfresearchethics

28 February 2018

Craig Harrisen
Faculty of Health and Environmental Sciences

Dear Craig

Re Ethics Application: 18,29 The effect of a school based injury prevention programime on lower extremity injury
risk and performance in youth females

Thank you for providing evidence as reguested, which satisfies the peints raised by the Auckland University of
Technology Ethics Committee (AUTEC).

Your ethics application has been approved for three years until 27 February 2021,
Standard Conditions of Approval
1 A progress report is due annually on the anniversary of the approval date, using form EA2, which is available

online through http://www.aut ac.nz/researchethics.

2. Afinal report is due at the expiration of the approval period, or, upen completion of project, using form EA3,
which is available online through hittp://www._aut.ac nz/researchethics.

3. Any amendments to the project must be approved by AUTEC prior to being implementad. Amendments can
be requested using the EAZ form: hitp:/ /www aut ac nz/researchethics.

4. Any serious or unexpected adverse events must be reported to AUTEC Secretariat as a matter of prionty.

5. Any unforeseen events that might affect continued ethical acceptability of the preject should also be reported
to the AUTEC Secretariat as a matter of priority.

Please guote the application number and title on all future correspondence related to this project.

AUTEC grants ethical appraval only. If you require management approval for access for your research from another
institution or organisation then you are responsible for obtaining it. You are reminded that it is your responsibility to
ensura that the spelling and grammar of documents being provided to participants or external organisations is of a high
standard.

For any engquiries, please contact ethics@aut ac.nz

Yours sincerely,

(e

Kate O'Connor
Executive Manager
Auckland University of Technology Ethics Committee

e kammerfield 14@gmail com; chris.whatman@aut.ac.ne; themauldersiatra.oo.ne
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Appendix IV. Participant and Parent/Guardian Information sheets for Chapters 4-7

AU

TE WANAMGA ARONLI

Participant Information Sheet

Physical Problem Questionnaire O TABLAID MARAL RAY

Date Information Sheet Produced:

13 March 2018
Project Title

Azsessing injury incidence in adolescent female athletas
An Invitation

Iy name is Lesley Sommerfield, | am a PhD student at AUT 25 well as the Athletic Development Coach at 3HGC and
'would like to invite you to participate in this study. The ressarch is being conducted as part of my PhD. Participstion
im this research is entirely voluntary and you are able to withdraw from the study at any time. Your involvement in
this study will not impact your selection into future sports teams or academic classes.

What is the purpose of this research?

The incddence of sports-related injury in young female athletes is higher than ever before, a likely result of increased
training =nd competition losds together with underdeveloped athletic competencies, such as strength and
fundamental movement skill. Therefore, this rezearch is being conducted to understand what physical problems
[imjury, aches, pains, stiffness, swelling, etc) ococur most frequently in adelescent female athletes. The findings of
this injury surveillance will allow a training programme to be developed to mest the nesds of the population.

The information gzined from this reszarch will be presented in = way so that your name and contact detsils will
remain confidential. The information from this reszarch will be anonymous when pressnted at an intermationzl
sports science conference, submitted to a sports science journal for publishing, 2nd when included in my PhD thesis.

Howw wias | identified and why am | being invited to participate in this research?
Y¥ou 2re identified as a potentizl participant for this research as you fit into the following categories:
- Betwsen 12 and 18 years of ag=
- You are female
- You are 3 student in 3 year 3 or 10 physical education class at SHGEC
Howr do | agree to participate in this research?

If you would like to participste in this study your guardian will need to fill out and sign = Guardian Consent Form
[see attached) and you will need to fill cut and sign an Assent Form (see attached).

Your participation in this research is voluntary (it is your choice) and whether or not you choose to participate will
neither sdvantags nor disadvantage you. You are able to withdraw from the study at any time. If you choose to
withdraw from the study, then you will be offered the choice between having any data that is identifiable as
belonging to you removed or allowing it to continue to be used. Howewver, once the findings have been produced,
removal of your dats may not be possible.

‘What will happen in this research?

The ressarch involves examining how time spent in training and competition iz influenced by physical problems
[imjurizs) 25 well 25 what types of physical problems (injuries) are present in zdolescent female student-zthletes. If
you choose to participate in this research you will be required to complete a physical problem {injury) questionnaire
ance per week for three school terms. The participants are expected to use 3 personal mobile device to respond to
the guestionnaire which is availzble vis Google Forms. This will be done during PE curriculum time with your PE
teacher or Miss Sommerfield.

‘What are the discomforts and risks?

It is not expected that you will experience discomfort or risk beyaond that of participating in your normal PE claz=.
‘What are the benefits?

The benefits for you being a part of this study include:

- Being made aware of your physical problems and how they're affecting training/competition

- Results will determine what specific physical problems to focus on for an injury prevention programme
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The findings of the proposed research will be valuable for sport coaches and athletes as well as adolescent athletic
development coaches and researchers.

Finzlly, this research will benefit myself, a5 this study will be included in my PhD thesis.
How will my privacy be protected?

All of the data from this study will be de-identified. That means that your name ar contact information will not be
gveilable outside of the research databasze. The dats from this research will be made avsilable for approved
researchers without any additional consent beyond that given by yourself or guardian. | will keep all of your data
confidentizl and any data published or wsed for presentations will be anonymous.

What are the costs of participating in this research?

The guesticnnaire will take approximately 1-5 minutes to complete each week done for terms 2, 3 and 4.
What opportunity do | have to consider this invitation?

You hawve 2 weeks to decide whether or not you would like to participate in this study.
Will | receive feedback on the results of this research?

You will receive feedback for both instantaneous results of each weskly questionnaire and a2 summary of your
results at the end of the data collection. If you would like any sdditionsl information, please contact mysslf.

What do | do if | have concerns about this research?

Any concerns regarding the nature of this project should be notified in the first instance to the Project Supervisor,
D Craig Harrizomn

Email: croigi@athletedevelopment.org.ng
Phone: + &4 27 2265181

Concerns regarding the conduct of the research should be notified to the Executive Secretary of AUTEC, Kate
C'Connor, ethics@out.ac.nz , 921 9939 ext 6038,

Whom do | contact for further information about this research?

Please keep this Information Shest and a copy of the Consent Form for your future reference. You are alzo able to
contact the research team as follows:

Researcher Contact Details:
Lesley Sommerfield
Emazil: lzommerfield 14&@gmail.com
Project Supervisor Contact Details:
Dr Craig Harrison
Emazil: craigi@athletedevelopment.org.nz
Fhone: + &4 27 2265181

Approved by the Auckland University of Technology Ethics Committee on 12 June 2017, AUTEC Reference number 17/102.
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Parent/Guardian Information Sheet

Phyzical Problem Questionnaire

Date Information Sheet Produced:

13 March 2018
Project Title

Azseszing injury incidence in adolascent female athletes
An Invitation

Wy name iz Lesley Sommerfield, | am a PhD student at AUT as well as the Athletic Development Coach at 3HGEC and
| wiould like to invite your child to participate in this study. The research is being conducted as part of my PhD.
Participation in this research is entirely voluntary and your child is able to withdraw from the study at any time.
Your child's involvement in this study will not impact her selection into future sports teams or academic classes.

What is the purpose of this research?

The incidence of sports-related injury in young female athletes is higher than ever before, a likely result of increased
training and competition losds together with underdeveloped athletic competencies, such as strength and
fundamental movement skill. Therefore, this research is being conducted to understand what physical problems
(injury, aches, peins, stiffness, swelling, etc) occur mast frequently in adolescent female athlstes. The findings of
thiz injury surveillance will allow a training programme to be developed to mest the needs of the population.

The information gained from this research will be presented in a way so that your child's name and contact details
will remain confidential. The information from this research will be amonymous when presented at an international
sparts science conference, submitted to a sports science journal for publishing, and when induded in my PhD thesis.

Howw was your child identified and why is she being invited to participate in this research?
Your child is identified as a potentizal participant for this research as she fitz into the following categories:
- Between 12 and 18 years of age
- Sheisfemale
- Bheis a student im a year 9 or 10 physical education clazs at 3HGEC
How does miy child agree to participate in this research?

If your child would like to participate in this study you will need to fill out and sign a Guardian Consent Form (see
attached) and your child will nesd to fill out 2nd sign an Assent Form (s=e attached).

Your child’s participstion in this research is voluntzry {itis her choice) and whether or not she chooses to participate
will neither advantage nor disadvantage her. She is able to withdraw from the study at any time. If she chooses to
withdraw from the study, then she will be offered the choice betwesn having any data that is identifiable as
belenging to her removed or allowing it to continue to be uzed. However, once the findings have been produced,
remowzal of her data may not be possible.

What will happen in this research?

The research involwves examining how time spent in training and comgpetition is influenced by physical problems as
wiell as what types of physical problems are present in adolescent female student-athletes. If your child chooses to
participate in this research she will be reguired to complete 3 physical problem guestionnaire once per week for
three school terms. The participants are expected to use a personal mobile device to respond to the questionnaire
which is available via Google Forms. This will be done during PE curriculumn time with their PE teacher or Miss
Sommerfield.

What are the discomforts and risks?

It iz not expected that your child will experience discomfort or risk beyond that of participating in her normal PE
class.

What are the benefits?
The benefits for your child being a part of this study include:
- Being made aware of her physiczal problems and how they're affecting training/competition
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- Results will determine what specific physical problems to focus on for an injury prevention programme

The findings of the proposed research will be valuable for sport cosches and athletes as well as adolescent athletic
development coaches and ressarchers.

Fimally, this research will benefit myself, as this study will be included in my PhD thesis.
Howw will my child's privacy be protected?

All of the data from this sbudy will be de-identified. That means that your child's name or contact information will
nat be available outside of the research database. The data from this research will be made available for approved
researchers without any additional consent beyond that given by yourself or your child. | will keep all of your data
confidential and any data published or used for presentations will be anonymous.

What are the costs of participating in this research?

The guestionnaire will take approximately 1-5 minutes to complete each week done for terms 2, 3 and 4.
What opportunity do | have to consider this invitation?

You hawe 2 weeks to decide whether or not you would like your child to participate in this study.
Will | receive feadback on the results of this research?

You will receive feedback for both instantaneous results of each weekly questionnaire and a summary of your child's
results at the end of the data collection. If you would like any additional information, please contact myself.

What do | do if | have concerns about this research?

Any concerns regarding the nature of this project should be notified in the first instance to the Project Supenvisor,
D Craig Harrison

Email: croig@athletedevelopment.org.nz
Phone: + &4 27 22651581

Concerns regarding the conduct of the research should be notified to the Executive Secretary of AUTEC, Kate
O Connor, ethics@ogut.ac.nz , 321 5999 ext 6038,

Whom do | contact for further information about this research?

Please keep this Information Sheet and a copy of the Consent Form for youwr future reference. You are also able to
contact the research team as follows:

Researcher Contact Details:
Lesley Sommerfield
Email: lzommerfield14& gmail .com
Project Supervisor Contact Details:
Dr Craig Harrison
Emazil: craigi@athletedevelopment.arg.nz
Phone: + &4 27 2265181

Approved by the Auckland University of Technology Ethics Commiittee on 12 June 3017, AUTEC Reference number 17/102.
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Participant Information Sheet

Injury Prevention Programme
Date Information Sheet Produced:
13 March 2018
Project Title
The role of an injury prevention programme in youth females
An Invitation

Hi-mvy mame is Lesley Sommerfield, | am a PhD student at AUT as well as the Athletic Development Coach at SHGC
and | would like to invite you to participate in this study. Participation in this research is entirely voluntary and you
are able to withdraw from the study st any time. Your involvernent in this study will not impact your selection into
future sports teams or dasses at SHGC. This research is being done as part of my PhD and | want to find out how an
injury prevention programme affects injury risk and athletic performance. Will you help?

What is the purpose of this research?

Sport and increased levels of physical activity in youth are linked with high incidence of injuries. Childhood and
adolescence is an important time to learn and develop correct movement patterns and optimal levels of physical
conditioning to reduce injury rizk. This is particularly true for girls, who are at an increzsed risk of injury compared
to boys. One reason for this is boys see an increase in strength and power during puberty while girls do not. There
is growing evidence that risk factors for injury in youth can be reduced and sthletic performance improved by an
appropriate injury prevention programme. Most programmes, howesver, have been short in nature and have not
b=en in the school curriculum. As so many youth are invalved in multiple extracurricular activities, having a
programme based in the school will llow for more girls to be involved with and able to follow the full programme.
Therefore, this research is being conducted to examine the effect of an evidence based injury prevention
programme integrated into the school curriculum on injury risk factors and athletic performance in youth fermnales.

The information gained from this reszarch will be presented in & way so that your name and contact details will
remain confidential. The information from this research will be anonymous when presented at an international
spaorts science conference, submitted to a sports science journal for publishing, and when incduded in my PhD thesis.

Howw was | identified and whiy am | being invited to participate in this research?

You are identified as a potential participant for this research as you fit into the following categories:

- Betwsen 12 and 15 years of ags

- You are a student in a year 9 or 10 physical education class at 3HGC

- You are injury free for the last & months and/or are fully participating in training and competition for sports
How do | agree to participate in this research?

You will receive this document with an attached Aszent and Consent Form. If you would like to participate in this
study your guardian will need to fill out and sign & Guardian Conzent Form (zee attached) and you will need to fill
out and sign 2n Assent Form (see attached).

Your participation in this research is voluntary (it is your choice) and whether or not you choose to participate will
neither advantage nor disadvantage you. You are sble to withdraw from the study at any time. If you choose to
withdraw from the study, then you will be offered the choice between having any data that is identifiable as
belonging to you removed or allowing it to continue to be used. However, once the findings have been produced,
removal of your data may not be possible.

What will happen in this research?

This research involves examining how risk factors for injury and athletic performance are influenced by time spent
in an injury prevention programme integrated into the school curriculum. If you chose to participate in this research
you will be required to participste in an injury prevention programme twice per week during advanced physical
education class time for three school terms.

The programme will progress in duration as well as difficulty of exercises. The first term will be a3 10-minute
programme consisting of body weight exercizes. The second term will be 3 20-minute programme consisting of
exercises with minimal equipment (eg. mats, bands, medicine balls, etc.). The final term will b for the full class
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pericd {~40 minutes) 2nd will use equipment in the Fitness Centre (2g. barbells, dumbbells, etc.). The control group
of physical education students will not perform the trainings but will participate in their normal physical education
class. They will however be participating in the dsta collection sessions. If you choose to not participant im this
research, you will still be daing the injury prevention programme and tests but your data will not be used.

Data collection will ocour at the beginning of Term 2 and at the end of Terms 2, 3 and 4. The tests included will
invalve movement patterns (jumps, squats-filmed with digitzl cameras), vertizal jumping (double and single leg),
sprinting, lower body strength and a balance assessment. The tests that are filmed will only be viewed by me. Fa
photograph or video is used for a presentation or publication, your face will not be visible. | will then analyse the
data to determine effectiveness of the injury prevention programme compared to 2 typiczl amount of improvermeant
due to maturity from the control group. The findings may be used for publications and presentations.

What are the discojmforts and risks?

It i= not anticipated that you will experience discomfort that would be grester than that cocurring in @ normal
phiysical education dass.

You will be exposed to a small amount of physical risk of injury as you will be performing some resistance training.
You may also be exposzed to 3 small amount of physical risk or injury as you will be performing maximal pulling
efforts against a fixed object.

How will these discomforts and risks be alleviated?

Risk wvill be reduced as much as possible by implementing a suitable warm-up and cool-down before and after each
testing s=ssiom, abstaining from high intensity training in the 24 hours prior to each testing occasion, and arriving
to each testing session well hydrated and having eaten at least 90 minutes prior to the start. You will also be
sufficiently familiarized with zll physical movemnents and tests.

What are the benefits?
The benefits for you being a part of this study indude:
- Being made sware of your potential risk for injury
- Being made aware of your ability to accelerate, sprint and jump

The findings of the proposed research will be valuable for sport coaches and athletes as well as adolescent athletic
development coaches, teachers and researchers.

Finzlly, this research will benefit myself, as this study will be included in my PhD thesis and | will gain skills in
coaching, teaching and collecting data.

How will my privacy be protected?

All of the data from this study will be de-identified. That means that your name or contact information will not be
gvailable outzide of the ressarch dstabase. The dsta from this research will be made awsilable for approved
researchers without any additional consent beyond that given by yourself or guardian. | will kesp all of your data
confidentizl and any data published or used for presentations will be anonymous.

What are the costs of participating in this research?

Since this research will be during curriculum time, no additional time will be needed. However, some data collection
days may require additional time outside of curriculum. This will b2 done at either interval or lunch time to not
interrupt any other classes.

What opportunity do | have to consider this invitation?
You hawve 2 weeks to decide whether or not you would like to participate in this study.
Will | receive feadback on the results of this research?

You will receive feedback and a2 summary of your results at the end of the data collection. If you would like any
additional information, please contact myzelf.

What do | do if | have concerns about this research?

Any concerns regarding the nature of this project should be notified in the first instance to the Project Supervisor,
Dr Craig Harrison

Email: croig@athletedevelopment.org.nz
Phone: + 54 27 2265181
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Concerns regarding the conduct of the research should be notified to the Executive Secretary of AUTEC, Kate
O Connor, ethics@ogut.ac.rz , 921 9999 ext 6038,

Whom do | contact for further information about this research?

Please keep this Information Sheet and a copy of the Consent Form for your future reference. You are also able to
contact the research team as follows:

Researcher Contact Details:
Lesley Sommerfield
Email: lsommerfield14&@gmail .com
Project Supervisor Contact Details:
Dr Craig Harrison
Emazil: craigi@athletedevelopment.org.nz
Phone: + 54 27 2265181
Approved by the Auckland University of Technology Ethics Committes on 28 February 2018, AUTEC Reference number 18,29,
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Parent/Guardian Information Sheet
Injury Prevention Programme

Date Information Sheet Produced:

13 March 2018

Project Title

The role of an injury prevention programme in youth females

An Invitation

My name is Lesley Sommerfield, | am a PhD student at AUT as well as the Athletic Development Coach at SHGC and
| would like to invite your child to participate in this study. Participation in this research is entirely voluntary and
your child is able to withdraw from the study at any time. Your child's involvement in this study will not impact her
selection into future sports teams or classes at SHGC. This research is being done as part of my PhD and | want to
find out how an injury prevention programme affects injury risk and athletic performance.

What is the purpose of this research?

Sport and increased levels of physical activity in youth are linked with high incidence of injuries. Childhood and
adolescence is an important time to learn and develop correct movement patterns and optimal levels of physical
conditioning to reduce injury risk. This is particularly true for girls, who are at an increased risk of injury compared
to boys. One reason for this is boys see an increase in strength and power during puberty while girls do not. There
is growing evidence that risk factors for injury in youth can be reduced and athletic performance improved by an
appropriate injury prevention programme. Most programmes, however, have been short in nature and have not
been in the school curriculum. As so many youth are involved in multiple extracurricular activities, having a
programme based in the school will allow for more girls to be involved with and able to follow the full programme.
Therefore, this research is being conducted to examine the effect of an evidence based injury prevention
programme integrated into the school curriculum on injury risk factors and athletic performance in youth females.

The information gained from this research will be presented in a way so that your child’s name and contact details
will remain confidential. The information from this research will be anonymous when presented at an international
sports science conference, submitted to a sports science journal for publishing, and when included in my PhD thesis.

How was your child identified and why is she being invited to participate in this research?

Your child is identified as a potential participant for this research as you fit into the following categories:

- Between 12 and 15 years of age

- Sheisa student in a year 9 or 10 physical education class at SHGC

- Sheisinjury free for the last 6 months and/or has fully participated in training and competition for sports

How does my child agree to participate in this research?

You will receive this document with an attached Assent and Consent Form. If your child and would like to participate
in this study you will need to fill out and sign a Guardian Consent Form (see attached) and your child will need to
fill out and sign an Assent Form (see attached).

Your child’s participation in this research is voluntary (it is her choice) and whether or not she chooses to participate
vill neither advantage nor disadvantage her. She is able to withdraw from the study at any time. If she chooses to
withdraw from the study, then she will be offered the choice between having any data that is identifiable as
belonging to her removed or allowing it to continue to be used. However, once the findings have been produced,
removal of her data may not be possible.

What will happen in this research?

This research involves examining how risk factors for injury and athletic performance are influenced by time spent
in an injury prevention programme integrated into the school curriculum. If your child chooses to participate in this
research she will be required to participate in an injury prevention programme twice per week during advanced
physical education class time for three school terms.

The programme will progress in duration as well as difficulty of exercises. The first term will be 2 10-minute

programme consisting of body weight exercises. The second term will be 3 20-minute programme consisting of
exercises with minimal equipment (eg. mats, bands, medicine balls, etc.). The final term will be for the full class
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period (~40 minutes) and will use equipment in the Fitness Centre (eg. barbells, dumbbells, etc.). The control group
of physical education students will not perform the trainings but will participate in their normal physical education
class. They will however be participating in the data collection sessions. If your child chooses to not participant in
this research, she will still be doing the injury prevention programme and tests but your child's data will not be
used.

Data collection will occur at the beginning of Term 2 and at the end of Terms 2, 3 and 4. The tests included will
involve movement patterns (jumps, squats-filmed with digital cameras), vertical jumping (double and single leg),
sprinting, lower body strength and a balance assessment. The tests that are filmed will only be viewed by me. If a
photograph or video is used for 2 presentation or publication, your child's face will not be visible. | will then analyse
the data to determine effectiveness of the injury prevention programme compared to 2 typical amount of
improvement due to maturity from the control group. The findings may be used for publications and presentations.

What are the discomforts and risks?

It is not anticipated that your child will experience discomfort that would be greater than that occurring in 2 normal
physical education class.

Yeur child will be exposed to a small amount of physical risk of injury as she will be performing some resistance
training. Your child may also be exposed to a small amount of physical risk or injury as she will be performing
maximal pulling efforts against  fixed object.

How will these discomforts and risks be alleviated?

Risk will be mitigated as much as possible by implementing a suitable warm-up and cool-down before and after
each testing session, having your child abstain from high intensity training in the 24 hours prior to each testing
occasion, and having your child arrive to each testing session well hydrated and having eaten at least 30 minutes
prior to the start. Your child will also be sufficiently familiarized with all physical movements and tests.

What are the benefits?
The benefits for your child being a part of this study include:
-  Being made aware of their potential risk for injury
- Being made aware of their ability to accelerate, sprint and jump

The findings of the proposed research will be valuable for sport coaches and athletes as well as adolescent athletic
development coaches, teachers and researchers.

Finally, this research will benefit myself, as this study will be included in my PhD thesis and | will gain skills in
coaching, teaching and collecting data.

How will my child’s privacy be protected?
All of the data from this study will be de-identified. That means that your child's name or contact information will
not be available outside of the research database. The data from this research will be made available for approved
researchers without any additional consent beyond that given by yourself or guardian. | will keep zll of your child's
data confidential and any data published or used for presentations will be anonymous.

What are the costs of participating in this research?

Since this research will be during curriculum time, no additional time will be needed. However, some data collection
days may require additional time outside of curriculum. This will be done at either interval or lunch time to not
interrupt any other classes.

What opportunity do | have to consider this invitation?
You have 2 weeks to decide whether or not you would like your child to participate in this study.
Will | receive feedback on the results of this research?

You will receive feedback and a summary of your child’s resuits at the end of the data collection. If you would like
any additional information, please contact myself.

What do | do if | have concerns about this research?

Any concerns regarding the nature of this project should be notified in the first instance to the Project Supervisor,
Dr Craig Harrison

Emoail: croig@othletedevelopment.org.nz
Phone: +64 27 2265181
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Concerns regarding the conduct of the research should be notified to the Executive Secretary of AUTEC, Kate
O’Connor, ethics@out.ac.nz , 921 9995 ext 6038.

Whom do | contact for further information about this research?

Please keep this Information Sheet and a copy of the Consent Form for your future reference. You are also able to

contact the research team as follows:
Researcher Contact De1ails:

Lesley Sommerfield

Email: Isommerfield14@gmail.com
Project Supervisor Contact Details:

Dr Craig Harrison

Email: craig@athletedevelopment.org.nz

Phone: + 64 27 2265181

A § by the Auckland University of Tech

dogy Ethics Committee on 28 February 2018, AUTEC Reference number 18/29.
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Appendix V. Participant Assent and Parent/Guardian Consent Forms for Chapters 4-7

AL

Consent Form TE WANANGA ARGHUN

O TAMAKE MAKAL RAU
Project title: Assessing injury incidence in adolescent female athletes
Project Supervisor: Dr Craig Harrison
Researcher: Lesley sommerfield
o | have read and understood the information provided about this research project in the Information Sheet
dated 13 March 2013,
o | have had an opportunity to ask questions and to have them answered.
o | understand that taking part in this study is veluntary {my choice) and that | may withdraw from the study at

any time without being disadvantaged in any way.

o | understand that if | withdraw from the study then | will be offered the choice between having any data that
is identifiable as belonging to me removed or allowing it to continue to be wsed. However, once the findings
hawve been produced, removal of my data may not be possible.

o | 2grae to take part in this research.
o | wish to receive 3 summary of the research findings (please tick one): Yes Mo
Participant's signature: ...

Participant's nams: ...

Participant's Contact Details (if appropriate):

Date:

Approved by the Auckland University of Technology Ethics Committee on 12 June 2017 AUTEC Reference number
17102

Nate: The Participent shouwld retain a copy of this form.

19 Movernber 2019 page1of3 This version vwias kst edited in June 2046
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AUI

TE WAMAMEGA ARONUI
0 TRMAKI MAKAL RAL

Parent/Guardian Consent Form

Project title: Assessing injury incidence in adolescent female athletes

Project Supervisor:  Dr Croig Harrison

Researcher: Lesley Sommerfield

] | hawve read and understood the information provided about this research project in the Information Sheet
dated 13 March 2018.

o | have had an opportunity to ask gquestions and to hawve them answered.

o | understand that my child taking part in this study is voluntary (their choice)] and that | may withdraw my

child/children from the study at any time without being dizzdvantaged in zny way.

o | understand that if | withdraw my child/children from the study then | will be offered the choice between
having any data that is identifiable 25 belonging to my child/children removed or allowing it to continue to be
used. However, once the findings hawve been produced, removal of our data may not be possible.

o | zgree to my child/children taking part in this research.
o Although | might agree for my child to participate | accept that they have the right to decline participation.

o | wizh to receive a summary of the research findings [pleaza tick onej: Yes' No D

Child/children’s name/s :

Parent/Guardian’s signature:

Parent/Guardian’s name: ...

Parent/Guardian’s Contact Detzils |if appropriate):

Date:

Approved by the Auckland University of Technology Ethics Committee on 12 June 2017 AUTEC Reference number
177102

Naote: The Participont should retain a copy of this form.

19 Movembser 2019 page2aof 3 Thits version was kst edited in June 20456
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AUI

TE WANANGHA ARONLI
0 TAMAKI MAKAL RAL

Assent Form

Project title: The role of an injury prevention programme in youth females

Project Supervisor: Dr Craig Harrison

Researcher: Lesley Sommerfield

o | have read and understood the sheet telling me what will happen in this study and why it is important.

o | have been able to ask gquestions and to have them answered.

o | understand that | can stop being part of this study whenever | want and that it is perfectly ok for me to do
this.

o If | stop being part of the study, | understand that then | will be offered the choice between having any

information that that other people can know is about me remowved or letting the researcher keep using it. | also
understand that sometimes, if the results of the research have been written, some information about me may
not be able to be remowved.

o | am not suffering from any illness or injury that impairs my physical performance.

o | zgree to take part in this research.

o I wizh to receive a summary of the research findings (pleass tick onej: YesD Mo
Participant's signature: ...

Participant's name: ..

Participant Contact Details [if approprizte):

Date:

Approved by the Auckiand University of Technology Ethics Committee on 28 Februory 2018 AUTEC Reference
number 18/29

Naote: The Participant should retain a copy af this form.

2 hily 2015 page 2af 2 Thits versicn wiad kst edited in June 2006
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UL

Parent/Guardian Consent Form TE whNANGA ARONUY

0 TAMAKI MAKAL RAL

Project title: The role of an injury prevention programme in youth females

Praject Supervisor: Dr Craig Harrison

Researcher: Lesley Sommerfield

o | have read and understood the information provided about this research project in the Information Sheet
dated 13 March 2018,

o | hawve had an opportunity to ask questions and to have them answered.

o | understand that my child taking part in this study is woluntary (their choice) and that | may withdraw my

child/children from the study at any time without being diszdvantaged in any way.

o | understand that if | withdraw my child/children from the study then | will be offered the choice between
hawing any data that is identifiable 25 belonging to my child /children removed or allowing it to continue to be
used. However, once the findings have been produced, removal of our data may not be possible.

o Wy child is mot suffering from any illness or injury that impairs her physical performance.

o | agre= to my child/children taking part in this research.

o Although | might agree for myy child to participate | accept that they have the right to decline participation.
o | wizh to receive a surmmary of the research findings (please tick onz): YesiD Mo O

Child/children’s name/s :

Parent/Guardian’s signature - .......

Parent/Guardian's name: .....

Parent/Guardian's Contact Detsils [if zppropriate):

Date:

Approved by the Auckland University of Technology Ethics Committee on 28 February 2018 AUTEC Reference
number 18/29

Nate: The Participont showld retain o copy of this form.

2 hily 2015 page 1af2 Thits véssi on i bk edited in June 2006
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AUI

TE WAMAMGA ARONLUI
0 TAMAKI MAKAL RAU

Assent Form

Project title: The role of an injury prevention programme in youth females

Project Supervisar: Dr Craig Harrison

Researcher: Lesley Sommerfield

o | have read and understood the sheet telling me what will happen in this study and why it is important.

o | have been able to ask questions and to have them answered

o | understand that | will be part of a control group and will not receive the intervention training.

o | understand that | can stop being part of this sbudy whenever | want and that it is perfectly ok for me to do
this.

o If | stop being part of the study, | understand that then | will be offered the choice between having any
information that that other people can know is about me removed or letting the researcher keep using it. | also
understand that sometimes, if the results of the research have been written, some information about me may
not be able to be removed.

o | am not suffering from any illness or injury that impairs my physical performance.

o | zgree to take part in this research.

o | wizh to receive a summary of the research findings [pleasza tick onej: Yes  NoD

Participant's signature: ...

Participant's mams: ...

Participant Contact Details [if approprizte):

Date:

Approved by the Auckiond University of Technology Ethics Committee on 28 February 2018 AUTEC Reference
number 18/29

Nate: The Participent showld retain o copy of this form.

2 hily 2015 page 2aof 2 Thits version wias kst edited in June 20456
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AN

i TE WANAMGA ARONUL
Parent/Guardian Consent Form TEWANANGA ARONLA
Project title: The role of an injury prevention programme in youth females
Project Supervisor: Dr Craig Harrison
Researcher: Lesley Sommerfield
o | hawve read and understood the information provided about this research project in the Information Sheet

dated 13 March 2018.
o | hawve had an opportunity to ask questions and to hawve them answered.
o | understand that ry child/children will be part of = control group 2nd will not receive the intarvention training.
o | understand that my child taking part in this study is voluntary (their choice) and that | may withdraw my

child/children from the study at any time without being disadvantaged in 2ny way.

o | understand that if | withdraw my child/children from the study then | will be offered the choice between
having any dzta that is identifizble 25 belonging to my child/children remowed or allowing it to continue to be
used. However, once the findings have been produced, removal of our data may not be possible.

o Wy child iz not suffering from any illmess or injury that impairs her physical performance.

o | zgree to my child/children taking part in this research.

o Although | might agree for my child to participate | accept that they have the right to decline participation
o | wizh to receive a summary of the research findings [pleass tick one): Yes  NoO

Child/children's nama/s :

Parent/Guardian's signature:

Parent/Guardian’s name: ....

Parent/Guardian’s Contact Detzils |if appropriate):

Date:

Approved by the Auckland University of Technology Ethics Committee on 28 February 2018 AUTEC Reference
number 18/29

Naote: The Participont showld retain o copy of this form.

2 huly 2015 pagelaf2 Thiis wersion wits bt edited in June 2006
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