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Background

Female athletes are currently reported to be 4 to 6 times more likely to sustain a sports related
non-contact ACL injury than male athletes in comparable high-risk sports.l‘4 Altered or
decreased neuromuscular control during the execution of sports movements, which manifests
itself in resultant lower limb joint mechanics (motions and loads), may increase the risk of
ACL injury in female athletes.5~10 The established links between lower limb mechanics and
non-contact anterior cruciate ligament (ACL) injury risk led to the development of
neuromuscular training interventions designed to prevent ACL injury by targeting deficits
identified in specific populations.7v 10-15 Injury prevention protocols have resulted in positive
preventative and biomechanical changes in female athletic populations at high risk for knee
injury.lz- 14,16, 17 pjlot work also indicates that female athletes categorized as high risk for
ACL injury, based on previous coupled biomechanical and epidemiologic studies’, may be
more responsive to neuromuscular training.11 Yet, following neuromuscular training, the high-
risk categorized females may not reduce risk predictors to levels similar to those of low-risk
categorized athletes.11 In addition, Agel et al.18 performed a thirteen year (1989-2002)
retrospective epidemiological study to determine the trends in ACL injury rates of National
Collegiate Athletic Association soccer and basketball athletes. These authors reported
significant decrease in ACL injuries in male soccer players, whereas female soccer athletes
showed no change over the same time period. Both female basketball and soccer players
showed no change in the rates of non-contact ACL injuries over the study period and the
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r1n8agnitude of difference in rates (3.6 X) between their male counterparts remained unchanged.

There is evidence that neuromuscular training not only reduces the levels of potential
biomechanical risk factors for ACL injury, but also decreases knee and ACL injury incidence
in female athletes.12 However, reevaluation of ACL injury rates in female athletes indicates
that this important health issue has yet to be resolved.18 The purpose of the current review of
the literature is to provide evidence to outline a novel theory used to define the mechanisms
related to increased risk of ACL injury in female athletes. In addition, this discussion will
include theoretical constructs for the description of the mechanisms that lead to increased risk.
Finally, a clinical application section will outline neuromuscular training techniques designed
to target deficits that underlie the proposed mechanism of increased risk of knee injury in female
athletes.

Biomechanics related to Increased Risk of ACL injury in Female Athletes

Altered or decreased neuromuscular control during the execution of sports movements, which
result in excessive resultant lower limb joint motions and loads, may increase risk of ACL
injury in female athletes.19 Hewett et al. (2005) prospectively demonstrated that measures of
lower extremity valgus, including knee abduction motion and torque, during jump-landing
tasks, predicted ACL injury risk in young female athletes with high sensitivity and specificity.
7 Females also exhibit increased lower extremity valgus alignment and load compared to males
during landing and pivoting movements.> 9 20-27 Similar lower extremity valgus alignments
are often demonstrated by females at the time of injury.28—30 While the understanding of the
biomechanics associated with ACL injuries that predict increased injury risk is important , it
may be more relevant to define the mechanisms which actually induce the high-risk
biomechanics. If this is determined, more effective and efficient neuromuscular intervention
could be made available to high risk female populations.

The Relationship of Growth and Maturation to Development of High Risk
Mechanisms

Contrary to the findings of sex differences in ACL injury risk in the adolescent female athlete,
there is no evidence that a sex difference in ACL injury rates is present in pre-pubescent
athletes.31-34 While knee injuries do occur in the pre-adolescent athlete, with up to 63% of
the sports related injuries in children aged 6-12 years reported as joint sprains, and with the
majority of these sprains occurring at the knee, 34 specific sprains such as injuries to the anterior
cruciate ligament are more rare, and sex differences do not appear to be present in children
prior to their growth spurt.?’l‘33 However, following their growth spurt, female athletes have
higher rates of sprains than males, and this trend continues into maturity.

During peak height velocity in pubertal athletes, the tibia and femur grow at relatively rapid
rates in both sexes.°° Rapid growth of the two longest levers in the human body initiate height
increases and, in turn, an increased height of the center of mass, making muscular control of
trunk more difficult. In addition, increased body mass, concomitant with growth of joint levers,
may initiate greater £oint forces that are more difficult to balance and dampen during high
velocity maneuvers. 2,37, 38 Thys, it can be hypothesized that following the onset of puberty
and the initiation of peak height velocity, increased tibia and femur lever length, with increased
body mass and height of the center of mass, in the absence of increases in strength and
recruitment of the musculature at the hip and trunk, lead to decreased “core stability” or control
of trunk motion during dynamic tasks. 9 As female athletes reach maturity, decreased “core
stability” may underlie their tendency to demonstrate increased dynamic lower extremity
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XSI—QXZS load (hip adduction and knee abduction) during dynamic tasks (Figure 1).sz 37,38,

We have developed a concept of trunk and lower extremity function that identifies the body's
“core” as a critical modulator of lower extremity alignments and loads during dynamic tasks.
The trunk and hip stabilizers may pre-activate to counterbalance trunk motion and regulate
lower extremity postures.40‘42 Reduced pre-activation of the trunk and hip stabilizers may
allow increased lateral trunk positions the can incite knee abduction loads.#3 Decreased “core
stability” and muscular synergism of the trunk and hip stabilizers may affect performance in
power activities and may increase the incidence of injury secondary to lack of control of the
center of mass, especially in female athletes. 44 45 Zazulak et al. reported that factors related
to core stability predicted risk of knee injuries in female athletes but not in male athletes. 46
Thus, the current evidence indicates that compromised function of the trunk and hip stabilizers,
as they relate to “core” neuromuscular control, may underlie the mechanisms of increased ACL
injury risk in female athletes.”> 28, 29, 46

Neuromuscular Training Targeted to the Trunk (TNMT)

Appendix | presents a neuromuscular training protocol to be instituted with female athletes in
order to target deficits in trunk and hip control.47 Five exercise phases are utilized to facilitate
progressions designed to improve the athletes' ability to control the trunk and improve “core
stability” during dynamic activities (Table 1). All exercises in each phase progressively
increase the intensity of the exercise techniques. End stage progressions incorporate lateral
trunk perturbations that force the athlete to decelerate and to control the trunk in the coronal
plane in order to successfully execute the prescribed technique. Selected protocol sets and
repetitions should only be “soft” guidelines that an attainable goal for the athlete (Table 1).
Initial volume selection should be low to allow the athlete the opportunity to learn to perform
the exercise with excellent technique and relative ease. Volume (or resistance, when applicable)
should be increased until the athlete can perform all of the exercises at the prescribed volume
and intensity with near-perfect technique. The individual supervising the athletes should be
skilled in recognizing the proper technique for a given exercise, and should encourage the
athlete to maintain proper technique. If the athlete fatigues to a point that she can no longer
perform the exercise with near-perfect form, or she displays a sharp decline in proficiency,
then she should be instructed to stop. The repetitions for each completed exercise should be
noted, and the goal of the next training session should be to continue to improve technique and
to increase volume (number of repetitions) or intensity (resistance). Once an athlete becomes
proficient with all exercises within a progression phase, she can advance to the next successive
phase. To improve exercise techniques, instructors should give continuous and immediate
feedback to the young athlete, both during and after each exercise bout. This will make the
athlete aware of proper form and technique, as well as undesirable and potentially dangerous
positions. All of the exercises selected for the initial phase prior to progression are adapted
from previous epidemiological or interventional investigations that have reported reductions
in ACL injury risk or risk factors (Table 2).48—51 The protocol progressions were developed
from previous biomechanical investigations that reported reductions in knee abduction load in
female athletes following their training protocols.lov 11,13, 14 The novelty to this training
approach is that the current protocol will incorporate exercises that perturb the trunk to improve
control of trunk and improve “core stability” and decrease the mechanisms that induce high
knee abduction loading in female athletes.

Effects of Trunk Neuromuscular Training on Hip Abduction Peak Torque

Pilot studies that utilized the proposed TNMT protocol indicate that increased standing hip
abduction strength can be improved in female athletes (Table 3-Table 15).47 Hip abduction
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strength and recruitment may improve the ability of female athletes to increase control of lower
extremity alignment and decrease knee abduction motion and loads resulting from increased
trunk displacement during sports activities. Future investigations are needed to determine if
improved hip strength following TNMT translates into reduced knee abduction load in high
ACL injury risk female athletes. If this association is observed, then parallel investigations
should be undertaken to determine if TNMT is effective in pubertal and pre-pubertal athletes
to artificially induce “neuromuscular spurt” (defined as the natural adaptation of increased
power, strength and coordination that occur with increasing chronological age and maturational
stage in adolescent boys) especially related to relative hip strength and control which is often
reduced as young female athletes mature. 15,

Summary and Conclusions

Dynamic neuromuscular analysis orrented tramrngsappears to reduce ACL injuries in
adolescent and mature female athletes.! Targeted neuromuscular training, at or
near the onset of puberty, may simultaneously improve lower extremity strength and power,
reduce dangerous biomechanics related to ACL injury risk and improve single leg balance.

3 Neuromuscular training could be advocated in pre- and early pubertal children to help
prevent the development of high risk knee joint biomechanics that develop during this stage
of maturation.”4 A preemptive approach that institutes early interventional tralnrng may also
reduce the peak rate of ACL injuries that occurs near age sixteen in young girls 55 Due to the
near 100% risk of osteoarthritis in the ACL injured populattron,56 with or without surgical
reconstruction, prevention is currently the only effective intervention for these life-altering
injuries. Additional efforts towards the development of more specific injury prevention
protocols targeted towards the mechanism demonstrated in high risk athletes with the
determination of the timing of when these interventions should most effectively be utilized is
imperative. Specifically, neuromuscular training that focuses on trunk control instituted just
prior to pubertal development may provide the most effective interventional approach alleviate
high risk biomechanics in female athletes.
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Theory linking growth, neuromuscular adaptation, neuromuscular control, valgus and joint

load to ACL injury risk.
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Exercise progressions and the published intervention it was derived and adapted from.

Page 10

Phase |

Exercise Adapted from Intervention

Lateral Jumping Progression
Single-Leg Anterior Progression
Prone Trunk Stability Progression
Kneeling Trunk Stability Progression
Single Leg Lateral Progression
Tuck Jump Progression

Lunge Progression

Lunge Jump Progression
Hamstring Specific Progression
Single Leg Rotatory Progression
Lateral Trunk Progression

Trunk Flexion Progression

Trunk Extension Progression

Hewett 1999, Mandelbaum 2004
Hewett 1999

Myer 2007

Myer 2007

Myklebust 2003, Petersen 2006
Hewett 1999

Mandelbaum 2004

Hewett 1999

Mandelbaum 2004

Myklebust 2003, Petersen 2006
Myer 2007

Myklebust 2003, Petersen 2006
Myer 2007
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Table 3
Figures 2a—2z Exercise 1. Lateral Jumping Progression

Phase I — Lateral Jump and Hold

The athlete prepares for this exercise by standing with her feet close
together and her knees slightly bent. The athlete should jump laterally
over a line keeping her knees bent and staying close to the line. When
she lands on the opposite side, she should immediately descend into a
deep hold.

Phase Il - Lateral Jumps

The athlete prepares for this exercise by standing with her feet close
together and knees slightly bent on one side of the line. The athlete should|
jump sideways over the line keeping her knees bent and staying close to|
the line. When the athlete lands on the opposite side, she should
immediately redirect back to the initial position. The athlete should
repeat this sequence as quickly as she can while maintaining proper form,
When teaching this exercise, encourage the athlete to achieve as many
repetitions as possible in the allotted time by jumping close to the lines,
shortening the ground contact time, and not using excessive height on
the jumps. Do not allow the athlete to perform a double hop on the side
of the line. Early in the training the athlete may focus on the line, as he
technique improves encourage her to shift her visual focus away from
the line to outside cues.

Phase 111 - Lateral Hop and Hold

The athlete prepares for this exercise by standing on one foot and her
knee slightly bent. The athlete should jump sideways over a line keeping
her knee bent and staying close to the line. When she land on the opposite}
side, she should immediately descend into a single leg deep hold.

Phase IV - Lateral Hops
The athlete prepares for this exercise by standing on one leg with her
knee slightly bent on one side of the line. The athlete should jump
sideways over the line keeping her knee bent and staying close to the
line. When the athlete lands on the opposite side, she should immediately]
redirect back to the initial position. When teaching this exercise
encourage the athlete to achieve as many repetitions as possible in the
allotted time by jumping close to the lines, shortening the ground contact
time, and not using excessive height on the jumps. Do not allow the
athlete to perform a double hop on the side of the line. Early in the training|
the athlete may focus on the line, as her technique improves encourage
her to shift her visual focus away from the line to outside cues.
Phase V — X Hops
The athlete begins facing a quadrant pattern standing on a single limb
with her support knee slightly bent. She will hop diagonally, landing in
the opposite quadrant, maintaining forward stance, and holding the deep
knee flexion landing for three seconds. The athlete then hops laterally
into the side quadrant again holding the landing. Next, the athlete will
hop diagonally backwards holding the landing. Finally, she hops laterally}
into the initial quadrant holding the landing. The athlete should repeat
this figure 8 pattern for the required number of sets. Encourage the athlete]
to maintain balance during each landing, keeping her eyes up and her

focus away from her feet.
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Table 4

Figure 3a—3aa, Exercise 2. Single-Leg Anterior Progression

Phase I — Step-Hold
The athlete starts by taking a quick step forward and continues by
balancing in a deep hold position on the leg she stepped onto.

Phase Il - Jump-Single Leg Hold

The athlete will begin this exercise in the athletic position. The athlete
proceeds to jump forward, landing and balancing on one leg in a deep
hold position.

Phase 111 — Hop-Hold
Starting in a balanced position on one foot, the athlete hops forward,
landing and balancing on one leg in a deep hold position.

Phase IV - Hop-Hop-Hold
The athlete hops forward twice quickly, landing and balancing on one
leg in a deep hold position.

Phase V - Crossover-Hop-Hop-Hold
The athlete hops forward while alternating legs three times quickly,
landing and balancing on one leg in a deep hold position.
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Table 5

Figure 4a— 4i, Exercise 3. Prone Trunk Stability Progression

Phase | - BOSU® (Round) Toe Touch Swimmers

The athlete begins in a prone position with her abdomen centered on th
round side of the BOSU® and her arms overhead and legs extended. Th
athlete reaches back with one arm to touch opposite foot and returns to
the outstretched superman position.

The athlete begins in prone position with abdomen centered on the round
side of the BOSU® and with her arms overhead and legs extended. Th
movement is initiated by elevating the opposite arm and leg and held for}
three seconds. A partner will offer random perturbations by stepping on
different sides of the BOSU® during the exercise.

Phase Il - BOSU® (Round) Swimmers with Partner Perturbationsel

Phase 111 — Prone Bridge (Elbows and Knees) Hip Extension
Opposed Shoulder Flexion

The athlete begins in prone position with her elbows flexed and balanced|
on an Airex pad and knees on the ground. The movement is initiated by
elevating the opposite arm and leg and held for a single count and finished
by returning to the original position.

Phase 1V - Prone Bridge (Elbows and Toes) Hip Extension

The athlete begins in prone position with elbows flexed and balanced on|
an Airex pad and toes on the ground. The movement is initiated by
elevating the each leg individually and held for a single count and
finished by returning to the original position.

Phase V - Prone Bridge (Elbows and Toes) Hip Extension Opposite|
Shoulder Flexion

The athlete begins in prone position with elbows flexed and balanced on|
an Airex pad and toes on the ground. The movement is initiated by
elevating the opposite arm and leg and held for asingle count and finished|
by returning to the original position.
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Table 6

Figure 5a—5m, Exercise 4. Kneeling Trunk Stability Pro

ression

Page 14

Phase | - BOSU® (Round) Double Knee-Hold

The athlete begins this exercise by balancing in a kneeling position with|
her knees on each side of the round side of the BOSU®. The athlete will
maintain this balanced position with the hips slightly flexed for the
duration of the exercise.

Phase Il - BOSU® (Round) Single Knee-Hold

The athlete begins this exercise by balancing in a kneeling position withj
one knee directly in the middle of the round side of the BOSU® and the]
other knee extended out to the side. The athlete will maintain this
balanced position with the hip slightly flexed for the duration of the
exercise.

Phase 111 — Swiss Ball Bilateral Kneel
The athlete kneels and balances on Swiss ball with feet off the ground.
A spotter should be available at all times in front of the athlete.

Phase IV - Swiss Ball Bilateral kneel with Partner Perturbations
The athlete kneels and balances on Swiss ball with her feet off of the
ground. Once the athlete is stabilized a partner can perturb the ball by
kicking in unanticipated directions. A spotter should be available at all
times in front of the athlete.

Phase V — Swiss Ball Bilateral Kneel with Lateral Ball Catch

The athlete kneels and balances on Swiss ball with feet off the ground.
A ball should be tossed back and forth with a partner to increase the
difficulty of this exercise.
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Table 7

Figure 6a—6bb, Exercise 5. Single Leg Lateral Progression

Phase | - Single Leg Lateral AIREX Hop-Hold

Athlete starts on one side of the Airex pad and hops laterally onto the
Airex. The athlete should maintain balance and hold the knee in a flexed
position. The athlete then hops off the other side of the Airex onto the
ground, maintains balance and then repeats the exercise in the other
direction.

Phase Il - Single Leg Lateral BOSU® (Round) Hop-Hold

Athlete starts on one side of the BOSU® and hops laterally onto the
BOSU®. The athlete should maintain balance and hold the knee in a
flexed position. The athlete then hops off the other side of the BOSU®
onto the ground, maintains balance and then repeats the exercise in the
other direction.

Phase I11 - Single Leg Lateral BOSU® (Round) Hop-Hold with Ball
Catch

The athlete starts on one side of the BOSU® and hops laterally onto the]
BOSU®. The athlete should maintain balance and hold the knee in a
flexed position. The athlete then hops off the other side of the BOSU®
onto the ground, maintains balance and then repeats the exercise in the
other direction. The athlete is further challenged by having to catch and
return a ball upon each landing.

Phase IV - Single Leg 4 Way BOSU® (Round) Hop-Hold
The athlete starts in a single leg athletic position immediately behind the]
BOSU®. The athlete hops forward onto the round side of the BOSU®
and lands in a balanced position. After achieving a balanced single leg
stance on the BOSU®, the athlete proceeds to hop off the BOSU®
laterally and assumes this same stance on the floor immediately next to|
the BOSU®. The athlete will then continue to hop on and off the
BOSU®, achieving a balanced athletic position, in each of the four
directions: forward, backwards, lateral and medial.

Phase V - Single Leg 4 Way BOSU® (Round) Hop-Hold with Ball
Catch

The athlete starts in a single leg athletic position immediately behind the]
BOSU®. The athlete hops forward onto the round side of the BOSU®
and lands in a balanced position. After achieving a balanced single leg
stance on the BOSU®, the athlete proceeds to hop off the BOSU®
laterally and assumes this same stance on the floor immediately next to
the BOSU®. The athlete will then continue to hop on and off the
BOSU®), achieving a balanced athletic position, in each of the four
directions: forward, backwards, lateral and medial. A ball should be
tossed back and forth with a partner upon landing to increase the
difficulty of this exercise.
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Table 8
Figure 7a—7x, Exercise 6. Tuck Jump Progression

Phase I - Single Tuck Jump Soft Landing

The athlete starts in the athletic position with her feet shoulder width
apart. The athlete initiates a vertical jump with a slight crouch downward
while she extends her arms behind her. The athlete then swings her arms
forward as she simultaneously jumps straight up and pulls her knees up|
as high as possible. At the highest point of the jump the athlete should
be positioned in the air with her thighs parallel to the ground. On landing,
the athlete should land softly, using a toe to mid-foot rocker landing. The|
athlete should not continue this jump if she cannot control the high
landing force or keep her knees aligned during landing. If the athlete is
unable to raise the knees to the proper height, it may be valuable to
instruct her to “grasp the knees and they bring the thighs to horizontal.”
Phase Il - Double Tuck Jump

Similar to the single tuck jump described above but with an additional
jump performed immediately after the first jump. The athlete should
focus on maintaining good form and minimizing time on the ground
between jumps.

Phase 111 — Repeated Tuck Jumsp

The athlete starts in the athletic position with her feet shoulder width
apart. The athlete initiates a vertical jump with a slight crouch downward|
while she extends her arms behind her. The athlete then swings her arms
forward as she simultaneously jump straight up and pull her knees up as|
high as possible. At the highest point of the jump the athlete should be
positioned in the air with her thighs parallel to the ground. When landing
the athlete should immediately begin the next tuck jump.

Phase IV - Side to Side Tuck Jumps

The athlete starts in the athletic position with her feet shoulder width
apart. The athlete initiates a vertical jJump over a barrier with a slight
crouch downward while she extends her arms behind her. The athlete
then swings her arms forward as she simultaneously jumps straight up
and pulls her knees up as high as possible. At the highest point of the
jump the athlete should be positioned in the air with her thighs parallel
to the ground. When landing, the athlete should immediately begin the
next tuck jump back to the other side of the barrier.

Phase V - Side to Side Reaction Barrier Tuck Jumps

The athlete starts in the athletic position with her feet shoulder width
apart. The athlete initiates a vertical jump over a barrier with a slight
crouch downward while she extends her arms behind her. The athlete
then swings her arms forward as she simultaneously jump straight up and
pull her knees up as high as possible. At the highest point of the jump
the athlete should be positioned in the air with her thighs parallel to the
ground. When landing the athlete should immediately begin the next tuck]
jump. When prompted, the athlete should jump to the other side of the

barrier without breaking rhythm.
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Table 9

Figure 8a—8q, Exercise 7. Lunge Progression

Phase | - Front Lunges

The athlete begins by stepping forward from a standing position. The
step should be exaggerated in length to the point that her front leg is
positioned with the knee flexed to 90° and the lower leg completely
vertical. The back leg should be as straight as possible and the torso
upright. Emphasis should be placed on getting the hips as low as possible]
while maintaining the previously described body position. The exercise]
is completed by driving off the front leg and returning to the original
position.

Phase Il - Walking Lunges

The athlete performs a lunge and instead of returning to the start position|
she step through with the back limb and proceed forward with a lunge
on the opposite limb. Encourage the athlete to lunge her front limb far
enough out so that her knee does not advance beyond her ankle during
the exercise. An alternative coaching method is to instruct the athlete to
attempt to maintain a constant low center of gravity and roll through the]
lunges. This increases the intensity of the exercise and attempts to mimic
motions frequently occurring in sports.

Phase 111 — Walking Lunges Unilaterally Weighted

The athlete performs a lunge and instead of returning to the start position|
she steps through with the back limb and proceeds forward with a lunge]
on the opposite limb while holding a dumbbell in one hand. Encourage
the athlete to lunge her front limb far enough out so that her knee does
not advance beyond her ankle during the exercise. This exercise is then
repeated with the dumbbell in the opposite hand.

Phase IV — Walking Lunges with Plate Crossover

The athlete performs a lunge and instead of returning to the start position|
she steps through with the back limb and proceeds forward with a lunge|
on the opposite limb while reaching with a weight plate to the open side]
of the body. Encourage the athlete to lunge her front limb far enough ouf
so that her knee does not advance beyond her ankle during the exercise.

Phase V — Walking Lunges with Unilateral Shoulder Press

The athlete performs a lunge and instead of returning to the start position|
she steps through with the back limb and proceeds forward with a lunge|
on the opposite limb while pressing a dumbbell above her head. The
weight should move up and down with the same tempo and direction a9
the lunge. Encourage the athlete to lunge her front limb far enough out
so that her knee does not advance beyond her ankle during the exercise.
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Table 10
Figure 9a — 9s, Exercise 8. Lunge Jump Progression

Phase | - Lunge Jumps

The athlete starts in an extended stride position with the hips pushed
forward, and the front knee positioned directly above the ankle and flexed
to 90°. The back leg is fully extended at the hip and knee providing
minimal support for the stance. The athlete should jump vertically off off
the front support leg maintaining the starting position during flight and
landing. The jump is repeated as quickly as possible while still achieving
maximum vertical height. To coach this jump, encourage the athlete to
keep the back leg straight and use it only for balance support. Vertical
power is obtained by the front leg. Stance support percentages are
approximately 80% for the front leg and 20% for the back.

Phase Il - Scissor Jumps

The athlete starts in an extended stride position with the hips pushed
forward, and the front knee positioned directly above the ankle and flexed
to 90°. The back leg is fully extended at the hip and knee providing
minimal support for the stance. The athlete should jump vertically off off
the front support leg and switch the position of the legs while in flight.
The jump is repeated as quickly as possible while still achieving
maximum vertical height. The athlete will be jumping off alternate legs|
on each jump during this exercise.

Phase 111 - Lunge Jumps Unilaterally Weighted

The athlete starts in an extended stride position with her hips pushed
forward, and the front knee positioned directly above the ankle and flexed
to 90°. The back leg is fully extended at the hip and knee providing
minimal support for the stance. The athlete should jump vertically off off
the front support leg maintaining the starting position during flight and
landing. The jump is repeated as quickly as possible while still achieving
maximum vertical height. To unilaterally weight this exercise adumbbell
should be held in one hand. This exercise is then repeated with the
dumbbell in the opposite hand.

Phase IV — Scissor Jumps Unilaterally Weighted

The athlete starts in an extended stride position with the hips pushed
forward, and the front knee positioned directly above the ankle and flexed
to 90°. The back leg is fully extended at the hip and knee providing
minimal support for the stance. The athlete should jump vertically off off
the front support leg and switch the position of the legs while in flight.
The jump is repeated as quickly as possible, while still achieving
maximum vertical height. To unilaterally weight this exercise, a
dumbbell should be held in one hand. The athlete will be jumping off
alternate legs on each jump during this exercise. This exercise is then
repeated with the dumbbell in the opposite hand.

Phase V - Scissor Jumps with Ball Swivel

The athlete starts in an extended stride position with the hips pushed
forward, and the front knee positioned directly above the ankle and flexed
to 90°. The back leg is fully extended at the hip and knee providing
minimal support for the stance. The athlete should jump vertically off of]
the front support leg and switch the position of the legs while in flight.
The jump is repeated as quickly as possible while still achieving
maximum vertical height. To unilaterally weight this exercise, a
medicine ball should be swiveled to the open side of the body during

each jump. The athlete will be jumping off alternate legs.
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Table 11
Figure 10a — 10n, Exercise 9. Hamstring Specific Progression
Phase | - BOSU® (Flat) Pelvic Bridge
The athlete lays supine with her hip and knees flexed and her feet planted|
on the flat side of the BOSU®. The athlete then extends her hips and
elevates her trunk off the ground to execute a pelvic bridge. This position|
should be held for 3 seconds prior to repeating the next repetition.

Phase Il - BOSU® (Flat) Single Leg Pelvic Bridge

The athlete lays supine with her hip and knees flexed and a single foot
planted on the flat side of the BOSU® and the contralateral leg fully
extended. The athlete then extends her hips and elevates her trunk off the]
ground to execute a pelvic bridge. This position should be held for 3
seconds prior to repeating the next repetition.

Phase 111 - BOSU® (Flat) Single Leg Pelvic Bridge

The athlete lays supine with her hip and knees flexed and a single foot
planted on the flat side of the BOSU® and the contralateral leg fully
extended holding a ball directly above her in her hands. The athlete then
extends her hips and elevates her trunk off the ground to execute a pelvid]
bridge. This position should be held for 3 seconds prior to repeating the
next repetition. A weight plate is positioned on the hips to add resistance.

Phase IV — Supine Swiss Ball Hamstring Curl

The athlete lays supine with her hip and knees flexed with both heels
planted on top of a Swiss ball. The athlete then extends her hips and
elevates her trunk off the ground while pulling her heels in to her
buttocks.

Phase V — Russian Hamstring Curl with Lateral Touch

The athlete begins in a kneeling position with a partner providing foot
support and torso support (with band assistance). The athlete extends at|
the knee to lower their torso towards the ground. Once touching the
BOSU® with their chest the athlete swivels their trunk and returns to the
original position. The coach should provide enough assistance so that th

exercise can be performed without flexing at the hip.
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Table 12

Figure 11a—11u, Exercise 10. Single Leg Rotatory Progression

Phase | - Single Leg 90° Hop-Hold

The starting position for this jump is with the athlete in a semi-crouched|
position on the single limb being trained. The jump should focus on
attaining maximum height while maintaining good form upon landing.
During the flight phase, the athlete should rotate 90°. The landing occurs
on the same leg and should be performed with deep knee flexion (to 90°).
The landing should be held for a minimum of three seconds to be counted|
as a successful landing. Coach this jump with care to protect the athlete]
from injury. Start the athlete with a sub maximal effort so she can
experience the difficulty of the jump. Continue to increase the intensity]
of the jump as the athlete improves her ability to stick and hold the final
landing. Have the athlete keep her focus away from her feet, to help
prevent too much forward lean.

Phase Il - Single Leg 90° AIREX Hop-Hold

The starting position for this jump is with the athlete in a semi-crouched
position on the single limb being trained. The jump should focus on
attaining maximum height while maintaining good form upon landing.
During the flight phase the athlete should rotate 90°. The landing occurs|
on the same leg and should be performed with deep knee flexion (to 90°).
The landing should be held for a minimum of three seconds on an AIREX|
pad to be counted as a successful landing. Coach this jump with care to
protect the athlete from injury.

Phase 111 - Single Leg 90° Hop-Hold Reaction Ball Catch

The starting position for this jump is with the athlete in a semi-crouched|
position on the single limb being trained. The jump should focus on
attaining maximum height while maintaining good form upon landing.
During the flight phase the athlete should rotate 90°. The landing occurs
on the same leg and should be performed with deep knee flexion (to 90°).
The landing should be held for aminimum of three seconds on an AIREX]
pad to be counted as a successful landing. Upon landing a ball will be
passed back and forth with the athlete to increase the difficulty of a
successful landing.

Phase IV - Single Leg 180° AIREX Hop-Hold

The starting position for this jump is with the athlete in a semi-crouched
position on the single limb being trained. The jump should focus on
attaining maximum height while maintaining good form upon landing.
During the flight phase the athlete should rotate 180°. The landing occurs|
on the same leg and should be performed with deep knee flexion (to 90°),
The landing should be held for aminimum of three seconds on an AIREX]
pad to be counted as a successful landing.

Phase V - Single Leg 180° AIREX Hop-Hold Reaction Ball Catch
The starting position for this jump is with the athlete in a semi-crouched|
position on the single limb being trained. The jump should focus on
attaining maximum height while maintaining good form upon landing.
During the flight phase the athlete should rotate 180°. The landing occurs
on the same leg and should be performed with deep knee flexion (to 90°),
The landing should be held for aminimum of three seconds on an AIREX]
pad to be counted as a successful landing. Upon landing a ball will be
passed back and forth with the athlete to increase the difficulty of a
successful landing.
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Table 13

Figure 12a—12¢, Exercise 11. Lateral Trunk Progression

Phase | - BOSU® (Round) Lateral Crunch

The athlete starts lying on her side with her hip located in the center of
the round side of the BOSU®. The athlete’s feet and legs must be
anchored during this exercise by the trainer or a stationary object. The
athlete will proceed to bend laterally at the waist back and forth for the
prescribed repetitions.

Phase 11 - Box Lateral Crunch
Athlete starts in a supine position on a plyo box with arms placed on the}
back of the head. The athlete flexes her trunk simultaneous with hip
flexion. As the trunk and hip are maximally flexed, the athlete rotates at|
the trunk touching each elbow to the opposite knee.

Phase 111 - BOSU® (Round) Lateral Crunch with Ball Catch
Athlete starts lying on side with hip located top of the round side of a
BOSU®. The athlete’s feet and legs must be anchored during this
exercise by the trainer or a stationary object. The athlete will proceed tg
bend laterally at the waist back and forth for the prescribed repetitions.
A ball should be tossed back and forth with a partner to increase the
difficulty of this exercise.

Phase IV — Swiss Ball Lateral Crunch

Athlete starts lying on side with hip located top of a Swiss ball. The
athlete’s feet and legs must be anchored during this exercise by the trainen]
or a stationary object. The athlete will proceed to bend laterally at the
waist back and forth for the prescribed repetitions.

Phase V — Swiss Ball Lateral Crunch with Ball Catch

Athlete starts lying on side with hip located top of a Swiss ball. The
athlete’s feetand legs must be anchored during this exercise by the traine
or a stationary object. The athlete will proceed to bend laterally at the
waist back and forth for the prescribed repetitions. A ball should be
tossed back and forth with a partner to increase the difficulty of this
exercise.
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Table 14

Figure 13a—13u, Exercise 12. Trunk Flexion Progression

Phase | - Box Double Crunch
The athlete starts out supine on a plyometric box or similar object and
flexes her trunk simultaneous with hip flexion.

Phase Il - Box Swivel Double Crunch

Athlete starts in a supine position on a plyo box with arms placed across
chest. The athlete flexes her trunk simultaneous with hip flexion. As the]
trunk and hip are maximally flexed, the athlete rotates at the trunk
touching each elbow to the opposite knee.

Phase 111 - BOSU® (Round) Swivel Ball Touches (Feet up)
Athlete starts sitting on the round side of a BOSU® holding a medicine|
ball. The athlete will proceed to swivel at the trunk to touch the medicine
ball to the floor for each repetition.

Phase 1V - BOSU® (Round) Double Crunch
Athlete starts sitting on the round side of a BOSU®. The athlete flexes
her trunk simultaneous with hip flexion.

Phase V — BOSU® (Round) Swivel Double Crunch

Athlete starts sitting on the round side of a BOSU®. The athlete flexes
her trunk simultaneous with hip flexion. As the trunk and hip are
maximally flexed, the athlete rotates at the trunk touching each elbow tof
the opposite knee.
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Table 15

Figures 14a—14s, Exercise 13. Trunk Extension Progression

Phase | — Swiss Ball Back Hyperextensions

The athlete begins in a prone position on the Swiss ball with her hips
centered on top of the Swiss ball and a partner anchoring her feet to the]
floor. The movement is initiated by extending her hips and lower back
to bring the athlete into a position of slight hyperextension. The position|
should be maintained for a short pause and then returned to the flexed
position.

Phase Il — Swiss Ball Back Hyperextensions with Ball Reach

The athlete begins in a prone position on the Swiss ball with her hips
centered on top of the Swiss ball and a partner anchoring her feet to the]
floor. The movement is initiated by extending hips and lower back to
bring the athlete into a position of slight hyperextension. While
performing this motion the athlete will also extend and return a medicing]
ball from the chest to full shoulder and elbow extension and back to the]
chest.

Phase I11 - Swiss Ball Hyperextensions with Back Fly

The athlete begins in a prone position on the Swiss ball with her hips
centered on top of the Swiss ball and a partner anchoring her feet to thej
floor. The movement is initiated by extending hips and lower back to
bring the athlete into a position of slight hyperextension. The position
should be maintained while the athlete brings dumbbells out to the side
similar to a back fly exercise.

Phase IV — Swiss Ball Hyperextensions with Ball Reach Lateral
The athlete begins in a prone position on the Swiss ball with her hips
centered on top of the Swiss ball and a partner anchoring her feet to thej
floor. The movement is initiated by extending hips and lower back to
bring the athlete into a position of slight hyperextension. The position
should be maintained while the athlete brings a medicine ball above he
head and slightly to the side.

Phase V — Swiss Ball Hyperextensions with Lateral Ball Catch
The athlete begins in a prone position on the Swiss ball with her hips
centered on top of the Swiss ball and a partner anchoring her feet to the
floor. The movement is initiated by extending hips and lower back to
bring the athlete into a position of slight hyperextension. The position
should be maintained while the athlete brings a medicine ball above her
head and slightly to the side. A ball should be tossed back and forth with
a partner to increase the difficulty of this exercise.
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