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Lead Summary

Some athletes may be more susceptible to at-risk knee positions during sports activities, but the
underlying causes are not clearly defined. This manuscripts synthesizes in vivo, in vitro and in-
silica (computer simulated) data to delineate likely risk factors to the mechanism(s) of non-contact
ACL injuries. From these identified risk factors, we will discuss newly developed real-time
screening techniques that can be used in training sessions to identify modifiable risk factors.
Techniques provided will target and correct altered mechanics which may reduce or eliminate risk
factors and aid in the prevention of non-contact ACL injuries in high risk athletes.
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Determination of the Potential Risk Factors for ACL Injury

Most ACL injuries in female sports occur during a non-contact episode, typically during
deceleration, lateral pivoting, or landing tasks that are associated with high loads on the knee
joint (Figure 1 A).(7' 59) Sports maneuvers may lead to high external knee loads in both
sexes. Why these tasks result in greater incidence of ACL injury in females has, until
recently, remained unclear. Three major etiological theories have been proposed to explain
the gender disparity observed in ACL injury rates: anatomic, hormonal and neuromuscular.
(20 47) A number of studies of ACL injury risk factors have focused on anatomic or
anthropometric measures such as thigh length, (5) joint laxity(56) and femoral notch width.
(66) However, static anatomic measures such as Q-angle often do not appear to correlate to
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the mechanics associated with dynamic injury mechanism(48+ 51) Hormonal factors,
particularly those associated with the follicular and ovulatory phases of the menstrual cycle
have also been linked to ACL injury risk.(1' 20 27- 68’ 751 761 79) However, the precise
means by which they may contribute to ACL injury risk and the extent to which these
hormonal factors can be modified remains unclear.(10)

Determination of Potential Modifiable Risk Factors for ACL Injury in

Females

The study of modifiable risk factors has focused on the working hypothesis that ACL injury
risks are related to measurable deficits in neuromuscular control in female athletes.(11: 13
25) Neuromuscular control deficits are defined as muscle strength, power or activation
patterns that lead to increased knee joint and ACL loads.(47) Female athletes demonstrate
neuromuscular control deficits that increase lower extremity joint loads during sports
activities.(26)

One neuromuscular deficit, which is operationally termed *“ligament dominance,” can be
defined as an imbalance between the neuromuscular and ligamentous control of dynamic
knee joint stability.(47) This control imbalance is demonstrated by an inability to control
lower extremity frontal plane motion during landing and cutting. A second modifiable
neuromuscular control deficit often observed in female athletes, which is termed
“quadriceps dominance,” can be defined as an imbalance between knee extensor and flexor
strength, recruitment and coordination.(47) A third neuromuscular control deficit, often
observed in female athletes is “leg dominance,” which can be defined as an imbalance
between the two lower extremities in strength, coordination and control.(47) The fourth and
final neuromuscular control deficit, often observed in female athletes is “truck dominance
“core' dysfunction,” which can be defined as an imbalance between the inertial demands of
the trunk and control and coordination to resist it.

During landing, pivoting, or deceleration, the motion of the female athlete's trunk is often
excessive and directed, to a greater extent, by that body segment's inertia, than by the
athlete's core muscle function. This decreased core control and ability to dissipate force
result in excessive trunk motion, especially in the frontal plane, as well as, high ground
reaction forces and knee joint abduction torques (knee load).(23)

These four potential neuromuscular control deficits, operationally defined above, are
postulated to be important contributors to knee and ACL injury incidence in female athletes.
(25’ 44 63 78) ACL injury likely occurs under conditions of high dynamic loading of the
knee joint, when active muscular restraints do not compensate for and dampen joint loads
adequately (Figure 1A).(6) Decreased neuromuscular control of the joint may place stress on
the passive ligamentous structures that may exceed their strength limit and potentially lead
to mechanical failure.(35' 40) External abduction moment (LOAD) is the lab-based Kkinetic
measure that is predictive of future injury and likely contributes to the stress on an ACL
during injury (Figure 1C and Figure 1D).(25' 65) The term “valgus” is used to describe the
video evidenced mechanism of injury (Figure 1A) and is visually associated with a knock-
kneed position during dynamic tasks (Figure 1B).

Neuromuscular control of high load movements is required to maintain dynamic knee
stability during landing and pivoting.(3: 35) Deficits in the active neuromuscular control
system likely affect dynamic knee stability and possibly increase the risk of an ACL injury.
Methods to identify neuromuscular control deficits during tasks related to ACL injury
mechanisms, such as landing, cutting and decelerating, may offer the greatest potential for
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the development and application of neuromuscular screening interventions targeted to high
risk populations.(7: 59)

The authors currently employ a two-pronged approach to the prevention of ACL injuries in
young female athletes. We incorporate both risk screening and dynamic neuromuscular
training as dual interventions to prevent these devastating injuries. Myer et al. demonstrated
that those athletes that subject their knees to higher joint loads benefit to a greater extent
from our dynamic neuromuscular training protocols than those who do not.(46) Therefore,
we first screen athletes for high risk status and then intervene with neuromuscular training
designed to ameliorate those specific neuromuscular imbalances that those specific athletes
demonstrate. This dual approach likely results in greater efficacy of both avenues of
intervention.

Potential Modifiable Risk Factors Associated with Dynamic Movements

Hewett et al.(26) tested the hypothesis that insufficient neuromuscular control of lower limb
biomechanics, particularly the knee joint, leads to high risk patterns in female athletes
during execution of common, albeit potentially hazardous, movements. The results of this
study demonstrated that peak landing forces were significantly predicted by knee abduction
torques (LOAD) at the knee in females, that females developed decreased relative knee
flexor torque during landing compared to males and that females had greater side to side
differences in normalized hamstrings peak torque compared to males.

Ford et al.(11) reported similar gender differences during the performance of a drop vertical
jump (Figure 1B). This study determined that female athletes landed with a greater
maximum valgus knee angle and greater total valgus knee motion than male athletes (Figure
1C). Female athletes also demonstrated significant differences between their dominant and
non-dominant side in maximum valgus knee angle. These differences in valgus measures
(ligament dominance) and limb-to- limb asymmetries (leg dominance) reflect neuromuscular
deficits that may be indicative of decreased dynamic knee joint control in female athletes.
(11)

Subsequent studies systematically evaluated neuromuscular control at the hip in female
athletes.(22+ 80) The evidence from multiple, potentially high-risk, movements indicated
that variables at the hip contributed to dynamic valgus. In addition, electromyographic
(EMG) data demonstrated female to male differences in firing patterns of the hip
musculature.(80) The purpose of these studies was to identify sex differences in hip motion,
kinetics and muscle firing patterns during single leg agility and landing maneuvers. It was
hypothesized that female athletes would display increased hip adduction angles and external
adduction moments during this multi-component dynamic maneuver that may contribute to
lower extremity valgus.

The results demonstrated that female athletes had greater hip adduction angles and torques
than males during multi-directional single-leg landing. These differences were limited to the
frontal plane and were not observed in the sagittal plane. EMG patterns showed increased
quadriceps and decreased gluteal firing in females.(80) Another study examined sex
differences during single leg landings from either a medial or lateral direction.(14) In
addition to greater knee abduction angles, female athletes also exhibited increased hip
frontal plane excursion compared to males during both types of landings.(14) The increased
hip adduction (hip varus) motion seen in the frontal plane during athletic activities likely
contributes to the dynamic valgus knee position that may place the athlete at increased risk
of ACL injury (Figure 1D).(14+ 22)
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Proliferation of ACL Injury Risk Factors during Adolescent Growth

Males demonstrate power, strength and coordination increases with increasing chronological
age that correlate to maturational stage, while females show significantly smaller changes
throughout puberty.(4+ 38) Correlations between height, weight and neuromuscular
performance observed in males are absent in pubescent females. For example, vertical jump
height (a measure of whole-body power) increases steadily in males during puberty, but not
in females.(31' 38' 64) Musculoskeletal growth during puberty, in the absence of
corresponding neuromuscular adaptation, may facilitate the development of certain intrinsic
ACL injury risk factors.(16' 24) These intrinsic risk factors, if not addressed at the proper
time, may continue through adolescence into maturity and predispose athletes to ACL
injuries.

Neuromuscular training programs have been successful at reducing measures of knee
abduction.(26' 46+ 54 55) A comprehensive review of ACL injury prevention programs
indicates that neuromuscular training appears to decrease ACL injury rates in female
athletes.(21) These programs typically incorporate plyometric training and technique
analysis. Ongoing studies show that knee abduction measures may be useful for the
identification of those females who are at increased risk of ACL injury.(25) In a recent
longitudinal study, Ford et al. (17) identified that during a landing task pubertal females
have an increased change in knee abduction motion during a year of adolescent growth. In
addition, important reported risk factors of knee abduction motion and torque were
significantly greater across consecutive years in young post-pubertal female athletes
compared to males. (17)

Figure 2A, B, C presents a representative subject whose combination of decreased tibia
length and mass prior to her rapid growth spurt diminish risk to demonstrate high knee
LOAD landing mechanics. Conversely, Figure 2D, E, F provides an example of
representative subject whose combination of increased tibia length and mass associated with
her rapid growth contribute to her increased risk to demonstrate high knee LOAD landing
mechanics when using the clinic-based ACL injury risk prediction algorithm.

Determination the timing of athlete specific maturation

Somatic maturational assessments are traditionally the best way to identify rapid adolescent
growth.(38) The Khamis-Roche method of estimated adult stature was developed from the
Fels Longitudinal Study that collected data on families residing in southwestern Ohio.(32)
The subject's stature, mass, midparental stature and age was utilized to develop regression
equations for boys and girls. This equation can be used to estimate the current percentage of
height compared to their final estimated height.

Early puberty may be an appropriate time during maturation to institute intervention
programs that aim to control knee abduction motion and torque as well to induce a
neuromuscular spurt through targeted neuromuscular training. The pubertal female group in
our recent study was approximately 12 years old and estimated to be at 88 percent of adult
stature (17). Therefore, training programs may be most beneficial prior to timing when girls
are growing the fastest during adolescence (peak height velocity) which is near 92 percent of
adult stature.

Screening for High Risk Athletes

Laboratory based screening tools demonstrate that altered neuromuscular strategies or
decreased neuromuscular control during the execution of sports movements, as evidenced by
abnormal lower limb joint mechanics (motions and loads), may underlie the increased risk
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of ACL injury in female athletes.(9' 11 15 25: 41: 54) Prospective measures of external
knee abduction moment during landing predict non-contact ACL injury risk in young female
athletes (Figure 1A-D).(25)

Calculation of knee injury risk factors such as knee abduction moment, through inverse
dynamics, requires complex laboratory-based three-dimensional kinematic and kinetic
measurement techniques. However, a recent report has isolated biomechanical measures that
contribute to nearly 80% of the measured variance in knee abduction moment during
landing.(51) These biomechanical predictors of knee abduction moment, which include
increased knee abduction angle, increased relative quadriceps recruitment and decreased
knee flexion range of motion (ROM), concomitant with increased tibia length and mass
normalized to body height that accompanies growth, are also measurements that have all
been related to increased risk of ACL injury in previous prospective and retrospective
epidemiological reports.(7+ 25+ 60+ 70) Unfortunately, expensive biomechanical laboratories,
with the costly and labor intensive measurement tools to test individual athletes, are required
for these measurements. This restricts the potential to perform athletes' risk assessments on a
large scale, in particular limiting the potential to target high injury risk athletes with the
appropriate intervention strategies.

To achieve the objective of reduction of non-contact ACL injury risk in female athletes,
identification of those athletes who preferentially demonstrate high knee abduction moment
landing mechanics appears salient. Therefore, a field-based assessment algorithm was
systematically developed and validated that aimed to improve the potential to identify and
target injury prevention training to female athletes with increased knee abduction moment.
(50 52: 53) The validated field-based assessment algorithm delineated five biomechanical
factors that could be captured in clinic and field settings that combined to identify high knee
abduction moment during landing with high accuracy.(50' 52+ 53) This clinic-based
assessment tool can be administered in a clinic or field setting, is validated by the highly
accurate laboratory-based assessment, and can help to facilitate screening for ACL injury
risk on a more widespread basis (Figure 2).

While the clinic-based assessment tool is valuable to identify athletes who should be
targeted with neuromuscular training, it was imperative to develop a “Coach Friendly”
plyometric exercise landing assessment and technique training tool to target high risk ACL
injury mechanisms. For this reason the tuck jump assessment tool was developed to aid
coach's decision making during training sessions (Figure 3).(49)

Real Time Field Assessment and Training Tool

The tuck jump exercise may be useful to the strength coach for the identification of lower
extremity technical flaws during a plyometric activity (Figure 4).(47) The tuck jump
requires a high effort level from the athlete. Because of this, the strength coach may readily
identify potential deficits (Figure 3), especially during the first few repetitions. In addition,
the tuck jump exercise may be used to assess improvement in lower extremity biomechanics
as the athlete progresses through their training.(47: 49)

Figure 3 provides the “coach friendly” landing technique assessment tool strength coaches
may use to monitor an athlete's performance of the tuck jump before, during and after
training. Specifically, the athlete performs repeated tuck jumps for 10 seconds, which allows
the coach to visually grade the outlined criteria. To further improve accuracy of the
assessment, a standard 2D camera in the frontal and sagittal planes may be utilized to assist
the coach. The athlete's techniques (Figure 3) are subjectively rated as either having an
apparent deficit (checked) or not. The deficits are then tallied for the final assessment score.
Indicators of flawed techniques should be noted for each athlete and should be the focus of
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feedback during subsequent training sessions. The athlete's baseline performance can be
compared to repeated assessments performed at the midpoint and conclusion of training
protocols, to objectively track improvement with jumping and landing technique (Figure 3).

Ligament Dominance Criteria of the Tuck Jump Assessment

For ease of presentation, criteria assessed using the tuck jump tool can be grouped into
modifiable risk factor categories (Figure 5). As mentioned previously, ligament dominance
is defined as an imbalance between the neuromuscular and ligamentous control of dynamic
knee joint stability.(47) This imbalance in control of dynamic knee joint stability is
demonstrated by an inability to control lower extremity frontal plane motion during landing
and cutting. External abduction moment (LOAD) is the lab-based kinetic measure that is
predictive of future injury and likely contributes to the stress on an ACL during injury
(Figure 1 C and Figure 1D).(25' 65) The term “valgus” is used to describe the video
evidenced mechanism of injury (Figure 1A) and is visually associated with a knock-kneed
position during dynamic tasks (Figure 1B). Figure 6 presents a “ligament dominant” athlete
who lacks sufficient frontal plane control of her lower extremity during performance of the
tuck jump. Figure 7 presents secondary assessment of ligament dominance with the criteria
that assesses if foot placement is maintained shoulder width apart during landing. This
athlete's reduced ligament dominant landing mechanics may be driven from lack of frontal
plane control at the hip which may be improved with targeted training for the trunk and hip.
(42: 43 47 55 62)

Quadriceps Dominance Criteria of the Tuck Jump Assessment

A second modifiable neuromuscular control deficit often observed in female athletes, which
was termed “quadriceps dominance,” is defined as an imbalance between knee extensor and
flexor strength, recruitment and coordination.(47) Landing with the knee at nearly full
extension is a commonly associated mechanism of ACL injury.(7) Decreased hamstrings
strength relative to the quadriceps is implicated as a potential mechanism for increased
lower extremity injuries.(12: 18+ 33: 44+ 69) and potentially ACL injury risk in female
athletes.(47) Joint stability through hamstrings and quadriceps co-contraction may be
necessary when the joint experiences high quadriceps activation or when the passive
structures are compromised.(67+ 73) Withrow and colleagues reported that increased
hamstrings force during the flexion phase of simulated jump landings greatly decreased
relative strain on the ACL.(74)

Another proposed theory related to neuromuscular imbalances and increased ACL injury
risk in females is the relatively low knee flexor to extensor recruitment that may be
reflective of a closed chain dynamic hamstrings/quadriceps peak torque output.(26: 39) For
example, hamstrings activation can decrease the load on the passive restraints of the knee,
(37) increase the knee joint compression force and stabilize the knee from external varus/
valgus load.(36) Hewett et al. reported that males demonstrated knee flexor moments,
measured using inverse dynamics, that were three-fold higher than females during
deceleration from a landing.(26) This group of females also demonstrated decreased
isokinetic H/Q ratio and increased knee abduction (valgus) moments compared to male
subjects. The increased knee valgus moment significantly correlated to the peak impact
forces during the maneuver and is purported to increase ACL injury risk in female athletes.
(25’ 26) Ford and colleagues reported that females showed an absence of matched increased
hamstrings muscle activation relative to quadriceps and overall low amplitude during the
landing phase of a jump.(12)

This tendency of female athletes to preferentially activate the quadriceps relative to the
hamstrings during high demand activities may limit their abilities to maintain dynamic knee

Strength Cond J. Author manuscript; available in PMC 2012 June 1.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Myer et al.

Page 7

control during high risk maneuvers. Athletes that demonstrate quadriceps dominance may
increase their risk of ACL injury when they cut and land with low knee flexion angles. An
athlete who lands with small knee flexion angles and flat foot position demonstrate
characteristics of a quadriceps dominant athlete (figure 8) and will likely demonstrate
excessive landing contact noise. This criterion assessed using the tuck jump tool can be
grouped into quadriceps dominance modifiable risk factor category (Figure 5) and if
identified with the tuck jump assessment should be targeted with posterior chain and deep
knee flexion exercises.(44: 45 47: 54: 55)

Leg Dominance/Residual Injury Deficits Criteria of the Tuck Jump
Assessment

A third neuromuscular control deficit, frequently observed in female athletes is “leg
dominance,” which is defined as an imbalance between the two lower extremities in
strength, coordination and control.(47) Coaches should be cognizant during their risk
assessment that side-to-side imbalances in neuromuscular strength, flexibility and
coordination can be important predictors of increased injury risk.(2: 25+ 33) Specific to ACL
injury risk in female athletes, leg-to-leg differences in dynamic valgus measures were
observed in injured, but not uninjured females. Importantly, side-to-side differences in knee
LOAD were 6.4x greater in ACL-injured versus the uninjured females. Female athletes tend
to demonstrate side-to-side differences in visually evident maximum knee valgus angle
during a box drop vertical jump.(11) In addition, female athletes often demonstrate leg-leg
deficits following injury that increase their risk of subsequent injury.(61' 63) Leg dominance
or residual injury deficits may be evident in the grouped tuck jump criteria including: thighs
not equal side to side during flight (figure 9), foot placement not parallel (front-to-back)
(figure 10), foot contact timing not equal (figure 11). Athletes identified with leg to leg
deficit should be targeted with integrated training that combines both plyometric and
dynamic stabilization to improve leg-to-leg symmetry during dynamic tasks.(45' 54)

“Core” Dysfunction Dominance Criteria of the Tuck Jump Assessment

The fourth neuromuscular control deficit, often observed in female athletes is “core”
dysfunction dominance, which may be defined as an imbalance between the inertial
demands of the trunk and core control and coordination to resist it. 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.(43) The trunk and
hip stabilizers may pre-activate to counterbalance trunk motion and regulate lower extremity
postures.(28' 29: 71) Reduced pre-activation of the trunk and hip stabilizers may allow
increased lateral trunk positions that can incite knee abduction loads.(72)

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.(30' 61 63+ 77) Zazulak et
al. reported that factors related to core stability predicted risk of knee injuries in female
athletes but not in male athletes.(78) 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.(25' 34: 59: 78)

Core dysfunction imbalance may be evident in the athlete's tuck jump criteria including
thighs do not reach parallel (peak of jump) (figure 12), pause between jumps, and the athlete
does not land in the same footprint (figure 13). Athletes identified with these deficits should
be targeted with trunk and hip training to improve “core” control.(42' 43)
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Technique Perfection Criteria of the Tuck Jump Assessment

The tuck jump assessment tool can be utilized to improve high risk techniques during an
exercise that requires a high effort level from the athlete. As suggested earlier, an athlete
may place most of his or her cognitive efforts solely on the performance of this difficult
jump and demonstrate many technical flaws that are indicative of increased risk for injury.
However, if she can improve her neuromuscular control and biomechanics during this
difficult jump and maintain control during the entire jump-landing sequence, she may gain
dynamic neuromuscular control of the lower extremity and create a learned skill that can be
transferred to competitive play (Figure 4). We recommend that athletes who do not improve
their scores, or who demonstrate six or more flawed techniques, should be targeted for
further technique training. These data indicate that the tuck jump assessment is best utilized
for a single coach to re-assess athletes to determine changes in technical performance of the
tuck jump exercise.(57: 58)

Effect of Training on Tuck Jump Assessment Criteria

Cumulatively, research indicates that ACL intervention training can be utilized to reduce
measured deficits during the tuck jump assessment and may help prevent risk of ACL injury.
A pilot study was conducted to test the effects of pre-season and in-season neuromuscular
training on the tuck jump assessment scores to determine if both training periods were vital
to a training protocol.(8) The data from this study indicate that preseason neuromuscular
training should be considered paramount within the yearly strength and conditioning
program to help minimize the risk factors associated with ACL injury.

The tuck jump assessment allows a coach or clinician to evaluate an athlete's risk of injury
as well as identify specific deficiencies. By using this test throughout the yearly training
cycle, overall progress can be monitored and training can be more thoroughly directed. The
results also indicate a potential dose-response to the neuromuscular training targeted to
prevent ACL injury training. Preliminary results indicate that additional training throughout
the competitive season has added benefits in terms of reducing risk of ACL injury based on
improvements to the athlete's tuck jump assessment score. Future research is warranted to
determine the relationship of reduced deficits gained from utilization of the presented
techniques with actual reduction of injury in athletes treated with targeted training.

CONCLUSIONS

To achieve the objective of reduction of non-contact ACL injury risk in female athletes,
identification and treatment of those who preferentially demonstrate “high risk” landing
mechanics appears salient. The provided tuck jump assessment tool provides an integrated
approach to guide targeted dynamic neuromuscular analysis training to specifically address
and correct neuromuscular deficits that increase high LOAD risk within the algorithm.
Theoretically, through identification of female athletes at greater risk for ACL injury,
prevention strategies to reduce an ACL injury could be substantially improved. Current non-
targeted neuromuscular training programs require application to 89 female athletes to
prevent one ACL injury.(19)

Female athletes who demonstrate “high risk” landing mechanics are at increased risk for
ACL injury and are more likely to benefit from neuromuscular training targeted to these risk
factors.(46) Utilization of the developed field-based assessment and training tool may guide
the application of appropriate interventions that will have greater potential to reduce their
injury risk. Targeted correction of high risk factors for injury is important for both optimal
biomechanics of athletic movements that maximize sport performance and ultimately the
reduction of knee ligament injury incidence in female athletes.
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Figure 1.

A. ACL injury mechanism with high knee abduction angle that is related to high LOAD.
B. Videographic depiction of athlete with kinematic pattern that is likely to demonstrate
high LOAD.

C. Motion analysis depiction of athlete with kinematic and kinetic pattern indicative of high
LOAD.

D. Scatterplot of data comparing those who went onto ACL injury to uninjured control
subject. Red-line indicates established cut-point which provided maximum sensitivity and
specificity to predict ACL injured status. Athletes who demonstrate LOAD beyond
(negative values indicate increased LOAD) red line may be at “high risk” for ACL injury
during competition (figure 1A).
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Figure 2.

A. Representative subject whose combination of decreased tibia length and mass prior to her
rapid growth spurt diminish risk to demonstrate high LOAD landing mechanics. Knee
valgus motion during the drop vertical jump is calculated as the displacement measure
between the two marked knee alignment in the X plane measured at the frame prior to initial
contact and the frame with maximum knee flexion (Xo— X1).

B. Knee flexion range of ROM during the drop vertical jump is calculated as the difference
in knee flexion angle between initial contact and maximum knee flexion positions (6;—65).
C. Completed nomogram for the representative subject (Tibia length: 32.5 cm; Knee valgus
motion: 4.2 cm; Knee flexion ROM: 74.1°; mass: 30.7 kg; QuadHam: 1.64). Based on her
demonstrated measurements this subject would have a 12% (62.5 points) percent chance to
demonstrate high LOAD during the drop vertical jump. Her actual LOAD measure for the
presented drop vertical jump that was quantified simultaneously with 3D motion analysis
was 13.4 Nm of knee abduction load.

D. Example of representative subject whose combination of increased tibia length and mass
associated with her rapid growth contribute to her increased risk to demonstrate high LOAD
landing mechanics when using the clinic-based ACL injury risk prediction algorithm. Knee
valgus motion during the drop vertical jump is calculated (Xy— X1).

E. Knee flexion range of ROM during the drop vertical jump is calculated (©61—65).

F. Completed nomogram for the representative subject (Tibia length: 45 cm; Knee valgus
motion: 3.0 cm; Knee flexion ROM: 60.0°; mass: 71 kg; QuadHam: 1.19). Based on her
demonstrated measurements this subject would have a 91% (116.5 points) percent chance to
demonstrate high LOAD during the drop vertical jump. Her actual LOAD measure for the
presented drop vertical jump that was quantified simultaneously with 3D motion analysis
was 48.5 Nm of knee abduction load.
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Tuck Jump Assessment i Comments

Figure 3.

TJA assessment tool can be utilized to score deficits during a jumping and landing sequence
movement. To perform the tuck jump assessment the athlete is instructed to start in the
athletic position with her feet shoulder-width apart (on line marked 35 cm apart). They are
instructed to initiate the jJump with a slight crouch downward while they extend their arms
behind her. They then swing their 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 is
instructed to pull her thighs parallel to the ground. When landing, the athlete should
immediately begin the next tuck jump. Encourage the athlete to land softly, using a toe to
mid-foot rocker landing and land in the same footprint with each jump. The athlete is
instructed to perform the tuck jump exercise for 10 seconds and should be instructed to not
continue this jump if they demonstrate a sharp decline in technique during the allotted time
frame. Figure reproduced from Myer, G. D., K. R. Ford, et al. (2008). “Tuck Jump
Assessment for Reducing Anterior Cruciate Ligament Injury Risk.” Athletic Therapy Today
13(5): 39-44 with permission from the editor.
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Figure 4.
Desired technical performance of the tuck jump exercise.
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Ligament Dominance
* Lower extremity valgus at landing
* Foot placement not should width apart

Quadriceps Dominance

* Excessive Landing contact noise

Leg Dominance or Residual Injury Deficits

* Thighs not equal side to side during flight
* Foot placement not parallel (front-to-back)
* Foot contact timing not equal

Trunk Dominance ("Core" Dysfunction

¢ Thighs do not reach parallel (peak of jump)
e Pause between jumps

* Does not land in the same footprint

Technique Perfection
* Perfect Technique declines prior to 10 seconds

Figure 5.

Tuck jump criteria grouped by modifiable risk factor categorizations.
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Figure 6.
Lower extremity valgus at landing. This is indicated by the athlete displaying a “knock-
kneed” position while in contact with the ground.
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Figure 7.
Foot placement not shoulder width apart. This deficit can be manifested with feet either

closer together or farther apart.
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Figure 8.

Excessive Landing contact noise. This is typically displayed by the athlete through landing
with flat feet and is typically accompanied by a lack of knee and hip flexion during the
stance phase.
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Figure 9.
Thighs not equal side to side during flight. Side dominance often is visible when an athlete
has one thigh that does not achieve the same height as their contralateral thigh.
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Figure 10.
Foot placement not parallel (front-to-back). Often an athlete will “drop” one foot behind the
other while on the ground to help minimize forces on an injured or weaker limb.
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Figure 11.
Foot contact timing not equal. Similar to not placing the feel parallel, the athlete will
occasionally change the timing of the foot contacts to protect an injured or weaker limb.
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Figure 12.
Thighs do not reach parallel (peak of jump). This deficit is typically a product of the athlete's

inability to create enough power to achieve a height at which the legs can become properly
tucked.
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Figure 13.

Does not land in the same footprint. Many times an athlete will tend to float around the
jumping area due to a lack of full body or “core” control. When this deficit is present, the
coach should be careful in determining the cause so that training can be properly applied.
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