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Abstract 
Background/Purpose: Studies investigating the trends of anterior cruciate 
ligament (ACL) reconstruction rates have shown that since 2006, females aged 
13 - 17 years of age have had the highest injury rates of any age or gender 
group in the country. This study investigated the lower chain biomechanics of 
landing before and after a six-session training intervention. This training ses-
sion was conducted between the fall and spring season break for a travel soccer 
club. Study design: Non-randomized controlled follow-up study. Methods: 
Thirty-six healthy, female soccer players between the ages of ten and fifteen 
years old participated. Using an inertial tracking system for three-dimensional 
kinematic (motion) analyses of a drop jump assessment that were conducted 
before and after a six-session training intervention focused on proximal hip 
strengthening, motor control, and lower extremity loading strategies. The 
study took place over a period of eight weeks. Results: When compared to 
pre-intervention measures for the drop jump, post-intervention measures were 
significantly improved bilaterally for each of the following variables: knee 
flexion (p = 0.000), hip flexion (p = 0.000), and hip abduction (p = 0.002. As 
compared to pre-test jump height, post-test jump heights were significantly 
lower by an average value of 1.8034 cm (p = 0.005). Conclusions: The results 
of this study showed that a short duration (six, 90 min, sessions occurring 
over 8 weeks) training intervention can significantly influence the landing 
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kinematics in adolescent female soccer players during a drop jump assess-
ment. Increased peak values of hip and knee flexion along with decreased hip 
adduction during landing indicate a more optimal loading technique asso-
ciated with decreased risk of ACL injury. The inertial motion analysis system 
was a useful screening tool for identifying high-risk biomechanics that must 
be addressed to develop successful ACL injury prevention programs. 
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1. Introduction 

Injuries to the anterior cruciate ligament occur at a high rate in the athletic pop-
ulation with an estimated 0.7 - 2.5 ACL tears per every 1000 athletic exposures 
[1]. Of all sports, ACL injuries are especially common in soccer, the most widely 
played sport in the world, among both males and females [2]. The consequences 
of injury can be detrimental to the athlete physically, mentally, and financially, 
while placing a burden on the nation’s public health system as well. 

The financial toll of an ACL injury is substantial in that the approximate cost 
to society for ACL reconstruction is estimated to be $38,121, while the cost of re-
habilitation without surgery is approximately $88,538 [3]. Furthermore, ACL 
injury puts a person at high risk for osteoarthritis later in life, making injury a 
lifetime burden on both the individual and the economy. As many as 13.9% of 
young adults with a history of knee injury will have knee osteoarthritis by the 
age of 65, as compared to 6% of young adults without a history of knee injury 
[4]. An ACL injury accompanied by meniscal injury can lead to knee osteoarth-
ritis in 21% - 48% of individuals [5]. In female soccer players examined 12 years 
after ACL injury, 82% showed osteophyte formation and joint space narrowing 
of the knee on radiographs [6]. 

ACL injury also takes time away from the athlete’s participation in sport. An 
analysis conducted among patients from the Multicenter Orthopaedic Outcomes 
Network (MOON) investigated return to play (RTP) among soccer players after 
ACL reconstruction. Of 100 subjects, 76% of males and 67% of females returned 
to soccer after ACL reconstruction. However, the average RTP time was 12.2 ± 
14.3 months, indicating that ACL injury results in loss of an entire season for 
each athlete injured. The results also demonstrated that RTP is slightly less in 
females than in males [7]. 

Injury to the ACL can occur by contact or non-contact mechanisms. Previous 
literature has shown that approximately 70% of ACL injuries occur in non-contact 
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situations (without bodily contact from another player or object) [8]. Of non-contact 
injuries, most tears occur during rapid changes in direction associated with de-
celeration, particularly when there is an increase in knee extension torque and/or 
dynamic valgus moment at the knee when the ipsilateral foot is planted on the 
ground. This can occur when landing from jumping with the knee at or near full 
extension, during rapid change of direction moments in dynamic valgus posi-
tioning, or when pivoting near extension on a planted foot [9] [10] [11]. The risk 
of injury is further increased when any of the above occurs in combination with 
a strong quadriceps contraction. At full knee extension, the angle-of-insertion of 
the patellar tendon is greatest relative to the tibia, making the ACL vulnerable 
and increasing the risk for a tear [12]. Fatigue has also been shown to decrease 
knee flexion and increase hip internal rotation during dynamic closed-chain de-
celeration moments, further increasing the risk for injury [13]. 

Risk factors for ACL injury are both modifiable and non-modifiable in nature. 
Non-modifiable factors can be environmental or biological. Environmental fac-
tors include playing surface, weather, bracing, and footwear [14], while biological 
factors include limb alignment, joint instability, ligament size [15], hormones, and 
genetic predisposition to any of the aforementioned biological aspects. While 
distinct and important for consideration, such anatomical, hormonal, and ge-
netic risk factors are not modifiable in current medical practice. Thus, interven-
tion strategies to decrease injury risk are consequently directed towards those 
that are modifiable in nature. Specifically, targeting risk factors associated with 
neuromuscular control and biomechanics which are susceptible to change with 
training interventions has shown the greatest potential to reduce the incidence 
of non-contact ACL injury when addressed effectively [16] [17] [18] [19]. 

Females in general are known to be at higher risk for ACL injury, in part due 
to the greater influence of anatomical and hormonal risk factors in this popula-
tion relative to males. In a study of private insurance data for 148 million U.S. 
residents found that overall, the average annual anterior cruciate ligament (ACL) 
surgery rate climbed 22 percent from 2002 to 2014, when it reached 75 proce-
dures for every 100,000 people. However for teen girls, the average annual knee 
surgery rate rose by 59 percent during the study period to 269 procedures for 
every 100,000 people [20]. Female athletes who play soccer and basketball are 
two-to-eight times more likely to suffer an ACL injury compared to their male 
counterparts, according to the American Orthopaedic Society for Sports Medi-
cine [21]. Further, females tend to exhibit altered neuromuscular strategies dur-
ing the stance phase of lower extremity loading maneuvers when compared to 
their male counterparts. Such neuromuscular strategies alter the distribution of 
forces through the knee, making them disadvantageous. Strategies implemented 
by females tend to include less knee flexion angles, greater knee valgus angles, 
greater quadriceps activation, and lower gluteal and hamstring activation in com-
parison to strategies implemented by males [22]. Females have also been shown 
to exhibit greater tibial internal rotation than males, which further increases the 
risk of ACL injury [23] [24]. 
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A 10-year study investigating male and female NCAA basketball and soccer 
players found that females are three times more likely than males to sustain an 
ACL tear through non-contact mechanisms. When in contact with another player, 
females are twice as likely as men to injure their ACL. In particular, females are 
more likely to exhibit a valgus moment at the knee during deceleration, while 
males typically experience a varus moment [25]. A large valgus moment puts a 
greater strain on the ACL when compared to non-valgus loading when the knee 
is flexed in closed-chain movement [26]. Peak frontal plane movements have 
been shown to be twice as high in females than in males, and the ACL is one of 
the primary passive stabilizing structures when the knee is loaded in the frontal 
plane of motion [25]. Plyometric training has been shown to decrease both knee 
valgus moments and peak impact forces, and therefore may be warranted for 
utilization in preventative training interventions [19]. 

Along with a tendency to over-activate the quadriceps, females also demon-
strate suboptimal neuromuscular control during skilled performance involving 
complex dynamic loading actions of the lower quarter [24]. Neuromuscular in-
sufficiency of this nature predisposes athletes to injury and specifically can lead 
to ACL strain or rupture when the knee is loaded in known positions of high-risk 
[9]. Women are more likely than men to exhibit movement behavior that places 
high stress on the ACL during closed chain loading moments of the lower quar-
ter, although there is debate in the field regarding which factors contribute the 
most to this tendency [22] [27]. It has been proposed that the coordination of 
muscular contractions directly influences the loading of the ACL. Co-contraction 
of the quadriceps and hamstrings at the knee joint causes joint compression, 
which may protect the joint from anterior translational force [22] [28]. Thus, 
joint compression may allow for increased valgus loading at articular contact 
forces, which could decrease the load to the ligaments, protecting their integrity. 

When comparing male and female kinetics during side-step cutting, it has 
been shown that females exhibit greater quadriceps activation on EMG than 
males. Along with increased frontal plane movement, females also demonstrate a 
smaller peak knee flexor moment and higher adductor moment, which also may 
reduce sagittal plane protection and allow for larger anterior tibial translation 
[25]. The tendency to over-activate the quadriceps during landing is known as a 
“stiff landing” (low flexion) technique, which results in limited hip and knee flex-
ion. Females tend to exhibit a “stiff landing,” while males typically demonstrate a 
“soft landing” (high flexion) technique that involves greater hamstring activation. 
The “stiff landing” technique has been shown to cause increased frontal plane 
loading during deceleration, as well as decreased energy absorption at the hip. It 
has also been demonstrated that females exhibit less knee flexion than males 
during running, side-cutting, and cross-cutting functional activities [22] [23]. 

Neuromuscular insufficiency and suboptimal regional coordination patterns 
are elements that can be addressed by an ACL injury prevention program. Such 
interventions are designed to improve modifiable risk factors related to ACL 
trauma, such as muscular strength, technique, and body mechanics during landing 
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and cutting movements.  
The purpose of this study was to utilize an inertial tracking system to investi-

gate the biomechanics of jumping and landing before and after a six-session 
training intervention focused on proximal hip strengthening, motor control, and 
lower extremity loading strategies. The mean values of the hip, knee, and ankle 
joints were analyzed in a population of healthy, young, female soccer players. 
Secondary aims were to determine whether jump height increased, decreased, or 
remained the same following intervention. 

2. Methods 
2.1. Subjects 

A total of 54 female athletes between the ages of 10 and 15 years old were re-
cruited from a local soccer club for a six-session training intervention, which 
was completed over the course of eight weeks. The exclusion criteria used was an 
athlete who currently had a lower extremity injury or had undergone a surgery 
on their lower extremity within the past two years. Overall, 36 of the participat-
ing athletes agreed to undergo clinical testing and motion analysis assessments 
before and after the training intervention. 

2.2. Instrumentation 

Noraxon’s Myo Motion inertial system is a three-dimensional kinematic system 
that measures joint position using compact Inertial Measurement Units (IMUs). 
Measurements are obtained from sensors placed on specific segments of the body, 
which determine the three-dimensional angular orientation of the body parts they 
overlie. The placement of multiple sensors allows for analysis of joint articula-
tion of the entire body. The inertial system used in this study was manufactured 
by Noraxon. It records measurements with a static accuracy of ±0.4 degrees and 
a dynamic accuracy of ±1.2 degrees [29] with three degrees of freedom.  

The Vertec Vertical Jump is an open design that allows vertical jump mea-
surements accurate to the nearest 0.5 inch. Vertec is manufactured by Jump 
USA. The equipment includes a reset pole that allows the testing administrator 
to record jump heights from 6 - 12 feet. In this study, measurements were con-
verted to centimeters for recording purposes.  

2.3. Procedure 

Prior to data collection, the study was approved by Belmont University’s Institu-
tional Review Board in. Each athlete and guardian received a child assent form 
and parental informed consent to review and sign. The athlete was then assigned 
an identification number. Participants completed the motion analysis activities 
individually and in series while being assessed by a team of physical therapists 
(PT) and physical therapy students (SPT). Each SPT was under direct supervi-
sion of the present PTs. 

Biometric data of height and weight, along with previous history of injury, 
was recorded for each subject. A brief lower quarter screen was then performed 
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on each participant to identify any potential red flags not otherwise reported. 
Screening included the following: performance of a full bilateral squat, hip 
scouring test, Femoral-Acetabular Impingement (FAI) test, Flexion Abduction 
External Rotation (FABER) test, and bilateral resisted manual muscle testing of 
hip flexors, knee extensors, knee flexors, and ankle dorsiflexors. Participants 
who reported any previous injuries in the lower quarter were screened appro-
priately for ligamentous integrity in the respective regions of involvement. Sub-
jects with injury present at the time of the study were excluded from testing. 

2.4. Motion Analysis 

MyoMotion sensors were placed on each participant at the following locations: 
over the sacrum, mid-thighs (bilaterally), midway foreleg (bilaterally), and dor-
sum of the feet (bilaterally). Participants were instructed to complete a Drop 
Jump Test from a 40 cm box. Image 1(a) shows the placement of MyoMotion 
sensors and the starting position for the test. Each participant started atop the 
box and was instructed to jump down from the box to the floor. Upon landing, 
the participants were told to jump vertically as high as possible and with maxi-
mum effort for three different trials. During each jump, MyoMotion sensors 
recorded biomechanical data of hip, knee, and ankle joint movements. Simulta-
neously, vertical jump height measurements were obtained in inches using the 
Vertec Vertical Jump. Image 1(b) shows a progression of the jump from take-off, 
landing, and peak vertical jump height in the sagittal view. Image 1(c) depicts 
peak jump height and alignment of limbs in the frontal view. 

In order to control for the variation of height among subjects, each participant 
stood on tiptoes under the Vertec and reached up to touch as many Vertec units 
as possible. These units were then moved aside and used as a landmark from 
which Drop Jump measurements were taken. Participants stood on the 40 cm 
box with feet shoulder-width apart to calibrate the MyoMotion. Each subject was 
 

 
Image 1. Sequence of drop jump followed by vertical jump. (a) Shows the placement of 
MyoMotion sensors and the starting position for the test. Each participant started atop 
the box and was instructed to jump down from the box to the floor; (b) Upon landing, the 
participants were told to jump vertically as high as possible and with maximum effort for 
three different trials. During each jump, MyoMotion sensors recorded biomechanical da-
ta of all the joints of the lower extremities; (c) Depicts peak vertical jump and simulta-
neously, vertical jump height measurements were obtained in inches using the Vertec. 
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then instructed to jump from the 40 cm box to the floor and to jump upwards 
immediately on landing. While jumping upwards, participants touched as many 
Vertec units as possible by reaching with their upper extremity. Data collected 
from the MyoMotion sensors was recorded after each jump. After the participant 
completed three jump tests, the Vertec was recalibrated for the next participant.  

Following pre-testing procedures, a six-session neuromuscular training inter-
vention was implemented over the course of eight weeks. Participants were di-
vided into two groups of younger and older divisions respectively, and trained 
by a licensed physical therapist for six, 90 minute sessions spaced over the dura-
tion of the study. Training methods primarily emphasized proximal hip streng-
thening, motor control in various unilateral weight bearing positions, and gen-
eral lower extremity loading strategies specific to dynamic pivoting sports in-
cluding jumping, landing, and rapid change of direction moments. Following 
the training intervention, pre-testing procedures were repeated for post-test data 
collection and analysis. 

3. Results 
Thirty-six total females participated in pre-testing, intervention, and post-test 
measures. The group as a whole attended approximately 5.5 of 6 sessions on av-
erage. All individuals were free of injury, and no complaints of pain were re-
ported during testing. Prior to statistical analysis, data were evaluated to ensure 
all parametric assumptions were met for each of the variables investigated. Data 
were analyzed with IBM SPSS Statistics, software version 22.0. Statistical signi-
ficance was quantified as a p-value ≤ 0.05. 

3.1. Drop Jump Test, Knee Flexion 

A mixed two-way ANOVA (2 × 2) indicated a significant difference (p = 0.000) 
in the mean peak knee flexion angle in the Drop Jump Test pre-test vs. post-test 
in the MyoMotion assessment. The mean peak knee flexion angle was signifi-
cantly higher in the post-test (99.323˚) assessment when compared to pre-test 
(90.718˚), as illustrated in Figure 1. 

 

 
Figure 1. Sagittal plane knee motion. Significant differences (p = 0.000) 
were seen in the post training data for both knees. 
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When testing the second null hypothesis examining the main effect of side of 
the body (left versus right), a significant difference (p = 0.041) was indicated 
with the mixed two-way ANOVA. The results indicate that in the population 
tested, the left side of the body had a significantly greater degree of knee flexion 
than the right side. The ANOVA also indicated that there was no significant in-
teraction (p = 0.058) between time and side of body. 

The mean score for right knee flexion increased from a score of 87.9231˚ 
pre-training to 98.9682˚ post-training. The mean score for left knee flexion in-
creased from a score of 93.5120˚ pre-training to 99.6787˚ post-training. These 
results indicate that in the population tested, the right side of the body had a sig-
nificantly higher score than the left side.  

3.2. Drop Jump Test, Hip Flexion 

A mixed two-way ANOVA (2 × 2) indicated a significant difference (p = 0.000) 
in time comparing the mean peak hip flexion angle in the Drop Jump Test 
pre-test vs. post-test. The mean peak hip flexion angle was significantly higher in 
the post-test (77.826˚) assessment when compared to pre-test (67.145˚), as illu-
strated in Figure 2.  

When testing the second null hypothesis examining the main effect of side of 
body (left versus right), no significant difference (p = 0.056) was indicated with 
the mixed two-way ANOVA. These results indicate that in the population tested, 
the right side did not have significantly higher score than the left. 

The ANOVA indicated a significant interaction between time and side of 
body. When considering the significant interaction associated with ANOVA (p 
= 0.039), further differences were illuminated. When comparing pre-training 
values of right and left hip flexion angles, the right side was significantly greater 
(p = 0.001). There was no significant difference in post-training values between 
the left and right hip flexion angles (p = 0.754). All post-hocs were completed 
with a paired samples t-test and a Bonferroni correction with a critical p-value of 
0.025. 

 

 
Figure 2. Sagittal plane hip motion. Significant differences (p = 0.000) 
were seen in the post training data for both hips. 

https://doi.org/10.4236/oalib.1105898


K. Robinson et al. 
 

 

DOI: 10.4236/oalib.1105898 9 Open Access Library Journal 
 

The mean value for right peak hip flexion increased from 65.719˚ pre-training 
to 77.657˚ post-training. The mean value for left peak hip flexion increased from 
a score of 68.571˚ pre-training to 77.994˚ post-training. These results indicate 
that participants increased their total peak flexion excursion a greater amount on 
the right side compared to the left. 

3.3. Drop Jump Test, Hip Abduction 

A mixed two-way ANOVA indicated a significant difference (p = 0.002) in time, 
pre-test and post-test. The post-test hip abduction mean was significantly higher 
mean than the pre-test mean. The pre-test mean was 4.060˚ of adduction and the 
post-test mean was 1.461˚ of adduction, as illustrated in Figure 3.  

When testing the second null hypothesis o examine the main effect of “side of 
body” (left versus right), a significant difference (p = 0.000) was indicated with 
the mixed two-way ANOVA. These results indicate that in the population tested, 
the right was in more adduction than the left. 

The ANOVA indicated that there was no significant interaction (p = 0.465) 
between time and side of body. The mean value for right hip abduction im-
proved from a score of 8.456˚ of adduction pre-training to 5.255˚ of adduction 
post-training. The mean value for left hip abduction increased from a score of 
0.335˚ of abduction pre-training to 2.333˚ of abduction post-training. These re-
sults indicate that in the population tested, the right side was in significantly 
more adduction than the left side of the body in both pre and post-testing meas-
ures. 

3.4. Vertical Leap, Drop Jump Test 

A Paired Samples T-test indicated a significant difference in time (p = 0.005), 
pre-test and post-test. The post-test vertical leap had a marginally lower mean 
than pre-test. The pre-test mean was 9.5766 and the post-test mean was 8.8603. 
This results in a 1.8034 cm difference between pre-test and post-test, indicating 
that jump height decreased after intervention. 

 

 
Figure 3. Frontal plane hip motion. Significant differences (p = 0.002) 
were seen in the post training data for both hips. 
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4. Discussion 

Female athletes are at a high risk for ACL injury due to multifactorial considera-
tions which increase ACL strain through the knee complex when the lower ex-
tremity is loaded in closed-chained maneuvers, which can result from combina-
tions of small peak flexion moment at the knee and high peak adduction moments 
at the hip [25]. The present study found significant increases in peak values of 
knee flexion, hip flexion, and hip abduction respectively during a drop-jump task 
following a neuromuscular re-education training intervention, suggesting that 
participants were able to modify their body mechanics to increase sagittal plane 
protection in the lower quarter. Improved sagittal protection is associated with 
decreased anterior tibial translation and decreased valgus moments of the knee, 
and therefore decreased risk of ACL trauma [25]. The direct connection between 
ACL injury and increased valgus loading has been clearly demonstrated by in 
vivo and cadaver research [19]. 

Increased knee flexion accompanied by increased hip flexion is important in 
facilitating a soft landing technique, which involves increased activation of the 
gluteus maximus and hamstrings musculature and a decreased contraction of 
the quadriceps, decreasing knee extensor moments and thereby allowing for more 
energy to be absorbed and dispersed at the hip joints [22] [23]. This hip-dominant 
landing technique in combination with hip strategies that minimize valgus loading 
moments at the knee collectively attenuate strain on passive supporting struc-
tures of the knee by correcting high-risk movement behavior commonly exhi-
bited during deceleration and rapid change of direction moments [25], placing 
less load specifically on the ACL for any given loading action from the ground. 
The results of the current study demonstrate that these movement behaviors are 
modifiable and susceptible to positive influence with neuromuscular training in-
tervention in adolescent female soccer players over an 8-week period.  

Specifically, the outcomes described with the Drop Jump Test among the sub-
jects after training warrant in depth consideration. The training intervention 
implemented in the current study focused on both strengthening of the proximal 
hip stabilizers and neuromuscular re-education techniques of the lower quarter 
to optimize movement behavior during closed kinetic chain loading tasks. Neu-
romuscular deficits in strength and coordination of the stabilizing muscles of the 
knee have been shown to predispose the athlete to injury, and these factors are of 
even greater importance to address in those who exhibit high-risk movement 
strategies [9] [16] [23] [24]. The significant increase in peak hip and knee flexion 
in addition to peak hip abduction (decreased hip adduction) observed with 
landing in the subjects indicates the successful adoption of the soft-landing 
strategy and the foundational integration of a hip-strategy technique, maintain-
ing the femur closer to neutral in the frontal plane of motion safely during a 
peak loading moment. These outcomes are most closely attributed to increased 
volitional recruitment of neuromuscular stabilizing structures of hip in addition 
to the hamstrings musculature. These findings indicate a more optimal biome-
chanical profile in the participants after the training intervention that is strongly 
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associated with a decreased risk of ACL injury. 
Finally, the results indicated a marginal decrease in jump height of 1.8034 cm 

between pre-test and post-test measures. While even the smallest differences in 
performance related measures in sport warrant consideration, it should be taken 
into account that subjects were in the process of implementing novel neuromo-
tor techniques at the time of post-test measures and may still be technically ca-
tegorized in a learning phase of development during the time of testing. With 
the acquisition of any new technique, there is an associated period in which the 
new skill must be integrated from initial conceptualization training to functional 
utilization, during which a transient decrease in speed and power demonstrated 
is expected as the demand for cognitive resources is temporarily increased to 
meet the nuances of the new technique. An additional rationale for the decrease 
in jump height observed is that the training intervention was focused primarily 
on the deceleration (landing) phase of the jump, and secondarily on the ascend-
ing phase. The priority was to improve the biomechanics of the jump landing for 
the purposes of safety and economy of motion, and performance gains would 
only be expected after initial mastery is achieved and technique is integrated into 
regular training thereafter.  

One major limitations of the present study was the inability of researchers to 
control for activities outside of the intervention curriculum that subjects took 
part in between pre and post-testing assessments. Some of the athletes partici-
pated in games or practice on the same day of post-testing procedures, which 
may have influenced their performance. This was unavoidable given the struc-
tural constraints of the research design, yet could have influenced the results, 
particularly in consideration of the understanding that fatigue is strongly asso-
ciated with athletic performance and neuromuscular control. 

A second limitation includes the group training methodology employed for 
training purposes, addressing nuances in a domain where one-on-one interven-
tion in a clinical setting is standard practice. Further, it should be acknowledged 
that the findings of this study are most specifically generalizable to adolescent 
female soccer players. The subjects tested were all physically active and not in-
jured at the onset of the intervention, and caution is warranted when imple-
menting advanced training methods while rehabilitating from injury. Future 
studies which investigate the effects of similar interventions in different age 
groups, in different types of sports, or including males and females stand to con-
tribute further to this research topic. Finally, longitudinal studies with reliable 
injury tracking systems in place would shed invaluable light on the long-term ef-
ficacy of such training interventions and may provide further support for their 
implementation. 

5. Conclusions 

The results of this study showed that a short duration (six, 90 min, sessions oc-
curring over 8 weeks) training intervention can significantly influence the land-
ing kinematics in adolescent female soccer players during a drop jump assess-
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ment. Increased peak values of hip and knee flexion along with decreased hip 
adduction during landing indicate a more optimal loading technique associated 
with decreased risk of ACL injury. 

There is a clear need for reliable means to identify athletes who are at a high 
risk of ACL injury, and to develop training programs which attenuate risk for 
trauma during athletic competition. In the present study, peak range of motion 
measures at the hip and knee joints during a drop jump landing task were as-
sessed before and after a six-session neuromuscular training intervention using 
an inertial system. These measurements were employed to assess the quality of 
movement and the ability of training to influence the biomechanics of the hip 
and knee during the landing phase of jumping in adolescent female soccer play-
ers. The inertial motion analysis system was a useful screening tool for identify-
ing high-risk biomechanics that must be addressed to develop successful ACL 
injury prevention programs. Specifically, it appears that high-risk movement 
behaviors during the deceleration phase of dynamic loading moments associated 
with ACL injury are identifiable and subject to change with a neuromuscular 
training intervention. The findings of the current study provide useful informa-
tion for the utilization of 3D motion analysis technologies in identifying risk for 
injury and the growth of intervention programs aimed to prevent ACL injury in 
female athletes. Future research should focus on developing the most effective 
training exercises to implement specific to various populations in need, and on 
the long-term effectiveness of such interventions. 
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