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ABSTRACT

Background: Dynamic knee valgum is a major risk factor in ligamentous injuries of the knee. 
Different sports have higher rates of knee ligament injury than others and females experience 
knee non-contact ligament injuries at higher rates than their male counterparts. Objectives: The 
purpose of this study was to investigate the lower extremity biomechanics of genu valgum in 
female collegiate athletes of various sports while performing a drop jump test. This information 
may provide those designing individualized prevention programs assistance in reducing risk 
of knee ligamentous injury during jumping tasks. Methods: Current members of Idaho State 
University’s women’s basketball, soccer, and softball teams were evaluated for this study. Thirty-
seven athletes participated. Motion capture reflective markers were placed bilaterally on the 
lower extremities to allow for analysis of knee biomechanics during a double-leg drop jump 
test. The angles of knee valgum in the frontal plane were calculated and analyzed between 
sport groups. Results: Female athletes of different sports displayed statistically significant 
differences in knee angles for both right, and left knees. Post hoc analysis with a Bonferroni 
adjustment revealed that basketball players utilized a more valgus right knee angle compared 
to both soccer and softball players and a more varus left knee angle compared with softball 
players. Conclusions: Our study suggests that collegiate-level female basketball players have 
an increased risk of right leg non-contact knee ligament injury during jump landing maneuvers 
when compared to collegiate level softball and soccer players due to increased knee valgus 
movements during the drop jump test. Collegiate-level female basketball players may benefit 
from biomechanical exercise interventions designed to decrease right knee valgus moments in 
jumping and landing to decrease their risk of injury.
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INTRODUCTION
Dynamic genu valgum, also referred to as knee abduction, 
is a risk factor for ligamentous injury of the knee, especially 
the anterior cruciate ligament (ACL) (Hewett, Ford, Hoo-
genboom, & Myer, 2010; Hewett et al., 2005; Numata et al., 
2018). Dynamic genu valgum occurs as the knee moves 
medially in the frontal plane with associated hip adduction 
and internal rotation and tibial abduction and external rota-
tion (Hewett et al., 2010). These combined motions place 
increased, and potentially injurious, tensional stress on the 
medial collateral ligament and the ACL (Magee, 2013). This 
potential injurious position increases the stabilizing load 
on the ligamentous structures and can result from muscular 
weakness or insufficient neuromuscular control (Ford, Myer, 
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Toms, & Hewett, 2005). Poor neuromuscular control leads 
to the inability of the knee to maintain alignment and absorb 
sufficient ground reaction force during dynamic activities. 
This inability to absorb ground reaction force creates in-
creased knee valgus moments, increases stress on ligaments, 
and leads to possible ligament injury or failure (Hewett, Pa-
terno, & Myer, 2002).

The majority of ACL injuries in female athletes result 
from non-contact forces. These non-contact ACL injuries 
account for 60% of female ACL injuries. In contrast, the 
majority (59%) of male athlete ACL injuries are due to con-
tact-related incidents. (Agel, Rockwood, & Klossner, 2016). 
The National Collegiate Athletic Association (NCAA) Inju-
ry Surveillance Program reported ACL injuries as the most 
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common severe injury reported among women’s lacrosse 
(28.1%), women’s soccer (25.9%), women’s volleyball 
(25.7%) women’s basketball (20.8%), women’s softball 
(14.8%), and women’s gymnastics (13.9%) during the 2009-
2010 and 2014-2015 academic years (Kay et al., 2017). ACL 
injuries accounted for 2.6% of all severe NCAA athletic in-
juries (Hootman, Dick, & Agel, 2007). The National Athletic 
Trainers’ Association reported, in their 2018 position state-
ment on prevention of anterior cruciate ligament injuries, 
that female athletes are at 1.5 to 4.6 times greater risk for 
ACL injury compared to their male counterparts during sport 
(Padua et al., 2018).

Females overall suffer ACL injuries 4 to 6 times that of 
males (Hewett et al., 2005). Several factors may explain 
this trend. In a study of 215 intercollegiate athletes, females 
demonstrated more high-risk frontal plane landing mechan-
ics at the knee joint during dynamic activities than male ath-
letes of similar sports (Lam & McLeod, 2014). These differ-
ences may be a result of lower baseline conditioning levels, 
anatomic and physiologic factors, structural differences 
(i.e. ligamentous laxity, bony alignment and shape, ACL 
size), and differences in muscular flexibility (Hutchinson 
& Ireland, 1995; Myer, Ford, Khoury, Succop, & Hewett, 
2010; Nilstad, Krosshaug, Mok, Bahr, & Andersen, 2015). 
Insufficient preparatory neuromuscular activation to control 
the knee, during landing tasks, has been observed in female 
athletes (Chappell, Creighton, Giuliani, Yu, & Garrett, 2007; 
Nilstad et al., 2015). This lack of biomechanical control of-
ten results in increased knee valgus and hip internal rotation 
(Chappell et al., 2007). The ability of female athletes to con-
trol knee alignment during sport is especially important. Just 
a two-degree difference in knee valgus can alter forces at 
the knee joint by an individual’s entire body weight (Boden, 
Sheehan, Torg, & Hewett, 2010).

Several studies have analyzed the relationship between 
participation in different sports and their associated risk of 
ACL injury (Agel et al., 2016; Gornitzky et al., 2016; Mun-
ro, Herrington, & Comfort, 2012; Taylor et al., 2017). Soc-
cer, basketball, football, and lacrosse have been identified as 
high-risk sports for both genders. For females, ACL injury 
risk is highest in soccer, followed by basketball and lacrosse 
(Agel et al., 2016; Gornitzky et al., 2016; Joseph et al., 
2013). ACL injury rates differ between sports, which may 
indicate kinematic and biomechanical differences between 
athletes competing in different sports. Motion analysis can 
measure these biomechanical differences between athletes 
during a sport specific task, such as a drop jump.

The drop jump test (DJT) is effective in replicating sport 
specific functional tasks of jumping and landing on either 
one or two feet in an aggressive manner (Munro et al., 2012). 
The DJT has been used to measure knee biomechanics and 
to establish normative data for dynamic knee valgus (Cowan 
& Crossley, 2009; Hewett et al., 2005; Jackson, Beach, & 
Andrews, 2017; Myer et al., 2010). An analysis of 50 phys-
ically active, asymptomatic females between the ages of 
18 and 28 years of age, knee valgus angles of 7-13 degrees 
were considered normal during a DJT (Herrington & Munro, 
2010).

The purpose of this study was to investigate the lower 
extremity biomechanics of the knee in female collegiate ath-
letes of various sports while performing a DJT. This infor-
mation may provide, those designing individualized injury 
and training programs for these athletes, assistance in reduc-
ing knee ligamentous injury risks during jumping tasks.

METHODS

Participants and Study Design

Current members of Idaho State University’s women’s 
basketball (n=9), soccer (n=13), and softball (n=15) teams 
were evaluated for this descriptive study comparing the dif-
ferences in landing mechanics between different sport ath-
letes. Consent was received from team coaches to recruit 
their athletes to participate in the study. All procedures were 
reviewed and approved by the Institutional Review Board 
at Idaho State University. Participants signed written in-
formed consent for participation and were between the ages 
of 18 - 30 years old. Participants were excluded from this 
study if they had a history of hip or knee injuries within the 
three months prior to the study, experienced current hip or 
knee pain during activity, had undergone lower extremity 
surgery within the past year, had neurologic or medical dis-
orders preventing completion of the jump landing task, were 
currently taking medication for pain in the lower extremities, 
or if they were pregnant (Distefano, Blackburn, Marshall, 
& Padua, 2009; Mizner, Kawaguchi, & Chmielewski, 2008; 
Tate, Milner, Fairbrother, & Zhang, 2013).

Instrumentation

Three-dimensional motion analysis was performed using a 
computer-aided video motion capture system (Vicon Bonita 
Motion Capture, Vicon Motion Systems Ltd. Denver, Colo-
rado, United States). Kinematic data was sampled at 250 Hz 
and recorded digitally on an encrypted Dell laptop computer 
(Dell Computer Corporation, One Dell Way, Round Rock, 
Texas, United States). Reflective markers on specific bony 
landmarks were used to calculate motion of the hip, knee, 
and foot in the sagittal, frontal, and transverse planes (Pol-
lard, Sigward, Ota, Langford, & Powers, 2006). Protected 
information of each participant was entered and kept on 
an encrypted computer and was secured on campus in a 
locked office. Paper copies for backup purposes were kept 
in a locked file cabinet in a locked office. All participants 
were assigned a randomized number during data collection 
to maintain anonymity, and only the primary and secondary 
investigators had access to the protected information. Data 
was shared and identified by randomized numbers only.

Procedures

Prior to testing, each participant completed a history ques-
tionnaire including their age, race, dominant leg (defined as 
the leg which the participant chose to kick a ball for dis-
tance), and what sport they participated in (Distefano, et al., 
2009; Ford, Myer, & Hewett, 2003; Mizner et al., 2008). 
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Participants were asked to wear appropriate clothing that 
allowed for access to marker landmark locations and for the 
thigh and leg visibility during trials. Participants were not 
required to wear a certain top as long as the posterior supe-
rior iliac spines (PSIS) could be made visible. Inter-anterior 
superior iliac spine (ASIS) distance, leg length, ASIS-tro-
chanter distance, knee width, ankle width, and tibial torsion 
were measured with a tape measure. Height and weight were 
also measured. All measurements for each participant were 
input into the Nexus 2.2 system (Vicon Motion Systems Ltd. 
Denver, Colorado, United States) (See Table 1).

Testing procedures began with the participants warm-
ing-up for five minutes on a stationary bicycle. Reflective 
markers were placed bilaterally on the following anatomical 
landmarks: PSIS, ASIS, greater trochanter, thigh, tibial tu-
berosity, lateral joint line of the knee, lower leg, lateral mal-
leoli, calcaneus, and second metatarsal head (see image 1). 
After placing the markers, standing data calibration on the 
Nexus 2.2 system and the Vicon Bonita Motion Capture 
cameras were completed.

Participants were instructed to perform the DJT as fol-
lows: “Drop directly down off the stool and immediately 
perform a maximum vertical jump and reach both arms up 
as if to touch the ceiling”. Participants were instructed to 
keep elbows bent and hands at shoulder level when dropping 

to ensure reflective marker visibility to the cameras. The 
same fixed-height (30 cm) stool was used for all participants. 
Each participant completed one practice drop jump from the 
30 cm stool. After one practice drop jump, each participant 
completed three tested drop jumps in succession with the 
motion analysis (Mizner et al., 2008; Tate et al., 2013).

Data
The dependent variable evaluated was peak knee valgus at 
the end of deceleration (as measured by the subjects’ knee 
valgus angles bilaterally) of each knee. The deceleration 
phase was defined as the time between initial toe contact 
and the deepest point of the landing (lowest vertical point 
that the ASIS reached) (Noyes, Barber-Westin, Fleckenstein, 
Walsh, & West, 2005). The trial resulting in the highest ver-
tical jump, from each participant with all markers visible 
throughout the jump, was chosen for analysis (See Table 2).

Statistical Analysis
A one-way repeated measures ANOVA was conducted to 
determine whether there was a statistically significant differ-
ence in knee angles for female athletes in the three different 
sports (basketball, soccer, softball). The data were normally 
distributed at each phase of the jump, as assessed by Shap-
iro-Wilk test (p>.05).

RESULTS
Female athletes of different sports displayed statistically sig-
nificant differences in knee angles for both right, F(4, 68)= 
4.508,p=0.003) and left knees F(4, 68)= 2.646,p= 0.011). 
Post hoc analysis with a Bonferroni adjustment revealed 
that basketball players utilize a more valgus right knee angle 
compared to both soccer and softball players (9.26, p = 0.014 
and 11.88, p=0.001) and a more varus left knee angle com-
pared with softball players (11.56, p=0.003). (See figure 1).

DISCUSSION
The current study was designed to investigate the difference 
in average frontal plane knee angles (varus and valgus) in 
female athletes competing in basketball, soccer, and softball 
at an NCAA Division I level. Female basketball players fell 

Image 1. Placement of reflective markers
Description: Marker placement for motion analysis of the Drop 
Jump Test

Table 1. Participant Demographics
Sports Average 

Age (years)
Average 

Height (inches)
Average 

Weight (pounds)
Average BMI Right Leg 

Dominant (percentage) 
Basketball 19.78 71.36 178.11 25.2 78
 (SD) (1.5) (2.2) (17.7) (2.4)
Soccer 19.23 65.94 149.38 24.8 85
 (SD) (1.2) (1.9) (10.1) (2.2)
Softball 19.2 66.95 165.6 26.66 100

 (SD) (1.4) (2.3) (26.4) (4.6)
Description: Average age and anthropometric measures of participants of each individual sport and percentage of those identifying as being 
right leg dominant in each sport
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into increased right knee valgus as compared to soccer and 
softball players. Normative data indicate that knee valgus 
angles should be symmetrical and within seven to thirteen 
degrees (Herrington & Munro, 2010). Our results showed 
the average female basketball player had 18 degrees of right 
knee valgus at the peak of their deepest squat, suggesting 
they have a higher risk of an ACL injury on their right leg 
compared to other sports and leg. The majority of female 
basketball players in our study were right leg dominant. 
Even though leg dominance was assessed in this study, 
it was not investigated as a variable. The study sought to 
discover a trend, if one existed, between athletes of different 
sports in a jump landing maneuver. Our results are consis-
tent with a study by Ford et al. (2003) that demonstrated an 
increased valgus knee angle in the dominant leg of female 
basketball players. The two basketball players who reported 
left leg dominance also presented with a right knee valgus 
angle during the drop jump. This may suggest that leg dom-
inance in female basketball players may not be related to in-
creased knee valgus, but further studies specifically studying 
the variability of leg dominance between female collegiate 
sport athletes would need to be performed.

Determining leg dominance, can be difficult when com-
paring various sports. Leg dominance is assessed by asking 
the player which foot an athlete would kick a ball, this tech-
nique may not be applicable to non-kicking sports. Soccer 
players kick the ball with their dominant leg, but plant their 
non-dominant leg which puts their non-dominant leg in a 
more forward position. Basketball players are commonly 
instructed to lead with the same leg as their shooting arm, 
which puts their dominant leg slightly forward (Okazaki, Ro-
dacki, & Satern, 2015; Pollard, Sigward, & Powers, 2010). 
Volleyball players utilize a staggered stance but forward leg 
is not always specified (Johnson et al., 2010). These subtle 
differences between sport biomechanics may be a reason for 
confounding results of leg dominance when performing a 
drop jump.

Limb dominance makes up only 15% of the factors con-
tributing to knee valgus (Nilstad et al., 2015). Leg domi-
nance is difficult to define due to sport specific activities, but 
leg dominance is frequently investigated during drop jump 
research in assessing risk for ACL injuries. One study found 
that females demonstrated an increased knee valgus in their 
dominant leg compared to males (Ford et al., 2003). Other 

Figure 1. Graphic depiction of average knee angles
Description: Visualization of the extent of differences in average knee angles between sports at three points in the landing phase of the 
Drop Jump Test: at static standing; at initial toe contact with the floor; and at the point of deepest squatting prior to accelerating upward 
to jump. Positive values represent valgus knee positions with negative values representing varus knee positions

Table 2. Average Knee Angles (measured in degrees)
Sport Static Initial Contact Deepest Squat

Right Left Right Left Right Left
Basketball 9.973 6.396 13.232 -7.732 18.83 -16.987
 (SD) (3.6) (3.6) (4.5) (6.4) (13.8) (9.4)

Soccer 7.303 8.339 1.794 -2.647 5.152 -6.327
 (SD) (2.5 (3.1) (4.3) (5.3) (9.8) (14.5)
Softball 8.443 8.559 -0.718 5.104 -1.34 2.716

 (SD) (4.4) (4.2) (9.0) (8.6) (15.9) (20.1)
Description: Average knee angles between sports at three points in the landing phase of the Drop Jump Test: at static standing; at initial 
toe contact with the floor; and at the point of deepest squatting prior to accelerating upward to jump. Positive values represent valgus knee 
positions with negative values representing varus knee positions
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studies found female athletes were at higher risk for non-con-
tact injuries in their non-dominant leg or planted foot (Bro-
phy, Silvers, Gonzales, & Mandelbaum, 2010; Aizawa et al., 
2018). Yet additional studies have shown no difference in 
risk between dominant and non-dominant lower extremities 
in female athletes (Mokhtarzadeh et al., 2017; Nilstad et al., 
2015). Conflicting results across studies suggest the need to 
investigate multiple underlying causes for injuries in addi-
tion to leg dominance.

Many studies suggest females are at a greatest risk for an 
ACL injury when playing soccer and basketball (Agel et al., 
2016; Gornitzky et al., 2016; Joseph et al., 2013). The un-
derlying reason for the increased risk in these two sports is 
still to be determined. Sport-specific movements and activ-
ities may contribute to biomechanical differences in jump 
landing maneuvers. In considering the biomechanics of the 
double-leg DJT, our results suggest that female basketball 
players have a higher risk for ACL injury due to increased 
right knee valgus motion during the DJT. Training programs 
designed to decrease the incidence of ACL injuries may ben-
efit athletes in decreasing injury risk from biomechanical 
differences. Other risk factors in non-contact ligamentous 
injuries should be analyzed (Chappell & Limpisvasti, 2008; 
Hewett, Ford, & Myer, 2006; Mandelbaum et al., 2005).

Munro, Herrington, and Comfort (2012) compared knee 
angles in athletes while performing a DJT using a double-leg 
versus a single-leg landing strategy. Contrary to our results, 
they found no significant difference between female soccer 
players and basketball players during the bilateral leg DJT. 
Their results showed that basketball players had increased 
valgus knee angles with single-leg landing strategies com-
pared to soccer players. They concluded this single-leg dif-
ference could explain an increased risk of injury in basket-
ball players over soccer players.

The other significant finding was that basketball players’ 
left lower extremities utilized a more varus knee position 
than softball players. With valgus positions being implicated 
in many ligament injuries, the more knee varus position is 
more stable with less strain and stress on the ligaments. This 
could suggest that basketball players’s left legs are more sta-
ble to provide a stronger base to jump from. When perform-
ing a DJT with both legs, basketball players likely shift to the 
more stable leg to provide upward thrust force and stability. 
Further analysis would be required to investigate this claim.

A number of limitations could have affected the quality of 
our findings. The use of convenient sampling of the local col-
legiate sports teams, analyzing data from only three sports, 
and small sample sizes for each sport limits the generalizabil-
ity of this study. Measuring knee valgus angles at the knee is 
a combined movement of frontal plane knee adduction, trans-
verse plane femoral internal rotation, and sagittal plane knee 
and hip flexion. This study only investigated the frontal plane 
movements. By only considering the frontal plane, we did not 
examine the effects that knee and hip flexion contribute to the 
stresses at the knee joint. Our study focused specifically on 
knee valgus angle and did not study other variables such as 
flexion angles, muscle activation, landing strategy or landing 
forces, which have also been investigated when considering 
risk of ACL injuries. Another limitation to our study is the use 

of the DJT. This test is a tool used to standardize the move-
ment at the knee for testing across sports, however, it is not 
a traditional movement in all sports. Mechanics of the knee 
could be assessed when performing traditional movements of 
the specific sports such as rebounding a basketball or cutting 
and kicking drills performed in soccer.

This study was designed to identify the frontal plane 
motion of the knee in female collegiate various sport ath-
letes during landing and then maximally jumping. Evidence 
suggests a correlation between increased valgus knee angles 
and ACL injuries (Hewett et al., 2005). However, this cor-
relation has not been proven in randomized controlled trials. 
Further investigation into specific sports and the stresses that 
dominant vs non-dominant lower extremities receive during 
specific sports activities, may further explain the differences 
in knee valgus angles and the associated risk for ACL inju-
ries. Larger sample sizes across multiple sports, and utiliz-
ing more than one individual university team for each sport 
would increase the magnitude and generalizability of the 
results. In addition, future studies could include a random-
ized controlled trial of single-leg landings versus double-leg 
landings to analyze the presence of frontal plane knee move-
ment and leg dominance and their relevance in biomechani-
cal differences in female athletes of multiple sports.

CONCLUSION

The results of this study may assist in identifying which 
female collegiate athletes, between basketball, soccer, and 
softball athletes, are at an increased risk for injury and to 
identify which populations require early biomechanical 
intervention to prevent future injuries. Our study suggests 
that collegiate-level female basketball players have an in-
creased risk of right leg non-contact ACL injury during land-
ing maneuvers when compared to collegiate level softball 
and soccer players due to increased knee valgus moments 
during the drop jump test. Collegiate-level female basketball 
players may benefit from exercise interventions designed to 
decrease right knee valgus moments in jumping and landing 
to decrease their risk of injury.

ACKNOWLEDGEMENTS

We acknowledge with gratitude the efforts of the Idaho State 
University Physical Therapy Doctoral students who partici-
pated in this study in assisting in data collection, research, 
and writing. The following students assisted over the course 
of the project: Eric Hunter, Derek Labrum, Jake Menotti, 
Sam Tibbs, Mitch Beckstead, Steffani Bush, Nick Davis, 
Hope Hampton, Chris Kendrick, Nkem Nkele, Sarah Cairns, 
Zach Maas. Conor Smith, Brett Arnell, and Jacob Bratton.

REFERENCES

Agel, J., Rockwood, T., & Klossner, D. (2016). Collegiate 
ACL injury rates across 15 sports: National Collegiate 
Athletic Association Injury Surveillance System data 
update (2004-2005 through 2012-2013). Clinical Jour-
nal of Sport Medicine, 26(6), 518–523. https://doi.



Biomechanical Differences in Knee Valgus Angles in Collegiate Female Athletes 
Participating in Different Sports 13

org/10.1097/JSM.0000000000000290
Aizawa, J., Hirohata, K., Ohji, S., Ohmi, T., & Yagishi-

ta, K. (2018). Limb-dominance and gender differences 
in the ground reaction force during single-leg lateral 
jump-landings. Journal of Physical Therapy Science, 
30(3), 387-392. https://doi.org/10.1589/jpts.30.387

Boden, B. P., Sheehan, F. T., Torg, J. S., & Hewett, T. E. 
(2013). Non-contact ACL injuries: Mechanisms and 
risk factors. Journal of the American Academy of 
Orthopedic Surgeons, 18(9), 520-527. https://doi.
org/10.5435/00124635-201009000-00003

Brophy, R., Silvers, H. J., Gonzales, T., & Mandel-
baum, B. R. (2008). Gender influences: the role of leg 
dominance in ACL injury among soccer players. British 
Journal of Sports Medicine, 44(10), 694-697. https://
doi.org/10.1136/bjsm.2008.051243

Chappell, J. D., Creighton, R. A., Giuliani, C., Yu, B., & Gar-
rett, W. E. (2007). Kinematics and electromyography of 
landing preparation in vertical stop-jump: risks for non-
contact anterior cruciate ligament injury. The American 
Journal of Sports Medicine, 35(2), 235-241. https://doi.
org/10.1177/0363546506294077

Chappell, J. D., & Limpisvasti, O. (2008). Effect of a neu-
romuscular training program on the kinetics and ki-
nematics of jumping tasks. The American Journal 
of Sports Medicine, 36(6), 1081-1086. https://doi.
org/10.1177/0363546508314425

Distefano, L. J., Blackburn, J. T., Marshall, S. W., & Pad-
ua, D. A. (2009). Gluteal muscle activation during com-
mon therapeutic exercises. The Journal of Orthopaedic 
and Sports Physical Therapy, 39(7), 532-540. https://
doi.org/10.2519/jospt.2009.2796

Ford, K. R., Myer, G. D., & Hewett, T. E. (2003). Valgus knee 
motion during landing in high school female and male 
basketball players. Medicine & Science in Sports & Ex-
ercise, 35(10), 1745-1750. https://doi.org/10.1249/01.
MSS.0000089346.85744.D9

Ford, K. R., Myer, G. D., Toms, H. E., & Hewett, T. E. (2005) 
Gender differences in kinematics of unanticipated cut-
ting in young athletes. Medicine & Science in Sports & 
Exercise, 37(1), 124-129. https://doi.org/10.1249/01.
MSS.0000150087.95953.C3

Gornitzky, A. L., Lott, A., Yellin, J. L., Fabricant, P. D., Law-
rence, J. T., & Ganley, T. J. (2016). Sport-specific yearly 
risk and incidence of anterior cruciate ligament tears in 
high school athletes: A systematic review and meta-anal-
ysis. The American Journal of Sports Medicine, 44(10), 
2716-2723. https://doi.org/10.1177/0363546515617742

Herrington, L., & Munro, A. (2010). Drop jump landing 
knee valgus angle; normative data in physical active 
population. Physical Therapy in Sport, 11(2), 56-59. 
https://doi.org/10.1016/j.ptsp.2009.11.004

Hewett, T. E., Ford, K. R., Hoogenboom, B. J., & 
Myer, G. D. (2010). Understanding and preventing 
ACL injuries: Current biomechanical and epidemiologic 
considerations – update 2010. North American Journal 
of Sports Physical Therapy, 5(4), 234-251.

Hewett, T. E., Ford, K. R., & Myer, G. D. (2006). An-
terior cruciate ligament injuries in female athletes: 

part 2, a meta-analysis of neuromuscular interven-
tions aimed at injury prevention. The American Jour-
nal of Sports Medicine, 34(3), 490-498. https://doi.
org/10.1177/0363546505282619

Hewett, T. E., Myer, G. D., Ford, K. R., Heidt, R.S. Jr., Colo-
simo, A. J., McLean, S. G.,…Succop, P. (2005) Biome-
chanical measures of neuromuscular control and valgus 
loading of the knee predict anterior cruciate ligament 
injury risk in female athletes: a prospective study. The 
American Journal of Sports Medicine, 33(4), 492-501. 
https://doi.org/10.1177/0363546504269591

Hewett, T. E., Paterno, M. V., & Myer, G. D. (2002). Strategies 
for enhancing proprioception and neuromuscular con-
trol of the knee. Clinical Orthopaedics and Related Re-
search, 403, 76-94. https://doi.org/10.1097/00003086-
200209000-00008

Hootman, J. M., Dick, R., & Agel, J. (2007). Epidemiology 
of Collegiate Injuries for 15 Sports: Summary and Rec-
ommendations for Injury Prevention Initiatives. Journal 
of Athletic Training, 42(2), 311-319.

Hutchinson, M. R., & Ireland, M. L. (1995). Knee injuries 
in female athletes. Sports Medicine, 19(4), 288-302. 
https://doi.org/10.2165/00007256-199519040-00006

Jackson, K. M., Beach, T. A. C., & Andrews, D. M. (2017). 
The effect of an isometric hip muscle strength training 
protocol on valgus angle during a drop vertical jump 
in competitive female volleyball players. International 
Journal of Kinesiology and Sports Science, 5(4), 1-9. 
https://doi.org/10.7575/aiac.ijkss.v.5n.4p.1

Johnson, T. M., Brown, L. E., Coburn, J. W., Judelson, D. A., 
Khamoui, A. V., Tran, T. T. & Uribe, B. P. (2010). Ef-
fect of four different starting stances on sprint time in 
collegiate volleyball players. The Journal of Strength & 
Conditioning Research, 24(10), 2641-2646. https://doi.
org/10.1519/JSC.0b013e3181f159a3

Joseph, A. M., Collins, C. L., Henke, N. M., Yard, E. E., Fields, 
S. K., & Comstock, R. D. (2013). A multisport epidemio-
logic comparison of anterior cruciate ligament injuries in 
high school athletics. Journal of Athletic Training, 48(6), 
810-817. https://doi.org/10.4085/1062-6050-48.6.03

Kay, M. C., Register-Mihalik, J. K., Gray, A. D., Djoko, A., 
Dompier, T. P., & Kerr, Z. Y. (2017). The Epidemiology 
of Severe Injuries Sustained by National Collegiate Ath-
letic Association Student-Athletes, 2009–2010 Through 
2014–2015. Journal of Athletic Training, 52(2), 117-
128. https://doi.org/10.4085/1062-6050-52.1.01

Lam, K. C., McLeod, V., & Tamara, C. (2014). The impact 
of sex and knee injury history on jump-landing patterns 
in collegiate athletes: A clinical evaluation. Clinical 
Journal of Sport Medicine, 24(5), 373-379. https://doi.
org/10.1097/JSM.0000000000000053

Magee, D. Knee. (2014). Knee. Orthopedic Physical Assess-
ment. 6th ed. (765-859). St. Louis: Elsevier Saunders.

Mandelbaum, B. R., Silvers, H. J., & Watanabe, D. S., 
Knarr, J. F., Thomas, S. D., Griffin, L. Y.,…Garrett, W. 
(2005). Effectiveness of a neuromuscular and proprio-
ceptive training program in preventing anterior cruciate 
ligament injuries in female athletes: 2-year follow-up. 
The American Journal of Sports Medicine, 33, 1003-



14 IJKSS 7(2):8-14

1010. https://doi.org/10.1177/0363546504272261
Mizner, R. L., Kawaguchi, J. K., & Chmielewski, T. L. 

(2008). Muscle strength in the lower extremity does 
not predict postinstruction improvements in the landing 
patterns of female athletes. The Journal of Orthopaedic 
and Sports Physical Therapy, 38(6), 353-361. https://
doi.org/10.2519/jospt.2008.2726

Mokhtarzadeh, H., Ewing, K., Janssen, I., Yeow, C. H., 
Brown, N., & Lee, P. V. S. (2017). The effect of leg 
dominance and landing height on ACL loading among 
female athletes. Journal of Biomechanics, 60, 181-187. 
https://doi.org/10.1016/j.jbiomech.2017.06.033

Munro, A., Herrington, L., & Comfort, P. (2012). Compar-
ison of landing knee valgus angle between female bas-
ketball and football athletes: Possible implications for 
anterior cruciate ligament and patellofemoral joint in-
jury rates. Physical Therapy in Sport, 13(4), 259-264. 
https://doi.org/10.1016/j.ptsp.2012.01.005

Myer, G. D., Ford, K. R., Khoury, J., Succop, P., & 
Hewett, T. E. (2010). Development and validation of a 
clinic- based prediction tool to identify female athletes 
at high risk for anterior cruciate ligament injury. The 
American Journal of Sports Medicine, 38(10), 2025-
2033. https://doi.org/10.1177/0363546510370933

Nilstad, A., Krosshaug, T., Mok, K. M., Bahr, R., & Ander-
sen, T. E. (2015). Association between anatomical char-
acteristics, knee laxity, muscle strength, and peak knee 
valgus during vertical drop-jump landings. Journal of 
Orthopaedic and Sports Physical Therapy, 45(12), 998-
1005. https://doi.org/10.2519/jospt.2015.5612

Noyes, F. R., Barber-Westin, S. D., Fleckenstein, C., 
Walsh, C., & West, J. (2005). The drop-jump screening 
test: difference in lower limb control by gender and ef-
fect of neuromuscular training in female athletes. The 
American Journal of Sports Medicine, 33(2), 197-207. 
https://doi.org/10.1177/0363546504266484

Numata, H., Nakase, J., Kitaoka, K., Shima, Y., Oshima, T., 
Takata, Y., …Tsuchiya, H. (2018). Two-dimension-

al motion analysis of dynamic knee valgus identifies 
female high school athletes at risk of non-contact an-
terior cruciate ligament injury. Knee Surgery, Sports 
Traumatology, Arthroscopy, 26(2), 442-447. https://doi.
org/10.1007/s00167-017-4681-9

Okazaki, V. H. A., Rodacki, A. L. F., & Satern, M. N. (2015). 
A review on the basketball jump shot. Sports Biome-
chanics, 14(2), 190-205. https://doi.org/10.1080/14763
141.2015.1052541

Padua, D. A., DiStefano, L. J., Hewett, T. E., Garrett, W. E., 
Marshall, S. W., Golden, G. M.,… Sigward, S. M. 
(2018). National Athletic Trainers’ Association position 
statement: Prevention of anterior cruciate ligament inju-
ry. Journal of Athletic Training, 53(1), 5-19. https://doi.
org/10.4085/1062-6050-99-16

Pollard, C. D., Sigward, S. M., Ota, S., Langford, K., & 
Powers, C. M. (2006). The influence of in-season in-
jury prevention training on lower-extremity kinemat-
ics during landing in female soccer players. Clinical 
Journal of Sport Medicine, 16(3), 223-227. https://doi.
org/10.1097/00042752-200605000-00006

Pollard, C. D., Sigward, S. M., & Powers, C. M. (2010). 
Limited hip and knee flexion during landing is associ-
ated increased frontal plane knee motion and moments. 
Clinical Biomechanics (Bristol, Avon), 25, 142-146. 
https://doi.org/10.1016/j.clinbiomech.2009.10.005

Tate, J. J., Milner, C. E., Fairbrother, J. T., & Zhang, S. 
(2013). The effects of a home-based instructional pro-
gram aimed at improving frontal plane knee biomechan-
ics during a jump-landing task. Journal of Orthopaedic 
and Sports Physical Therapy, 43(7), 486-494. https://
doi.org/10.2519/jospt.2013.4229

Taylor, J. B., Ford, K. R., Schmitz, R. J., Ross, S. E., Acker-
man, T. A., & Shultz, S. J. (2017). Biomechanical differ-
ences of multidirectional jump landings among female 
basketball and soccer players. The Journal of Strength & 
Conditioning Research, 31(11), 3034-3045. https://doi.
org/10.1519/JSC.0000000000001785


