
ABSTRACT
Background: Decelerating and cutting are two common movements during which non-contact anterior 
cruciate ligament (ACL) injuries occur in soccer players. Retrospective video analysis of ACL injuries has 
demonstrated that players are often in knee valgus at the time of injury.

Purpose: To determine whether prospectively measured components of valgus collapse during a deceleration and 
90° cut can differentiate between collegiate women’s soccer players who go on to non-contact ACL injury. 

Design: Secondary analysis of prospectively collected data.

Methods: 51 NCAA women’s soccer players completed motion analysis of a deceleration and 90° before the competi-
tive season. Players were classified as Injured (noncontact ACL injury during the season) or Uninjured at the end of 
the season. Differences between groups for peak hip adduction, internal rotation, and knee abduction angles, and 
knee valgus collapse were analyzed with a MANOVA.

Results: Four non-contact ACL injuries were reported at the end of the season. There was a significant dif-
ference between groups for hip adduction angle during the 90° cut (p=0.02) and deceleration (p=0.03). 
Players who went on to ACL injury were in more hip adduction.

Conclusions: Hip adduction angle is larger in players who go on to ACL injury than those who do not during two 
sport-specific tasks. The components of knee injury prevention programs that address proximal control and strength 
are likely crucial for preventing ACL injuries.

Level of Evidence: 2b
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INTRODUCTION
Women soccer players incur anterior cruciate liga-
ment (ACL) injuries at a rate disproportionately 
higher than their male peers.1 The majority of ACL 
injuries among women occur without contact from 
another player.2 These non-contact injuries may 
result from poor on-field biomechanics and lack of 
neuromuscular control. Neuromuscular control is a 
modifiable risk factor for ACL injury, and therefore 
non-contact injuries may be preventable.3 Several 
injury prevention programs address presumed risk 
factors. These risk factors have been traditionally 
studied in the laboratory setting using tasks not spe-
cific to soccer (e.g. drop jump).3 To improve existing 
injury prevention programs and to design new ones, 
ACL injury risk factors should be studied in sport-
specific tasks.

Cutting and decelerating are two sport-specific 
movements that soccer players frequently execute. 
Planting and cutting or a sudden deceleration with a 
cut have also been identified as two of the most com-
mon mechanisms for non-contact ACL injuries.2,4,5 
Retrospective video analysis of team handball play-
ers demonstrated that the majority of non-contact 
ACL injuries occurred during a plant and cut move-
ment,6 and retrospective video analysis of women’s 
soccer players demonstrated that the second most 
common mechanism of ACL injuries was cutting.7 
Epidemiological work in the German women’s 
national soccer league also reported that seven 
out of eleven non-contact ACL injuries recorded in 
a single season resulted from a sudden change of 
direction.8 Through these observational and video 
analysis studies, several biomechanical patterns 
have been associated with non-contact deceleration 
and cutting related ACL injuries.

Sudden cutting and pivoting maneuvers in soccer are 
frequently preceded by a deceleration. Decelerating 
with the knee in close to full extension and valgus 
have been observed as antecedents to non-contact 
ACL injury.2,4,6 Cadaveric studies support this by 
demonstrating that the ACL is under greater strain 
at lower flexion angles, especially when combined 
with a valgus moment and internal tibial torque.9 
But, there is a paucity of controlled laboratory stud-
ies examining how the biomechanics of deceleration 
affect injury risk.

One of the most commonly cited biomechanical risk 
factors for ACL injury is valgus collapse.3 Valgus col-
lapse combines three motions: hip internal rotation, 
hip adduction, and knee abduction.3 In the labora-
tory setting, valgus collapse has been studied using 
a bilateral drop jump, with athletes at higher risk for 
injury demonstrating greater levels of valgus collapse 
and higher peak knee abduction moments.3 However, 
it has been estimated that only 25% of ACL injuries 
among women’s soccer players occur during jump 
landings.10 Observational studies have indicated that 
during deceleration and cutting related injuries the 
knee is frequently collapsed medially.6,7,11 Several 
studies have attempted to bridge this gap by examin-
ing whether there is a relationship between valgus 
collapse measured during landing tasks and cutting 
tasks.12–14 Although moderate to strong correlations 
between knee abduction angles measured during a 
cut and bilateral and unilateral drop jump landings 
respectively have been found,12,13 other comparisons 
between bilateral drop jumps and pre-planned cutting 
have demonstrated weak relationships.12,15 No research 
yet has used injury data to directly examine whether 
valgus collapse measured prospectively during a cut 
differentiates between players who go on to non-con-
tact ACL injury and those who do not go on to injury. 

Without establishing whether there is a direct associa-
tion between the biomechanics of the sport-specific 
tasks of decelerating and cutting and ACL injury risk, 
it is difficult to design effective injury prevention pro-
grams to make these tasks safer. It is also challenging to 
interpret the impact of injury prevention programs on 
a player’s on-field movement strategies if there is not 
a direct, quantifiable relationship between the biome-
chanics of sport-specific tasks and injury. Therefore 
the purposes of this exploratory study were to iden-
tify whether prospectively measured components of 
valgus collapse: peak hip adduction, hip internal rota-
tion, and knee abduction angles during a declaration 
and a 90° cut differentiate soccer players who go on 
to ACL injury from those who do not, and whether 
these components of valgus collapse are associated 
with future ACL injury in collegiate women’s soccer 
players. The hypothesis was that participants who 
went on to ACL injury would demonstrate greater hip 
adduction, hip internal rotation, and knee abduction 
angles, and more knee valgus collapse, on both tasks 
than participants who did not go on to ACL injury. 
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Nexus (v 1.85 VICON, Oxford Metrics Ltd, London, 
England) and Visual 3D (C-Motion Inc., German-
town. MD). Makers were labelled in Nexus and gaps 
in the markers less than five frames were filled using 
Nexus’s spline-based algorithm. If gaps were greater 
than five frames for either task, participants were 
excluded from the analysis.  Kinematic and kinetic 
data were low pass filtered at 6Hz and 40Hz respec-
tively. Inverse dynamics and rigid body analysis were 
then completed in Visual 3D using custom written 
scripts. Peak hip and knee kinematics and kinetics 
were exported from Visual 3D. Only the second and 
third trials of both the 90° cut and deceleration were 
analyzed secondary to higher reliability (Appendix 1). 

STATISTICAL METHODS
An innovative measure was used to analyze changes 
in lower extremity valgus, which was termed “knee 
valgus collapse”. Since valgus collapse is a compos-
ite of hip adduction, hip internal rotation, and knee 
abduction, it was assessed at peak knee flexion as a 
global measure. The equation used for this was Knee 
Valgus Collapse=hip adduction angle + hip internal 
rotation angle + (knee abduction angle x -1), with (-) 
values indicating less knee valgus collapse and (+) 
values indicating more knee valgus collapse.16

After accounting for marker dropout during both 
the 90° cut and the deceleration, 51 participants had 
complete data sets. Participants were divided into 
two groups: ACL injury, “Injured” (N=4) and no ACL 
injury, “Uninjured” (N=47). Independent t-tests were 
used to determine whether there were differences 
between Injured and Uninjured participants for 

METHODS
Three NCAA Division I and II women’s soccer teams 
were invited to participate in this research as part of 
a larger study. Sixty-eight participants were enrolled.  
This study was approved by the institution’s internal 
review board and all participants provided informed 
consent before participation. Participant demograph-
ics and injury histories were collected during motion 
analysis testing. Preseason motion analysis of two 
tasks was completed: a deceleration and a 90° cut. Six 
marker clusters and twenty-two retroreflective mark-
ers were placed on bony prominences by a single 
investigator (AA). Individual markers were placed 
bilaterally on the: acromion, iliac crest, greater tro-
chanter, medial and lateral femoral condyle, medial 
and lateral malleolus, base of the fifth metatarsal, 
base of the first metatarsal, and the posterior cal-
caneus, and the rigid marker clusters were placed 
on the: trunk, pelvis, thighs, and shanks. For the 
deceleration, participants were given a demonstra-
tion of the task and instructed to: “Accelerate over a 
10-meter distance to full speed and decelerate as the 
lower extremity strikes the center of the force plate.  
Ensure that your foot lands in the center of the plate 
and your heel does not touch the perimeter of the 
plate”.  For the 90° cut, participants were also given a 
demonstration of the task and instructed to, “Quickly 
run forward, plant your entire foot straight forward 
on the force plate, turn your hip 90°, and continue 
your run. Ensure that your entire foot lands on the 
center of the plate.” Participants completed three tri-
als of each task on the dominant and non-dominant 
limbs. Limb dominance was defined by which foot 
a participant would kick a ball with. Kinematic and 
kinetic data were recorded simultaneously using 
an eight-camera motion system (Vicon, Nexus) and 
an embedded force plate (Bertec Worthington, OH) 
sampling at 240Hz and 1080Hz respectively. 

During the soccer season, each team’s athletic 
trainer recorded injuries for their respective team. 
Injury data were shared with study investigators 
postseason, and four non-contact, grade 3 sprain 
ACL injuries were reported. Two ACL injuries on 
dominant limbs were reported and two ACL injuries 
on non-dominant limbs were reported. 

Post-processing of motion capture data for the 90° 
cut and for the deceleration was completed in Vicon 

Table 1.  Comparison between limbs for kinematic 
variables.
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90° Cut
The MANOVA for the 90° cut was not significant 
(p=0.15). There was a significant difference between 
groups for hip adduction angle (p=0.02), with the 
Injured participants in greater hip adduction than the 
Uninjured participants (Injured mean: -0.02±3.96°, 
Uninjured mean: -5.75±4.73°) (Figure 1). There 
were no significant differences between groups for 
hip internal rotation angle (p=0.43, Injured mean: 
7.60±2.58°, Uninjured mean: 9.94±5.75°) knee 
abduction angle (p=0.89, Injured mean: -3.66±1.68°, 
Uninjured mean: -3.84±2.68°), or for knee valgus col-
lapse (p=0.86, Injured mean: -9.02±11.63°, Uninjured 
mean: -8.20±8.72°).

Deceleration	
The MANOVA for the deceleration was not signifi-
cant (p=0.17).  There was a significant difference 
between groups for hip adduction angle (p=0.03), 
with the Injured participants in greater hip adduc-
tion than the Uninjured participants (Injured mean: 
8.63±4.12°, Uninjured mean: 1.66±5.98°) (Figure 
2). There was also a significant difference between 
groups for knee valgus collapse (p=0.04), with 
Injured participants in more knee valgus collapse 
than the Uninjured participants (Injured mean: 
8.57±8.34°, Uninjured mean: 0.65±6.90°). There 
were no significant differences between groups for 
hip internal rotation angle (p=0.92, Injured mean: 
7.98±6.66°, Uninjured mean: 8.22±4.59°) or knee 
abduction angle (p=0.77, Injured mean: -2.03±3.28°, 
Uninjured mean: -1.66±2.38°). 

height, weight, and age. Paired samples t-tests were 
used to determine whether there were significant dif-
ferences between the dominant and non-dominant 
limbs of Uninjured participants for peak hip and 
knee kinematics. There were no significant differ-
ences between limbs, except for dominant limb knee 
valgus collapse (Table 1). So, peak hip and knee kine-
matics were averaged across limbs for Uninjured par-
ticipants so each Uninjured participant contributed a 
single healthy limb to the statistical model, and each 
Injured participant contributed a single ACL injury 
limb. Participants with previous history of ACL recon-
struction were excluded from this analysis.17 All data 
were analyzed in SPSS for Windows, version 25 (SPSS 
Inc. Chicago, IL). MANOVAs were used to determine 
whether there were significant differences between 
the Injured and Uninjured groups for peak hip inter-
nal rotation, hip adduction, and knee abduction 
angles and knee valgus collapse. Separate MANOVAs 
were used for the 90° cut and deceleration tasks. 

RESULTS
There were no significant differences between 
Injured and Uninjured participants for height, 
weight, or age (Table 2). 

Figure 1.  A visual comparison between Injured and Unin-
jured players of peak components of valgus collapse during a 
90 degree cut.

Figure 2.  A visual comparison between Injured and Unin-
jured players of peak components of valgus collapse during a 
deceleration.

Table 2.  Demographic variables for Injured and Unin-
jured participants.
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DISCUSSION
The primary finding of this study was that women 
soccer players who incurred an ACL injury were in 
less hip abduction during preseason testing of two 
sport-specific tasks than women who did not incur 
ACL injury. These results partially supported the 
hypothesis. Participants who went on to ACL injury 
were in more hip adduction than those who did 
not go on to injury, however, hip internal rotation 
and knee abduction angles did not differ between 
players who went on to injury and those who did 
not. And, participants who went on to ACL injury 
were in more knee valgus collapse during the decel-
eration task than participants who did not go on to 
ACL injury. However, this difference did not exceed 
conservative measures of the smallest detectable 
change (SDC) for knee valgus collapse (Appendix 1).

These results partly confirm that components of 
valgus collapse measured during the soccer-specific 
tasks of decelerating and cutting may distinguish 
between players who will go on to ACL injury. The 
statistically significant differences between groups 
for both tasks exceeded the SDC values for hip adduc-
tion (Appendix 1), indicating the changes exceed 
noise in the signal. Hip internal rotation, another 
component of valgus collapse, did not differentiate 
between players who went on to injury and those 
who did not. This follows previous research which 
has indicated a lack of relationship between hip inter-
nal rotation and knee abduction angles while cutting, 
and has also suggested that hip internal rotation may 
not be predictive of ACL injury.18  Another interest-
ing finding of this analysis was that peak knee abduc-
tion angle during a 90° cut and deceleration also did 
not differentiate between Injured and Uninjured 
players. Knee abduction angle has been hypothe-
sized as a risk factor for ACL injury during cutting 
and decelerating.2,4,3 Although knee abduction angle 
did not differentiate between groups in this prospec-
tive cohort, high knee abduction angles while cut-
ting and decelerating are still likely a risk factor for 
ACL injury secondary to the increased load placed 
on the ACL.19,9 And, previous research has reported 
that knee abduction angle and hip adduction angle 
are highly correlated among women’s soccer play-
ers during a 90° cut.18  Therefore, reduction of hip 
adduction and knee abduction angles while deceler-
ating and cutting may lead to lower non-contact ACL 

injury risk. For this study, hip adduction may dif-
ferentiate between players who go on to ACL injury 
and those who do not because there may be more 
room for physiologic variability in this component 
of valgus collapse during a deceleration or 90° cut 
when compared to hip internal rotation and knee 
abduction angles. Identification of hip adduction as a 
risk factor for non-contact ACL injury helps confirm 
that reducing hip adduction angle with neuromus-
cular training is a favorable biomechanical change. 
And, identification of this modifiable biomechanical 
variable as a discriminating factor for players who 
go on to ACL injury can lead to improvements in the 
design of injury prevention programs.

Although this is the first study to analyze whether 
prospectively measured hip adduction angles during 
two soccer-specific tasks can differentiate between 
players who go on to ACL injury and those who 
do not, several studies have examined gender dif-
ferences in hip adduction angle during unilateral, 
athletic tasks. In both a randomly cued cutting task 
and a single leg landing task, women demonstrated 
a tendency toward greater hip adduction angles than 
men.20,21 Since women soccer players incur non-con-
tact ACL injuries at a rate higher than men,22 these 
studied gender differences, along with this study’s 
prospectively measured group differences, confirm 
the need for women’s participation in neuromus-
cular training to address this modifiable risk fac-
tor.  Hip adduction angle can be modified through 
exercises focused on proximal control.23-24  Inclusion 
of exercises addressing proximal control is a key 
factor in designing effective injury prevention pro-
grams.25 Descriptions of proximal control exercises 
to reduce knee valgus vary, but strengthening of 
the hip abductors and core and functional stability 
exercises with a focus on biomechanical alignment 
may be effective for reducing hip adduction angle 
during dynamic tasks.24,25 The results of this study 
affirm that increased hip adduction during deceler-
ating and cutting may be a risk factor for ACL injury 
and should be addressed through participation in an 
injury prevention program that focuses on proximal 
neuromuscular control and on biomechanical tech-
nique.25–27 As a biomechanical variable, hip adduc-
tion angle during these tasks may be modifiable 
through strengthening of the hip abductor muscles 
and participation in neuromuscular training.28–30
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there is potential for these tasks to be developed into 
tests to screen athletes for injury risk. Future work 
should examine these tasks in a larger cohort to fur-
ther explore their screening properties. 
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used to determine whether there were pre-season 
differences between the players who went on to 
sustain a non-contact, time loss, lower extremity 
injury during the season 5. One MANOVA was cal-
culated for the dominant limb and one MANOVA 
was calculated for the non-dominant limb for 
each task. Neither the MANOVA for the dominant 
(p=0.52) or non-dominant (p=0.24) limb for the 
90° cut was statistically significant. And, neither the 
MANOVA for the dominant (p=0.86) or non-domi-
nant (p=0.69) limb for the deceleration was statis-
tically significant. If the mean difference between 
injured and uninjured players exceeded the SDC, 
this was considered to be a MID6. MID= (Injured 
player mean- uninjured player mean) > SDC.  
*19 participants had usable 90° cut data, and 15 par-
ticipants had usable deceleration data.
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APPENDIX 1. 

Smallest Detectable Change (SDC) and 
Minimal Important Difference (MID) 
Calculation Methods
Smallest detectable change (SDC) and minimal 
clinical difference (MDC) values were calculated 
to determine whether biomechanical changes were 
clinically meaningful. Interclass correlation coef-
ficients were calculated to assess between trial 
reliability. Only the second and third trials of the 
cutting task were analyzed secondary to higher 
reliability between trials1,2. Interclass correlation 
coefficients (ICCs) demonstrated good to excellent 
reliability (>0.75-0.91) for all variables except dom-
inant knee valgus collapse and non-dominant hip 
adduction angle, which demonstrated moderate 
reliability (>0.5-0.75)3. ICCs were used to calculate 
the standard error of the mean (SEM), which was 
then used to calculated the SDC for each variable 
using the equation: SDC=SEM*1.96* 1,4. 

Minimal important differences (MID) were also cal-
culated. Injury logs across the soccer season were 
provided for one soccer team (N=19*) by the team’s 
athletic trainer. Study investigators verified that the 
soccer team was not participating in a structured 
injury prevention program, as this hypothetically 
would have altered injury risk.  MANOVAs were 

Smallest Detectable Change and Minimal Important 
Difference Values. 


