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SUMMARY  

ACL injury prevention programs have successfully decreased 

knee flexion and abduction loads. How they alter these loads 

remains unclear, but improved hip strength may play an 

important role. This study aimed to examine relations between 

training-induced hip strength, and peak knee flexion and 

abduction moments during single-leg landings. Twenty-three 

female athletes had hip strength and knee joint biomechanics 

recorded prior to and immediately following a neuromuscular 

training protocol. Hip strength was assessed during five 

concentric hip flexion (FLX), extension (EXT), abduction 

(ABD) and adduction (ADD) contractions. Peak knee flexion 

(KFM) and abduction (KAM) moments were assessed during 

five single-leg landings. Pre-to-post training changes were 

quantified for all strength and biomechanical variables before 

submission to multiple linear regression analysis. We noted, a 

0.01 increase in ABD predicted a 0.12 decrease in KFM (R
2 

= 

0.373, b = -12.49, P = 0.002), and a 0.01 increase in EXT 

predicted a 0.02 increase in KAM (R
2 

= 0.218, b = 1.90, P = 

0.025). Improved ABD strength may allow a more optimal 

length of the bi-articular knee joint musculature to stabilize 

against KFM during impact. Why greater EXT, however, 

predicted increased KAM loading is currently unknown and 

merits further research. 

 

INTRODUCTION 

Anterior cruciate ligament (ACL) injury prevention programs 

aim to modify high-risk lower limb landing biomechanics. 

Previously, these programs have successfully decreased knee 

flexion and abduction loads, which are purported to be a 

significant predictor of anterior tibial shear and prospective 

predictor of female ACL injury risk [1-3]. The precise means, 

by which these joint load states are altered, however, is 

unclear. Understanding specific training adaptations to target 

with injury prevention modalities would improve their 

effectiveness and reduce injury risk. Significant lower limb 

muscle strength changes, particularly at the hip, have been 

observed following training, which may enhance lower limb 

control during landings and impact knee loading. To date, 

however, the relationship between training-induced hip 

strength, and knee flexion and abduction load changes has not 

been examined. With that in mind, the purpose of this study 

was to examine the relationship between training-induced 

changes in explicit hip strength variables, and knee flexion 

and abduction loads during single leg landings.  

 

METHODS 

Twenty-three female athletes (age 14.6 ± 0.6 years; height 1.6 

± 0.1 m; mass 55.4 ± 9.7 kg) had hip strength and 3-D knee 

joint landing biomechanics recorded prior to and immediately 

following a six-week neuromuscular training protocol. The 

neuromuscular training was performed three times a week and 

included exercises based on components (core strength and 

balance, plyometrics, resistance, and speed) shown to 

previously reduce high-risk landing biomechanics [1, 2].  

 

Hip strength was quantified at 60º/s on an isokinetic 

dynamometer (Biodex Medical Systems, System 3, Shirley, 

NY, USA). Five maximum concentric contractions were 

performed for hip flexion (FLX), extension (EXT), abduction 

(ABD) and adduction (ADD). The peak values were recorded 

and normalized to body mass to calculate strength (Nm/kg).  

 

Subjects also had 3D knee joint biomechanics quantified 

during the execution of five successful single-leg landings off 

both the right and left limbs. For each landing, subjects were 

required to jump a distance equal to their leg length over a 

17cm box on to a force platform (AMTI OR6, Advanced 

Mechanical Technology Inc., Watertown, MA) embedded in 

the floor, while eight high-speed (240 fps) optical cameras 

(MX-13, Vicon, Lake Forest, CA) recorded motion data. The 

jump direction (left or right) after landing was randomly 

ordered prior to initiating the jump sequence. Specifically, the 

subjects were required to land on either their left foot only and 

immediately jump laterally to the right, or land only on the 

right foot and rapidly jump to the left [4].  

 

For each landing, knee joint biomechanics were quantified 

based on the 3D coordinates of 31 reflective skin markers. 

Following marker placement, a high-speed video recording of 

the subject standing in a stationary (neutral) position was 

taken and used to define a kinematic model comprised of 

seven skeletal segments (bilateral foot, shank and thigh 

segments and the pelvis) with 24 degrees of freedom. The 

synchronous 3D GRF data was collected at 1200 Hz during 

each jump landing and along with the 3D marker trajectories, 

low-pass filtered with a fourth-order Butterworth filter at a 

cut-off frequency of 12 Hz. The 3D marker trajectories 

recorded during each jump landing trial were subsequently 

processed by the Visual 3D (C-Motion, Rockville, MD) 

software to solve for the lower limb joint rotations at each 

time frame, and then the filtered kinematic and GRF data were 

used to obtain 3D intersegmental forces and moments at the 

knee joint. 

 

For analysis, peak knee flexion (KFM) and abduction 

moments (KAM) were assessed during the first 50% of stance, 

and normalized to body mass and height. Subject-based means 

were then subsequently calculated from the five single leg 

landings. Finally, pre to post training changes were quantified 

for all strength (FLX, EXT, ABD and ADD) and 

biomechanical (KFM and KAM) variables before being 

subsequently submitted to multiple linear regression analyses 

(P < 0.05) to assess the relationship between training-induced 

changes in hip strength and peak knee moments. 

 

RESULTS AND DISCUSSION 

ULB
Stamp



Pre to post changes in FLX, EXT, ABD and ADD were 0.01 ± 

0.02, 0.02 ± 0.03, 0.01 ± 0.01 and -0.01 ± 0.01, respectively. 

While changes in KFM and KAM were 0.03 ± 0.21 and -0.004 

± 0.13. A significant portion of the variance in KFM was 

explained by ABD (R
2 

= 0.373, b = -12.49, P = 0.002) (Figure 

1). Specifically, a 0.01 increase in ABD predicted a 0.12 

decrease in KAM. A significant proportion of the variance in 

KAM was explained by EXT (R
2 
= 0.218, b = 1.90, P = 0.025) 

with a 0.01 increase in EXT accounting for a 0.02 increase in 

KAM (Figure 2). No significant association (P > 0.05) was 

identified for FLX, EXT and ADD with KFM, or for FLX, 

ABD and ADD with KAM. 

 
Figure 1. Relation between pre-post training changes in peak 

stance knee flexion moment and hip abduction strength. 

 
Figure 2. Relation between pre-post training changes in peak 

stance knee abduction moment and hip extension strength. 

The current outcomes suggest that hip strength may be 

significantly associated with sagittal and frontal plane knee 

loading during single leg landings. Improved hip strength may 

impact knee loading during landing because as an athlete lands 

they tend to decelerate their center of mass down the kinetic 

chain from larger, proximal to smaller, distal segments. Thus, 

the training-induced changes in hip strength may afford the 

athlete greater control of the lower limb and ultimately impact 

knee loading. The fact we noted that increased hip abduction 

strength was associated with decreased knee flexion loads 

following training supports this contention (Figure 1). The 

improved frontal plane hip strength may allow greater control 

of hip adduction and allow a joint posture that places the bi-

articular knee joint musculature at an optimal length to 

stabilize against external sagittal plane knee loading during 

landing. At an optimal length, the quadriceps and hamstrings 

may provide greater stabilization of the knee and reduce 

sagittal plane knee loading through enhanced generation of 

flexion and extension moments [5]. Thus, injury prevention 

efforts may be merited to include exercises focused on 

improving hip abduction strength as a means to negate knee 

flexion loading during jump landings.  

 

The current outcomes, also, suggest that sagittal plane hip 

strength was significantly associated with knee abduction 

loading. Interestingly, we noted that trained increases in hip 

extension strength predicted greater knee abduction loads 

(Figure 2). Currently, it is unknown why greater hip extensor 

strength is associated with this increased loading, but the 

moment arm of the gluteus maximus, the major hip extensor, 

may aid with knee abduction through its insertion on the 

iliotibial band. The bi-articular lateral hamstrings, also, may 

assist with knee abduction, whereas, the medial hamstrings 

may resist against this high-risk loading. Thus, future injury 

prevention efforts may be warranted to target improved medial 

hamstrings activation during hip extensor strengthening 

protocols to control frontal plane knee loading. A greater 

understanding, however, of the effects of hip sagittal plane 

musculature control on subsequent lower biomechanical 

profiles is also merited and warrants further research. 

 

CONCLUSIONS 

Following training, increased ABD strength predicted greater 

KFM. Improved frontal plane hip strength may allow a joint 

posture, which may feasibly place the bi-articular knee joint 

muscular at a more optimal length to stabilize against external 

sagittal plane knee loading during impact. Although, greater 

EXT strength predicted increased KAM, the reason for this is 

not fully understood. Thus, future work is warranted to 

determine a better understanding on the effects of sagittal 

plane hip control on subsequent lower limb biomechanical 

profiles. Future injury prevention modalities, however, may 

wish to consider improved hip abduction strength as a means 

to negate high-risk lower limb landing biomechanics.  
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