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SUMMARY 
Anterior cruciate ligament (ACL) injury is often associated 
with jump landing tasks. Studies were focused on the effects 
of landing height and gender differences associated with ACL 
injury while performing jump landing. The relationship 
between ACL risk factors and single leg jump landing among 
different directions were still unknown. The purpose of this 
study was to investigate risk factors related to anterior cruciate 
ligament injury during single leg jump landing among three 
different directions (forward, diagonal, lateral).  
 
Twelve healthy male subjects were recruited in this study. All 
subjects were asked to perform 3 successful trials at each 
direction (forward, diagonal, lateral). While jumping, subjects 
were asked to take off with both legs and landing with single 
supporting leg. 
 
The result showed that during single leg jump landing with 
different directions could result in different biomechanical 
factors to cause different ACL injury risk level. While landing 
at the lateral direction, a stiffer landing strategy could cause 
higher ACL injury rate. Future studies should be focus on 
investigating the best jump landing strategy, and analyzing 
better way to coordinate lower extremity joints while landing 
to reduce non-contact ACL injury risks. 
 
INTRODUCTION 
Jump landing is an integral skill for athletes including 
basketball, volleyball, and handball players. Many knee 
injuries could occur during this motion, especially for the 
supporting leg. Among these knee injuries, anterior cruciate 
ligament (ACL) injury is more associated with jump landing 
or cutting maneuver. Previous studies have found several 
biomechanical factors associated with ACL injury including 
greater peak values for vertical ground reaction force (VGRF), 
knee flexion and valgus angle, moment of external knee 
valgus and hip flexion [3,5]. Additionally, as we know, the 
function of ACL was to prevent greater anterior translation of 
tibia. If a greater anterior tibial shear force (ATSF) appeared, 
it would increase ACL injury.  
 
In the past, many studies have investigated effects of landing 
height and gender differences in lower extremity injury while 
performing jump landing [7,8]. However, there is still a lack 
of research examining possible ACL injury while performing 
different directions of jump landing. The purpose of this study 
was to compare the biomechanical factors related to anterior 

cruciate ligament injury during single leg landing among three 
different directions. 
 
We hypothesized that during single leg landing among 
different directions would cause different levels of ACL injury 
risks.  
 
METHODS 
Twelve healthy male subjects (age: 24 ± 0.95years, height: 
1.73 ± 0.04m, weight: 70.6 ± 8.3kg) were recruited in this 
study. All subjects were asked to perform 3 successful trials at 
each direction (forward, diagonal, lateral). Subjects were 
asked to jump with both legs and land with single supporting 
leg (supporting leg was defined as the standing leg when 
kicking a ball). While jumping, subjects were asked to touch a 
ball which was placed at 50% of their maximum CMJ jumping 
height with both hands and to land with only supporting leg. 
During landing, if the subject performed an unstable landing 
posture or had extra jump action upward or forward, the data 
would be eliminated. 
 
Three successful trails were recorded for analyses. The 
landing phase was defined from initial foot contact (0%) onto 
the force plate to the maximum knee flexion angle of the 
supporting leg (100%) [8]. 
 
One way ANOVA with repeated measured was used to 
compare biomechanical factors of the supporting leg among 
three different directions. LSD test was sued for post hoc 
comparison. A significance level of 0.05 was set for all 
statistical tests. 
 
RESULTS AND DISCUSSION 
Means and standard deviations for peak values of VGRF, 
ATSF, knee flexion angle, knee valgus angle, hip extension 
moment and knee valgus moment during landing periods were 
presented in Table 1. 
 
There was no significant difference in peak VGRF among 
three different landing diretions. It might because that jumping 
heights (50% of individual’s maximum CMJ) were similar to 
result in similar peak VGRF valumes among there jump 
landing directions. 
 
The peak anterior tibial shear forces (ATSF) of forward and 
diagonal directions were significantly greater (p＜0.05) than 
lateral direction during single leg landing. 



 
Similarly, the peak knee flexion angles of forward and 
diagonal directions were significantly greater (p＜0.05) than 
lateral direction during single leg  landing (Figure 1). Previous 
study has suggested that increased knee flexion angle during 
landing might be able to reduce knee injury risk, because more 
knee flexion angle could activate hamstrings muscle to 
contract which could reduce ATSF on ACL [1]. The less 
flexion knee angle during lateral direction landing could be 
considered as a stiffer landing strategy. Previous study has 
shown that a stiffer landing strategy could cause higher risk on 
non-contact ACL injuries [2,7]. 
 

 

Figure 1: Means and standard deviations (SD) of peak knee 
flexion angles during landing phase among three landing 
directions. 
 
There was no significant difference in peak valgus angle 
among three landing directions. The possible reason for this 
finding might be the nature of the landing strategy. The non-
significant result of knee valgus angle was most likely caused 
by little knee motion in the frontal plane during single leg 
landing [1]. However, data of peak knee valgus moments 
showed significantly difference (p＜ 0.05) among three 
landing directions. A greater peak valgus moment was 
associated with larger initial hip flexion and internal rotation, 
and with larger initial knee valgus angle [4]. 
 

The peak hip extension moments of forward and diagonal 
directions were significantly greater (p＜0.05) than lateral 
direction. The result showed that forward and diagonal 
directions would use more hip motion in sagittal plane to 
absorb the mechanical impact force during landing. The 
increased hip and knee motion in sagittal plane have been 
shown to decrease joint motion in frontal plane to reduce the 
possibility of ACL injury during landing [6]. 
 
CONCLUSIONS 
Results of the current study showed that during single leg 
landing with different directions could result in different 
biomechanical factors to cause different ACL injury risk level. 
While landing at the lateral direction, a stiffer landing strategy 
could cause higher ACL injury rate due to greater ATSF. 
Future studies should be focus on investigating the best jump 
landing strategy, and analyzing better way to coordinate lower 
extremity joints while landing to reduce non-contact ACL 
injury risks. 
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Table 1: The biomechanical factors during single leg landing among three different directions. 
 

 Landing Directions (mean ±  SD) 
 Forward Diagonal Lateral 
Peak VGRF (N) 2.64 ± 0.23 2.58 ± 0.22 2.57 ± 0.21 
Peak ATSF (N) 8.28 ± 1.20a 8.41 ± 1.00b 7.28 ± 1.21 
Peak knee flexion (degrees) 63.72 ± 9.85a 63.03 ± 8.18b 58.15 ± 9.30 
Peak knee valgus (degrees) 4.07 ± 3.01 5.64 ± 3.50 5.34 ± 4.32 
Peak hip extension moment (Nm/kg) 1.60 ± 0.38a 1.50 ± 0.36b 1.08 ± 0.48 
Peak knee valgus moment (Nm/kg) 0.74 ± 0.17a,c 0.52 ± 0.12b 0.33 ± 0.13 

a  indicates significant differences between forward and lateral direction (p＜0.05). 
b  indicates significant differences between diagonal and lateral direction (p＜0.05). 
c  indicates significant differences between forward and diagonal direction (p＜0.05). 


