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SUMMARY 
The aim of this study was to examine the effect of the anterior 
cruciate ligament (ACL) deficiency on joint kinetics and 
dynamic stability (DS) during landing after a single-leg hop 
test (SLHT). Twelve unilateral ACL deficient (ACLd) 
subjects performed a SLHT (both legs). Calculation of landing 
mechanics were done by means of a soft tissue artifact 
optimized rigid full body model. Margin of stability (MoS) 
was defined by the differences between the base of support 
and extrapolated centre of mass (XCoM). During landing, the 
ACLd leg showed a lower external knee flexion and adduction 
moment but generated higher ankle dorsiflexion and hip 
flexion moments compared to the healthy leg. The kinetic 
joint changes were explained by a more flexed trunk angle 
resulting in a more anterior position of the centre of mass 
causing an anterior translation of the ground reaction force 
vector with respect to the joints of the lower extremity in the 
ACLd leg. The consequence of this ACLd-related control 
strategy was a greater XCoM reducing the MoS during landing. 
Our results give evidence of a feedforward adaptive 
adjustment in the ACLd leg aimed to reduce mechanical 
loading at the knee joint at a cost of lesser DS control. 
 
INTRODUCTION 
Anterior cruciate ligament (ACL) rupture is a common injury 
in sport as well as during activities of daily living increasing 
the risk for suffering chronic joint disease e.g. articular 
cartilage damage [1]. Mechanical factors (e.g. changes in knee 
joint loading) are often proposed as a relevant issue for the 
initiation of degenerative joint changes in the ACL deficient 
(ACLd) knee. Therefore, analyzing lower extremity joint 
mechanics within the ACLd knee during functional motor 
tasks may be important for the application of early therapeutic 
interventions. 
Regarding this issue, several recent studies reported that 
ACLd limbs showed some adaptive changes in motor task 
execution such as walking, running or during landing 
maneuvers [2,3]. While walking the ACLd leg compared to 
the healthy leg (control) shows a lower magnitude of external 
knee flexion joint moment but higher ankle and hip joint 
moments providing evidence of a motor task reorganizing 
aimed to reduce knee joint mechanical loading [3]. However, 
the above described motor task reorganization in the ACLd 
limb may have some cost of compensation potentially 
reducing the performance capability and safety of the entire 
musculoskeletal system during functional motor tasks. For 
instance, it is reported that ACLd patients showed at the 
involved limb a poorer ability to reach a stable body posture 
after a single-leg hop test (SLHT) quantified by a centre of 
pressure (CoP) and pelvis velocity approach [4]. The above 
study, however, did not consider the state of the entire body 
center of mass (CoM) in relation to the base of support (BoS) 
in their mechanical explanation and, therefore, a quantification 
of the dynamic stability (DS) in the ACLd patients is missing.  
 

 
Based on these literature reports it seems reasonable to 
hypothesis that an ACLd patients may use at the involved limb 
a motion strategy aimed to reduce knee joint loading at a cost 
of DS control while performing functional motor tasks such as 
landing. This could result in a greater risk for further 
musculoskeletal injuries due to deficient DS control.  
 Therefore, the aim of the current study was to 
examine the effect of the ACL deficiency on lower extremity 
joint kinetics and the DS control during landing after a SLHT. 
In current study we examined the landing phase of a SLHT 
because this task enables the analyses of each leg separately 
with an increased task demand.  
 
METHODS 
Twelve patients suffering from unilateral ACL rupture 
participated in the current study (age: 27 ± 6.2 yrs. mean and 
SD; height: 1.82 ± 0.1m; body mass: 83.5 ± 12.6 kg). 
Inclusion criteria were a complete rupture of the ACL and no 
injury of the other major ligaments, minimal miniscii and 
articular cartilage damage of the knee joint as well no other 
history of musculoskeletal injuries and no neurological disease 
(documented by specialist medical practitioner and MRI) as 
well no pain. Inclusion criteria were proven for each subject 
by the same surgeon. All subjects performed a modified SLHT 
for distance keeping one's hand’s on one’s hip and wear sport 
shoes [5]. This hop is performed with one leg over a given 
distance of 0.75*height. Landing had to be performed on a 
force plate operating at 1000 Hz (KistlerTM, Winterthur, CH, 
0.6m * 0.4m), within a target area corresponding to a jumping 
distance of ± 0.05 m. All subjects perform 5 to 10 SLHT’s for 
each leg (ACLd and Control). The hop was valid if the subject 
was able to reach the target areas during initial contact while 
maintaining balance as long as possible after landing. 
Kinematic data were recorded using a 12 infrared camera 
system operating at 200 Hz (VICONTM, Oxford, UK). In order 
to determine landing mechanics we used a multi-segment 
system with 13 segments (head, torso, pelvis, upper arms, 
forearms, thighs, shanks and feet). The hip joint centers (HJC) 
were calculated by a functional calibration method SCoRE [6] 
during reference movement. To overcome soft tissue artifacts 
during the movements’ lower extremity marker positions as 
well as the head and pelvis were optimized by singular value 
decomposition approach [7]. Lower extremity joint moments 
were calculated by inverse dynamics. 
DS during the landing phase was quantified for both legs 
using an inverted pendulum model by calculating the margin 
of stability (MoS) as the instantaneous differences between the 
anterior boundary of the base of support (BoS) and the 
extrapolated center of mass (XCoM) defined as follows [8]:  
 
 
 
where PCoM is the anteroposterior component of the projection 
of the CoM to the ground, VCoM is the anteroposterior CoM 
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velocity, g is the acceleration of gravity, and l is the distance 
between CoM and centre of the ankle joint in the sagittal 
plane.  
For the statically analysis the mean values from the 5 to 10 
trials were utilized for each participant and leg. In order to get 
relevant information about motion mechanics during different 
phase of the landing phase the kinematic and kinetic variables 
were determined at means over 5 equal intervals. The landing 
phase was defined from the first foot contact after jumping to 
the point where all landing energy was absorbed 
(Fxvx+Fyvy+Fzvz > 0, where Fi is one component of the ground 
reaction force (GRF) an vi the corresponding CoM velocity, i 
∈{x,y,x}). A t-test for dependent samples was used to identify 
possible differences on the kinetic data, on the components of 
the DS and on the MoS at the 5 intervals. A linear regression 
model was used in order to determine the relationship between 
DS control and knee joint kinetics. 
 
RESULTS AND DISCUSSION 
During the landing phase, the ACLd leg showed a lower 
external flexion and adduction moment at the knee joint but 
generated higher ankle dorsiflexion and hip flexion moments 
compared to the control leg (p<0.05). The kinetic changes at 
the ACLd limb (i.e. reduced joint moment at the knee and 
higher joint moments at the hip and ankle joint) are in 
accordance to the literature reports confirming a redistribution 
of joint moment output at the lower extremity during dynamic 
motor task due to ACL deficiency [3]. The magnitude of the 
GRF showed no significant differences (p>0.05) between legs. 
Thus, the mechanical explanation for our observed joint 
moment changes in the ACLd leg was related to a more 
anterior position of the GRF vector relative to the joints of the 
lower extremity for the ACLd leg (i.e. greater lever arms at the 
ankle- and hip joint, shorter lever arms at the knee joint; 
p<0.05). We found that the ACLd leg landed with a more 
flexed trunk angle (p<0.05) positioning the point of force 
application under the foot more anterior (p<0.05) during 
following ground contact phase and thereby causing the 
changes in lower extremity joint kinetics (strong positive 
correlation between the sagittal lever arm of the GRF at the 
knee joint and the trunk flexion angle; r2=0.47, p<0.001; Fig. 
1). However, the consequence of the altered landing strategy 
in the ACLd leg (i.e. more flexed trunk angle) was a more 
anterior position of CoM resulting in a greater XCoM and, 
thereby, reducing the MoS during landing (p<0.05) in the 
ACLd leg compared to the control leg (Fig. 2). 
 
CONCLUSIONS 
Our results give evidence of a feedforward adaptive 
adjustment in the ACLd leg (i.e. more flexed trunk angle) 
aimed to reduce mechanical loading at the knee joint at a cost 
of lesser DS control. We concluded that ACL deficient knee is 
at greater risk for further musculoskeletal injuries due to 
diminished ability to control DS during landing maneuvers.  
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Figure 1: Relationship between trunk flexion angle at the 
initial landing phase (mean values over first 20% of the 
absorption phase) and the mean sagittal moment arm at the 
knee joint at the terminal interval of the landing phase (from 
80 to 100%). 
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Figure 2: Trunk flexion angle and MoS during the landing 
phase after a SLHT. Solid line represent the ACLd leg, dashed 
line the control leg. Statistically significant differences 
(p<0.05) between ACLd and control leg were marked with * 
for the MoS and # for the trunk flexion angle. 
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