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Chapter 7

The literature on the relation between jump biomechanics and jumper’s knee indicates 
that a jump with horizontal displacement poses a threat for developing jumper’s knee. 
Subjects with jumper’s knee have been shown to display a stiff landing pattern 
characterized by a small range of motion. However, up to now only cross-sectional 
studies have been conducted. Six teams from sports involving repetitive landing were 
followed prospectively for two years. At baseline athletes performed the Landing Error 
Scoring System jump and 3D kinematics and kinetics were obtained. A comparison was 
made between subjects who developed jumper’s knee and those who did not develop it. 
Three subjects developed jumper’s knee during the study. Leg stiffness during landing 
was high compared to the mean of the healthy controls. No common kinematic patterns 
could be identified in these three subjects. The results suggest that athletes with high leg 
stiffness during landing might have an increased risk for developing jumper’s knee, yet 
this conclusion is based on a very small sample. Subjects who develop jumper’s knee do 
not show a 
whether leg stiffness can be used to identify athletes at risk and as a target variable to 
be used in prevention.  
 
Keywords: athletic injury, jump-landing, patellar, leg stiffness, tendinopathy
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INTRODUCTION 
Patellar tendinopathy is an overuse injury most commonly characterized by proximal 
patellar tendon pain and tendon dysfunction 24. Especially when no imaging 
characteristics of patellar tendon structure are available, it is often referred to as 
jumper’s knee. Its prevalence is highest in basketball and volleyball players, with elite 
players showing a prevalence of 30-45% and recreational players of 10-15%12,26. 
Jumper’s knee is an injury with variable treatment results, therefore it sometimes 
leads to long-lasting symptoms9. This is why prevention of this injury is important.  

Establishing the etiology of an injury is one of the steps toward developing 
preventive measures 6,19. Overload as a result of high eccentric loads during repeated 
jumping is thought to be the main cause of this injury, hence the name ‘jumper’s 
knee’2,6. However, in a recent review it was found that a stiff landing may pose a threat 
for developing jumper’s knee 21. This stiff landing was characterized by initial contact 
with the leg joints in fairly flexed positions, followed by small amounts of leg joint 
flexion during the landing phase. The results of the review also suggested that 
compared to take-off, landing may be a main risk factor for jumper’s knee because 
eccentric forces placed on the knee are high. This is especially the case when landing 
from a forward jump where ankle range of motion is reduced, which increases the 
load on the other joints, and hip flexion is increased, which places the center of body 
mass further away from the base of support4,5. All studies identified in the literature 
which examined the relation between jumping and jumper’s knee had a cross-
sectional design though 1,5,16,17,19,20; because of this it isn’t clear which occurred first: 
the landing patterns or the tendon symptoms. 

The aim of the present study is to prospectively examine the relation between 
jumping biomechanics and the risk for developing jumper’s knee. As landing from a 
horizontal jump is thought to be the cause of jumper’s knee, the focus will lie on this 
movement characteristic. Based on the aforementioned review we hypothesized that 
subjects who develop jumper’s knee show higher leg stiffness and altered kinematics 
during landing at baseline 21. 
 
METHODS 
 
Subjects 
The Groningen Monitoring Athletic Performance Study (MAPS) monitors physical 
capacity, stress, recovery and injury occurrence in elite and sub-elite team sports 
athletes. All teams played at the third highest national level or above. Teams were 
followed during two competitive seasons (2011/2012 and 2012/2013). Athletes of 
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the participating sports teams were included in the study only if they were members 
of the team – either one or two seasons. 

From the MAPS population only athletes that were involved in basketball 
(two teams), korfball (one team (this is a mixed-gender team sport with similarities to 
netball and basketball) and volleyball (three teams) were included in the analyses 
because these sports involve repetitive jumping. Athletes with an injury at the start of 
the season that interfered with the execution of the jump test and athletes with a 
history of knee injury were excluded. All athletes gave written informed consent and 
were aged 18 years or older. Permission for the study was obtained from the medical 
ethical committee of University Medical Center Groningen, the Netherlands and the 
study meets the ethical standards of the IJSM 8. 

 
 

Table 1. Characteristics of the study sample. 

 Male  Female 

N 32 17 

Age (years) 21.8 ± 3.5 21.6 ± 2.7 

Height (m) 1.96 ± 0.07 1.78 ± 0.07 

Body Mass (kg) 86.2 ± 10.4 68.3 ± 10.7 

Sport (Basketball/Korfball/Volleyball) 12/7/13 0/9/8 

Seasons (one seasons/two seasons) 21/11 10/7 

 
 

Procedure 
At the start of each season participants performed the Landing Error Scoring System 
(LESS) jump, a jump-landing-rebound task 13. The LESS jump is a clinical assessment 
tool used to identify high-risk movement patterns for anterior cruciate ligament 
injury. The LESS was considered suitable for our purposes because it is standardized, 
used frequently, well documented, easy to perform and includes a horizontal phase. In 
the present study clinical assessment was replaced with measuring kinematics and 
kinetics using a motion analysis system. Three dimensional kinematics were recorded 
using a motion analysis system with eight cameras (Vicon Motion Systems, Inc., 
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Centennial, CO) at 200 Hz. Reflective markers were placed at the heel, lateral 
malleolus, second metatarsal head, lateral femoral epicondyle, anterior superior iliac 
spine and posterior superior iliac spine both bilaterally, and the lateral side of the 
mid-thigh, mid-calf bilaterally and on the clavicle, sternum, C7, T10 and right shoulder 
according to the lower body and torso plug-in-gait model. Ground reaction forces 
were recorded with two force plates (Bertec Corporation, Columbus, Ohio), one for 
each foot, at 2000 Hz.  
 
Experimental Protocol 
The LESS jump started with jumping from a 30-cm high box onto two force plates that 
were placed at a distance of half the subjects’ height (horizontal phase). Subjects 
landed with both feet, one on each force plate, and immediately performed a maximal 
vertical jump (vertical phase). Subjects were instructed not to gain height during the 
horizontal phase and to jump as high as possible during the vertical phase 13. Each 
subject practiced the LESS jump until they performed three satisfactory jumps. A 
jump was deemed satisfactory if there was no obvious upward movement during the 
jump and one foot landed on each force plate. The subsequent three jumps were 
recorded. Between jumps subjects had time to reposition at a gentle pace. 
 
Injury Data 
An injury was defined as “any physical complaint sustained by a player that results 
from a match or training and needs medical attention”. Registration of these injuries 
was done as described by Fuller et al. 7. Medical attention injuries were registered by 
the team physical therapists and reported once a month. A clinical diagnosis of JK was 
used that included patellar tendon pain during loading and on palpation 3,14. No 
imaging was performed next to the clinical diagnosis. At the end of the study the JK 
cases were extracted from the medical database. 
   
Data analysis 
The landing after the horizontal jump phase was analyzed using Vicon Nexus 1.8 
software with Plug-in-Gait lower body and trunk. Kinematic and kinetic data were 
filtered with the Vicon Nexus Plug-in-Gait Woltring filter with the General Cross 
Validation setting and further analyzed using Matlab 8.3 (The Mathworks Inc., Natick 
MA) 25. Joint angles of hip, knee and ankle and angle between foot and ground were 
calculated for the ground contact phase between landing from the horizontal jump 
and take-off of the vertical jump. A local coordinate system was used to calculate 
ankle, knee and hip angles. The angle between foot and ground was calculated as the 
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angle that the line through heel marker and second metatarsal head marker makes 
with horizontal. This variable was included because it indicates whether the athletes 
landed on the heel or more towards the forefoot. Ground contact was defined as the 
phase at which the vertical component of the ground reaction force exceeded 30N. Leg 
stiffness was calculated as the quotient of maximum resultant ground reaction force 
and change in leg length 18. Change in leg length was the resultant excursion of the hip 
joint center relative to the second metatarsal 15. The average value of the three jumps 
was taken for each person.  
Data of the athletes (from the six included teams) who did not develop JK were taken 
as normative data. These normative data were calculated for men and women 
separately. For athletes who were included for two seasons in the study, only jump 
data from the first season were included. Data of each athlete that developed JK were 
compared to gender-specific norms.  
 
RESULTS 
Forty-nine athletes were included in the study (Figure 1). The characteristics of the 
athletes are shown for both sexes in Table 1. Eighteen athletes took part in the study 
for two seasons and 31 athletes for one season.  
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Figure 1. Flow of participants in the study. 

 
 

Three athletes developed JK symptoms during the study resulting in an 
annual incidence of JK in the studied population of 4.5%. No traumatic events 
preceding the onset of the JK symptoms were reported. The athletes that developed JK 
were one woman and two men, and will be referred to as F1, M1 and M2 respectively. 
F1 (korfball player) and M1 (basketball player) were included for two seasons in the 
study and M2 (basketball player) for one season. F1 developed JK during the first 
season and M1 during the second season. The comparisons between the norm group 
and injured athletes are shown in Figures 2 and 3.  
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Figure 2. Sagittal joint angles during the horizontal landing phase of athletes diagnosed with JK (two males: 
M1 and M2; and one female: F1) compared to the norm groups. (Black line: norm group mean; gray area: 
two standard deviations of norm group; dotted line: leg diagnosed with JK; dashed line: leg not diagnosed 
with JK. 
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Figure 3. Median leg stiffness (solid line) and interquartile range (dashed lines) for the norm groups (men 
(top figure) and women (bottom figure)) compared to both legs of athletes diagnosed with JK (two males: 
M1 and M2; and one female: F1). 

 
 
Subject M1 showed differences in knee angle, ankle angle and foot-ground 

angle compared to the male norm group. He landed with a little more extended knee, 
a more dorsiflexed ankle and on the heel. Later on during the landing phase he 
showed a plantar flexion pattern whereas the norm group showed an opposite 
pattern. Towards the point of take off for the vertical jump kinematic patterns were 
similar to those of the norm group. Leg stiffness of subject M1 was higher in the leg in 
which no JK was diagnosed during follow-up compared to the leg in which JK was 
diagnosed. Leg stiffness in the injured leg fell within the second quartile of the norm 
group whereas leg stiffness of the control leg fell within the highest quartile (Figure 
3). 

Kinematics of subject M2 were more or less similar to those of the norm 
group. The knee was a little more extended during landing and the ankle a little more 
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into plantar flexion. The leg stiffness of both legs of this subject fell within the second 
highest quartile of the norm group. 

Subject F1 showed hip kinematics that deviated from those of the female 
norm group. She landed with a more flexed hip and showed only very little hip flexion 
after touchdown. Leg stiffness of both legs fell in the highest quartile of the norm 
group. 
 
DISCUSSION 
To our knowledge, this is the first study to prospectively assess the relation between 
landing biomechanics and the risk for developing JK. We aimed to test the specific 
hypothesis that subjects who develop JK show higher leg stiffness and smaller range 
of motion during landing. This hypothesis was based on a previous systematic review 
on the relation between jump biomechanics and JK 21. Only three of the 49 subjects 
developed JK during the follow-up; this precludes drawing strong conclusions. Leg 
stiffness of the athletes diagnosed with JK fell within the highest two quartiles of the 
norm group. However, these values were not outliers compared to the norm group. 
No common sagittal plane ankle, knee and or hip kinematic patterns could be 
identified in these three subjects either.  The two subjects with the highest leg 
stiffness, M1 and F1 showed lower ROM in the lower extremity joints during landing 
compared to the control group (Figure 3), as hypothesized, but not for all joints. No 
common kinematic patterns at initial contact could be identified either. As 
hypothesized, F1 had a large hip flexion angle at IC, which led to a reduced range of 
motion towards flexion, a pattern that has been described previously in subjects with 
patellar tendon abnormalities 5. Similarly, subject M1 had a large dorsiflexion angle 
and a heel first landing, also reducing the possibility for joint flexion in order to 
accommodate excessive impact forces 1. The third subject that developed JK (M2) 
showed no marked differences in kinematics compared to the control group. An 
explanation for this may be that landing biomechanics are not the only factor that 
influences the onset of JK. JK is thought to have a multifactorial etiology and numerous 
risk factors have been described in the literature 22. Other intrinsic (genetics, 
alignment, flexibility, jump height) and extrinsic factors (amount of training, number 
of jumps performed, playing position) are thought to play a role in the etiology of 
tendinopathy. It is the interaction of multiple factors, and not the presence or absence 
of a single factor that determines whether one develops tendinopathy. 

Previous cross-sectional studies found certain kinematics to be related to JK. 
In the present study we found no common kinematics patterns in the three JK 
subjects. A reason for this may be that group level analyses do not show individual 
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differences. The present results suggest that there may be various landing patterns 
that may have a high risk for JK. This is also in line with the literature where 
reductions in hip 5,19, knee 1,19, and ankle range of motion all have been suggested as 
risk factors 1. What these landing patterns may have in common is reduced joint 
flexion leading to poor accommodation of impact forces.  

Although this study has its limitations, strong points are its prospective 
design and long-term follow-up. In a recent review only cross-sectional studies that 
assessed the relation between jumping biomechanics and JK could be identified21. 
This study is the first one that has prospectively assessed the relation between jump 
biomechanics and JK. A limitation of this study is the low incidence of JK in the study 
population. Only three athletes were diagnosed with this injury during the study 
period. A previous study shows an annual incidence of 21% in talented male youth 
volleyball players, which is almost five times the annual incidence reported in the 
present study 23. Our study’s low incidence precluded the use of advanced statistical 
techniques. Because of this we presented only descriptive data, which makes it 
difficult to draw strong conclusions. The low incidence in this study may be explained 
by the study population; athletes with a history of knee injury (including 12 with JK) 
were excluded from the study, which resulted in the inclusion only of athletes that 
play at the elite/sub-elite level who have remained injury-free, and who are therefore 
probably less likely to develop new injuries. The previous study by Visnes & Bahr 
included youth players, a population in which such a drop-out of athletes at a high risk 
for JK has not taken place yet 23.  

Another limitation of the study is that no additional imaging was performed 
and only a clinical diagnosis of JK was used. This might have led to the inclusion of 
other conditions that cause anterior knee pain such as patellofemoral pain syndrome, 
or infrapatellar bursitis. On the other hand, the relation between tendon 
abnormalities on imaging and experienced tendon pain is not one on one 10,11. 
Ultrasound imaging, for example, can show tendon abnormalities like an increased 
tendon diameter and hypoechoic areas, but this only increases the likelihood of the 
diagnosis and does not provide conclusive evidence for a JK diagnosis.  

Based on the present results there is some evidence for the hypothesis that 
athletes with high leg stiffness during landing may be at an increased risk for 
developing JK. However, further research employing large prospective cohort studies 
to ensure a sufficient amount of JK’s for further analysis is required to study the 
relation between leg stiffness and the onset of JK. If such a relation is identified, leg 
stiffness may be used as a screening variable to identify athletes at risk. Also, leg 
stiffness may be used as a target variable for prevention purposes. Reducing leg 
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stiffness can be achieved by changing the anticipatory muscle contractions and/or leg 
alignment in such a way that it results in an increase in the change in leg length — in 
other words the range of motion — and a reduction in the peak ground reaction force 
(the two factors in the equation). Increasing joint ROM during landing influences both 
these factors; it increases the change in leg length and thereby decreases the peak 
deceleration of the center of mass, and as a result decreases the peak ground reaction 
force (by increasing landing time). Peak ground reaction force can also be reduced by 
landing on two legs, during a sports-specific action such as a block jump, and reducing 
body weight.   

This study gives some support for the idea that high leg stiffness during 
landing from a jump is a risk factor for the development of JK. No common kinematic 
patterns could be identified in JK cases. Because of the low number of JK cases and the 
multifactorial etiology of tendinopathy, results should be interpreted with caution. 
Further research in larger cohorts is therefore required, ideally conducted among a 
high-risk group to maximize the number of JK cases. The present findings may have 
relevance for prevention and treatment as well as for training and rehabilitation. 
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