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 Knee Forces During Landing in Men and Women 

by 
Daniel J Cleather1, Maike B Czasche1 

Sex differences in biomechanics may provide one explanation for the greater incidence of knee injuries in 
women, but few studies have compared internal forces. In this study, a musculoskeletal model was used to compare male 
and female, bilateral and unilateral landings based on motion capture and force plate data. Participants were classified 
as landing medially or laterally loaded based upon the mediolateral load share at the knee (bilateral: p < 0.001, η2=0.452; 
unilateral: p < 0.001, η2 = 0.444). Knee kinematics and ground reaction forces were not different between the two 
groups (p > 0.05, η2 = 0.001 – 0.059), but there were differences in muscular recruitment. Landing strategy did not 
appear to be dependent on sex. However, for both medially and laterally loaded bilateral landings men had greater 
gluteal (p = 0.017, η2 = 0.085) and hamstrings forces (p < 0.001, η2 = 0.183), whereas women had greater quadriceps 
forces (p = 0.004, η2 = 0.116). This study demonstrates an association between muscular recruitment and medially 
loaded landings. Landing strategy seems to be a function of skill not sex; however, within a particular landing strategy 
there may be sex differences in muscular activation that contribute to the difference in injury rates. 

Key words: sex characteristics, knee injuries, anterior cruciate ligaments, mediolateral load share. 
 
Introduction 

Ruptures of the anterior cruciate ligament 
(ACL) are serious musculoskeletal injuries that 
often require surgical treatment and lengthy 
rehabilitation periods (Delay et al., 2001), and that 
increase the risk of osteoarthritis in later life 
(Lohmander et al., 2007; Louboutin et al., 2009; 
Roos, 2005). The incidence of ACL injuries in 
women is much greater than in men (Arendt and 
Dick, 1995; Prodromos et al., 2007). A number of 
gender differences have been suggested to be 
important in understanding the higher incidence 
of ACL injuries in women that span several 
different domains (f. ex. anatomical, 
biomechanical, hormonal) (Alentorn-Geli et al., 
2009; Elliot et al., 2010; Hewett, 2000; Hughes and 
Watkins, 2006). However, as some of these 
differences are less modifiable than others it is 
probably most useful to focus on differences 
between the genders which can be changed, and 
that can then serve as the basis of effective 
interventions. For instance, it has been well  
 

 
established that women often exhibit different 
lower limb mechanics when performing common 
athletic tasks like landing or cutting (Decker et al., 
2003; Malinzak et al., 2001; Nagano et al., 2007; 
Schmitz et al., 2007; Golas et al., 2017), and it is 
thought that these differences provide one 
explanation for the increased risk of ACL injury. 

ACL injuries are relatively common during 
landing after a jump (Ferretti et al., 1992; Ristić et 
al., 2010; Shimokochi and Shultz, 2008). A number 
of kinetic and kinematic differences have been 
found between men and women during landing 
(although there is some degree of inconsistency 
within the literature in terms of the specific 
differences expected, Beaulieu and McLean, 2012). 
For instance, it has variously been suggested that 
there are differences in joint excursions 
(Fagenbaum and Darling, 2003; Ford et al., 2006; 
Kiriyama et al., 2008; Lephart et al., 2002), joint 
moments (Butler et al., 2013; Ford et al., 2010; 
Kernozek et al., 2005; Orishimo et al., 2014),  
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energy absorption (Decker et al., 2003; Norcross et 
al., 2013; Schmitz et al., 2007), ground reaction 
forces (Kernozek et al., 2005; Pappas et al., 2007; 
Schmitz et al., 2007) and muscular activity (de 
Britto et al., 2014; Gehring et al., 2009; Nagano et 
al., 2007; Urabe et al., 2005) between men and 
women and that these differences contribute to 
the increased risk of ACL injury in women. 

When considering the differences in ACL 
injury risk between men and women, it is 
important to distinguish between gender- and 
sex-specific factors. In this context, sex-specific 
factors are those which can be attributed solely to 
biological differences, whereas gender-specific 
factors encompass a wider range of differences 
that include those created by socio-cultural 
pressures. With regard to landing mechanics, 
these gender-specific factors might include the 
fact that men have more practice executing the 
skill of landing, might have stronger lower 
extremities due to greater engagement in athletic 
activities, etc. (Bruton et al., 2013). For instance, 
Orishimo and colleagues (2014) found that for 
experienced dancers, there was no difference in 
the landing mechanics of men and women. They 
attributed this to the fact that both male and 
female dancers receive balance- and jump-specific 
training from a young age. Thus, it may be more 
prudent to attribute differences in ACL injury risk 
simply to the landing strategy adopted by an 
individual, rather than to their gender (Bruton et 
al., 2013). The increased incidence of ACL injuries 
in women would then be attributed to the fact 
that a greater proportion of women exhibit a risky 
landing strategy. 

Most studies of ACL injury mechanisms are 
based upon the measurement of external 
kinematics and kinetics or use techniques like 
electromyography to give some indication as to 
the level of activation of the muscles. However, it 
is the forces experienced by the musculoskeletal 
system that are most important if the mechanism 
of injury is to be understood, and most previous 
studies have not sought to quantify the forces 
within the muscles, joints or ligaments 
themselves. This is principally because the direct 
measurement of such forces can be very 
challenging, requiring expensive and surgically 
invasive techniques (Erdemir et al., 2007; Fleming 
and Beynnon, 2004). This is the reason why 
biomechanists have sought to develop  
 

 
musculoskeletal models of the body which can 
provide predictions of muscle, joint and ligament 
forces based upon non-invasive measurements of 
movement (Buchanan et al., 2004; Damsgaard et 
al., 2006; D’Lima et al., 2012; Pandy, 2001). 

We have previously described a publicly 
available model of the lower limb (FreeBody) that 
can be used to estimate muscle and joint contact 
forces based upon external measurements of 
movement (Cleather and Bull, 2015). In our recent 
work (Price et al., 2017) we have shown that 
FreeBody is particularly sensitive to differences in 
the mediolateral distribution of the tibiofemoral 
joint contact force (minimal detectable change of 
4-7%). Using the same model we have also shown 
that after a strength training intervention, there is 
a lateral to medial shift of the tibiofemoral joint 
contact force (TFJ) experienced during drop 
landings (Czasche et al., 2018). Mediolateral load 
share, that is the proportion of the TFJ acting 
through the medial compartment of the 
tibiofemoral joint, may thus be an effective 
variable to use to discriminate between different 
landing strategies. The purpose of this study was 
therefore to use FreeBody to quantify the loading 
of the tibiofemoral joint during bilateral and 
unilateral landings and then use the mediolateral 
load share to discriminate between medially and 
laterally loaded landing strategies. The key aim 
was to explore the differences between men and 
women, and to provide some commentary as to 
whether these are sex or gender differences. 

Methods 

Participants 
Fifty-one participants were recruited for this 

study (Table 1). All participants were healthy, 
right footed and had been free from lower limb 
injury for the previous 6 months. In order to 
observe a range of different landing strategies we 
recruited both recreationally active and athletic 
participants. The inclusion criteria for the 
recreational participants included the stipulation 
that they took part in recreational sporting 
activity less than 4 times per week and that they 
were not performing heavy resistance training. In 
contrast, the inclusion criteria for the athletic 
participants were that they were physically active 
and that they participated in sport more than 4 
times a week including resistance training. Ethical 
approval for this study was obtained from the  
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institutional review board of St Mary’s University, 
and all participants provided informed written 
consent before taking part in the study. The study 
was conducted in accordance with the ethical 
standards of the Declaration of Helsinki. 
Measures 

Kinematic and kinetic data describing the 
performance of each landing were collected using 
motion capture and force plate technologies. Data 
collection was performed at two different sites. 
The kinematic data consisted of the time 
dependent history of the positions of 18 retro-
reflective markers placed on key anatomical 
landmarks of the pelvis and right lower limb, as 
measured by a Vicon motion capture system 
sampling at 200 Hz (site 1: 11 camera array, Vicon 
MX System, Vicon Motion Systems Ltd, Oxford, 
UK; site 2: 10 camera array, Vicon MX System). 
The anatomical landmarks used in this study 
(Figure 1) have been described in our previous 
work (Cleather and Bull, 2015) and were located 
using the guidelines of van Sint Jan (2005). The 
time history of the ground reaction force (GRF) 
was collected using force plate technology (site 1: 
Kistler 9287BA Plate, 600 × 900 mm, Kistler 
Instruments Ltd., Hampshire, UK; site 2: Kistler 
9286B AMTI Plate, 400 × 600 mm). The force plate 
was synchronised with the Vicon system and data 
were collected at 200 Hz for the recreational 
women and at 1000 Hz and then down sampled to 
200 Hz for the other participants. 
Design and Procedures 

Upon reporting for testing, participants first 
performed a standardised, supervised, 10 min 
dynamic warm up and briefly practiced the step 
off task (Czasche et al., 2018) followed by a 3-5 
min rest period during which the retro-reflective 
markers were attached. Participants then 
performed the landing trials. They were asked to 
step forwards from a 30 cm platform placed 0.5 
cm from the force plate and to land naturally with 
their right foot entirely on the force plate. In 
stepping forwards from the platform participants 
were asked to ensure that they dropped from the 
height of the platform by not jumping off the 
platform or stepping down. In addition, for the 
bilateral landings participants were asked to land 
in such a way that both feet touched the ground at 
the same time. No other instructions as to landing 
technique were given. Participants first performed 
at least 5 bilateral landings with a 60 s rest interval  
 

 
in between, then took a 2 min break, before 
performing at least 5 unilateral landings, again 
with a 60 s rest between each. Trials that were not 
conducted in accordance with the above 
instructions were repeated. 
Data Analysis 

The raw data collected in this study were 
analysed using FreeBody (Cleather and Bull, 
2015), a publicly available musculoskeletal model 
of the lower limb in order to calculate muscle and 
joint contact forces. The development of FreeBody 
and its calculation procedures (Cleather et al., 
2011a, 2011b; Cleather and Bull, 2010b, 2011a, 
2015), the sensitivity of FreeBody to various key 
modelling assumptions (Cleather and Bull, 2010b, 
2010a, 2011b; Southgate et al., 2012), its validity 
(Cleather and Bull, 2015; Ding et al., 2016) and its 
reliability (Price et al., 2017) have been previously 
described, and so in line with the journal’s policy, 
are only briefly outlined here. Firstly, the 
kinematic data were filtered using a dual pass 5th 
order Butterworth filter with a cut-off frequency 
of 10 Hz (the force data was not filtered in order 
to preserve the initial impact spike). Next, 
positions of the markers were used to specify the 
locations and orientations of five rigid bodies that 
represented the right lower limb and pelvis. The 
external kinematics of the observed movement 
could then be calculated from these data. The 
musculoskeletal geometry of the limb was 
described by scaling the data of Klein Horsman 
and colleagues (2007) to fit the dimensions of the 
subject. This in turn then allowed the moment 
arms and lines of action of 163 muscle elements 
and 14 ligament elements to be calculated for each 
frame. The external kinematics and kinetics (force 
plate data) could then be combined with the 
musculoskeletal geometry to write the equations 
of motion that governed the movement of the 
lower limb – this was an indeterminate problem 
comprising 22 equations and 193 unknowns. 
FreeBody took an optimization approach to solve 
these equations – that is, the solution that 
simultaneously minimised maximum muscle 
stress and ligament force relative to the failure 
limit of the ligaments was selected (Cleather and 
Bull, 2011a; Crowninshield and Brand, 1981; 
Raikova, 2009). In this study, the strength of the 
model (i.e. the maximum muscle forces) was 
scaled relative to the body mass of the 
participants (Table 1), but if the model was unable  
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to find a solution under the above constraints, 
then the model was strengthened to try and find a 
solution. If there were frames within a trial for 
which a solution could not be found then the trial 
was not included in the analysis.  
Statistical Analysis 

All data series were normalised relative to 
time (t), such that the time from initial ground 
contact until the peak in GRF represented a time 
period of 1 unit (for a limited number of trials the 
initial impact peak was the global maximum – in 
these cases the data were normalised relative to 
the second GRF peak). Each data series was then 
interpolated using a cubic spline in order to 
determine the values at intervals of 0.05 units. The 
individual trials for each subject and landing 
condition were combined by taking the mean 
value at each time interval in order to produce a 
mean curve for each data series.  

Mediolateral load share at time t = 2 was 
used to designate participants as either medially 
(> 0.5) or laterally (< 0.5) loaded. The data series 
for the medially and laterally loaded groups were 
then combined by taking the mean and standard 
deviation at each time interval. This allowed 
composite curves and 95% confidence intervals to 
be plotted for each variable.  

Peak values were found for the period t = 0.0 
- 0.5, as well as the values at t = 1 and 2. Two 
repeated measures factorial MANOVA (time × 
landing strategy × gender) with Bonferroni 
adjusted post hoc t tests were used to test for 
differences for the bilateral and unilateral 
landings with an alpha level of 0.05 set a priori. In 
addition, effect sizes were calculated using partial 
η2. Statistical analysis was conducted using IBM 
SPSS Statistics (version 24; IBM, Armonk, NY). 

Results 
The data set reported in this paper consisted 

of 182 bilateral landings from 50 participants and 
181 unilateral landings from 45 participants. A 
medially loaded landing pattern was more 
common during both bilateral (28 participants 
medially loaded versus 22 laterally loaded) and 
unilateral (35 versus 10) landings (Table 2). 
Participants who landed with a laterally loaded 
tibiofemoral joint during unilateral landings 
tended also to exhibit lateral loading during 
bilateral landings (Table 2). 

There were no significant differences in knee  
 

 
kinematics (Figure 1) between medial and lateral 
groups (time × strategy interaction) for both 
bilateral (flexion: p = 0.244, η2 = 0.030; adduction: p 
= 0.930, η2 = 0.002; external rotation: p = 0.952, η2 = 
0.001) and unilateral landings (flexion: p = 0.889, η2 
= 0.003; adduction: p = 0.566, η2 = 0.014; external 
rotation: p = 0.508, η2 = 0.016). Similarly, there 
were no differences in GRF for bilateral (p = 0.155, 
η2 = 0.040) or unilateral landings (p = 0.084, η2 = 
0.059). In contrast there was a large significant 
difference in mediolateral load share for both 
landing conditions (Figure 2; bilateral: p < 0.001, η2 
= 0.452; unilateral: p < 0.001, η2 = 0.444). There 
were also significant differences in TFJ (bilateral: p 
= 0.001, η2 = 0.138; unilateral: p < 0.001, η2 = 0.272), 
gluteal force (Figure 3; bilateral: p = 0.001, η2 = 
0.162; unilateral: p = 0.020, η2 = 0.091), quadriceps 
force (bilateral: p < 0.001, η2 = 0.191; unilateral: p = 
0.029, η2 = 0.083), biarticular hamstring force 
(bilateral: p < 0.001, η2 = 0.406; unilateral: p < 0.001, 
η2 = 0.373), triceps surae force (bilateral: p = 0.286, 
η2 = 0.027; unilateral: p = 0.001, η2 = 0.156) and 
adductor force (bilateral: p = 0.044, η2 = 0.066; 
unilateral: p < 0.001, η2 = 0.288). 

In contrast, when comparing genders for 
each movement strategy (time × strategy × gender 
interaction) there were few differences. There 
were no differences in knee kinematics, GRF, TFJ, 
mediolateral load share, triceps surae force, 
adductor force for bilateral landings (Figure 4; p = 
0.226 – 0.907, η2 = 0.002 – 0.032) and no differences 
for any variables for unilateral landings (p = 0.070 
– 0.0-7, η2 = 0.002 – 0.063). During the bilateral 
landings, there was a moderate significant 
difference for gluteal force (Figure 5; p = 0.017, η2 = 
0.085), quadriceps force (p = 0.004, η2 = 0.116) and 
hamstring force (p < 0.001, η2 = 0.183). 

More differences were found when gender 
was compared independently of landing strategy 
(time × gender interaction). The women landed 
with greater knee flexion for both conditions 
(bilateral: p < 0.001, η2 = 0.170; unilateral: p = 0.002, 
η2 = 0.136) and a smaller GRF in the bilateral 
landings (bilateral: p < 0.001, η2 = 0.168; unilateral: 
p = 0.166, η2 = 0.043). There were also differences 
in mediolateral load share (bilateral: p = 0.106, η2 = 
0.048; unilateral: p < 0.001, η2 = 0.172), quadriceps 
force (bilateral: p = 0.001, η2 = 0.142; unilateral: p = 
0.200, η2 = 0.039), triceps surae force (bilateral: p = 
0.013, η2 = 0.090; unilateral: p = 0.001, η2 = 0.159) 
and adductor force (bilateral: p = 0.021, η2 = 0.081;  
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unilateral: p = 0.183, η2 = 0.041). Similarly, there 
were clear qualitative differences between the  
 

 
four different groups that were originally 
recruited (Figure 6). 

 
 
 
 

Table 1 
Participants’ characteristics (* = significant difference between men and women;  

† = significant difference between athletic and recreational). 
 n Age (years) Height* (m) Mass* (kg) Activity† 

(hrs/week) 

Men 
Athletic 
Recreational 

 
16 
7 

 
22.8 ± 4.2 
24.4 ± 3.7 

 
1.81 ± 0.05 
1.81 ± 0.07 

 
81.3 ± 11.6 
82.5 ± 14.4 

 
12.8 ± 4.9 
2.5 ± 1.6 

Women 
Athletic 
Recreational 

 
14 
14 

 
22.9 ± 3.0 
22.2 ± 2.9 

 
1.68 ± 0.06 
1.66 ± 0.05 

 
66.4 ± 8.2 
62.7 ± 7.5 

 
12.4 ± 4.0 
2.9 ± 1.4 

 
 
 
 
 
 

 
Table 2 

Classification of participants by mediolateral loading at the tibiofemoral joint 
 (* = participants were also laterally loaded during the bilateral landings;  

† = participant was also medially loaded during the bilateral landing;  
‡ = 2 of the 3 participants were also laterally loaded during the bilateral landings). 

 Bilateral  Unilateral 

 Medial Lateral  Medial Lateral 

Men 
Athletic 
Recreational 
All Men 

 
14 
1 
15 

 
2 
6 
8 

  
13 
1† 
14 

 
2* 
3* 
5 

Women 
Athletic 
Recreational 
All Women 

 
8 
5 
13 

 
6 
8 
14 

  
10 
11 
21 

 
2* 
3‡ 
5 

All Participants 29 22  35 10 
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Figure 1 

Knee kinematics during bilateral and unilateral landings for medially and laterally 
loaded participants. Thinner lines indicate the 95% confidence intervals. 
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Figure 2 

Ground reaction force and tibiofemoral joint loading during bilateral and unilateral 
landings for medially and laterally loaded participants. Thinner lines indicate the 95% 

confidence intervals (* = significant difference between medial and lateral). 
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Figure 3 

Muscle forces during bilateral and unilateral landings for medially and laterally loaded 
participants. Thinner lines indicate the 95% confidence intervals (* = significant 

difference between medial and lateral). 
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Figure 4 
Comparison of the knee flexion angle, ground reaction force, and tibiofemoral joint 
loading of men and women during landing. Participants are divided into medially  
and laterally loaded groups and both bilateral and unilateral landings are shown. 

Thinner lines indicate the 95% confidence intervals. 
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Figure 5 
Comparison of gluteal and quadriceps muscle forces for men and women during 

landing. Participants are separated into medially and laterally loaded groups  
and both bilateral and unilateral landings are shown. Thinner lines indicate  

the 95% confidence intervals (* = significant difference between men and women). 
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Figure 6 

Comparison of the knee flexion angle, ground reaction force and mediolateral load 
share during bilateral and unilateral landings. Participants are separated  

by the original recruitment criteria – that is, by gender (men and women) and activity 
level (athletic and recreational). 
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Discussion 

In this study we divided participants into 
two groups based upon the mediolateral load 
share exhibited during landing. When divided in 
this way there was little difference between the 
two groups in terms of the kinematics of the knee 
(Figure 1) or the GRF (Figure 2) in either bilateral 
or unilateral landings. However, despite the very 
great similarity in the external mechanics of 
movement, the resulting groups experienced a 
markedly different pattern of loading of the 
tibiofemoral joint (Figure 2), with one group being 
heavily medially loaded and the other equally 
heavily laterally loaded. Of course, some 
difference might be expected as the mediolateral 
share was used as the discriminating factor. 
However, the size of the difference in conjunction 
with the number of differences in tibiofemoral 
joint loading and muscle forces suggest that the 
mediolateral load share is an effective variable to 
use to discriminate between differences in landing 
strategy. This is a significant finding as there is 
clinical evidence that might suggest that a more 
laterally loaded knee is a risk factor for ACL 
injury. For instance, in patients that have 
experienced an ACL injury it is very common to 
find a bone bruise in the lateral compartment of 
the tibial plane (Kaplan et al., 1992; Speer et al., 
1992), suggesting that the lateral compartment 
experiences a greater loading during ACL 
rupture. It should also be noted that a more 
laterally loaded knee would be consistent with a 
valgus knee position, and that a valgus knee 
position has also been identified as a potential risk 
factor for ACL injury.  

The difference in the mediolateral load share 
was also commensurate with differences in 
muscle forces. Most notably, a medially loaded 
landing strategy involved greater recruitment of 
the gluteals, biarticular hamstrings and 
quadriceps (Figure 3). This is consistent with our 
previous work showing that a lateral to medial 
shift in TFJ was associated with an increase in 
gluteal force (Czasche et al., 2018). These data 
suggest that a medially loaded landing strategy 
involving greater recruitment of the major 
muscles of the hip and knee might be protective 
of the knee during landing (Czasche et al., 2018; 
Parr et al., 2017). 

When men and women with the same 
landing strategy were compared there were few  
 

differences in knee kinematics, GRF or 
tibiofemoral joint loading (Figure 4). This lends 
support for the contention that if differences in 
landing performance between men and women 
are observed, they should at least in part be 
characterised as gender rather than sex 
differences. What is most important is the landing 
strategy selected which is largely independent of 
sex (Table 2). In addition, recreational participants 
were more likely to exhibit a lateral loading 
pattern during landing, whereas athletic 
participants were more often medially loaded. 
This provides some additional support for the 
idea that a medially loaded landing strategy is 
more favourable as it is likely the pattern that is 
adopted by more skilful participants.  

One sex difference that is suggested by this 
study, however, is that within a particular landing 
strategy, men show greater recruitment of the 
gluteals and hamstrings, whereas women have a 
greater use of the quadriceps (Figure 5). These 
patterns are consistent with previous 
electromyographic evidence (Chappell et al., 2007; 
Hart et al., 2007; Nagano et al., 2007; Urabe et al., 
2005) and are sometimes suggested to be a factor 
that could contribute to the higher incidence of 
ACL injuries in women (Smith et al., 2012). What 
is notable here is that although there was a 
different pattern of muscular activity, this did not 
produce a difference in tibiofemoral loading. 
However, perhaps this difference in muscular 
recruitment becomes more of a problem when 
something goes wrong during a landing. 

This study demonstrates the danger in 
making naive comparisons between men and 
women. In particular, when men and women 
were compared without taking account of the 
landing strategy (time × gender interaction), there 
were substantial differences in the external and 
internal mechanics. However, as seen above, 
many of these differences disappeared when the 
landing strategy was taken into account. This 
might indicate that some of the gender differences 
that have been reported previously in the 
literature are at least partially a result of 
differences in the skill level of the male and 
female samples studied. The fact that a more risky 
(laterally loaded) landing strategy is not an 
inherent sex characteristic and that conclusions 
are dependent on the samples drawn is reinforced 
by a consideration of Figure 6. In this study, the  
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recreational men exhibited the most laterally 
loaded landing strategy despite having similar 
external mechanics to the athletic men (who were 
most medially loaded).  

A strength of this study is that differences in 
landing strategy were assessed using a 
musculoskeletal model that is particularly 
sensitive to differences in the mediolateral load 
share (Price et al., 2017). The results of this study 
demonstrate that there can be large differences in 
the mediolateral load share without differences in 
the external mechanics. This finding could explain 
some of the equivocal results in the literature that 
were mentioned in the introduction. Similarly this 
study shows that musculoskeletal models have 
the potential to be used as clinical tools in the 
assessment of movement mechanics, in particular 
by providing additional information that is not 
available from other approaches.  

It should be noted that the model employed 
in this study was based on a generic model of the 
musculoskeletal anatomy of the lower limb that 
was derived from a dissection study of a male 
cadaver (Klein Horsman et al., 2007). This is 
appropriate for this study given its focus on the 
sex/gender dichotomy during landing. In 
particular, the vast majority of previous studies 
are based upon the external mechanics of 
movement and because we used the same generic  
 

 
model here our results are also only a result of 
differences in the external mechanics. However, 
previous literature has demonstrated that there 
are differences in performance of subject-specific 
and generic models (Cleather and Bull, 2012; 
Correa et al., 2011; Gerus et al., 2013; Scheys et al., 
2008, 2011), and certainly the difference in 
anatomy between men and women (Kepple et al., 
1997) would suggest that a sex-specific 
musculoskeletal model may be necessary to 
accurately quantify the sex differences in joint 
forces during landing. It is entirely possible that 
the use of sex-specific models of the 
musculoskeletal anatomy could amplify or 
ameliorate the sex differences found here, 
however, the differences due to landing strategy 
alone should be fairly robust to this factor. 

This study provides evidence for a link 
between a medially loaded landing strategy and 
greater activation of the musculature of the hip 
and knee. However such a landing strategy does 
not necessarily imply differences in the external 
mechanics of movement. Furthermore, landing 
strategy rather than sex accounts for greater 
differences in muscle and joint contact forces 
during landing, although women may exhibit a 
greater recruitment of the quadriceps with a lesser 
recruitment of gluteals and biarticular hamstrings. 
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