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SUMMARY 
The aim of this study was to investigate the functional roles of 
the lower-limb muscles during overground human sprinting. 
 
INTRODUCTION 
Sprinting demands great muscular strength and flexibility. 
Precisely timed muscular contractions are essential for rapidly 
swinging the limbs in preparation for foot-strike [1], and for 
minimizing horizontal retarding ground forces, maximizing 
vertical support ground forces and maintaining balance during 
stance [2]. Previous research in sprinting biomechanics has 
been typically based on two sources of data: i) basic kinematic 
and kinetic variables (e.g., ground reaction force, stride length 
and stride frequency) [2]; and ii) model computed joint 
variables (e.g., moments, powers and work) [3]. Such 
approaches, however, are limited in their ability to identify the 
muscle groups responsible for accelerating the limbs and 
whole body center-of-mass. Assessing the functional roles of 
the lower-limb muscles during sprinting is further complicated 
by the presence of dynamic coupling, (i.e., any muscle force 
will simultaneously induce accelerations in all the joints, even 
those not spanned by the muscle). The purpose of this study 
was to understand the functional roles that muscles play in 
overground sprinting by identifying and quantifying their 
individual contributions to the ground reaction force, joint 
moments and joint accelerations. 

 
METHODS 
Gait data were collected for seven healthy active participants 
(mass: 73.1±8.6 kg, age 27±8 yrs), each of whom ran on level 
ground at ~90% of his/her maximum speed. A generic 3D 
musculoskeletal model actuated by 92 lower-limb muscles and 
10 arm torques was scaled to the dimensions of each subject. 
Musculotendon forces were solved using inverse kinematics 
and static optimization [4]. Musculotendon power was 
calculated from the product of musculotendon force and 
velocity. Musculotendon work was calculated from the area 
under the power-time curve. A pseudo-inverse induced 
acceleration analysis was performed to calculate the individual 
muscle contributions to the ground reaction force and joint 
accelerations [4]. Five contact points were distributed over the 
foot, and kinematic constraints were defined according to the 
center of pressure location to realistically simulate foot-ground 
interaction.  

 
RESULTS AND DISCUSSION 
The group mean sprinting speed was 8.97 ± 0.70 m/s, with an 
average stance and swing phase duration of 118 ms and 346 
ms, respectively. With such a short ground contact time, the 

soleus, gastrocnemius and vasti were rapidly activated to 
generate significant knee extension (2.1 Nm/kg) and ankle 
plantarflexion (3.4 Nm/kg) moments (Fig 1, Table 1). These 
muscles also dominated the makeup of the ground reaction 
force in vertical support and fore-aft progression (Fig. 2). 
Soleus provided the majority of vertical support (2 BW). 
Although vasti also contributed significantly to support (0.6 
BW), it did so whilst generating considerable retarding 
horizontal forces throughout stance, a characteristic not 
desired in maximal effort sprinting [2]. The arm torques 
contributed to <1% of the ground force in all directions, 
suggesting that arm-swing dynamics do not provide speed 
enhancing benefits to the sprinter, but instead contribute to 
balancing the angular momentum of the lower-limb segments 
so as to stabilize the body during each stride [5]. 
 
During swing, rapid limb positioning yielded i) a peak hip 
flexion moment of 4.27 Nm/kg, generated by the iliacus/psoas 
and rectus femoris; ii) a peak hip extension moment of 5.57 
Nm/kg, generated mostly by the hamstrings and gluteus 
maximus; iii) a peak knee flexion moment of 2.96 Nm/kg, 
generated by the hamstrings; and iv) a peak knee extension 
moment of 2.92 Nm/kg generated by the vasti and rectus 
femoris (Fig. 1, Table 1).  
 

 
 

Figure 1: Individual muscle contributions to the sagittal plane 
joint moment of the hip, knee and ankle. Results are shown 
over a full gait cycle. iFS, iFO, cFS and cFO represent 
ipsilateral foot-strike, ipsilateral foot-off, contralateral foot-
strike and contralateral foot-off respectively. 

 
The ipsilateral (stance leg) muscles contributed 97% of the 
total ground force during the sprint cycle. In accelerating the 
lower-limb joints, however, both ipsilateral and contralateral 
leg muscles contributed significantly to the acceleration of the 
ipsilateral joint (Fig. 3). Their contributions were generally out 
of phase, such that the summation of ipsilateral and 
contralateral muscle contributions equated to the observed net 



joint acceleration. For the hip, large extension accelerations 
produced by the ipsilateral hamstrings and gluteus maximus in 
terminal swing were opposed by flexion accelerations 
produced by the contralateral iliacus/psoas. For the knee, large 
flexion accelerations produced by the ipsilateral iliacus/psoas 
in initial swing were opposed by extension accelerations 
produced by the contralateral hamstrings and gluteus 
maximus. For the ankle, large dorsiflexion accelerations 
produced by the ipsilateral iliacus/psoas in initial swing were 
opposed by plantarflexion accelerations produced by the 
contralateral hamstrings and gluteus maximus. The 
dominating effects by these three muscles are reflected in the 
calculations of mechanical work done (Table 1). Perhaps most 
significantly, the hamstrings absorbed an average of 1.76 J/kg 
of energy during terminal swing, which may explain its 
apparent vulnerability to strain-type injury [3].  
 

 
 
Figure 2: Individual ipsilateral muscle contributions to the 
vertical and fore-aft ground reaction force.  

 
Finally, the present study offers additional insight into joint 
preparation for ground contact during sprinting. Small 
preactivation of the gastrocnemius prior to foot-strike (Fig. 1) 
generated rapid ankle plantarflexion acceleration, which, 
together with the hamstrings and co-contracting tibialis 
anterior, controlled the position of the ankle prior to foot-
strike (Fig. 3). These findings are consistent with EMG studies 
[1], although the effects of preactivation on ankle joint motion 
have not previously been demonstrated. 

 
CONCLUSIONS 
Sprinting is a mechanically complex movement actuated by 
the powerful and precisely timed contractions of 
  

 
 
Figure 3: Muscle contributions to the joint acceleration of the 
sagittal hip, knee and ankle. The sum of the shaded regions of 
each column equate to the total acceleration of the joint. 

 
the major lower-limb muscles. The ipsilateral leg muscles 
generate almost all the ground reaction force associated with 
vertical support and forward progression, the majority of 
which is contributed by the soleus, gastrocnemius and vasti. 
During swing, the ipsilateral and contralateral leg muscles 
simultaneously induce opposing joint accelerations about the 
hip, knee and ankle such that their summation yielded the net 
accelerations associated with sprinting. Although some of our 
findings may appear to be counter-intuitive, they reflect the 
concept of dynamic coupling that is inherent in all mechanical 
linkage systems.  
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Table 1: Peak force and work done by individual muscles during overground sprinting over one stride cycle. Positive work 
indicates energy generation (concentric contraction); negative work indicates energy absorption (eccentric contraction). 
 

MUSCLE PEAK FORCE (BW) POSITIVE WORK (J/kg) NEGATIVE WORK (J/kg) 
  Stance Swing Stance Swing Stance Swing 

ILPSO 5.88 ± 0.34 8.73 ± 1.14 0.00 ± 0.00 1.19 ± 0.17 -0.66 ± 0.13 -0.14 ± 0.02 
HAMS 1.35 ± 0.41 8.86 ± 1.06 0.15 ± 0.04 0.61 ± 0.12 0.00 ± 0.00 -1.76 ± 0.22 
GMAX 2.85 ± 0.81 2.10 ± 0.74 0.34 ± 0.08 0.78 ± 0.11 0.00 ± 0.00 -0.03 ± 0.00 

RECTFEM 2.42 ± 0.64 2.79 ± 0.41 0.01 ± 0.00 0.31 ± 0.13 -0.25 ± 0.07 -0.46 ± 0.07 
VAS 4.81 ± 0.72 2.06 ± 0.43 0.13 ± 0.02 0.33 ± 0.11 -0.09 ± 0.00 -0.11 ± 0.01 
GAS 2.82 ± 0.22 0.39 ± 0.06 0.32 ± 0.03 0.01 ± 0.00 -0.03 ± 0.00 -0.04 ± 0.00 
SOL 7.32 ± 0.52 0.17 ± 0.04 0.45 ± 0.03 0.01 ± 0.00 -0.39 ± 0.03 0.00 ± 0.00 

 


