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This paper examines the biomechanics of sprinting and sprint training. Various 
biomechanical models of sprint performance are considered with respect to the start, 
acceleration and speed maintenance phases of the 100 m sprint event together with the 
research that underpins those models. The impact of research on strength and 
conditioning training is discussed with special reference to the control of leg-spring 
stiffness and the applications of resistance and complex training modalities. Training 
practises for sprinting are discussed with respect to scientific evidence. The relevance of 
commonly used sprint and running drills is evaluated in relation to the kinematics and 
muscle activation patterns in sprinting. Finally, a simple coaching related model for the 
development of sprinting is presented which is consistent with scientific evidence.  
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INTRODUCTION: The mission of ISBS emphasises the importance of ‘bridging the gap 
between scientists and practitioners’. Sprint running is fundamental to successful 
performance of many sports activities and athletics events. Consequently, the biomechanics 
of sprinting has been researched in great detail over many years. Despite the considerable 
body of scientific knowledge currently available on the biomechanics of sprinting and sprint 
training, Jones et al, (2009) found a dearth of knowledge amongst expert coaches on the 
technical constructs which govern the successful completion of each phase of the 100m 
sprint event. It is therefore apparent that much more work is required to bridge the gap 
between scientists, sprint coaches and their athletes. It is intuitively obvious that the quality 
of performance in sprinting or any other activity must be related to the quality of the training 
experience and preparation of the athlete. Therefore, consideration must be paid to the 
biomechanical factors that improve sprint training as well as those that affect sprint 
performance. This paper summarises the evolution of biomechanical “technical knowledge” 
of sprinting and sprint training. It examines the biomechanical and technical models of 
sprinting and considers biomechanics factors in sprint training. These factors focus on how 
research in biomechanics has underpinned improvements in strength and conditioning 
training as well as improvements in running technique. Finally, a simple technical model of 
sprinting is presented which is underpinned by scientific evidence from biomechanical 
investigations and reviews. The paper and accompanying presentation examines in detail, 
how practises should be structured and developed to achieve optimal sprinting technique. 
 
BIOMECHANICAL MODELS OF SPRINTING: Biomechanical models of sprinting have been 
presented in various forms and each model contributes to our understanding of the 
biomechanics and performance of the activity. The Deterministic Models of Hay and Reid, 
(1988) show the factors that affect performance of sprinting and the relationships between 
those factors using simple mathematical relationships. The advantage of this approach lies in 
the ability of the models to identify the biomechanical factors that truly limit performance. The 
disadvantage is that many of the factors may not be readily observable in field situations and 
therefore alternative coaching models are presented in the form of picture sequences and 
descriptions of critical features, (see figure 1). Graham and Harrison, (2006) have provided a 
typical deterministic model for the start and first 5 m of the sprint event, (see figure 2). While 
this model was derived to identify factors limiting performance of the start to 5 m, the right 
side of the flowchart identifies the deterministic factors that act throughout the race after 
block clearance. 
Maximum Velocity Models: When the athlete has accelerated to maximum running velocity, 
(which is attained after 25 to 50 m depending on performance level), then performance is 
limited by the ability of the athlete to maintain speed. 
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Figure 1: Picture sequence for sprint running. (From Dyson, 1973) 
 
Research has shown that in maximum speed running, the leg action can be effectively 
modelled as a simple linear spring-mass model, (Farley et al, 1991; Farley et al, 1996; 
McMahon et al, 1987). The stiffness of the leg spring, Kleg can be determined by dividing the 
peak ground reaction force by the change in leg length, ∆L and the vertical stiffness, Kvert 
equals the peak vertical ground reaction force divided by the vertical displacement of the 
centre of mass, ∆y. In vertical hopping Kvert=Kleg. Over the last 20 years, various researchers 
have demonstrated the importance of leg-spring and vertical stiffness in fast running. 
Arampatzis et al, (1999) found that leg stiffness increased with increasing running speed and 
Farley et al, (1991) found that the stiffness of the leg-spring can change as much as twofold 
to accommodate different hopping frequencies. 

Chelly and Denis, (2001) showed that leg stiffness values are correlated to maximal 
running velocity (r = 0.68, P < 0.05). Similarly, experimental research on well trained athletes 
has also shown that sprinters have significantly higher leg spring stiffness compared with 
distance runners (Harrison et al., 2004). It is therefore clear that the ability to interact with the 
ground using a stiff spring-like action of the lower limb, is critical in encouraging a fast 
cadence and running speed in the speed maintenance phase of sprinting.     
 

  
 

Figure 2: Deterministic model for sprinting based on 
the guidelines of Hay and Reid (1988). 

 

 
Figure 3: Diagram of the spring-mass model 
during running L0, ∆L, ∆y, and θ represent the 
initial length of the leg spring, the maximum 
compression of the initial length of the leg 
spring, the maximum vertical displacement of 
the centre of mass, and the half of the angle 
swept by the leg spring during the stance 
phase, respectively. The spring–mass model 
drawn with a discontinuous line represents the 
uncompressed leg spring. The arc drawn with 
a discontinuous line represents the path of the 
mass (centre of gravity of the subject) during 
the stance phase. (From, Chelly and Denis, 
2001) 
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BIOMECHANICAL FACTORS IN SPRINT TRAINING: Research in biomechanics points to 
the importance of strength development in the early acceleration phase and the development 
reactive strength or leg stiffness for maximum speed running. The use of sledge towing and 
resistance running has been found to benefit the early acceleration phase of sprinting. Cronin 
et al, (2008) established that sledge towing was an appropriate training modality for the early 
acceleration phase in sprinting, provided the amount of resistance was moderate and did not 
result in major changes in the joint kinematics of the sprinting action. Harrison and Bourke, 
(2009) found that sledge training with a load of approximately 13% of body mass, 
significantly improved 5 m and 10 m movement times in field tests and improved starting 
strength in laboratory-based tests. It appears then, that resistance running exercises are a 
valuable training modality for developing the early to mid-acceleration phase. The transition 
between early acceleration and the attainment of maximum velocity, which is commonly 
referred to as the ‘pick-up’ or ‘drive phase’ is an important aspect of sprinting but to date 
there is little scientific work on the biomechanics of this phase. However, logic points to the 
use training exercises where resistance is applied during running and then released and this 
is borne out by observation of coaching practices. 

In recent years, several studies have examined the application of complex training 
(which alternates heavy resistance and plyometric exercises) to improve performance in 
sprinting and jumping activities. The outcome of complex training studies have been 
somewhat conflicting with some authors finding clear benefits (Robbins, 2005; Comyns et al, 
2006; Chatzopoulos, 2007) and others observing no perceptible benefits (Ebben and Watts, 
1998; Jones and Lees, 2003; Scott and Docherty, 2004). Close inspection of the research in 
complex training reveals wide variations between studies on how data are analysed and this 
may account for the inconsistency in findings. Comyns et al, (2006 and 2007) showed that 
complex training could be used to induce acute changes in the leg-spring stiffness response 
during rebound jumps. Comyns et al (2007) indicated that the optimal load for the heavy 
resistance component of complex training was >90% of a 1 repetition maximum. The optimal 
recovery interval for inducing a post activation potentiation response appeared to be highly 
individualised (Comyns et al 2006). Comyns et al (2010) found that the benefits of using 
complex training to improve sprinting performance were highly variable and that athletes 
probably required sustained and repeated exposure to this training modality to gain 
significant benefits. In summary, it appears that a major benefit of complex training is in 
improving the leg-spring stiffness response and reducing contact times during running and 
jumping.  
 
USE OF ISOLATION DRILLS: An important feature of sprint coaching is the establishment 
of optimal movement and coordination patterns. The predominant coaching model for this 
derives mainly from descriptive movement sequences and critical features. Coaches and 
athletes often use a variety of running drills (sometimes called isolation drills) to encourage 
the development of optimal movement and coordination patterns. These isolation drills are 
designed to help the athlete to practise specific parts of the running skill and it is therefore 
assumed that the drills are the parts of a whole-part-whole learning strategy. For this 
approach to be successful, it is important that the part practises relate well to the correct 
sprinting techniques and activate the muscles in patterns that are consistent with sprinting. 
From a pedagogical perspective, the use of varied part practices is well justified provided the 
movement parts relate well to the whole skill. The use of such drills is widespread but close 
inspection of some of the drills reveals they have questionable relevance to sprinting. A 
typical example of inappropriate practise is the use of the heel flick drill which is assumed to 
mimic the knee flexion action during the early swing phase of sprinting.  

Figure 1 shows a typical picture sequence for sprinting and it is clear that soon after 
toe off the knee and hip joints appear to flex as the leg moves through the swing (or 
recovery) phase. Dyson, (1973) even implied that this knee flexion occurred to decrease the 
load on the hip flexors and increase the speed of the swing phase. 

 
“In this way the mass of the leg is brought closer to the hip axis, reducing 
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 the leg’s moment of inertia and increasing angular velocity.” (Dyson, 1973) 
 

Harrison and Warden, (2003) have pointed out that this exercise may be of dubious benefit in 
sprint training because careful observation of the sprinting shows the heel flick action is not 
consistent with the pattern of movement of sprinting. In the swing phase of sprinting, the 
knee does not flex before the thigh is flexed. In reality the knee flexion occurs simultaneously 
with hip flexion or slightly after the initiation of hip flexion. Furthermore, various authors have 
shown that the hamstrings do NOT actively contract to facilitate knee flexion immediately 
after toe off. Weimann and Tidow (1995), Thelen et al (2005a) and Thelen et al (2005b) 
provided EMG data that demonstrated the hamstring muscles remain relatively inactive 
during the early part of the swing phase, (see figure 5).  
 
 
 
 
 
 

 
 
 
 
 
 

 

 
 
Figure 4: The heel flick drill 
commonly used in sprint training. 
(From Carr, 1999). 
 

 
Figure 5: Simulation of a 9.3 m.s-1 sprint running cycle showing 
that the model predicted hip and knee angle kinematics close to 
experimental values throughout swing phase. The predicted 
excitations of the Semimembranosus m. Biceps femoris m. 
Vastus lateralis m. and Rectus femoris m. are compared with 
measured EMG activities (shaded curves are the mean ±1 SD 
of the rectified EMG activities for five subjects). The simulated 
activation sequences show that the hamstrings and gluteus 
medius m. are relatively inactive during the early swing phase. 
The Vastus lateralis m. and Psoas m. (hip flexors) are active in 
early swing phase. Note that the simulations also provide 
excitation estimates for muscles (e.g., psoas m.) that cannot be 
monitored using surface electrodes. (From Thelen et al, 2005b). 
 

 
Johnson and Buckley (2001) examined hip and knee joint moments and powers 

during the mid-acceleration phase of sprinting and found that the knee flexion moments were 
relatively small just after toe-off. Considered together, these studies indicate that the 
hamstrings are not likely to be active immediately following toe off and therefore the practice 
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of heel flick drills is inappropriate. Thelen et al (2005b) also suggest that hamstring activity at 
this point in the running gait cycle could increase the risk of injury.  

Science contributes significantly to our understanding of the technical aspects of 
sprint training and performance but ultimately coaches need to distil the findings of scientific 
research down to simple technical models that emphasise the correct or optimal movement, 
coordination and muscle activation patterns for sprint performance. Knowledge of such 
optimal patterns may allow the coach to select systematically appropriate drills and training 
practises. Based on many years of experience of coaching international level sprinters, the 
author has developed a simple model of sprinting which has important implications for 
training. This model assumes that the arms play a subordinate, counterbalancing role to the 
leg action in sprinting and therefore, little emphasis is placed on correction of arm actions 
unless they are demonstrably unbalancing or destabilising the overall movement of the 
sprinter. This is somewhat contrary to the views of many expert coaches but is consistent 
with the scientific literature (Jones et al 2009). The primary emphasis in sprinting should be 
on the action of the legs which involves moving each leg alternately from the positions of the 
right leg in figure 6A and 6B. The emphasis during ground contact should be on the 
production of a short, pawing movement with stiff spring-like rebounding action during the 
speed maintenance phase. The relevance or otherwise of various drills and practises will be 
explored during the presentation using video sequences. 
 
 

 
Figure 6: Two key positions in sprinting. 

 

CONCLUSION: Effective coaching requires that coaches have a clear and valid model of 
sprinting technique that describes desired movement, coordination and muscle actions which 
are consistent with evidence from scientific investigations. It is concluded that in many 
instances, current coaching practise does not draw effectively on research findings on 
sprinting biomechanics. A simple technical model of sprinting is presented together with a 
series of relevant practises and drills.  
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