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1.0 Introduction 

Sprint performance is an important factor for many athletic activities and often can 

define sporting success (Winchester et al., 2008). Specific examples can be seen in track 

and field such as the sprint events, whereby the fastest athlete usually wins the race 

(Gómez, Marquina, and Gómez, 2013). However, sprint performance is not solely important 

for track and field event outcome (Judge, 2009). Sprint performance has been shown to be 

an important determinant of match-winning actions in a wide variety of sports such as rugby, 

soccer and basketball (Schneiker et al., 2006; Alemdaroğlu, 2012). Faude, Koch and Meyer 

(2012) found that straight sprinting is the most frequent action in goal situations in 

professional soccer with 45% of goals in the German League being preceded by a sprint by 

the scoring or assisting player. For a majority of team sports the distance covered during a 

single sprinting bout typically falls within acceleration phase type distances (<30m) (Wild et 

al., 2011; Rumpf et al., 2016). Previous research has accentuated the importance of 

acceleration for team sports such as professional rugby league in which 68% of all recorded 

sprints were less than 20m (Gabbett, 2012) and professional soccer in which the average 

sprint distance lasts 2-4 seconds and typically covers 10-30m (Di Salvo et al., 2010; Rumpf 

et al., 2016). However, maximum velocity sprinting is also important for many sports (Rumpf 

et al., 2016). From a static start maximum velocity is usually achieved at 30-40m for team 

sport athletes (Duthie et al., 2006; Young et al., 2008; Vescovi, 2012) and between 40-70m 

in elite sprinters (Morin et al., 2015). Although longer distance sprints occur much less 

frequently in team sports than short sprints (Di Salvo et al., 2010; Ingebrigtsen et al., 2014), 

maximum velocity is usually reached when a sprint is initiated from a moving start (Duthie 

et al., 2006). Henceforth, as a majority of sports are inclusive of sprinting (Lockie et al., 

2011), sprint ability (i.e the ability to accelerate quickly, achieve a high maximal running 

velocity and also the ability to maintain maximum velocity) can be deemed vital for sporting 

performance (Morin et al., 2011). Furthermore, sprint ability often delineates between 



players at different competition levels, in that more elite athletes tend to be faster (Cometti 

et al., 2001; Lockie et al., 2011), thus enabling them to reposition themselves more quickly 

during critical match/game situations (Rumpf et al., 2016). As a general consensus, muscle 

fiber type distribution (Gollnick and Matoba, 1984; Baguet et al., 2011) and the capacity to 

use high energy phosphates (Hirvonen et al. 1987) have long been accepted as important 

physiological correlates of sprint performance (Judge, 2009). In more recent years however, 

the neurological and mechanical factors that underpin speed ability are becoming better 

understood (Morin et al., 2015). This paper will review the literature investigating 

underpinning mechanisms for speed ability, identify potential areas for further research and 

review training methods for enhancing speed ability.  

2.0 Underpinning mechanisms of speed  

2.1 Step Length and Step Frequency 

The biomechanics of sprinting performance can be sub-divided into kinetics and 

kinematics. Kinetics research focuses upon the forces acting upon the body, whilst 

kinematic research focuses upon the resultant movement of the body (Hay, 1994). Step 

frequency (SF) and step length (SL) reported with ground contact times and/or flight times 

can be considered spatiotemporal characteristics as a sub-component of kinematic analysis 

(Hay, 1994; Hunter et al., 2004; Meyers et al., 2016). Hay (1994) proposed a deterministic 

model of sprint ability (Figures 1 and 2). The variables impacting step rate (step frequency) 

and step length are clearly articulated with resultant ground reaction forces (GRF) and 

resulting kinetic and spatiotemporal characteristics are clearly shown. However, to date it is 

still not fully understood how much each sub-component influences change in SL and SF 

and therefore subsequent sprint performance. It is important to note that the terms “step” 

and “stride” are often used interchangeably throughout the literature. A “step” represents 

half of a gait pattern (i.e left foot to right foot contact) whereas a stride refers to a full gait 



pattern (i.e. left foot to left foot contact) (Hunter et al., 2004). The term “step” will be used 

preferentially unless stated otherwise. 

 
Figure 1. Deterministic model of step rate (frequency) as a component of sprint performance 
(Hay, 1994). 
 

 
Figure 2. Deterministic model of step length as a component of sprint performance (Hay, 
1994). 
 
 

Velocity (m/s) is equal to SL (m) times SF (Hz) (Hay, 1994) so, theoretically, 

improving both SL and SF will improve sprint performance, however it has been reported 

that a negative interaction exists between the two characteristics (Donati, 1995; Hunter et 

al., 2004; Monte et al., 2016). An increase is step length is thought to be mediated by greater 

GRF application over greater time generating large impulses (Weyand et al., 2000). 



However, increases in step frequency are attributed by faster ground contact periods as 

flight times are reported to be similar in both fast and slow sprinters (Weyand et al., 2000). 

Therefore, the demand for high impulses whilst maintaining short ground contact periods is 

highlighted as an important factor for sprint ability (Hay, 1994; Weyand et al., 2000; Hunter 

et al., 2004). The reliance upon SL or SF will tend to differ according to the phase of the 

sprint (Figure 3) (Morin et al., 2012; Lockie et al.,2013), Hunter et al. (2004) recorded GRF 

and video data at the 16m mark of the acceleration phase and given the SL bias that is 

observed in the acceleration phase (Lockie et al., 2013) this may explain the reasons for 

negative SL-SF interaction found within the study. 

 

 
Figure 3. Stride length–frequency interaction as a function of running velocity. m/s = meters 
per second (Dillman, 1975; Baechle and Earle, 2008). 
 

Both the importance of SL and SF have been reported within the literature (Brughelli 

and Cronin, 2008; Morin et al., 2012; Otsuka et al., 2016). With both SL and SF being greater 

in faster vs. slower sprinters (Weyand et al., 2000). Intra-athlete and inter-athlete analysis 

performed by Hunter et al. (2004) concluded that in each analysis SF and SL was more 

important respectively. Highlighting the need for individualized approaches when 

considering analysis of data for training programming targeting speed ability. Furthermore, 



Salo et al. (2011) investigated SF vs. SL reliance in elite sprinters and found some sprinters 

to be individually SF or SL reliant. Importantly, those who are neither SF or SL reliant tended 

to be the fastest sprinters (Salo et al., 2011; Debaere et al., 2013).  However, the 

mechanisms underpinning SL or SF reliance are not fully understood, with strength and 

power differences (Debaere et al., 2013) and training history (Salo et al., 2011) being 

hypothesized as possible causes (Meyers et al., 2016). Further research is warranted to 

confirm if training SL reliant athletes to further maximize SL or to try to train towards an SF 

bias in order to revert towards an “un-reliant” athlete, or vice-versa, is the best approach for 

maximizing speed ability. 

2.2 Force Characteristics of sprint performance  

The kinetics of sprint performance are becoming well established, with the 

importance of force production (Weyand et al., 2000; Weyand, 2010; Morin et al., 2011; 

Morin et al., 2012; Clark and Weyand, 2014, Morin et al., 2015) being highlighted within the 

literature. Contrary to prior belief, both slow and fast sprinters reposition their limbs in the 

same duration of time (~0.350s) when sprinting at their respective top speeds (Weyand et 

al., 2000; Weyand et al., 2010). Therefore, the time taken to reposition limbs in the air is not 

considered a determinant of sprinting performance (Morin et al., 2012; Clark and Weyand, 

2014). Rather, speed ability is reliant upon producing large amounts of GRF relative to 

bodyweight (BW) in the shortest contact time possible, in the appropriate direction (Weyand 

et al., 2000; Hunter et al., 2005; Weyand et al., 2010; Morin et al., 2015). Importantly, 

impulse does not differ between fast and slow sprinters (Weyand et al., 2000), slower 

sprinters require longer ground contact times to express the equivalent impulse. Therefore, 

reducing step frequency and the ability to achieve and maintain a high maximal velocity 

(Weyand, 2000; Hunter et al., 2005). Morin et al., (2012) highlighted the importance of 

having a velocity orientated force-velocity (F-V) profile for sprint performance with faster 

sprinters reported to have predominantly fast-twitch muscle fibers (Costill et al., 1976; Mero 



et al., 1991). Consequently, facilitating an ability to contract and generate force more quickly 

(Costill et al., 1976; Baguet et al., 2011). Moreover, the way in which faster sprinters produce 

force in the stance phase differs from slower sprinters (Usherwood and Hubel, 2012; Clark 

and Weyand, 2014). Faster sprinters express GRF vs. time waveforms that are 

asymmetrical in nature (Weyand et al., 2000; Kuitunen et al., 2002; Weyand et al., 2010; 

Usherwood and Hubel, 2012; Clark and Weyand, 2014) (figure 4a). This results in greater 

impact-phase limb decelerations of which elevate GRF in the early stage of the stance 

phase (figure 4b) (Clark et al., 2014), thus enhancing ground force application within the 

short contact times available during sprint running (Weyand et al., 2000; Weyand et al., 

2010; Clark and Weyand, 2014).  

 

 
Figure 4. (A) Average vertical forces for the first and second half of ground contact for male 
elite, sub-elite and non-sprinters. (B) Average vertical forces for the first and second half of 
ground contact for maximum velocity running speed. Triangles represent females and 
circles represent males (Clark and Weyand, 2014).  
 

The mechanism by which faster athletes produce asymmetric GRF profiles is still not fully 

understood (Clark and Weyand, 2014). The rapid and forceful loading of the SSC produced 

via greater early stance impact-phase limb decelerations facilitates an ability to create and 

utilize higher amounts of elastic energy (Kubo et al., 1999; Lichtwark and Wilson, 2007; 

Clark and Weyand, 2014). Moreover, it has been reported that faster sprinters perform better 

in high eccentric force SSC exercises such as drop jumps (Čoh and Mackala, 2013) in which 

a high level of lower limb strength, stiffness and pre-activation is associated with better jump 



scores (Lichtwark and Wilson, 2007; Earp et al., 2010). Meyers et al. (2016) found that 

relative vertical stiffness, relative peak force and maximal leg spring displacement (i.e. the 

difference between leg length in standing vs. leg length when the center of mass is at its 

lowest point) accounted for 96% of the total variance in predicting maximal sprint speed. 

However, the subject population utilized within the study were boys aged 11-16 and 

therefore the percentage of variance may well vary in adults, especially elite populations 

(López Mangini, and Fábrica, 2016).  

Electromyogram (EMG) studies have investigated different muscle group 

contributions during different gait phases at maximum velocity and found that the faster the 

running velocity the higher the levels of pre-activity in elite male 800m runners (Kyröläinen, 

et al., 2005) (Table 1). Furthermore, pre-activity was related to higher muscular activity in 

the early stance phase, with the relationship becoming stronger as running speed increased 

(r2=0.78, p<0.001 for the gastrocnemius) (Kyröläinen, et al., 2005).  

Table 1. EMG activities (μV) measured during maximal contraction (MVC) and the different 
phases of maximal sprinting (Kyröläinen, et al., 2005). 

Note: Statistically significant differences in EMG between the running phases and MVC: ***p<0.0001, *p<0.05. 
The braking phase in this instance can also be referred to as the early ground contact phase. 
 
Centrally programmed pre-landing activity (Horita et al., 2002) enhances the stiffness of the 

tendo-muscular system to tolerate and absorb high impact loads at the beginning of ground 

contact (Lichtwark and Wilson, 2007; Earp et al., 2010). Thus, it may be hypothesized that 

faster sprinters possess the appropriate force generation characteristics and such high 

levels of stiffness that, in conjunction with a highly effective pre-activation pattern before 

ground contact, they are able to create the asymmetric GRF vs. time waveforms previously 



discussed (Earp et al., 2010; Čoh and Mackala, 2013; López Mangini, and Fábrica, 2016). 

The semimembranosus (SM) is reported to undergo peak strain (i.e. %difference in length 

from static pose) in the terminal swing phase in which peak power absorption occurs and 

peak force is produced (Schache et al., 2012). This has previously been identified as an 

injury risk (Schache et al., 2012), however, as faster sprinters are better able to tolerate and 

utilize high eccentric forces (Čoh and Mackala, 2013), this pre-activation of the 

semimembranosus may decelerate the limb faster to create asymmetric GRF profiles. Thus, 

permitting faster running speeds as inhibitory stretch-reflex response of the Golgi tendon 

organs and muscle spindles are reduced (Turner and Jeffreys, 2010). However, the GRF 

data in this area is generally focused upon maximal velocity sprinting performance obtained 

during treadmill studies in which an athletes flying top speed could only be maintained for a 

few steps (i.e. Clark and Weyand, 2014) and EMG studies of which were three-dimensional 

musculoskeletal computer models with algorithms computed from human running data (i.e. 

Schache et al., 2012). Therefore, its application to acceleration mechanics is limited. No 

study has solely investigated this hypothesis and therefore exists an opportunity for time 

motion analysis of the asymmetric GRF vs. time waveforms in relation to pre-activity to 

potentially explain the way in which faster sprinters are able to produce asymmetric GRF at 

maximum velocity.  

Accelerating one body mass and producing horizontal displacement logically requires 

a high amount of horizontal force. However, when accelerating the body is placed in a 

mechanical situation in which force production is compromised due to the gravitational 

constraints of having to sustain a forward lean (Morin et al., 2011a; Morin et al., 2015). 

Therefore, only the horizontal component of force is directed forwards and the supporting 

force (vertical force) can be considered ineffective in producing horizontal displacement, 

however is necessary in order to move forwards to counteract rotation about the center of 

mass (COM) (Morin et al., 2011a; Morin et al., 2015). Hunter et al. (2005) found that the 



strongest predictor (61% variance explained) for sprinting velocity measured at the 16m 

mark during acceleration was relative horizontal impulse. Morin et al. (2011a) pioneered a 

way of assessing the mean ratio of forces applied to the ground (RF) and therefore can 

analyze an athletes force application technique (Figure 5). For example, the total force (Ftot) 

applied to the ground may be the same for two athletes, however the RF value may differ 

and therefore result in a different amount of horizontal force (FH), and in turn different net 

forward acceleration (Morin et al., 2011a) (Figure 6). 

 

 

 
Figure 5. Schematic representation of the ratio of forces (RF) and mathematical expression 
of the total (Ftot) and net positive horizontal (FH) ground reaction forces. The angle of the 
total GRF vector is represented by angle a (Morin et al., 2011a) 



Faster sprinters are better able to sustain a greater forward lean for longer (I.e. limit the 

decrease in RF) during acceleration, and therefore are able to accelerate more effectively, 

for longer, thus achieving higher maximal velocities due to better technical application of 

force (Kugler and Janshen, 2010; Morin et al., 2011a; Lockie et al., 2013; Morin et al., 2015). 

Faster acceleration in field sport athletes was attributed to an increase in SL from reduced 

contact times, greater vertical impulse and appropriate horizontal force production (Lockie 

et al., 2013). However, other studies have found poor correlations between vertical impulse 

and acceleration performance suggesting that, provided the supporting force is sufficient to 

sustain effective RF angles, then relative horizontal force is key for acceleration 

performance (Hunter et al., 2005; Kugler and Janshen, 2010). Moreover, Morin et al. (2015) 

reported faster sprinters produced greater positive horizontal impulse relative to bodyweight 

and braking forces (i.e. negative horizontal impulse) were not significantly different between 

faster and slower sprinters. However, the population investigated were high level sprinters 

and therefore potentially experience minimal braking forces due to highly effective 

acceleration mechanics. It is important to note that fatigue impairs RF and horizontal force 

application abilities (Morin et al., 2011b) and therefore, speed training should be executed 

maximally, under minimal fatigue with full emphasis on quality movement. 

Recently, Morin and Samozino (2016) investigated horizontal profiling for sprint 

performance (Figure 6). Both players analyzed were rugby union players possessing similar 

maximal power-output capability in the horizontal direction (per unit body mass) (HZT-Pmax) 

and 20-m times. However, player C has higher horizontal force production capabilities in the 

initial sprint push off, notably due to a higher effectiveness of ground-force application 

(indicated in a higher RFmax). However, the decline in RF (DRF) has a greater negative 

value meaning the athlete cannot maintain forward lean (RF) as effectively as his speed 

increases. However, player D maintains RF and therefore can accelerate effectively for 

longer thus reaching a higher maximal velocity (Morin and Samozino, 2016).  



 
Figure 6. Horizontal force-velocity profiles of 2 elite rugby union players from maximal 30-
m sprints. Both players reached their maximal running speed before the 30-m mark. 
Abbreviations: HZT-Pmax, maximal mechanical power output in the horizontal direction; DRF 
rate of decrease in ratio of force with increasing speed during sprint acceleration; HZT-F0, 
maximal horizontal force production; HZT-V0, maximal running velocity (Morin and 
Samozino, 2016). 

 
3.0 Training Speed Ability 

Section 2.0 reviewed the underpinning mechanisms of speed ability. The subsequent 

section will provide a review on methods to enhance speed ability, these methods are 

grouped as primary, secondary and tertiary methods. 

3.1 Primary Training Modes  

Free sprint training (FST) is a method of training sprint ability without the use of any 

external equipment and should form the basis of a speed training programme (Lockie et al., 

2012; Rumpf et al., 2016). FST has been shown to increase speed ability in a variety of 

populations (Callister,1988; Kristensen et al., 2006, Markovic et al., 2007; Spinks et al., 

2007; Rumpf et al., 2016), with reported increases in step length (Kristensen et al., 2006, 

Lockie et al., 2014, Lockie et al., 2012) and reduced contact times (Spinks et al., 2007). 

When looking to develop a physical quality, specific training of that physical quality will 

deliver the greatest transfer (Verkoshansky, 1977; Rumpf et al., 2016), providing a strong 

rationale for FST. These findings are hardly surprising considering the importance of 

technical ability of force application (Morin et al., 2011a, Morin et al., 2015) and force 



generation characteristics for speed ability (Hunter et al., 2005; Clark and Weyand, 2014) 

previously discussed (Table 2).  

Table 2. Technical characteristics that distinguish between skill levels 

 

Importantly, research generally does not address the issue of skill deficiency (both 

RF/DRF angles and/or observations of sprinting mechanics) of the populations utilized in 

sprinting studies as a baseline marker, unless elite sprinters are recruited in which a high 

level of skill development can be assumed (Morin et al., 2012). It may be a manifestation of 

physiological adaptations (Table 3) and also technical/skill ability that contributes to the 

improvement of speed ability in accordance with FST (Rumpf et al., 2016). However, there 

is an opportunity for further research to explore the impact of coaching “correct” sprinting 

mechanics and the effects on sprint ability perhaps with the measure of pre and post 

intervention RF and DRF values. 

 

 

 

 

 
 
 

Characteristic Source(s) 
RF and DRF in acceleration  Morin et al., 2011a; 2012; 2015 

Short ground contact times Weyand et al., 2000; Clark and Weyand, 

2014 

Greater step frequency Weyand et al.,2000; Coh et al., 2001 

Greater extension of the hip, knee, and ankle joints of the stance 

limb at takeoff 

Hay, 1994; Wild et al., 2011 

Higher angular velocities of the stance-limb hip joint Mann and Sprague, 1983; Yu et al., 2016 

Greater movement velocity of limb segments in hip extension Mann et al., 1984; Ae et al., 1992 

Better developed and/or efficient motor programming Mero and Komi, 1985  



Table 3. Physiological adaptations from sprint performance (adapted from Kumagai et al., 
2000; Ross et al. 2001) 

Enzyme adaptations  Physiological Adaptations Neural Adaptations 
Increase in MK activity  Sarcoplasmic reticulum 

hypertrophy 

Intermuscular coordination 

Increases in CPK activity  Change in MHC isoforms (type I to 

type IIx/a) 

Intramuscular coordination  

Decreases in LDH activity  Enhanced NA+/K+ pump Increased pre-activity 

 Decreases in pennation angle Motor-neuron excitability and reflex 

adaptation  

 Increases in tendon stiffness Increases in nerve conduction 

velocity  

 Increases in fascicle length Reduction in inhibitory stretch-reflex 

response  

 
3.2 Secondary Training Methods 

Secondary training methods refer to sprint specific training, however external 

resistance or assistance is used as an overload (Behrens and Simonson, 2011). In a recent 

review paper Rumpf et al. (2016) found that resisted sprint training was the most effective 

training method for increasing 10 and 20m sprint performance. Similar findings have been 

reported in the literature (Spinks et al., 2007; Harrison and Bourke, 2009) with increases in 

performance being attributed to increases in SL via increased reactive strength index 

(Lockie et al., 2012), neural adaptations (table 3) (Mouchbahani et al., 2004; Young, 2006) 

and task specific force application overload with no decrease in SF (Lockie et al., 2003; 

Lockie et al., 2012). Resistance can be applied both vertically and horizontally, however, 

the amount of resistance should be individually tailored as too much resistance alters sprint 

kinematics by increasing ground contact time (Behrens and Simonson, 2011), decreasing 

SL or SF (Murray et al., 2005; Alcaraz et al., 2009), and not allowing the hips to fully extend 

(Murray et al., 2005) (for training recommendations see table 4). Greater forward lean is 

observed with horizontally resisted sprinting (Lockie et al., 2003) potentially enhancing RF 

over a training period, however no research currently exists to confirm this hypothesis. Much 



of the research in this area in conflicting with differing populations, loads, surfaces and 

directions of resistance applied (Petrakos et al., 2015). 

 
Table 4. Training recommendations for resisted sprinting 

Acceleration Source(s) Maximum velocity Source(s) 

Horizontal force production 

bias 

Morin et al., 2011a; 

Wild et al., 2011 

Vertical Force production 

bias 

Wild et al., 2011 

Resistance that causes 10-

30% reduction in max velocity 

with single repetition range 

covering 10-30m and up to a 

total session volume of 250-

350m 

Spinks et al., 2007; 

Lockie et al., 2012; 

West et al., 2013 

Bachero-mena et al., 

2014; Kawamori et 

al., 2014 

 

From the available literature 

it is suggested ~10% of 

bodyweight should be used. 

However, there is a lack of 

literature examining 

maximum velocity resisted 

sprinting and therefore, not 

enough sound evidence is 

available to provide specific 

recommendations.  

Alcaraz et al., 2008; 

Cronin et al., 2008; 

Clark et al., 2010 

 

Regression equation for 

synthetic surfaces for specific 

loading according to reduction 

in velocity. % of bodymass = (-

0.8674 x % maximum velocity) 

+ 87.99 

Alcaraz et al., 2009  

 

Assisted sprinting is a training method thought to increase maximum velocity through 

maintenance of SL and increases in SF (Faccioni, 1994). Assisted towing, high speed 

treadmill running and downhill running are all assisted training methods (Behrens and 

Simonson, 2011) thought to mediate SF increases through achieving supramaximal speeds 

beyond the athletes unassisted capability, resulting in neuromuscular and SSC adaptations 

with prolonged training (Mero and Komi, 1985; Majdell and Alexander, 1991; Faccioni, 1994; 

Cissik, 2005). Supramaximal sprinting requires rapid force production to ensure SL is 

maintained, perhaps producing asymmetric GRF profiles discussed in section 2.2, however 

further research is warranted to discover how assisted sprinting effects GRF vs. time 

waveforms both acutely and chronically. See table 5 for training recommendations.  

 



Table 5. Training recommendations for assisted sprinting 
Assisted 
Towing  

Source(s) High Speed 
Treadmill Running 

Source(s) Downhill 
Sprinting  

Source(s) 

Supramaximal 

speed achieved 

by an athlete 

being pulled via 

elastic tubing 

and/or other 

towing methods. 

Majdell and 

Alexander, 

1991; Behrens 

and Simonson, 

2011 

Supramaximal speed 

achieved by adjusting 

a treadmill to a speed 

greater than the 

athlete can achieve.  

 

Faccioni, 1994; 

Swanson and 

Caldwell, 2000; 

Myer et al., 2007 

Supramaximal 

speeds achieved 

via acceleration 

due to gravity. 

Klinzing, 

1984; Ebben 

et al., 2008 

Speeds no 

greater than 

106-110% of 

maximum are 

recommended 

as running 

mechanics can 

be difficult to 

control when 

running at 

supramaximal 

speeds. A given 

rep should last 

no longer than 

40m. 

Majdell and 

Alexander, 

1991; 

Faccioni, 1994; 

Plisk, 2000; 

Cissik, 2005 

Currently there are no 

training guidelines 

proposed within the 

literature. However, 

given the similarities 

in theoretical 

adaptations to 

assisted towing, 

speeds of ~106-110% 

of maximum velocity 

could potentially be 

utilized with reps 

lasting anywhere 

between 3-6 seconds 

according to 

maintenance of 

mechanics. 

Majdell and 

Alexander, 1991; 

Faccioni, 1994; 

Plisk, 2000; 

Swanson and 

Caldwell, 2000; 

Cissik, 2005; 

Myer et al., 2007; 

Behrens and 

Simonson, 2011 

According to 

current research 

the hill slope 

should not exceed 

7°. Angles 

between 2-5.8° 

may be the most 

effective to 

achieve 

supramaximal 

sprinting speeds 

with sound 

running 

mechanics. Rep 

distance should 

be dictated by 

proper form. 

Klinzing, 

1984; Plisk, 

2000; 

Cissik, 2005; 

Ebben, 2008 

 

3.3 Tertiary Training methods  

 Tertiary training methods are essentially any training mode used to enhance speed 

ability that is not sprinting (Rumpf et al., 2016), strength, power, plyometric and mobility 

training are all examples of tertiary training methods (Behrens and Simonson, 2011; Rumpf 

et al., 2016). Maximal strength has been significantly correlated with sprint performance 

(Baker and Nance, 1995; Young et al., 2005; McBride et al., 2009; Lockie et al., 2011) with 

the importance of horizontal force production apparent for acceleration (Hunter et al., 2005; 



Morin et al., 2011a). Those who possess higher levels of strength generally possess higher 

levels of stiffness (Dumke et al., 2010) with stiffness being highly correlated with sprinting 

performance (Chelly and Dennis, 2001; Meyers et al., 2016). Many of the neural and 

physiological adaptations observed with strength and plyometric training coincide with that 

of speed training (Ross et al., 2001) with increases in movement velocities and rate of force 

development (RFD) obtained via strength and plyometric training (Cronin et al., 2001). Morin 

et al., 2012 reported that the velocity axis differs more than the force axis between sub-elite 

and elite sprinters, suggesting that there is a strength application ceiling that seems to be 

reached in sprinting, in which RFD becomes a determining factor above maximum strength. 

Therefore, in athletes who possess “adequate” strength levels (yet to be defined within the 

literature) the application of strength in short periods of time should further be developed 

(Weyand et al., 2000). Plyometric training (Luebbers et al., 2003; Cronin and Crewther, 

2004; Thomas et al., 2009) and Olympic weightlifting (Haff et al., 2008) increases RFD, 

therefore training programmes may incorporate such training modalities to enhance sprint 

performance (Wild et al., 2011) (see table 6). 

  



Table 6. Sample strength training exercises which could be utilised for the development of 
acceleration and maximum velocity sprinting during different phases of a training year. 
(Bondarchuk, 2006; Wild et al., 2011) 

 

 Hip range of motion and postural control and stability (i.e. resistance of flexion, 

extension and rotation about the COM) should also be considered important for speed ability 

(Gamble, 2013). The ability to position the body into the correct positions to produce force 

will be impaired if a lack of joint mobility is present (Gamble, 2013). The ability the maintain 

a fixed trunk in which the limbs are propelled from will ultimately enhance the ability to 

produce force through the kinetic chain (Thompson et al., 2009; Gamble, 2013) and 

therefore could impact sprinting performance. 

Tertiary training modalities can benefit physical performance characteristics, such as 

increases strength and power production which in turn may impact sprint ability. The authors 

recommend the use of multiple tertiary training within a given training programme according 

to the needs of the athlete in order to guarantee the greatest performance gains.  

4.0 Summary and Practical Application 

It seems that the training of speed ability is likely to be highly individualized and 

multifaceted according to the population and ability in which speed training is likely to be 

applied and therefore, the practitioners’ approach to developing speed ability should vary 

accordingly. However, increasing step frequency by producing high amounts of force in the 



shortest contact time possible remains important for both acceleration and maximum 

velocity sprinting. Those who produce more horizontal force in acceleration with an optimal 

RF angle and decrease the decline in RF angle (DRF) accelerate more effectively, for longer 

and therefore tend to reach higher maximal velocities. However, expensive equipment is 

required to compute RF values, therefore, coaches should seek to gain a sound 

understanding of acceleration mechanics and use the coaching eye to provide the 

appropriate cueing to get the desired joint and body angles. The ability to run at top speed 

seems to be reliant on producing asymmetrical GRF profiles in order to optimize GRF in the 

short contact times available, however in order to do so a high level of pre-activity, stiffness 

and strength is required. 

Those seeking to train speed ability should: 

 

1) Ensure the athletes possess a base level of strength and force production capabilities to 

be able to sprint effectively. If not, then a greater emphasis on tertiary training methods 

should be utilized until the athlete is physically competent enough to tolerate speed training. 

However, speed drills and the appropriate mechanics should also be emphasized to develop 

motor learning and skill acquisition.  

 

2) Seek to optimize acceleration mechanics in order to permit longer periods of acceleration 

permitted by better technical force application with the use of both resisted and un-resisted 

sprint training methods.  

 

3) Athletes should also be exposed to periods of maximal velocity running in order to develop 

the appropriate force generation characteristics and physiological qualities that are required 

to run at maximum velocity. Both optimizing performance and also reducing the likelihood 



of injury. The utilization of assisted training methods may help to enhance maximum 

velocity; however further research is warranted to confirm its effectiveness.  
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