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Abstract 

Background Sport Science researchers have validated a novel methodology to determine the 

force-velocity profile (SFv) which can be optimized in the vertical profile to maximise an 

athlete’s power production. This profile represents an extension upon the well-known force-

velocity-power relationship (FVPr) which is based on the 1938 Hill model. Early muscle 

physiology researchers identified that different skeletal muscle fiber typology (MFT) exist and 

have categorized these fiber types according to contractile characteristics, enzyme activities, 

morphological, and metabolic properties. The physiological characteristics between MFT 

display differences in maximum shortening velocity and time to fatigue, which results in 

contrasting force-velocity-power (FVP) production capabilities during exercise. Human MFT 

is thought to be largely determined genetically, with little influence from external stimulus (i.e., 

exercise training), leading to a predisposition for sporting success along a sporting domain 

spectrum, from sprint to endurance sports. Within elite sport, athletes are tested for jumping 

and sprinting performance to determine; the suitability of an athlete to a given sport, identify 

the needs of an athlete, the responses to training, and preparedness of athletes for elite 

competition. Much research has investigated the FVPr variables and the SFv during jumping 

and sprinting. To date however, research is yet to investigate important relationships among 

MFT, the FVPr, and the SFv during jumping and sprinting. As such, further experimental 

research is required to determine such relationships, and provide important implications for 

performance professionals and researchers alike. 

Objectives The primary objective of the research study was to to investigate apparent 

relationships between MFT and the mechanical variables of the SFv and the FVPr during the 

squat jump and sprinting. A secondary aim was to consider how those relationships may 

influence exercise performance. 
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Methodology Nineteen developing rugby league (RL) athletes were assessed for MFT, as well 

as the mechanical variables derived from the force- velocity-power (FVP) profiles during the 

squat jump and sprinting. The FVPr and SFv mechanical variables were acquired by using the 

computational method for both jumping and sprinting. For jumping, the participants were 

required to complete a series of un-loaded and loaded barbell squat jumps, whereby the highest 

jump from each trial was used to determine the jumping FVPr and SFv. For sprinting, two trials 

of 30 m sprints were completed, whereby split times were recorded at 5 m intervals. The fastest 

trial from each participant was used to determine the sprinting FVPr, SFv, and mechanical 

application of force variables. Proton magnetic resonance spectroscopy (1H-MRS) was used to 

quantify carnosine concentration in the gastrocnemius muscle in order to estimate MFT. The 

carnosine concentration was compared to that of a control population of active, non-athlete 

males (n=40), whereby an individual carnosine Z-score was derived for the RL athletes. 

Carnosine Z-score MFT groups were formed using the known group difference technique, 

whereby all carnosine Z-scores above zero formed the positive carnosine MFT group (n=9), 

and below zero formed the negative carnosine MFT group (n=10). SPSS (v26) was used to 

perform t-tests and spearman’s correlations to determine significant differences and 

relationships between carnosine Z-score MFT groups and the mechanical variables, while 

Microsoft Office Excel (2016) was used to analyse group variables data (sample size, mean, 

and standard deviation) acquired by the t-tests, to calculate Cohen’s d effects size.  

Results MFT was not found to influence the SFv during jumping or sprinting, however, MFT 

was found to influence the FVPr, with differences for force, velocity, and power between MFT. 

Moderate associations were also found between carnosine Z-score and the mechanical 

variables (force-velocity-power). Maximal power output (PMAX) was significantly different 

between carnosine Z-score MFT groups during jumping (p= 0.041, d=1.01), and was 

moderately associated with MFT (r=0.598**). PMAX (W/kg) was thought to be most influenced 



4 
 

by VO (m/s) (p=0.073, d=0.88) but not FO (N/kg) during the squat jump. FO (N/kg) was not 

significantly different between groups (p=0.920, d=0.05) and had a negligible association with 

MFT (r= -0.032). During sprinting the SFv was not significantly different between groups 

(p=0.224, d=0.58) and was not considered to be influenced by MFT (r= -0.053). PMAX (W/kg) 

during sprinting was found to have a significant difference between MFT groups (p=<0.001, 

d=2.12), and seemed to be most influenced by FO (N/kg) (r=0.858**). FO (N/kg) was also 

significantly different between groups (p=0.019, d=1.19), while VO was not (p=0.216, d=0.59), 

and VO had a low association to PMAX (r=0.030). PMAX was found to influence RFMAX with a 

very high correlation (r=0.993**) and RFMAX was found to be significantly different between 

MFT groups (p=0.001, d=1.97). Exercise performance was most associated with PMAX in both 

jump height (m) (r=0.801**) and 30-m sprint time (s) (r=-0.893**), and resulted in significant 

and highly significant differences between groups for the squat jump (p=0.038, d=1.03) and 

the 30-m sprint time (s) (p=<0.001, d=2.54). 

Conclusion Variation in MFT was not associated with variation in the SFv during the squat 

jump or sprinting, despite being associated with various mechanical variables derived from the 

FVPr. MFT was found to influence PMAX differently during the squat jump when compared to 

sprinting. This is thought to be due to the low velocity constraints of the Squat jump, compared 

to the high velocity motion of sprinting, which highlights the difference in force production 

capabilities at high velocities for type IIa/ IIx MFT (Aagaard & Andersen, 1998; Tihanyi, Apor, 

& Fekete, 1982). The magnitude of difference between PMAX (W/kg) in sprinting when 

compared to the squat jump supports this inference, and is thought (Aagaard & Andersen, 1998; 

Tihanyi et al., 1982) to have occurred due to the low velocity constraints during the squat jump. 

To confirm this finding, future studies investigating associations between MFT and the FVPr, 

should compare FVP mechanical variables between the squat jump and high velocity jumps, 

such as a counter movement jump or drop jump. Future research should also aim to determine 
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PMAX (W/kg) thresholds as associated to carnosine Z-score to better advise practitioners in the 

field; during baseline testing, with exercise prescription, during athlete performance 

monitoring, and determining athlete suitability for elite sport. While this study has determined 

an association between MFT, the FVPr, and has demonstrated that MFT has likely influenced 

the associated exercise performance. It is possible other muscle morphology differences within 

these groups (pennation angle and cross-sectional area), may also contribute to performance 

differences found, and is a recommendation for future investigation.



Statement of Originality 
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Introduction 

 Across the globe sport is enjoyed by millions of people, with elite athletes devoting 

much of their productive lives competing for selection over one another for the few lucrative 

positions within a team. These athletes are a commodity and their physical preparedness for 

competition is vital for the success of the team. Teams employ the very best coaches and high-

performance staff to improve the odds of success, and protect the physical integrity of the 

valuable assets under their care. High performance staff, like the athletes themselves, are 

always looking for the edge over the competition and will canvass vast amounts of research 

and case studies to find it. The main objective of these professionals is to increase the ability 

of their athletes to compete at high speeds while performing all kinds of sport specific skills in 

the quest for victory. These professionals know that in order to do that, athletes must be able 

to produce force as quickly as possible to achieve maximal power production and do so 

repeatedly, and for longer than the opposition team. The combinations of force, velocity, and 

power have long been recognised as the force-velocity-power relationship (FVPr)  (Hill, 1938). 

Within this relationship is an important metric called the force-velocity profile (SFv). It has 

been found that by optimising the SFv during jumping, maximal power output (PMAX) can be 

improved, and subsequent jumping exercise performance is improved (Jimenez-Reyes, 

Samozino, Brughelli, & Morin, 2016).  

 Contemporary studies have investigated how the mechanical variables (FO, VO, PMAX) 

of the SFv in both jumping and sprinting can be derived, and how the variables affect 

performance (Samozino, Morin, Hintzy, & Belli, 2008; Samozino et al., 2016; Samozino, Rejc, 

Di Prampero, Belli, & Morin, 2012). In 2008 a team of researchers validated a field based 

computational method for quantifying the SFv during a series of unloaded and loaded jumps 

(Samozino et al., 2008), in 2012 this group reported that lower body ballistic performance is 

not only determined by PMAX capabilities, but also the SFv (Samozino et al., 2012). In 2016 the 
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same group was able to validate a SFv computational method for sprinting derived from two 

sprinting trials over a distance of 40 m requiring a minimum of 5 light gates (Samozino et al., 

2016). This method has since been refined in a technical report, now requiring just 3 light gates 

over 30 m for non-elite sprint athletes (A. H. Haugen, Breitschadel, & Samozino, 2018). 

 Further research investigating the mechanical determinants of sprinting performance 

has suggested that muscle fibre typology (MFT) may in part explain differences in horizontal 

force application at greater sprinting velocities (Morin et al., 2012). It was stated that a 

substantially greater horizontal force production at faster sprinting velocities may be partly 

related to a greater proportion of fast twitch fibre type, however, horizontal force production 

was not directly compared to muscle fibre typology in this study (Morin et al., 2012). MFT 

describes the contractile characteristics, enzyme activities, morphological, and metabolic 

properties of human muscle fibre type (Zierath & Hawley, 2004). MFT has been classified into 

three categories β/slow (slow oxidative), type IIa (fast oxidative), type IIx (fast glycolytic) 

(Frontera & Ochala, 2015; Zierath & Hawley, 2004). Results from MFT research has pointed 

to differences in force-velocity-power (FVP) production between fibre types (Bottinelli, 

Canepari, Pellegrino, & Reggiani, 1996), and that variation in muscle architecture (cross-

sectional area, pennation angle) may also explain some of the contrasting athletic capabilities 

between sprint and endurance athletes (Abe, Kumagai, & Brechue, 2000). The suggestions 

from the literature that has investigated the FVPr during sprinting (Morin et al., 2012), seems 

to align with the muscle physiology literature (Bottinelli et al., 1996). Specifically emphasising 

the contrasting force and power output at greater contraction velocities between MFT, 

however, further experimental research is required to determine the influence that MFT has 

upon the FVPr and the SFv during jumping and sprinting. 

 MFT estimation is traditionally performed using a muscle biopsy technique to extract 

muscle tissue for analysis and research (Biral, Betto, Danieli-Betto, & Salviati, 1988; Costill 
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et al., 1976). This type of research when performed on humans can be considered invasive and 

painful, which presents a barrier for research when sourcing participants, especially in active 

elite populations. Fortunately, a progressive and non-invasive technique has been developed 

by using magnetic resonance imaging (MRI) technology (Baguet et al., 2011). This technique 

is a suitable non-invasive technique for MFT estimation, given the strong association between 

muscle carnosine and the percentage area occupied by type II muscle fibres (r=0.714). This 

non-invasive methodology can be applied in elite sport and allows researchers to explore 

associations between MFT and the mechanical variables of the SFv and the FVPr, and permit 

greater acceptance and access to elite athletes, performance staff, and sports teams. 

 The primary aim of this research study is to investigate the associations between MFT 

and the mechanical determinants of the SFv and the FVPr during the squat jump and sprinting. 

This study represents a progression towards non-invasive and efficient testing of athletes, and 

considers novel understandings of the associations between FVPr, the SFv, and MFT. While 

previous literature has left clues about how MFT may influence the FVPr and the SFv, to this 

researcher’s knowledge, the influence MFT has in this context has not been directly 

investigated. The results of this study aims to extend the findings from single fibre studies 

which found polarised mechanical characteristics between single muscle fibre types (Aagaard 

& Andersen, 1998; Bottinelli et al., 1996), while we will investigate how MFT may influence 

the mechanical variables derived from multi joint whole body dynamic exercise. This study 

may better inform high performance staff about differences seen between athletes. This 

outcome has the potential to improve exercise testing, exercise prescription, and athlete 

outcomes.  
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Literature Review 

Categorisation and Properties of Muscle Fibre Typology 

 MFT describes the contractile characteristics, enzyme activities, morphological, and 

metabolic properties of human muscle fibre type (Frontera & Ochala, 2015; Zierath & Hawley, 

2004). Human muscle is composed of three different sarcoplasmic myosin heavy chain (MHC) 

isoforms (Biral et al., 1988), they are called types I, IIa, and IIb MHC isoforms. Type I 

predominate MHC isoform fibres contain greater capillary and mitochondrial density in 

comparison to types IIa and IIb MHC isoform fibres and is more predominate in endurance 

athletes (Fink, Costill, & Pollock, 1977; Zierath & Hawley, 2004). Type I MHC fibres display 

a greater time to peak tension  characterising them as slow twitch muscle fibres, while muscle 

fibres predominately composed of types IIa and IIb MHC isoforms are characterised as fast 

twitch and found in sprinters (Costill et al., 1976; Zierath & Hawley, 2004).  

 Later MFT research has continued the efforts of early work by refining the 

categorisation of muscle fibre typology (Smerdu, Karsch-Mizrachi, Campione, Leinwand, & 

Schiaffino, 1994), this research discussed new findings on MFT and subsequent titles for MFT 

categorisation. The proposed three main MHC isoforms as mentioned already were suggested 

to be due to the common mRNA MHC. The later findings of research suggested a re-

categorisation of MFT to β/slow, IIa, and IIx MHC isoforms with sub populations of hybridised 

fibres consisting of β/slow and IIa or IIa and IIx MHC mRNA (Smerdu et al., 1994). Findings 

during these types of in situ hybridization studies showed that  β/slow MHC and type IIx MHC 

isoforms did not exist in the same fibre, with β/slow MHC only present in addition to IIa MHC, 

whereas, IIx MHC was only found present with IIa MHC (Smerdu et al., 1994). The former 

IIb MHC isoform was determined to be the type IIx MHC isoform due to the level of cDNA 

homology with the rat type IIx MHC gene (86.7%), compared to a lower homology with the 

rat type IIb MHC gene (65%), and type IIa gene (64.9%) (Smerdu et al., 1994). A recent review 
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of literature demonstrates the ongoing acceptance of these categorisations (Frontera & Ochala, 

2015).  

Mechanical Variables and Muscle Fibre Typology 

 The mechanical variables (force-velocity-power) in muscle physiology are produced 

from the muscle contractile component (Hill, 1938), described to result from the visco-elastic 

property of human muscle (Hill, 1938). During this initial muscle physiology research, velocity 

was measured by the amount of heat released during movement with the application of force, 

where a high force resulted in a low rate of heat production (low velocity) (Hill, 1938). Single 

muscle fibre literature has investigated these mechanical variables (Aagaard & Andersen, 

1998; Larsson & Moss, 1993). When measuring the maximum shortening velocity (VMAX) of 

human muscle,  the authors found that higher shortening VMAX  as well as a large variance in 

VMAX within the vastus lateralis muscle fibres, was associated to combinations of IIa and IIx 

MHC isoforms (Larsson & Moss, 1993). It was also found in the same study that shortening 

VMAX was lower as was variance in the soleus muscle, typically β/slow MHC isoform. 

Associations between MHC composition and maximal contractile strength have also been 

investigated (Aagaard & Andersen, 1998). No difference was found in maximal strength 

between iso-forms; however, greater maximal concentric  torque and power at high contraction 

velocities was very highly correlated to type II MHC isoforms displayed in Figure 1 (Aagaard 

& Andersen, 1998).  
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Figure 1. This figure illustrates the strong association between MFT and torque production at 

120o.s-1 (Aagaard & Andersen, 1998). 

 

 This finding echoes the results of earlier research investigating the influence of MFT 

upon the force, velocity, and power mechanical variables of human skeletal muscle (Tihanyi 

et al., 1982). The study separated two groups of high and long jumpers by the concentration of 

fast fibres using the known group difference technique. One group had more than fifty percent 

fast fibres while the other had less than fifty percent fast fibres. No significant difference was 

found between groups for net torque (N.m) produced at a fixed angle of 90 and 120 degrees in 

the isometric condition, however, in the afterload condition (described in methods as “subjects 

had to relax knee extensors before the knee joint was extended”) the force-velocity curves were 

found to be significantly different (p=<0.01) (Tihanyi et al., 1982). The fast fibre group was 

able to develop a higher power output for a given load, and a significant correlation was found 

between the percentage of fast twitch fibres and both power and velocity characteristics 

(Tihanyi et al., 1982). Similar research examining relationships between torque-velocity 

characteristics and fibre type of vastus lateralis supports the notion that fast fibre typology is 

not associated with maximal force production in isometric conditions (Froese & Houston, 

1985). It was found that fibre type was not related to the peak torque generated at a fixed angle 
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(isometric contraction), but may have influenced the shape of the torque output during maximal 

contractions sustained over a full range of motion (Froese & Houston, 1985).  

 These studies (Aagaard & Andersen, 1998; Froese & Houston, 1985; Larsson & Moss, 

1993; Tihanyi et al., 1982), some of which were found decades apart, reinforce the rhetoric that 

MFT influences mechanical FVP characteristics, and that different MFT may have an influence 

upon the FVPr. One caveat from this research is that these experiments require an invasive and 

painful muscle biopsy that is not well received by athletes and coaches, and may have poor 

representability (Elder, Bradbury, & Roberts, 1982) and reliability (Lexell, Taylor, & Sjostrom, 

1985). As such, a non-invasive measurement that provides a much larger muscle sampling 

volume would have worthwhile value in practical application, especially in the elite sporting 

domain.  

Muscle Fibre Typology Estimation: A Novel Approach 

 A barrier for research upon elite and emerging elite athletes is the burden and invasive 

nature of the muscle biopsy testing of MFT. Despite the importance of measuring various 

muscle characteristics, such as MFT that may be important for sports performance, these 

measures typically require athletes to submit to small amounts of muscle tissue (i.e. a muscle 

biopsy) for extraction. This barrier to MFT testing has led to new techniques being developed, 

one such technique 1H-MRS uses MRI technology to estimate MFT non-invasively, and 

efficiently (Baguet et al., 2011). MRI technology is available to sport science practitioners 

worldwide for elite sporting organisations, private practice, national training centres, and 

Universities. The 1H-MRS technique measures the intensity of carnosine protons at seven and 

eight parts per million and compares this to a reference phantom to determine the absolute 

carnosine concentration of the area of interest, which is identified using a voxel placed over 

the muscle group being investigated (Ozdemir et al., 2007). The non-invasive measurement of 

skeletal muscle carnosine using 1H-MRS has previously shown value in research and 
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application to elite sport by measuring and monitoring muscle carnosine loading, and the effect 

of that loading upon sporting performance (Baguet, Bourgois, Vanhee, Achten, & Derave, 

2010; Derave et al., 2007). One of these studies identified using 1H-MRS as a technique for 

estimating MFT in humans (Derave et al., 2007), and led to the first research being conducted 

to validate the non-invasive approach of indirect MFT estimation (Baguet et al., 2011). 

Carnosine concentration was found to be strongly associated with fast MFT (p= 0.009, r= 

0.714), see Figure 2 (Baguet et al., 2011). 

 

Fig 2. Absolute carnosine concentration is plotted against its association with % area fibre type 

II (Baguet et al., 2011).  

 

 The quantification of carnosine presents as a viable alternative to the muscle biopsy 

method for estimating muscle fibre typology, where carnosine was found to be two-fold higher 

in type II fibres as confirmed by both muscle biopsy (Harris, Dunnett, & Greenhaff, 1998) and 

1H-MRS (Baguet et al., 2011), and is measured non-invasively. Carnosine concentration has 

also been found to be relatively stable (Baguet et al., 2009) making it a suitable candidate as a 

non-invasive method for estimation of muscle fibre typology. There are some limitations that 

need to be observed however, supplementation with beta-alanine over a number of weeks 

increases intra muscular carnosine concentration (Derave et al., 2007), so athletes should 

abstain from beta-alanine use for 3 months prior to testing. One study has reported vegetarian 

males (n=12) had a 26% lower carnosine content in the gastrocnemius muscle compared to 
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omnivore participants (n= 82 males, 55 females), the requirement for vegetarianism was a 

minimum period of eight years (Everaert et al., 2011). Another study (Blancquaert et al., 2018) 

with a cohort of females (n=40), investigated the effect of switching to a vegetarian diet upon 

carnosine homeostasis, and found no decline in carnosine levels over a period of six months 

(Blancquaert et al., 2018). The findings of these two studies suggest that short term switching 

to a vegetarian diet may not affect carnosine content, however long term vegetarianism does, 

which suggests an exclusion criteria be applied for long term vegetarianism participants when 

using the 1H-MRS technique. More research is needed into the short-term use of vegetarianism, 

to determine the efficacy of using the 1H-MRS technique with vegetarian populations. 

Specifically investigating, the affect upon intramuscular carnosine content in males over 

shorter periods of vegetarianism, and with consideration to training status and training load of 

participants (both sexes). 

 Research using 1H-MRS to estimate MFT has successfully identified associations 

between MFT and exercise performance measures. Cyclic frequency in various sports was 

found to have a stronger relationship with carnosine Z-score (r= 0.86, p= 0.001) when 

compared with exercise duration (r= -0.58, p= 0.06) (see Figure 3) (Bex et al., 2017). The large 

sample size of elite athletes in the study (n= 111) may demonstrate acceptance amongst athletes 

and coaches alike, which may have been associated with the time efficient and non-invasive 

nature of the technique. 
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Fig 3a. Displays the relationships between carnosine Z-score & cyclic frequency. Fig 3b 

displays the relationship between carnosine Z-score & exercise duration (Bex et al., 2017).  

 

 The use of  this novel technique may improve acceptability for use in contact team 

sports such as Rugby League (RL), Australian Rules Football (AFL), in youth athletes, and in 

individual sports such as tennis and boxing, for which MFT is not well documented. Such 

research will have value in athlete populations and among performance practitioners to inform 

exercise testing, monitoring, and prescription. 

Muscle Fibre Typology by Sporting Domain 

 Do athletes choose their sporting domain, or does their physiological make up at birth 

choose it for them, by allowing a predisposition for performance in a sporting domain, such as 

endurance or sprint sports? Muscle physiology research associates sporting success with MFT, 

characterizing endurance sport athletes as possessing a higher proportion of β/slow muscle 
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fibres, while sprinting and jumping sport athletes are found to possess more type IIa/IIx fibres 

(Costill et al., 1976; Fink et al., 1977). There are polarities between β/slow and type IIa/IIx 

muscle fibres, importantly, whereby type IIa/IIx fibres possess faster contraction velocities and 

produce greater force at faster contraction velocities consequently resulting with greater 

maximal power output (Froese & Houston, 1985; Larsson & Moss, 1993; Tihanyi et al., 1982). 

The difference reported in these exercise performance measures at a single fibre level, likely 

creates a predisposition for athletic performance in one sporting domain over another (Costill 

et al., 1976). Recent research has investigated MFT of world class athletes by measuring 

muscle carnosine concentrations to estimate fibre typology (Bex et al., 2017). This estimate is 

based on the strong positive correlation between carnosine concentration and MFT (more type 

IIa and IIx fibres) (see Figure 2) (Baguet et al., 2011). The absolute carnosine concentration is 

expressed as a Z-score relative to a non-athlete control group, whereby sprint-based athletes 

possessed the highest carnosine Z-score values, while endurance athletes typically had negative 

Z-score values, and intermediate middle-distance athletes were situated in between this 

spectrum  

(see Figure 4) (Bex et al., 2017).  

 

Fig 4. Displayed are the Z-score results of carnosine concentrations from world class athletes 

demonstrating that sprint athletes inherently have a positive carnosine Z-score (i.e., greater 

estimated proportion of type IIa/IIx fibres) (Bex et al., 2017). 
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 Bex et al. (2017) suggested that even within the same sporting domain (sprinting), 

higher level track sprinting athletes have a greater carnosine Z-score (more IIa/ IIx fibres) than 

lower level track sprinting athletes (Z=2.2 ±0.98 versus Z=1.16 ±1.12). Further research is 

required to determine whether MFT is associated with the key mechanical variables of the 

FVPr, or the SFv, which underpin elite sprinting performance. 

Force, Velocity, and Power in Sport 

 An athlete’s ability to produce high levels of force and velocity to achieve maximal 

power production is necessary in many sporting contexts such as running, rapid change of 

direction, and jumping (Gonzalez-Garcia, Morencos, Balsalobre-Fernandez, Cuellar-Rayo, & 

Romero-Moraleda, 2019; Loturco, Contreras, et al., 2018; Loturco, Suchomel, et al., 2018). 

How forces are applied with velocity during running, jumping, and sprinting to produce power 

is not only important for performance, but is differentiated by exercise context and type e.g. 

sprinting acceleration, maximal sprinting speed, and vertical jumping.  

 In a review of literature (Randell, Cronin, Keogh, & Gill, 2010) looked at  comparisons 

of horizontal and vertical ground reaction forces (GRF’s) and the effect upon both maximal 

sprinting speed and acceleration, and concluded that horizontal GRF’s were more influential 

during maximal sprinting and acceleration when compared to the vertical GRF’s. More support 

was added to these conclusions of horizontal force application and sprinting acceleration in a 

study observing relationships between horizontal and vertical exercise performance and 

sprinting performance (Loturco, Contreras, et al., 2018). This study recruited sixteen “top 

level” jumpers and sprinters, whereby these athletes were tested for loaded and unloaded 

vertical jumps, the hip-thrust exercise, and sprint performance (0 – 150 m). The results 

indicated that the hip thrust exercise was more associated with running acceleration compared 

to loaded and unloaded vertical jumps, however, vertical jumping was more associated with 

maximal sprinting speed (Loturco, Contreras, et al., 2018). Recently, a study examining 
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horizontal force training and the effect upon vertical and horizontal jumping performance, 

found no difference in the magnitude of performance enhancement between jump types, despite 

improvements in both jump types and 3RM hip thrust scores (Fitzpatrick, Cimadoro, & 

Cleather, 2019). From these studies (Fitzpatrick et al., 2019; Loturco, Contreras, et al., 2018; 

Randell et al., 2010), it is apparent that horizontal force production seems important in the 

context of sprinting acceleration and not jumping, while vertical force production seems less 

important during the acceleration phases during sprinting but more important during maximal 

sprinting speed. Another study supports this inference, and examined the effects of using the 

hip thrust exercise this time in team sport athletes, and found greater improvements in ten and 

twenty meter sprints and an agility test (T-test) when compared to the back squat exercise 

(Gonzalez-Garcia et al., 2019). Lastly a study investigating the selective influence of 1RM 

strength measures and bar-power output, found that bar-power output was better associated 

with; acceleration, running speed, and jumping performance, compared to 1RM strength 

measures (Loturco, Suchomel, et al., 2018), indicating that maximal power production is a 

stronger predictor of sprinting and jumping performance compared to maximal force 

production (1 RM strength scores). 

 These studies (Fitzpatrick et al., 2019; Gonzalez-Garcia et al., 2019; Loturco, 

Contreras, et al., 2018; Loturco, Suchomel, et al., 2018; Randell et al., 2010), report the 

importance of measuring and monitoring force, velocity, and power output for improving 

athletic performance for sporting success. They also report that the direction of force 

application used in exercise prescription is important for specific athletic performance 

outcomes and that power output is a key indicator of sprinting and jumping performance. 

The Force-Velocity-Power relationship 

 The inter-play between the production of force and velocity to produce power is 

recognised as the force-velocity-power relationship (FVPr) (Cross, Brughelli, Samozino, & 
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Morin, 2017). Force is defined by Newton’s second law, Force= Mass × Acceleration, and 

measured in Newtons (N), while velocity is defined by the distance travelled divided by the 

change in time, often expressed in meters/ second (m/s). Power is the product of force and 

velocity and is therefore a measure of work done per unit time, and measured in Watts (W). 

Muscle physiology has demonstrated that a negative linear force-velocity and an inverse 

parabolic power-velocity relationships exists, which is one of the earliest findings of the force-

velocity and power-velocity relationships known as the ‘Hill model’ (Hill, 1938). Simply 

described, with any change in force or velocity there will be a change in power output. Force 

has a positive linear relationship with object mass. As an objects mass is increased, the force 

required to move that mass increases, and the velocity at which the object is moved will 

decrease. This simple explanation describes a negative linear relationship between force and 

velocity and illustrates, that as the velocity of movement is reduced, the force that can be 

expressed increases and vice versa. Power output will increase as force increases, even as 

velocity is marginally decreased, until maximum power output (PMAX) is reached. This 

threshold is defined as the product of ‘force optimal’ (FOPT) and ‘velocity optimal’ (VOPT) (Hill, 

1938; Josephson, 1993), and precedes a marked decline in velocity that coincides with a 

decrease in power output. The power-velocity relationship is described by an inverse second-

order polynomial curve. 

 Contemporary research into the FVPr has led to the development of methods to assess 

these relationships of an athlete during jumping and sprinting, and is called Force-velocity (F-

v) profiling. Based upon the Hill model, these methodologies are suggested to characterise the 

maximal mechanical capabilities of the lower limbs neuromuscular system (Morin & 

Samozino, 2016; Samozino et al., 2008). 
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The Force Velocity Profile 

 The SFv is described as the inverse slope (S) of the linear force-velocity (F-v) 

relationship. Force at zero velocity (FO) is expressed relative to body mass (N/kg) and can be 

found on the Y-axis intercept, describing the theoretical maximal force production of the lower 

limbs during jumping or sprinting. Velocity at zero force (VO) measured in m/s can be found 

on the x-axis intercept, and describes the theoretical maximal extension velocity of lower limbs 

during jumping or sprinting (Morin & Samozino, 2016; Samozino et al., 2008). Figure 5 

illustrates these variables. 

 

Figure 5. Illustration of FO and VO and the SFv (left), and then the P-v relationship and PMAX 

(right). This figure was extracted from (Samozino et al., 2012) and displays two different SFv’s. 

note. Displayed by the closed circles is a greater PMAX in the P-v relationship on the right, 

developed by a higher velocity in the F-v relationship on the left, despite force being marginally 

lower in force-velocity relationship. 

 

 A theoretical optimal force-velocity profile (vertical) (SFvOPT) has been developed from 

a series of mathematical equations calculated from an individual’s anthropometric data and 

other variables associated with the FVPr (Samozino et al., 2012). It was hypothesised from the 

‘Hill model’ that by optimising the SFv, an individual can theoretically achieve a greater 

maximal power output (PMAX (W/kg)) when compared to a non-optimised SFv.  
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 Research has demonstrated that by using an individualised training program to change 

an athlete’s SFv towards the SFvOPT, found the intervention was more efficient at improving 

jumping performance than traditional resistance training common to all subjects (Jimenez-

Reyes et al., 2016), and recently optimised the individualisation of exercise interventions 

further by using classification thresholds for the SFvOPT (%) (Jimenez-Reyes, Samozino, & 

Morin, 2019). The classifications are graded for the level of imbalance relative to the optimal 

profile, and are as follows; high and low force deficits, high and low velocity deficits, and 

optimal (Jimenez-Reyes et al., 2019). A recent study (Colyer, Stokes, Bilzon, Holdcroft, & 

Salo, 2018) assessed changes in the SFv in response to a training intervention aimed to improve 

the skeleton start. During a training period that emphasised higher velocity sprint based 

exercises, analysis of pre-post changes in the force-power profiles had changed to a more 

velocity-orientated profile, which resulted in a greater sled velocity (Colyer et al., 2018). 

Research upon the topic of the FVPr and the SFv has provided new insights into maximal 

sprinting and jumping performance and demonstrated an effect of optimising the application 

of force and velocity to maximise power output and sporting performance. 

 The literature suggests the SFv (Samozino et al., 2012) is an important mechanical 

variable that can be readily determined by exercise testing and used to gain a valuable insight 

into an athlete’s ability to produce  force, velocity, and power. Furthermore, exercise 

interventions can be employed to optimise the SFv (Jimenez-Reyes et al., 2016), that may result 

in superior improvements in maximal power production, when compared to more generic 

training interventions and directly contributing to improvements athletic performance. The 

changes that result from optimising the SFv are suggested (Samozino et al., 2014) to occur due 

to training adaption of individual muscle mechanical properties (i.e., alterations in the length 

tension relationship and rate of force development) and morphological factors (i.e., changes in 

cross-sectional area and pennation angle). Importantly, these suggestions for changes in 
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profiles resulting from training interventions to optimise the SFv, are solely made from links 

made in the literature, and not from direct comparison to the mechanical properties and 

morphological factors listed. As such further experimental research is required to confirm or 

deny these suggestions by directly comparing the mechanical variables with the mechanical 

properties and morphological factors suggested.  

Ratio of Force Application (%) and Decline in Ratio of Force 

 The ratio of force (RF (%)) describes the effectiveness of force application that 

contributes to net forward accelerations during sprinting, whereas the maximal ratio of force 

(RFMAX (%)) is the maximal value of RF (%) during sprints >0.3s (Morin, Edouard, & 

Samozino, 2011).  The decrease in ratio of force (DRF), is a measure of the inevitable decrease 

in RF (%) with increasing speed (Morin et al., 2011), and is theoretically important for an 

athlete to achieve and maintain maximal running velocity. A practical guide (see Appendix A) 

was published to describe and aid the interpretation of these mechanical parameters (Morin & 

Samozino, 2016), while a recent review of the literature has explained the RF (%) 

diagrammatically and is displayed in Figure 6  (Hicks, Schuster, Samozino, & Morin, 2019). 

 

Figure 6. This diagram is published in (Hicks et al., 2019) and describes RF(%) as a percentage 

of total ground reaction forces (GRF). note. Total GRF is comprised of both vertical and 

horizontal forces, where maximising horizontal forces is important for sprinting performance. 
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 Like the SFv, the literature has shown that it is also possible to quantify, monitor, and 

improve the RF (%) (Hicks et al., 2019; Morin et al., 2017). However, if the stimulus is not 

strong enough or applied appropriately, low effects have been found (Elvir Rakovic & Haugen, 

2018). This pilot study investigated the efficacy of resisted and assisted sprinting based upon 

the SFv. The SFv was determined with two sprinting trials over thirty meters, and allocated 

participants to one of three groups; i) assisted, ii) resisted, or iii) mixed intervention groups. 

The pilot study applied resisted loads up to a maximum of 11 kg, while the assisted loads were 

up to a maximum of 3.2 kg, and the control group performed generalised sprint training during 

the study. It was reported that individualised training was no more effective than generalised 

sprinting training (Elvir Rakovic & Haugen, 2018). The reason for the similar performance 

improvements between groups may be due to suboptimal resisted loads which did not reduce 

running velocity to a level that would have been optimal (Morin et al., 2017). Resisted sled 

sprinting research (Morin et al., 2017) has determined that “very heavy sled loads” are required 

to provide substantially more resistance, whereby a sled load of 80 % of athlete body mass was 

able to induce moderate and small improvements in five and twenty meter sprinting 

performance, while the control group achieved small to negligible changes (Morin et al., 2017). 

Practical applications from this very heavy resisted sled intervention study suggests that an 

increase in RFMAX (%) capability resulted in an enhanced sprinting performance over  five and 

twenty meters and was due to improvements in FO and RFMAX (%), but not VO (m/s) (Morin et 

al., 2017). 
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Figure 7. This figure illustrates a disparity on the velocity axis intercept, but not on the ratio 

force axis intercept. This disparity is a result of the slope of the profile, which describes an 

ability to produce a greater ratio of force at greater running velocities and is suspected to be a 

result of intrinsic MFT differences in the athletes tested (Morin et al., 2012).  

 

 Theoretically, MFT may influence the RF (%) and RFMAX (%) given that these 

parameters are associated with greater maximal running speeds and rate of acceleration during 

sprinting (Morin et al., 2012). Research has shown that RFMAX (%) is vital for sprinting 

performance by maximising forward propulsion of the athlete during acceleration and maximal 

sprinting speeds, and was suggested to result from intrinsic MFT, because of the differentiation 

on the velocity axis but not on the force axis when investigating sprinting profiles (see Figure 

7) (Morin et al., 2012). The cause of  this disparity was linked to a velocity variable, which is 

likely to influence PMAX, and PMAX is regularly associated with exercise performance (Loturco, 

Suchomel, et al., 2018; Samozino et al., 2012). While the link between MFT and RFMAX (%) 

is at this stage theoretical, further research is required to show this experimentally.  

Maximal Power Output 

 Maximal power output (PMAX) is a parameter often reported in research investigating 

the FVPr and is expressed relative to body mass (W/kg). PMAX (W/kg) is defined as the apex of 

the parabolic power-velocity (P-v) relationship displayed in Figure 5 (Samozino et al., 2012). 
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PMAX (W/kg) is derived by factoring the force and velocity mechanical variables and is 

considered to be independent of the SFv (Samozino et al., 2014). Therefore it is possible to have 

athletes with the same PMAX but different SFv’s, and importantly PMAX (W/kg) was reported to 

be the more influential mechanical variable upon jumping performance (Samozino et al., 2014). 

The importance of PMAX (W/kg) in the contexts of athletic performance and exercise 

prescription, within different sporting contexts (jumping, sprint start, acceleration), has been 

reviewed and was found to require further research for several reasons (Cronin & Sleivert, 

2005). Mixed results for the importance of PMAX has occurred within the literature, and was 

suggested to be a result of non-individualised training studies, use of incorrect variables as a 

measure of power (e.g. rate of force development (RFD), explosive strength (maximum force/ 

time)), and power not being reported relative to body mass (Cronin & Sleivert, 2005). It was 

suggested to improve exercise prescription effectiveness, that PMAX relative to body mass 

(PMAX (W/kg)) should be determined individually for use in prescription, and regularly 

monitored, as research suggested PMAX (W/kg) is transient and most importantly varies between 

individuals (Cronin & Sleivert, 2005). 

 Instantaneous power was described as the external force developed by velocity 

(Samozino et al., 2014). The influence of instantaneous power can perhaps be seen in Figure 5 

by noting the differences between the open and closed circles VO (m/s) (x-axis intercept), where 

the effect of the greater velocity profile is displayed by PMAX being further to the right on the 

velocity axis with an overall greater PMAX (W/kg). The authors did reported two different SFv’s 

in Figure 5; and did discuss briefly the observed differences in ability to produce force and 

velocity, however, there was no discussion in relation to the disparity in PMAX (W/kg) 

(Samozino et al., 2012). The disparity in the resultant maximal power outputs of Figure 5 does 

not look that dissimilar to Figure 8 below, which was produced during a study examining 

characteristics of MFT in single muscle fibres (Bottinelli et al., 1996). 
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Figure 8. This figure displays a comparison of the P-v relationship for MFT (Bottinelli et al., 

1996). Fiber types IIa and IIb display two and three times greater power output and 

significantly greater velocity axis intercepts.  

  

 Perhaps the disparity in the SFv in Figure 5 illustrates the effect of different MFT 

between two athletes, where the closed circles can be hypothesised as a greater concentration 

of type IIa/ IIx MFT. By comparing similarities of the P-v relationship with Figure 8. There is 

approximately a 50 % greater PMAX  in the closed circles compared to the unclosed circles, a 

greater VOPT (m/s), and a greater VO (m/s) in the FVP profile of Figure 5, which is also as seen 

in Figure 8 above and Figure 9 below.  

 

Figure 9. This figure was found in (Morin et al., 2012), once again displaying a greater 

discrepancy on the velocity axis (sprinting speed) when compared to the force axis, as was the 

case in Figure 5. This time illustrating the effect it has upon the power variable. 
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 From the literature discussed (Bottinelli et al., 1996; Morin et al., 2012; Samozino et 

al., 2012), theoretically there is a link between MFT and the FVPr and potentially the SFv, which 

is likely found by differences in the velocity parameters resulting in a greater PMAX (W/kg), 

and directly contributing to superior exercise performance. However, this is still theoretical 

and as such further experimental research is required to directly investigate the links suggested 

above. 

Does Muscle Fibre Typology influence the FVPr and the SFv? 

 Given that the FVPr represents the maximal mechanical capabilities of the lower limbs, 

the underpinning limiting factors encompass individual muscle mechanical properties 

(morphological factors and neural mechanisms) (Samozino et al., 2012). Further discussion in 

regards to optimizing the SFv by individualising training stimulus suggested that the underlying 

mechanisms associated with the change in profile included “changes in muscle mixed fibre 

composition, muscle architecture, and neural activation” (Samozino et al., 2012). However, 

despite the sound theoretical rationale, this has not been determined experimentally. 

 Another study considered the FVPr, but from a sport first perspective. The authors 

asked, do world class athletes display an optimal balance between force and velocity (Giroux, 

Rabita, Chollet, & Guilhem, 2016)? The sample consisted of elite athletes (n=95), with a 

collective 11 gold medals of mixed disciplines (cycling, fencing, taekwondo, and athletic 

sprinting). SFv imbalance was determined from a series of squat jumps in unloaded and loaded 

conditions ranging from 0-60% of 1RM, whereby the athletes were compared with active 

control participants (n=15). Importantly, the results indicated that chronic training in a specific 

sport lead to a differently balanced SFv (Giroux et al., 2016). Where a positive SFvOPT (%) 

represented a force deficit while a negative SFvOPT (%) represented a velocity deficit, and where 

all SFvOPT (%) were reported as group means (Giroux et al., 2016). Male and female sprinters 
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and cyclist showed consistently the most balanced profiles (6% and 2% of optimal), and (3% 

and -7% of optimal), while male fencing athletes showed a 2% of SFvOPT (%) and female 

fencing athletes showed a 25% imbalance. Taekwondo athletes showed the greatest imbalance 

of the athlete population with males displaying a 23% imbalance and females 12% imbalance. 

The control group had a 23% imbalance for males and a 36% imbalance for females. 

Interestingly, all groups were force deficit (>10% SFvOPT) except for sprinters, cyclists, and 

male fencers. It was emphasised that further research conducted should be aimed at balancing 

the mechanical variables in these athletes, to determine whether this may improve performance 

(Giroux et al., 2016). This study does suggest that a balanced vertical profile is not necessary 

to win gold medals in all sports but is perhaps more important in sprinting and cycling sports.  

 No relationships with MFT were investigated (Giroux et al., 2016), but this study may 

suggest that the MFT may not greatly influence the SFv, because chronic training effects may 

determine the SFv. There was a link between sprint athletes and an optimal profile, which means 

that further research conducted upon the SFv and comparison with MFT, may add further insight 

into the influence MFT has upon the FVP mechanical variables and how that may affect the 

SFv. 

Summary 

 There is great interest in understanding mechanical variables from athlete testing in 

sport, with the intent to improve and maintain athletic performance. Jump height and sprinting 

are common measures of performance in team sports, and is used to assess baseline needs of 

athletes, as well as prescribe exercise, and monitor the effectiveness of exercise prescription. 

Maximal power output is recognised as an important mechanical variable for maximising sprint 

and jump performance and has been identified as individual and transient in nature. 

Consequently, literature now suggests that individualised exercise testing and prescription is 

required by practitioners and researchers, to effectively improve maximal power output and 
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monitor maximal power output, in order to better infer effectiveness of training interventions. 

A methodology called F-v profiling is used to determine underpinning mechanical variables 

with the intent of individualising exercise prescription to maximise power output. MFT 

categories display differences in mechanical variables, such as the amount of force produced 

at faster contraction velocities ultimately resulting in a greater power output. Thus, MFT is 

theorised to have influence upon variables of the FVPr and the subsequent SFv during jumping 

and sprinting exercises.  

 The primary aim of this study was to determine the associations between MFT 

(quantified by 1H-MRS) (Baguet et al., 2011) and the SFv, and the FVPr during maximal 

jumping and sprinting by utilising the computational methods (Samozino et al., 2008; 

Samozino et al., 2016) to determine the mechanical variables and mechanical effectiveness. A 

secondary aim was to consider how the associations between MFT, FVPr, and the SFv 

influenced exercise performance. This study may extend muscle physiology knowledge during 

multi-joint dynamic exercises, and may contribute novel knowledge to individualised training 

prescription, performance expectations, and performance monitoring in live-field settings. 

Hypothesis 

1) There will be moderate to large inter-participant variation in MFT derived from 1H-

MRS muscle carnosine content in developing RL athletes. 

2) The positive Z-score MFT group, derived by 1H-MRS, will be associated to a greater 

jump height (m) during the squat jump, and lower 30 m sprint time. 

3) PMAX (W/kg) will be greater in the positive Z-score MFT group. 

4) PMAX (W/kg) will be found at a greater optimal velocity (m.s) in the positive Z-score 

MFT group during sprinting. 

5) Participants with positive Z-scores will have a greater RFMAX (%) and show a lower 

DRF during the 30 m sprint.  
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6) The SFv is expected to be less steep and display greater VO (m/s) in positive Z-score 

MFT group during sprinting. 

Methods 

Participants  

 This observational cross-sectional study had a purposive sample of 19 developing male 

rugby league athletes (17.7 ± 0.58 years (mean ± SD), body mass 87.2 ± 9.3kg, height 1.82 ± 

0.05 m) from an Australian rugby league club. This club operates an elite development system 

aimed at developing athleticism and skills required at a National Rugby League (NRL) level. 

Informed consent was obtained by participating athletes and legal guardians (where required) 

and the study was approved by the Griffith University Human Research Ethics Committee. The 

non-athlete control group that were employed to derive the carnosine Z-score consisted of 40 

males (25.0 ± 4.6 years, body mass of 81.2 ±11.9 kg and height 176.1 ±17.2 cm). 

Design 

 The present study was a cross-sectional study aimed at identifying the association 

between MFT and the mechanical variables of the FVPr during squat jumping and sprinting. 

Participants attended a radiology clinic on one occasion to undertake a magnetic resonance 

imaging (MRI) scan (1H-MRS) to estimate their MFT based on the carnosine content of the 

gastrocnemius muscle. During separate sessions, subjects performed loaded and unloaded 

squat jumps and maximal 30 m sprints. Computation methods were employed to derive the 

SFv’s and the FVP mechanical variables (Samozino et al., 2008; Samozino et al., 2016). 

Inclusion and Exclusion Criteria  

 Inclusion criteria required that participants: i) were a member of the elite development 

system, and ii) completed at least 80% (attendance records) of the 2018/2019 preseason 

training program (to ensure commonality of training effects on muscle performance 

characteristics). 
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 Exclusion criteria required that participants: i) had not consumed Beta-alanine in the 6 

months prior to testing, ii) were not vegan or vegetarian, and; iii) had not had a major 

musculoskeletal injury in the 6 months prior to testing.  

Squat Jump SFv Protocol 

 Before commencing performance testing, participants exercise readiness was 

confirmed verbally, limb length and squat height were measured, and the standardized warm-

up was completed (see Appendix B). Participants were familiarized with performing the correct 

jump in accordance with recommendations (Samozino et al., 2008). This ensured participant 

safety, familiarity, and understanding of the task required.  

 Limb measurement was conducted while the participant was lying supine on a firm 

surface (gym floor). Limb length was measured from the iliac crest to the tip of the toes while 

the participant maintained maximal plantar flexion. Squat height was measured while the 

participant remained in the bottom of the squat position, whereby the femur was parallel to the 

ground. The difference between complete limb extension and squat height constituted the push-

off distance (hPO). The squat depth was adhered to by the participant during each squat jump 

and monitored by the researcher (Samozino et al., 2008).  

 Squat jumps were performed on ForceDecks FD4000 Dual Force Platforms hardware 

(ForceDecks, London, UK), which had a sample rate of 1000 HZ. Participants performed one 

unloaded trial and a minimum of five loaded squat jump trials. Each trial consisted of 2 squat 

jumps with the prescribed load, whereby each load consisted of 10% increments in body mass 

until the participant was unable to jump higher than 15 cm. This was done so that PMAX was 

able to be computed. Each trial was separated by four minutes of passive rest. The unloaded 

trial was conducted with the use of a broom stick instead of a barbell to ensure test constraints 

(no use of arms) was maintained while staying as close to body weight as possible.  
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 A trial was considered valid if: i) a squat jump was performed without a counter 

movement, defined by a two second pause at the bottom of the squat movement; ii) the 

participant had landed on the center of the force plates, and  iii)  participant achieved the correct 

squat depth. If a valid jump had not been recorded during a trial, the participant was required 

to follow the mandatory rest period before attempting the same load again. 

Squat Jump Computation Method 

 The computational method required the input and of hPO, jump height (hmax) measured 

by force plate (impulse-momentum method), and body mass (kg) at each load (force plate). 

These metrics constitute the mechanical determinants required for the F-v profiling by 

computational method, and were necessary for input into the series of computational formula 

described (Samozino et al., 2014), to quantify the mean force, velocity, and power described 

by equations: 

1) �̅� = 𝑚𝑔 (
ℎ

ℎ𝑃𝑂
+ 1) 

2) �̅� = √
𝑔ℎ

2
 

Mean power calculated by factoring the mean force and velocity described next: 

3) �̅� = 𝑚𝑔 (
ℎ

ℎ𝑃𝑂
+ 1) √

𝑔ℎ

2
 

 The F-v profile (SFv) is determined by the slope of the FO/ VO relationship (Morin & 

Samozino, 2016). FO and VO were obtained by a linear regression performed on the force and 

velocity measures recorded during the un-loaded and loaded conditions, when extrapolated 

identifies the X and Y-axis intercepts that define force at zero velocity (FO) and velocity at zero 

force (VO). Theoretically these parameters are explained in Samozino, Morin, Hintzy, and Belli 

(2010). The SFv is described as the gradient between FO and VO. The SFv is computed by: 

4) 𝑆𝐹𝑣
= −

𝐹0

𝑣0
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PMAX is described by the relationship with FO and VO by the following equation (Samozino et 

al., 2008): 

5) �̅�𝑚𝑎𝑥 =
𝐹0𝑣0

4
 

The optimal F-v profile (SFvOPT) is described by (Samozino et al., 2012) as: 

6) 𝑠𝐹𝑣𝑂𝑃𝑇 = −
(𝑔 𝑠𝑖𝑛 𝛼)2

3𝑃𝑚𝑎𝑥
 −
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3ℎ𝑃𝑂
2 𝑃𝑚𝑎𝑥 𝑍(𝑃𝑚𝑎𝑥⋅ℎ𝑝𝑜)

 +
𝑍(𝑃𝑚𝑎𝑥⋅ℎ𝑝𝑜)

3ℎ𝑃𝑂
2 𝑃𝑚𝑎𝑥

 

 Where 𝛼 is the push off angle set at 90 degrees for the vertical squat jump, and is a 

component of gravity opposing the motion of the jump. 

 The actual profile was then compared to the optimal profile as a percentage of the 

optimal profile and described by this equation: 

7) 𝐹𝑣𝐼𝑀𝐵 = 100. |1 −
𝑆𝐹𝑣

𝑆𝐹𝑣𝑂𝑃𝑇
 

Sprinting SFv Protocol 

 The field based computational methodology was used to determine FVP and 

mechanical effectiveness variables during sprinting, validated by a study in 2016 (Samozino et 

al., 2016). Data required for input into the computational formulas included participant height 

(m), body mass (Kg), barometric pressure (mmHg), temperature (oC), and the participants 

sprinting split times (s). The methodology models step averaged ground reaction forces over 

time by using an inverse dynamic approach applied to the centre of mass using the 

anthropometric and spatiotemporal variables above. 

 All sprinting trials were performed outdoors on a grassed surface in one session. An 

on-field warm up was conducted and consisting of dynamic stretching and progressive running 

efforts, lasting approximately 10 minutes. Participants wore studded RL footwear and 

performed two linear 30 m sprints from a position of 0.5 m behind the first gate. The 

participants toes were positioned at 0.5m behind the first gate, while the upper body was 
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positioned as close as possible to the first gate without breaking the gate, and participants chose 

to begin the sprint after an all clear by the assessor. This methodology has shown to provide 

identical times compared to start blocks, while reaction time was removed by the participant 

initiating the sprint (Haugen & Burchheit, 2016). All trials were commenced from a static 

position void of rocking. Performance was measured at 5 m splits by infrared timing gates at a 

frequency of 37.768Hz using a single processed beam (Smartspeed, Fusion Sport, Australia), 

and all gates were positioned at 1.3 m in height. There were markers placed two meters beyond 

the last gate, and participants were instructed to continue sprinting until this point. This was 

done to avoid any deceleration before the last gate. The rest protocol consisted of 4 min of 

passive rest in between trials. The fastest 30 m sprint was used for computation of the SFv, FVP 

mechanical variables, and the mechanical effectiveness variables. 

Sprinting Computation Method 

 All data was analysed in accordance with the computational methods previously 

described (Samozino et al., 2016). A mono exponential function was applied to the raw 

velocity-time data to identify the horizontal velocity (vH): 

1) 𝑣𝐻(𝑡) = 𝑣𝐻𝑚𝑎𝑥
⋅ (1 − ⅇ−

𝑡

𝜏) 

The net horizontal antero-posterior GRF (FH) was then modelled as the centre of mass (COM) 

over time by determining the horizontal position (xH) and horizontal acceleration (aH) of COM 

as a function of time: 

2) 𝑥𝐻(𝑡) = 𝑣𝐻𝑚𝑎𝑥
 . (𝑡 + 𝜏 ⋅ ⅇ−

𝑡

�̅�)  − 𝑣𝐻max
⋅ 𝜏 

3) 𝑎𝐻(𝑡) =  (
𝑣𝐻max

𝜏
) ⅇ (−

𝑡

𝜏
) 

The FH was computed with the inclusion of runner’s body mass (m) and aerodynamic drag 

(Faero) over time: 
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4) 𝐹𝐻(𝑡) = 𝑚 ⋅ 𝑎𝐻(𝑡) + 𝐹𝑎𝑒𝑟𝑜(𝑡) 

The net vertical GRF (FV) was computed by using the runner’s body mass and gravity over 

time by: 

5) 𝐹𝑉 = 𝑚 ⋅ 𝑔 

The mechanical effectiveness of force application (RF %) is quantified each step by the ratio 

of FH to the corresponding total GRF expressed by: 

6) 𝑅𝐹 =
𝐹𝐻

√𝐹𝐻
2+𝐹𝑉

2
 

 As with the computational method for the squat jump FH and vH are plotted and the 

linear relationship is extrapolated to determine Force at zero velocity (FO) and velocity at zero 

force (vO), the same formulas used during the jumping computation are used to determine the 

SFv and PMAX (Samozino et al., 2016).  

Proton Magnetic Resonance Spectroscopy Method 

 Muscle carnosine content was measured by 1H-MRS in the gastrocnemius medialis 

muscle of each participant’s right limb in order to estimate MFT. Higher carnosine content has 

been associated with the percentage area occupied by type II muscle fibers (Baguet et al., 2011). 

1H-MRS measurements were performed on a 3-T whole body magnetic resonance imaging 

(MRI) scanner (Philips Medical Systems Best, The Netherlands). Subjects were lying in a 

supine position, while their lower leg was fixed in a spherical knee-coil. All the spectra were 

acquired using single voxel point-resolved spectroscopy (PRESS) with the following 

parameters; repetition time (TR) of 2000 ms, echo time (TE) of ~40 ms, number of excitations 

was 128 (carnosine) and 16 (water), spectral bandwidth was 2048 Hz, and an acquisition time 

of 4 min 16 s (carnosine) and 32 s (water). The voxel size was 40 mm x 15 mm x 20 mm. 

Spectral data analysis was carried out using jMRUI (version 6.0) with carnosine peaks fitted 

and expressed relative to the internal water signal. 
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Carnosine content (mM) was calculated using the following formula: 

𝐶𝑚 =
(𝑐𝑠)

(𝐻2𝑂𝑆)
⋅

(𝐻2𝑂𝑇1r)

(𝐶𝑇1r)
⋅

(𝐻2𝑂𝑇2r)

(𝐶𝑇2r)
⋅ 𝐻2𝑂muscle ⋅ 𝐻2Oprotons 

where Cm is the carnosine concentration, CS is the carnosine signal, H2OS is the water signal, 

CT1r, CT2r, H2OT1r, H2OT2r are the relaxation correction factors for carnosine (Baguet et al., 

2011) and water (MacMillan, Bolliger, Boesch, & Kreis, 2016)), H2Omuscle is the concentration 

of water in muscle, which was deducted from the molar concentration of water (55,000 mM) 

and the approximate water content of skeletal muscle tissue (0.7 L/kg wet weight of tissue) and 

H2Oproton is the number of protons in water. The CV for test-retest inter-day carnosine 

measurements in our laboratory was 4.3% (gastrocnemius; n = 15 subjects). The absolute 

carnosine concentration was converted to an individual Z-score by subtracting the control 

group mean absolute carnosine concentration, from the individual participant carnosine 

concentration, and dividing that by the standard deviation of the non-athlete control group. 

Statistical Analysis 

 SPSS software (version 26) was used for statistical analysis. Two MFT groups were 

categorised by placing participants in either positive Z-score (positive carnosine MFT group) 

or negative Z-score (negative carnosine MFT group) using the known-group difference 

technique. If the Z-score was above 0, the MFT group was categorised as the positive Z-score 

group, and conversely for the negative Z-score group. The data was tested for normality by 

assessing skewness, kurtosis, and homogeneity of variance. The FVP mechanical variables, 

squat jump height, and sprinting split times from the positive group were compared to those of 

the negative group, using an independent t-test and Mann-Whitney U-test for non-parametric 

data.  

 Cohen’s d effect sizes were calculated by pooling the variance of the two MFT groups, 

to normalise the influence from each group upon the effect size. This was required because 
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there was a larger sample size in the negative Z-score MFT group (n=10) compared to the 

positive Z-score MFT group (n=9), and the standard deviations were also different. The 

analysis was performed using Microsoft Office Excel (2016), using the group variables data 

(sample size, mean, and standard deviation) acquired by the t-tests. Thresholds used for the 

effect size was as follows; 0-0.20 (trivial), 0.20-0.50 (small), 0.50-0.80 (moderate), 0.80-1.30 

(large), and >1.3 (very large) (Sullivan & Feinn, 2012). The calculation of effect size was 

performed with the following equation: 

1) 𝑑 =
𝑀1−𝑀2

(𝑛1−1)𝑆𝐷1
2+(𝑛2−1)𝑆𝐷2

2

(𝑛1+𝑛2)−2

 

  Spearmen’s correlation analysis using SPSS, examined the associations between MFT 

and the SFv and FVP mechanical variables, and further associations with exercise performance 

data (jump height and split times). Thresholds for strength of correlation was as follows; 0-

0.30 (negligible), 0.3-0.5 (low), 0.5-0.7 (moderate), 0.7-0.9 (high), 0.9-1.0 (very high) 

(Mukaka, 2012). 

Results 

Carnosine Z-score Sample and Group Variance 

 The sample was found to have a mean carnosine Z-score of -0.62, a standard deviation 

of 1.01 and a range from -2.71 to 0.62. The positive Z-score group had a mean of 0.29 and 

standard deviation of 0.24, while the negative Z-score group had a mean of -1.45 with a 

standard deviation of 0.64. A significant difference and very large effect size was found 

between the MFT groups (p=<0.001, d=3.53), and this confirmed the suitability of the groups 

for comparison to meet the aims of the study, see results displayed in Figure 10 below. 
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Figure 10. Gastrocnemius carnosine Z-score values with the means and ± 95% CI’s. Two 

groups were formed using the known group difference technique. Subjects with positive Z-

scores (n = 9; circles) and subjects with negative Z-scores (n = 10; triangles).   

 

Squat Jump Testing and Analysis 

Table 1- Results of squat jump testing and analysis between MFT groups 

Jumping Variable Negative Z-score 

M (SD) 

Positive Z-score 

M (SD) 

t p d 

    Jump Height (m)  0.31 (0.03) 0.35 (0.05) -2.25   0.038 1.03 

    FO (N/kg) 35.24 (2.41) 35.07 (4.49)  0.10   0.920 0.05 

    VO (m/s) 2.28 (0.18) 2.53 (0.35) -1.91   0.073 0.88 

    PMAX (W/kg) 39.97 (6.43) 45.74 (10.81) -2.21   0.041 1.01 

    SFv (N.s.m/kg) -15.56 (2.11) -14.32 (3.77) -8.73   0.399 0.41 

    SFvOPT (%) 121.8 (19.66) 120.55 (29.61) 0.109   0.914 0.05 

 

 The results displayed in Table 1 indicate that there was a significant difference between 

groups for the squat jump height (m) (p=0.038, d=1.03) (Fig 11), and PMAX (W/kg) (p= 0.041, 

d=1.01) (Fig 12). However, there was no difference in FO (N/kg) (p=0.920, d=0.05), and while 
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VO (m/s) did not reach significance, a large effect size was found between MFT groups 

(p=0.073, d=0.88) (Fig 13). No significant difference was found between MFT groups for HPO, 

body mass, stature, or age (results not displayed).  

 No significant difference was found for either SFv or SFvOPT (%) between MFT groups 

(see Table 1). Further analysis between MFT groups show an important homogeneity between 

groups for SFvOPT (%). The mean SFvOPT (%) in Table 1 describes both MFT groups as having 

an SFv that is more force developed relative to body weight, where a well-balanced SFv would 

be 100% ± 10% using SFv thresholds determined by (Jimenez-Reyes et al., 2019). It is clear 

that regardless of MFT, both groups can be classified as low and high velocity deficit, with 

some low force deficit participants in the positive MFT group (see Table 2). 

 

 

Table 2. SFvOPT (%) results by category 

SFvOPT (%) Negative Z-score 

Number (%) 

Positive Z-score 

Number (%) 

Category 

   High Force Deficit    (<60) 

   Low Force Deficit     (60- 90)   

   Well-balanced    (>90- 110) 

   Low Velocity Deficit    (>110- 140) 

   High Velocity Deficit    (>140)   

 

0 

0 

1 (10) 

7 (70) 

2 (20) 

 

0 

2 (22.2) 

2 (22.2) 

2 (22.2) 

3 (22.2) 
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Figure 11. Displayed is a comparison for jump height between positive (circles) and negative 

(triangles) Z-score groups, with values, means, and ±95% CI’s. 

 

    

Figure 12. Displayed is a comparison between groups for PMAX (W/kg), positive (circles) and 

negative (triangles) Z-score group, displayed are the values with means and ±95% CI’s. 
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Figure 13. Displayed is a comparison of VO (m/s) between positive (circles) and negative 

(triangles) Z-score groups, shown with the values, means, and ±95% CI’s. 

 

Relationships between MFT and Jumping variables 

 The results indicated moderate associations between gastrocnemius carnosine Z-score 

and  VO (m/s) (r= 0.524), jump height (r=0.595), and PMAX (W/kg) (r=0.598) as shown in 

Figures 14, 15, and 16. There was a negligible association to both SFvOPT (N.s.m/kg) (r= 0.246), 

and FO (N/kg) (see Appendix C).  
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Figure 14. The relationship between VO (m/s) and gastrocnemius carnosine Z-score is 

illustrated by the values, sample mean, and ±95% CI bands, and describes a positive linear 

correlation. 

 

 

Figure 15. The correlation between jump height (m) and gastrocnemius carnosine Z-score can 

be described as a positive linear relationship illustrated by the values, sample mean, and ±95% 

CI bands. 

 

 

Figure 16. Gastrocnemius carnosine Z-score compared to PMAX (W/kg), described by a positive 

linear association shown by the values, sample mean, and ±95% CI bands. 
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 A negligible correlation was seen between jump height (m) and FO (N/kg) (r= -0.041),  

while VO (m/s) had a moderate association with jump height (r=0.668) (Fig 17), as did the SFv 

(r=0.443) (Fig 18), and PMAX (W/kg) was shown to have a very high association (r=0.801) (Fig 

19). 

 

Figure 17. A positive linear relationship is displayed between VO (m/s) and jump height (m) is 

illustrated by the values, sample mean, and ±95% CI bands. 

  

 

Figure 18. The relationship between jump height (m) and the SFv (N.s.m/kg) is illustrated by 

the values, sample mean, and ±95% CI bands. 
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Figure 19. The relationship between PMAX (W/kg) and jump height (m) was a positive linear 

relationship illustrated by the values, sample mean, and ±95% CI bands. 

 

 

Results of Sprint Testing and Analysis 

Table 3- Results of sprint testing and analysis between MFT groups 

Sprinting Variable Negative Z-score 

M (SD) 

Positive Z-score 

M (SD) 

t p d 

    5m time (s) 1.37 (0.05) 1.28 (0.05)  4.13   0.001 1.90 

    10m time (s) 2.10 (0.06) 1.99 (0.06)  4.43 <0.001  2.03 

    15m time (s) 2.75 (0.07) 2.61 (0.07)  4.12   0.001 1.89 

    20m time (s) 3.37 (0.06) 3.21 (0.09)  4.73 <0.001 2.17 

    25m time (s) 3.98 (0.08) 3.78 (0.08)  5.47 <0.001 2.52 

    30m time (s) 4.57 (0.09) 4.35 (0.08)  5.53 <0.001 2.54 

    FO (N/kg) 7.85 (0.83) 8.89 (0.92) -2.59   0.019 1.19 

    VO (m/s) 9.01 (0.59) 9.31 (0.39) -1.28   0.216 0.59 

    PMAX (W/kg) 17.59 (1.16) 20.64 (1.69) -4.63 <0.001 2.12 

    RFMAX (%) 45.23 (1.53) 48.30 (1.59) -4.28   0.001 1.97 

    DRF (%) -8.66 (1.39) -7.67 (1.16) -1.68   0.111 0.77 

    VOPT (m/s) 4.50 (0.29) 4.65 (0.19) -1.31   0.207 0.60 
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    SFv -0.88 (0.14) -0.96 (0.13)  1.26   0.224 0.58 

    Max Speed (m/s) 8.47 (0.38) 8.81 (0.27) -2.22   0.041 1.02 

 

 During the sprinting trials, the positive carnosine Z-score group had a significantly 

greater maximum speed with large effect size differences compared to the negative carnosine 

Z-score group (p=0.041, d=1.02) see Fig. 20, while the acceleration phases (0-15m) (see Table 

3) and 30 m sprint time (p=<0.001, d=2.54) in Fig. 21 show a much greater magnitude of 

difference between groups. These large differences between groups are likely a reflection of 

the significant differences in FO (N/kg) (p=0.019, d=1.19), PMAX (W/kg) (p=<0.001, d=2.54), 

and RFMAX (%) (p=0.001, d=1.97), as shown in Figures 22, 23, and 24 below. However, a non-

significant difference and moderate effect size was found for VO (m/s) (p=0.216 d=0.59), while 

DRF (%) was not found to be significantly different between groups despite a moderate effect 

size (p=0.111, d=0.77). Furthermore, the SFv was not significantly different between MFT 

groups (p=0.224, d=0.58) (see Table 3). 

 

Figure 20. Displayed is a comparison between positive (circles) and negative (triangles) Z-

score groups for maximum speed, showing the values, means, and ±95% CI’s. 
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Figure 21. Results of the time to completion between positive (circles) and negative (triangles) 

Z-score groups is displayed with the values, means, and ±95% CI’s. 

 

 

Figure 22. FO (N/kg) was compared between positive (circles) and negative (triangles) Z-score 

groups and displayed are the values, means, and ±95% CI’s during sprinting.  

 

Pos Z-score Neg Z-score

4.0

4.2

4.4

4.6

4.8

MFT Groups- Gastrocnemius

T
im

e 
to

 c
o

m
p

le
ti

o
n

 (
s)

***

Pos Z-score Neg Z-score

6

7

8

9

10

11

MFT Groups- Gastrocnemius

F
O

(N
/k

g
)

*



51 
 

 
Figure 23. PMAX (W/kg) was compared between positive (circles) and negative (triangles) Z-

score groups and is displayed are the values, means, and ±95% CI’s. 

 

 

Figure 24. Results between positive (circles) and negative (triangles) Z-score groups for RFMAX 

(%), and is displayed with the values, means, and ±95 CI’s. 
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Relationships between MFT and Sprinting variables 

 Once again FO (N/kg) showed a low association with gastrocnemius carnosine Z-score 

(r=0.346) (Fig 25), however very high correlations are found with important sprinting 

mechanical variables in PMAX (W/kg) (r=0.858) and RFMAX (%) (r=0.882) (Fig 26).  

 

Figure 25. The association between gastrocnemius carnosine Z-score and FO (N/kg) is 

described by the sample values, mean, and ±95% CI bands. 

 

 

Figure 26. FO (N/kg) displays a very significant positive linear correlation with RFMAX (%), 

illustrated by the sample values, mean, and ±95% CI bands.  
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 Gastrocnemius carnosine Z-score was moderately correlated with VO (m/s) (r= 0.472), 

RFMAX (%) (r= 0.616) (Fig 27), PMAX (W/kg) (r= 0.628) (Fig 28), DRF (%) (r=0.477), VOPT 

(r=0.477), and Maximum Speed (m/s) (r= 0.623) (Fig29), while the SFv had a negative and 

negligible relationship (see Appendix D). 

 

Figure 27. RFMAX (%) has a positive correlation with gastrocnemius carnosine Z-score 

illustrated by the sample values, mean, and ±95% CI bands. 

 

 

Figure 28. Displayed is PMAX (W/kg) positively correlated with gastrocnemius carnosine Z-

score illustrated by the sample values, mean, and ±95% CI bands.  
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Figure 29. Maximum Speed has a positive linear relationship with gastrocnemius Z-score, 

illustrated by the sample values, mean, and ±95% CI bands. 

 

Relationships among MFT, Body Mass, and Sprinting Split Times 

 Gastrocnemius carnosine Z-score displays a moderate to high negative association to 

split times as found in Appendix E. The association becomes slightly weaker between 5m (r= 

-0.619) and 10 m (r= -0.565) before becoming stronger between 15 m (r= -0.546)  and 30 m 

(r= -0.779) as shown in Figures 30 and 31. Body mass has a negative and negligible relationship 

with time to completion of splits (see Appendix E). There was a negligible association between 

body mass and gastrocnemius carnosine Z-score. 
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Figure 30. The association between carnosine Z-score and split times at 10-m, illustrated by 

the sample values, mean, and ±95% CI bands. 

 

 

Figure 31. Displayed is the negative correlation between Time to completion (s) and 

gastrocnemius carnosine Z-score, illustrated by the sample values, mean, and ±95% CI bands. 
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has a negative strengthening association with sprinting splits with increasing distance as 

expected (see Appendix F), this indicates that VO (m/s) is important at running speeds closer 

to maximum speed and is supported by a very high correlation to maximum speed (r= 0.944) 

(Figure 32).  

 

Figure 32. A positive linear correlation between maximum speed and VO (m/s), illustrated by 

the sample values, mean, and ±95% CI bands indicates a greater maximum speed is achieved 

with a faster VO (m/s). 

 

 PMAX (W/kg) has a stable negative very high correlation with raw sprinting performance 

across all splits (see Appendix F). SFv has an interesting association with raw sprinting 

performance splits. For splits of 5 m, 10 m, and 15 m there is a strengthening trend (r= 0.438, 

0.638, and 0.694) (Fig 33), while splits 20m, 25 m, and 30 m show a weakening trend (r= 

0.455, 0.222, and 0.245).  
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Figure 33. At fifteen meters, a steeper slope is associated with a faster split time, illustrated by 

the sample values, mean, and ±95% CI bands. 
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sprinting. However, the analysis of the mechanical variables does suggest an influence by 

gastrocnemius carnosine Z-score by finding a significantly higher PMAX (W/kg) in the positive 

Z-score group, in both jumping and sprinting. This inference is supported with a moderate 

correlation between gastrocnemius carnosine Z-score and PMAX (W/kg) during jumping and 

sprinting. Therefore, an influence by MFT within the FVPr during multi-joint dynamic exercise 

is confirmed, resulting in a greater PMAX (W/kg), and ultimately a superior athletic performance 

between group means. PMAX (W/kg) displayed the strongest association to exercise 

performance in both exercises and was significantly different between MFT groups. During the 

squat jump, PMAX (W/kg) was most influenced by VO (m/s) with a large effect size between 

groups and a moderate correlation, and not influenced by FO (N/kg). During sprinting however, 

PMAX (W/kg) was most influenced by FO (N/kg) with a significant difference and large effects 

size between groups, supported by a high correlation between FO (N/kg) and PMAX (W/kg). 

Along with PMAX (W/kg), RFMAX (%) was found to be influential upon 30 m sprint time (s), 

with a high correlation to PMAX (W/kg) and significant differences with very large effect sizes 

between groups. 

 It was hypothesised there would be moderate to large inter-participant variance in MFT 

derived from 1H-MRS muscle carnosine content; and the results have confirmed this prediction 

as shown in Figure 10. This is sensical given the demands of RL, and the differences in 

positional demands during competition. Due to the expected greater proportion of type IIa/ IIx 

MFT in the positive Z-scores group (Baguet et al., 2011), it was expected there would be an 

association with a greater jump height (m) during the squat jump, and lower 30 m sprint times 

(s) (Bex et al., 2017; Costill et al., 1976). This is supported by the results found in Tables 1 and 

3, with findings of significant differences between MFT groups, as well as large and very large 

effect size differences between MFT groups for jumping and sprinting performance. From 

investigations of the literature it was hypothesised that PMAX (W/kg) would be greater in the 
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positive MFT group, and that PMAX (W/kg) would be found at a greater velocity optimal (m.s) 

in the positive MFT group during sprinting (Aagaard & Andersen, 1998; Bottinelli et al., 1996; 

Tihanyi et al., 1982). PMAX (W/kg) was indeed found to be greater with large and very large 

effect sizes during sprinting, however, VOPT (m/s) was not found to be significantly greater 

despite a moderate effect size (see table 3). These findings align with single fibre literature that 

indicated significant differences in PMAX (W/kg) between β/slow and type II muscle fibres 

(Aagaard & Andersen, 1998; Bottinelli et al., 1996; Tihanyi et al., 1982). It was expected that 

the positive Z-score group would have a larger RFMAX (%), as the literature suggested a 

relationship between MFT and horizontal force production at faster running velocities (see Fig 

7) (Morin et al., 2012). The results of this study support this suggestion, finding a significant 

difference and a very large effect size between MFT groups for RFMAX (%). The DRF variable 

was expected to be lower in the positive MFT group, as type II MFT was described in the 

literature to produce more force at greater contraction velocities (Aagaard & Andersen, 1998; 

Tihanyi et al., 1982), hence less decline was expected. No significant difference was found 

between MFT groups despite a moderate effect size for DRF as shown in Table 3, suggesting 

regardless of MFT, there will always be a decline in ratio of force at greater contraction 

velocities relative to low velocity values and conforms to early literature findings in muscle 

physiology (Hill, 1938). Lastly the SFv was expected to be less steep and display a greater VO 

(m/s) in positive Z-score MFT group during sprinting. The results did not support this 

hypothesis despite a moderate effect size for SFv and VO (m/s) as shown in Table 3.  

FVPr, SFv, and MFT Associations during the Squat Jump 

 The results of this study suggest that there was no difference in the SFv during jumping 

which may be related to the absence of a significant difference between groups for both FO 

(N/kg) and VO (m/s) (see Table 1). The squat jump employed for this study to determine the 

FVP mechanical variables and the SFv, dictates that a participant must begin the jump from an 
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isometric squat position (Samozino et al., 2008). This requirement permits no movement or 

counter movement prior to initiation of the jump. In mechanical terms, the squat jump begins 

from a state of zero velocity. Single fibre studies suggest that there is no difference in the 

magnitude of force production during isometric contractions between fast and slow fibre types, 

but there are disparities in both the magnitude of force and power during higher velocity 

contractions (Aagaard & Andersen, 1998; Bottinelli et al., 1996; Tihanyi et al., 1982). Because 

force is being produced from a loaded position at zero velocity in a squat jump, our finding of 

non-significance between groups for FO (N/kg) aligns with muscle physiology literature 

(Aagaard & Andersen, 1998; Bottinelli et al., 1996; Tihanyi et al., 1982).  

 Both MFT groups were largely found to be velocity deficit for the SFv, and this may 

represent and avenue for both groups to improve PMAX (W/kg) during jumping (see Table 2) 

(Jimenez-Reyes et al., 2016; Jimenez-Reyes et al., 2019). VO (m/s) was not significantly 

different between MFT groups, despite a large effect size. However, VO (m/s) was found to 

have a moderate association to PMAX (W/kg), while the SFv (N.s.m/kg) had a low association, 

and FO (N/kg) displayed a negligible association to PMAX (W/kg) (see Appendix C). These 

correlations provide evidence that VO (m/s) has a greater contribution to PMAX (W/kg) in the 

squat jump, compared to both the SFv and FO (N/kg). Future research should consider using a 

jumping exercise that requires force production with the presence of high velocity to confirm 

whether individuals with a higher proportion of type II fibres are able to produce more force at 

high velocities during jumping. 

 PMAX (W/kg) was found to be significantly different between groups with a large effect 

size, and this difference may have been influenced by VO (m/s), rather than the non-significant 

finding for FO (N/kg) as shown in Table 1. These findings confirmed our hypothesis and also 

aligned with single muscle fibre research investigating differences in PMAX between MFT 

(Aagaard & Andersen, 1998; Bottinelli et al., 1996). During the squat jump, the results of this 
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study suggest PMAX (W/kg) was most associated with jump height performance, followed by 

VO (m/s, and SFv (N.s.m/kg) (see Appendix  C), and aligns with research upon the SFv 

(Samozino et al., 2014; Samozino et al., 2012). Interestingly, results indicate there was also a 

moderate association with Gastrocnemius carnosine Z-score and the important mechanical 

variables, PMAX (W/kg), VO (m/s), and SFv (N.s.m/kg), but not FO (N/kg). 

 It can be summarised that gastrocnemius carnosine Z-score is inferred to be influential 

in squat jump performance and the FVPr, with a moderate association to PMAX (W/kg), which 

was significantly different with a large effect size between groups. This resulted in a significant 

difference for jump height between groups, and aligns with previous research (Samozino et al., 

2014; Samozino et al., 2012). The difference in PMAX (W/kg) is likely explained by a moderate 

association to VO (m/s) and not FO (N/kg). While VO (m/s) was not significantly different 

between MFT groups, a large effect size was found and has likely produced the difference in 

PMAX (W/kg) between groups see Table 1. While the SFv is important in jumping, indicated by 

a moderate association to jump height, it was not significantly different between MFT groups 

and weakly correlated to MFT. Therefore, gastrocnemius carnosine Z-score did not influence 

the SFv during jumping. A significant correlation between jump height and the SFv was found 

in this study, and is a stronger correlation than has been previously reported (Samozino et al., 

2014). This may be due to differences in the athletes that were studied, relating to training 

status and/or the type of training that the athletes were undertaking. 

FVPr, SFv, and MFT Associations during Sprinting 

 As hypothesised a significant difference was found for 30 m sprinting time (s) between 

MFT groups (see Table 3). A very strong correlation was found between gastrocnemius 

carnosine Z-score and the 30 m sprint time (s) (see Figure 31). The 30 m sprinting time was 

also very strongly associated with PMAX (W/kg) and RFMAX (%) (see Appendix F), and both of 

these FVP mechanical variables were significantly different between MFT groups (see Table 
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3) and also moderately associated to gastrocnemius carnosine Z-score. This suggests that MFT 

does influence both variables during sprinting and results in a significantly faster 30 m sprint 

time (s). The finding for RFMAX (%) confirmed our hypothesis, and aligns with suggestions in 

the literature that greater horizontal force during sprinting maybe associated with MFT (Morin 

et al., 2012), which is now supported by our findings.   

 PMAX (W/kg) once again displayed the strongest association to performance, however, 

during sprinting it was very highly associated with FO (N/kg), and negligibly associated with 

VO (m/s). This indicates that during sprinting, FO (N/kg) is important for power output, and 

aligns with single muscle fibre literature that more force and power is produced by fast fibre 

types at high contraction velocities (Aagaard & Andersen, 1998; Bottinelli et al., 1996). The 

increased association of force contribution to PMAX (W/kg) seen in sprinting, compared to a 

negligible association in jumping, likely explains the very significant difference and very large 

effect size differences between MFT groups for PMAX (W/kg) (see Table 3), when compared to 

less significant findings during jumping (see Table 1). Despite a significant finding and large 

effect size for FO (N/kg), no difference was found between MFT groups for the SFv and is likely 

due to the non-significant finding for VO (m/s) (see Table 3).  

 VO (m/s) had a negligible association with PMAX (W/kg), but was moderately associated 

with MFT, and very highly associated with maximum speed. These differences and 

associations for VO (m/s) indicate importance for performance at maximum speed but not 

during acceleration phases. Results in Appendix F support this inference, where VO (m/s) 

displayed a negative and strengthening association with raw sprinting performance splits, as 

distance increased closer to thirty meters. FO (N/kg) displays a moderate and negative but slight 

weakening association with sprinting splits as distance increased beyond fifteen meters. There 

seems to be a simultaneous effect upon the SFv at the same split distance (15 m).  
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 When investigating the results for sprinting splits (s), the SFv was found to display an 

interesting association to split times. A moderate association was apparent up until 20 m, after 

which the association was found to be low at 25 m and 30 m, and a decline in the strength of 

association was apparent after 15 m (see Appendix F). This finding suggests that the SFv is 

perhaps more important during the acceleration phase, and that may also carry some 

importance for PMAX (W/kg) during this phase. There was a moderate correlation found 

between the SFv and PMAX (W/kg) during sprinting, unlike in the squat jump, suggesting greater 

influence for maximising PMAX (W/kg), and particularly during the acceleration phase during 

sprinting (see Appendix F). 

 Results from analysis of the sprinting FVP mechanical variables indicate gastrocnemius 

carnosine Z-score is likely to influence sprinting performance by associations with important 

FVP mechanical variables but not the SFv. Gastrocnemius carnosine Z-score was most 

associated to maximum power output, RFMAX (%), and maximum speed during sprinting (see 

Appendix D). Importantly during sprinting FO (N/kg) was strongly associated with PMAX 

(W/kg), RFMAX, and the SFv (N.s.m/kg). FO (N/kg) was not associated with gastrocnemius 

carnosine Z-score or maximum speed, however, it is moderately associated with parameters 

that are (VO (m/s) and VOPT (m/s)). FO (N/kg) was significantly different between groups 

despite a low correlation to MFT. This again suggests that it is the velocity of movement, that 

produces differences in force between MFT groups during sprinting (Aagaard & Andersen, 

1998; Tihanyi et al., 1982), and also aligns with suggestions made in sprinting FVP research 

(Morin et al., 2012). 

 The most powerful variables associated with both gastrocnemius carnosine Z-score and 

sprinting performance (30 m time (s)) and with significant differences between groups were 

PMAX (W/kg), RFMAX (%), and maximum speed (m/s). RFMAX (%) and PMAX (W/kg) were very 

strongly associated, suggesting PMAX (W/kg) has influence upon RFMAX (%), and is the source 
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of difference between MFT groups (see Appendix F). These inferences are supported by the 

associations found between gastrocnemius MFT, sprinting splits, and the FVP mechanical 

variables in Appendices D, E and F.  

FVP Mechanical Variables differ between Exercise Types 

 The difference in mechanical variables between the squat jump and sprinting has been 

mentioned in the previous two discussion sections and does align with the suggestions of the 

literature (Jimenez-Reyes et al., 2018); that correlations from vertical FVP testing, do not 

correlate well to horizontal exercise testing results, in non-elite populations and less so in elite 

populations (Jimenez-Reyes et al., 2018). This study has potentially helped to explain some of 

these differences in the mechanical variables between the squat jump and sprinting, by 

investigating the influence of MFT upon FVP mechanical variables during the squat jump and 

sprinting. While PMAX (W/kg) was significantly different between MFT groups for both the 

squat jump and 30 m sprint, the magnitude in difference found during sprinting relative to 

jump, was found to be significantly greater during sprinting (see Tables 1 and 3). The difference 

in this magnitude between groups may be explained by the change in magnitude of FO (N/kg), 

and the stronger associations between FO (N/kg) and PMAX (W/kg) during sprinting, when 

compared to jumping (see Appendix C and D). It is thought that the positive MFT group is able 

to produce more force at greater contraction velocities during sprinting (Aagaard & Andersen, 

1998; Bottinelli et al., 1996; Tihanyi et al., 1982). The same contraction velocities may not be 

achievable with the constraints of the squat jump, as previously described and requires further 

research to compare high velocity jump types with FVP mechanical variables and MFT.  

Implications 

i. The findings of this study indicate that the group possessing a greater carnosine Z-score 

(i.e. higher estimated proportion of type II fibres) not only jumped higher and sprinted 

faster, but also display contrasting FVP mechanical variables during jumping and 
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sprinting, such as PMAX (W/kg) and RFMAX (%). Indeed, these contrasting variables 

were associated with a faster time to completion in the positive carnosine Z-score 

group. Differences in these mechanical variables may provide value in individualising 

training prescription, baseline testing expectations, and athlete performance 

expectations. The non-invasive measurement of an athlete’s MFT using 1H-MRS may 

aid practitioners in building a profile for individual athlete capabilities, individualising 

exercise prescription, and indicate suitability for elite sport in pure sprinting and 

jumping sports.  

ii. The literature has demonstrated a variance in the SFv between high level sports (Giroux 

et al., 2016), thus, it is likely that the SFv is determined, in part, by the specific training 

that a given athlete undertakes for their sport and less determined by genetic 

predisposition and may explain the similarity in profiles within this sample of athletes. 

The findings of this study has also demonstrated homogeneity of the SFv within this 

purposive sample, where the sample conducted the same pre-season training period and 

participated in the same sport.  Therefore, the findings of this study may advocate for a 

need to optimise the SFv to improve individual athlete PMAX (W/kg) regardless of MFT.  

iii. By optimising the SFv during sprinting (is yet to be investigated), practitioners may 

improve PMAX (W/kg) during the acceleration phase, thus improving an athlete’s ability 

to compete. 

iv. PMAX (W/kg) was found to be significantly different between positive and negative Z-

score MFT groups, indicating that regardless of homogeneity in training stimulus, 

athletes with a greater proportion of type II fibres will jump higher and sprint faster 

than athletes with a lower proportion of type II fibre type. For performance 

professionals this may indicate suitability for specific team sport positions and provides 

coach and practitioners support in selection for such positions. The magnitude of 
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difference for PMAX (W/kg) between MFT groups does provide an important metric for 

an athlete’s performance profile, and may aid talent identification practices in pure 

speed and jumping sports.  

v. The results of this study may provide greater clarity and new knowledge within the 

literature (Cronin & Sleivert, 2005) about not only the effect and importance of PMAX 

(W/kg) for athletic performance, but also an important muscle physiology origin for 

PMAX (W/kg) production in multi joint dynamic exercise. 

Limitations 

 This study investigated the differences in the SFv between MFT groups during sprinting, 

nonetheless no true high level sprint athletes were present in this sample and this may have 

blunted the findings between positive and negative Z-score comparisons for the SFv and the 

FVPr. Perhaps this study provides some beneficence for future research in a similar context to 

this study, however, using a larger variance in the whole sample carnosine Z-score would be 

required. The computational method for sprinting performance does not account for cyclic 

frequency, which has been strongly associated with MFT (Bex et al., 2017). This study used a 

low velocity jump exercise, a high velocity jump exercise/s may result in finding new 

associations and add valuable insight into jumping performance, that may be influenced by 

MFT correlations with the FVP mechanical variables. While this study has demonstrated that 

MFT is associated to the FVPr and that these mechanical variables  are also associated with a 

difference in performance between groups, it is important to recognise that the whole effect 

seen between groups cannot be solely attributed to MFT. Other muscle characteristics such as 

muscle architecture (pennation angle and cross-sectional area) may also contribute to some of 

the performance differences seen.  
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Future Research 

 There seems to be beneficence for experimental research to include mature and trained 

elite high level jump and sprint athletes, to clarify the effects of high proportions of IIa/IIx 

muscle fibres upon the SFv and the FVPr, by comparing fast fibre effects to slow fibre effects 

upon the SFv and FVPr during jumping and sprinting. Future research associating carnosine Z-

score with sprinting performance, measured using kinetic and kinematic analysis, during 

sprinting may provide further valuable knowledge. By using kinematic analysis, ground 

contact times, and cyclic frequency can be measured and used to further investigate the FVPr 

mechanical variables and their associations to carnosine Z-score, which may further assist high 

performance practitioners and athletes alike. During jumping, further insight may be gained by 

using a high velocity jump exercise (CMJ, drop jump, etc), and analysing associations between 

MFT and the SFv and FVPr. Research should be conducted upon mature athletes to identify 

thresholds for PMAX (W/kg), as associated to a carnosine Z-score. As suggested in (Cronin & 

Sleivert, 2005), PMAX is affected by training status (strength levels) which is known to be 

affected by training age. Mature athletes are more likely to have achieved optimal strength 

levels (not always), due to training age. As such, research assessing PMAX (W/kg) against 

carnosine Z-score in mature athletes is perhaps more likely to acquire valid thresholds useful 

for performance coaches and talent identification. This knowledge may provide valuable 

insight for efficient talent identification practices, athlete needs analysis, and baseline athletic 

performance expectations. The findings of this study suggest future studies using an 

intervention to optimise the SFv (if one exists) during sprinting, may improve PMAX (W/kg) 

regardless of MFT, and do so specifically during the acceleration phase of sprinting. This 

knowledge provides beneficence for future research to investigate the magnitude of effects over 

the acceleration phase, by firstly identifying an optimal sprinting SFv, and secondly providing 

an intervention to optimise the SFv during sprinting. Because other muscle morphologies 
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(pennation angle and cross-sectional area) where not investigated alongside MFT, differences 

seen between groups cannot be attributed to MFT alone. Future studies should look to 

investigate the contribution of MFT and other muscle morphologies in multiple lower body 

muscle groups to better determine contributions to performance differences seen. 

Conclusion 

 The relationships between MFT and the FVP mechanical variables, along with the 

magnitude of difference between FVP variables and performance metrics, indicates that MFT 

does influence the FVPr during sprinting and jumping, but does not influence the SFv. It was 

found that it is likely that MFT influenced a significant jump height difference between MFT 

groups, and did so with an association to VO (m/s), where a greater PMAX (W/kg) was found in 

the positive carnosine Z-score group. While VO (m/s) was not significantly different between 

MFT groups, there was a large effect size between MFT groups, contrary to no difference and 

a negligible effect size between groups for FO (N/kg). The negligible effect size for FO (N/kg) 

is theorised to have occurred due to the low velocity constraints of the squat jump and requires 

further research to clarify the effects of the low velocity squat jump with comparisons to a high 

velocity jump.  

 During sprinting MFT groups did display a significant difference for FO (N/kg), but not 

for VO (m/s), and so FO (N/kg) is considered to have been the mechanical variable to have 

produced a significant difference with large effect size for PMAX (W/kg). PMAX (W/kg) was 

found to have a very strong relationship with RFMAX (%) and is considered to have influenced 

the significant difference and very large effect size between MFT groups for RFMAX (%). These 

two mechanical variables are also very strongly associated to FO (N/kg), significantly different 

between groups, and are moderately correlated to gastrocnemius carnosine Z-score. There were 

also trends in the split time (s) data that indicate FO (N/kg) was less associated with split times 
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closer to maximal speed, while the association between split times and VO (m/s) strengthened 

closer to maximal speed, as would be expected.  

 While it was found MFT had limited influence over the SFv, it was found that the SFv is 

associated with sprinting performance during the acceleration phase but less so during maximal 

speed. This important finding along with a moderate association between the SFv and PMAX 

(W/kg), indicates an opportunity to potentially increase PMAX (W/kg) during the acceleration 

phase regardless of MFT. Such an intervention may lead to an improved time to completion. 

Further research is required to determine the magnitude of effect an improved SFv has upon 

improving PMAX (W/kg), especially over the first 15 m, and the resultant time to completion 

(s). 

 MFT has been shown to influence the FVPr differently between the squat jump and 

sprinting exercises, and these differences were shown to result in a greater PMAX (W/kg) in the 

positive carnosine Z-score group, for both exercises. The subsequent athletic performance in 

both the squat jump (jump height (m)) and sprinting (time to completion (s)) was found to be 

greater in the positive carnosine Z-score group. Performance differences between groups was 

more polarised during sprinting compared to jumping. This finding supports the theory that 

type II MFT displays a greater capacity to produce more force than β/slow MFT during high 

velocity whole body exercise and may for the first time explain a low correlation between 

jumping and sprinting performance. Carnosine Z-score was not found to influence the SFv 

during the squat jump and 30 m sprint in this study. 

 Coaches and performance staff may find benefit in analysing an athlete’s muscle 

carnosine content to estimate MFT in order to establish the potential for performance, indicate 

inherit strengths and weaknesses, and determine athlete suitability for pure speed and jumping 

sports.  This study provides further evidence that performance professionals can also utilise an 

individual’s PMAX (W/kg), as an important performance variable to aid prescription, and 
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monitor improvements. By doing so, efficiency in exercise prescription, establishing athlete 

needs, and maximising an athlete’s success may be realised. However, it can now be suspected 

that an athlete’s individual MFT composition will likely influence a ceiling effect for PMAX 

(W/kg), and subsequent athletic capacity. Thus, an efficient and non-invasive method for 

estimating MFT composition would be valuable for determining athlete suitability in specific 

sporting contexts, especially those requiring faster sprinting ‘time to completion’ and where 

jump height is important. While this study has determined an association between MFT, the 

FVPr, and has demonstrated that MFT has likely influenced the associated exercise 

performance. It is possible other muscle morphology differences within these groups 

(pennation angle and cross-sectional area), may also contribute to performance differences 

found, and is a recommendation for future investigation. 

 

 



71 
 

Appendix A 

This table is an excerpt from (Morin & Samozino, 2016) and defines the FVP profiling variables for a practical interpretation. 

Profiling variable Definition and computation Practical interpretation 

Vertical 

 

    VTC-F0 (N/kg) 

 

 

Theoretical maximal force production of the lower limbs 

as extrapolated from the linear loaded jump squats’ 

force–velocity (F–V) relationship; y-intercept of the 

linear F–V relationship 

 

 

Maximal concentric force output (per unit body mass) that 

the athlete’s lower limbs can theoretically produce during 

ballistic push-off. Determined from the entire F–V spectrum, 

it gives more integrative information on force capability than, 

e.g. concentric squat 1-repetition-maximum load. 

 

     VTC-V0 (m/s) Theoretical maximal extension velocity of the lower 

limbs as extrapolated from the linear loaded jump 

squats’ F–V relationship; x-intercept of the linear F–V 

relationship. 

Maximal extension velocity of the athlete’s lower limbs 

during ballistic push-off. Determined from the entire F–V 

spectrum and very difficult, if not impossible, to reach and 

measure experimentally. It also represents the capability to 

produce force at very high extension velocities. 

 

     VTC-Pmax (W/kg) Maximal mechanical power output, computed as Pmax 

= F0 × V0/4 or as the apex of the P–V 2nd-degree 

polynomial relationship. 

Maximal power output capability of the athlete’s lower-limb 

neuromuscular system (per unit body mass) in the concentric 

and ballistic extension motion. 

    Sfv Slope of the linear F–V relationship, computed as Sfv = 

–F0/V0. 

Index of the athlete’s individual balance between force and 

velocity capabilities. The steeper the slope, the more negative 

its value, the more “force oriented” the F–V profile, and vice 

versa. 

 

    Sfvopt For a given push-off distance, body mass, and Pmax, the 

unique value of Sfv that maximizes jump height. For 

detailed computation, see Appendix in (Samozino et al., 

2012) 

The optimal F–V profile that represents the optimal balance, 

for a given individual, between force and velocity 

capabilities. For a given maximal power Pmax, this profile 

will be associated, ceteris paribus, with the highest ballistic 

push-off performance possible for this individual. Training 
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programs should be designed to both increase Pmax and 

orient Sfv toward Sfvopt. 

 

     FVimb (%) Magnitude of the relative difference between Sfv and 

Sfvopt for a given individual. Computed as (Sfv/Sfvopt) 

× 100 and expressed in percentage. 

 

Magnitude of the difference between actual and optimal F–V 

profiles. A value of 100% means Sfv = Sfvopt, ie, optimized 

F–V profile. Values above 100% mean an imbalance with a 

deficit in velocity, and vice versa. The larger the difference 

with the optimal 100% value, the larger the imbalance. 

Horizontal 

    

     HZT-F0 (N/kg) 

 

 

Theoretical maximal horizontal force production as 

extrapolated from the linear sprint F–V relationship; y-

intercept of the linear F–V relationship. 

 

 

Maximal force output (per unit body mass) in the horizontal 

direction. Corresponds to the initial push of the athlete onto 

the ground during sprint acceleration. The higher the value, 

the higher the sprint-specific horizontal force Production. 

 

    HZT-V0 (m/s) Theoretical maximal running velocity as extrapolated 

from the linear sprint F–V relationship; x-intercept of the 

linear F–V relationship. 

Sprint-running maximal velocity capability of the athlete. 

Slightly higher than the actual maximal velocity. The 

theoretical maximal running velocity the athlete would be 

able to reach should mechanical resistances (ie, internal and 

external) against movement be null. It also represents the 

capability to produce horizontal force at very high running 

velocities. 

 

   HZT-Pmax (W/kg) Maximal mechanical power output in the horizontal 

direction, computed as Pmax = F0 × V0/4, or as the apex 

of the P–V 2nd-degree polynomial relationship. 

Maximal power-output capability of the athlete in the 

horizontal direction (per unit body mass) during sprint 

acceleration. 

 

    RF (%) Ratio of force, computed as the ratio of the step-

averaged horizontal component of the ground-reaction 

force to the corresponding resultant force. 

Direct measurement of the proportion of the total force 

production that is directed in the forward direction of motion, 

ie, the mechanical effectiveness of force application of the 

athlete. The higher the value, the more important the part of 

the total force output directed forward. 
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    RFmax (%) Maximal value of RF, computed as maximal value of RF 

for sprint times >0.3 s. 

Theoretically maximal effectiveness of force application. 

Direct measurement of the proportion of the total force 

production that is directed in the forward direction of motion 

at sprint start. 

 

     DRF Rate of decrease in RF with increasing speed during 

sprint acceleration, computed as the slope of the linear 

RF–V relationship. 

Describes the athlete’s capability to limit the inevitable 

decrease in mechanical effectiveness with increasing speed, 

ie, an index of the ability to maintain a net horizontal force 

production despite increasing running velocity. The more 

negative the slope, the faster the loss of effectiveness of force 

application during acceleration, and vice versa. 
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Appendix B 

Warm-up protocol for participant preparation to perform Squat Jump F-v profiling 

Exercise Repetitions/ Time Load (KG) 

Skipping (skipping rope) 50r 0 

Adductor glides 12r 0 

Squat hold 20s 15 

Straight leg plate hang 20s 15 

Goblet squat 5r 15 

Theroband pull apart 10 0 

Theroband Y’s and W’s 10 0 

Practice of squat jump protocol (sub-maximal effort) 2 Broomstick 
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Appendix C 

Relationships between MFT, Jumping FVP mechanical variables, and Jump Height 

Variables Jump Height (m) MFT Gastrocnemius FO (N/kg) SFv (N.s.m/kg) VO (m/s) PMAX (W/kg) SFvOPT (N.s.m/kg) 

Jump Height (m) 1       

MFT Gastrocnemius 0.595* 1      

FO (N/kg) -0.041 -0.032 1     

SFv (N.s.m/kg) 0.443 0.330 -0.874** 1    

VO (m/s) 0.668** 0.524* -0.660** 0.933** 1   

PMAX (W/kg) 0.801** 0.598** 0.203 0.244 0.544* 1  

SFvOPT (N.s.m/kg) 0.448 0.246 0.131 -0.029 0.032 0.028 1 

*. Correlation is significant at the 0.05 level (2 tailed). 

**. Correlation is significant at the 0.01 level (2 tailed). 
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Appendix D 

Relationships between MFT and Sprinting FVP mechanical variables 

Variables MFT 

Gastrocnemius 

FO (N/kg) VO (m/s) PMAX (W/kg) SFv RFMAX (%) DRF (%) Vopt (m/s) Max Speed 

(m/s) 

MFT 

Gastrocnemius 

1         

FO (N/kg) 0.346 1        

VO (m/s) 0.472* -0.426 1       

PMAX (W/kg) 0.628** 0.858** 0.030 1      

SFv -0.053 -0.919** 0.670** -0.625** 1     

RFMAX (%) 0.616** 0.882** -0.025 0.993** -0.660** 1    

DRF (%) 0.472* -0.002 0.307 0.221 0.154 0.186 1   

VOPT (m/s) 0.477* -0.421 1.00** 0.037 0.677* -0.018 0.320 1  

Max Speed (m/s) 0.623** -0.153 0.944** 0.316 0.439 0.261 0.318 0.946** 1 

*. Correlation is significant at the 0.05 level (2 tailed). 

**. Correlation is significant at the 0.01 level (2 tailed). 
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Appendix E 

Relationships between MFT and Sprinting Splits 

Variables Body Mass 

(Kg) 

MFT 

Gastrocnemius 

5m time (s) 10m time (s) 15m time (s) 20m time (s) 25m time (s) 30m time (s) 

Body Mass (Kg) 1        

MFT Gastrocnemius 0.109 1       

5m time (s) -0.289 -0.619** 1      

10m time (s) -0.149 -0.565* 0.837** 1     

15m time (s) -0.200 -0.546* 0.825** 0.935** 1    

20m time (s) -0.267 -0.719** 0.904** 0.895** 0.891** 1   

25m time (s) -0.204 -0.770** -0.853** 0.840** 0.805** 0.932** 1  

30m time (s) -0.240 -0.779** 0.900** 0.849** 0.821** 0.947** 0.988** 1 

*. Correlation is significant at the 0.05 level (2 tailed). 

**. Correlation is significant at the 0.01 level (2 tailed). 
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Appendix F 

Relationships between Sprinting FVP mechanical variables and Sprinting Splits 
Variables FO (N/kg) VO 

(m/s) 

PMAX 

(W/kg) 

SFv RFMAX 

(%) 

DRF 

(%) 

VOPT 

(m/s) 

Max 

Speed 

(m/s) 

5m (s) 10m (s) 15m (s) 20m (s) 25m (s) 30m 

(s) 

FO (N/kg) 1              

VO (m/s) -0.426 1             

PMAX 

(W/kg) 

0.858** 0.030 1            

SFv -0.919** 0.670** -0.625** 1           

RFMAX (%) 0.882** -0.025 0.993** -0.660** 1          

DRF (%) -0.002 0.307 0.221 0.154 0.186 1         

VOPT (m/s) -0.421 1** 0.037 0.667** -0.018 0.320 1        

Max Speed 

(m/s) 

-0.153 0.944** 0.316 0.439 0.261 0.318 0.946** 1       

5m (s) -0.677** -0.102 -0.877** 0.438 -0.882** -0.326 -0.109 -0.361 1      

10m (s) -0.847** -0.030 -0.968** 0.638** -0.975** -0.209 0.019 -0.251 0.837** 1     

15m (s) -0.888** -0.054 -0.970** 0.694** -0.974** -0.123 0.050 -0.226 0.825** 0.935** 1    

20m (s) -0.732** -0.191 -0.942** 0.455 -0.937** -0.261 -0.195 -0.453 0.904** 0.895** 0.891** 1   

25 m (s) -0.547* -0.421 -0.875** 0.222 -0.854** -0.296 -0.426 -0.660** 0.853** 0.840** 0.805** 0.932** 1  
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30m (s) -0.568* -0.405 -0.893** 0.245 -0.874** -0.353 -0.412 -0.649** 0.900** 0.849** 0.821** 0.947** 0.988** 1 

*. Correlation is significant at the 0.05 level (2 tailed). 

**. Correlation is significant at the 0.01 level (2 tailed). 
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