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ABSTRACT 

 

The purpose of this study was to investigate the effect of a four-week sprint training 

protocol on various kinematic and kinetic variables for the countermovement vertical jump (CMJ) 

and drop jump (DJ). Jump training has been used to enhance sprint training. However, there is a 

dearth of research on whether sprint training affects jumping performance. Since both types of 

activities involve applying force to increase propulsion and, with sprinting and DJ, regulation of 

vertical stiffness to promote optimal propulsion is involved, then it is appropriate to investigate 

the possible effects of sprinting to jumping. 

Fourteen recreationally active college students (age: 23.07 years ± 2.97; height: 170.49 cm 

± 7.19; mass; 67.46 kg ± 10.18; seven males and seven females) with normal body mass index 

readings performed a four-week sprint training protocol. The sprint training protocol involved two 

training sessions per week while sprinting as fast as possible with maximal rest in between 

repetitions. CMJ and DJ performance were assessed the week before and after the sprint 

intervention. Jump height and peak propulsive force (PPF) were assessed for the CMJ. Jump 

height, PPF, ground contact time, reactive strength index (RSI), propulsive impulse, minimum 

vertical center of mass displacement (CoMmin) and vertical stiffness were measured for the DJ.  

Height jumped was higher during the CMJ following sprint training (t(13) = -2.648, p = 

0.020). Although PPF (t(13) = -1.525, p = 0.151), did not significantly differ, there was an 

increasing trend post-test. Height jumped during the DJ was higher following sprint training (t(13) 

= -3.795, p = .002). However, no statistically significant differences were found for PPF (t(13) = 

0.452, p = 0.659), ground contact time (t(13) = -0.280, p = .784), RSI (t(13) = -1.094, p = 0.294), 

propulsive impulse (t(13) = -1.141, p = 0.274), CoMmin (t(13) = 1.137, p = .276) or vertical stiffness 
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(t(13) = 1.502, p = 0.157). An increasing trend was found with PPF and a decreasing trend was 

found with vertical stiffness. 

The results show that sprinting may improve CMJ and DJ height. However, further 

research would be needed on the exact mechanisms that allow this phenomenon to occur. 
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CHAPTER I: INTRODUCTION 

Studies have examined at the use of jump training to improve sprint performance (Chelly 

et al., 2010; Kale, Asci, Bayrak, & Acikada, 2009; Rimmer & Sleivert, 2000). Jump training has 

been used to enhance athletic performance in many sports including basketball, volleyball, 

baseball, and track and field (Chelly, Hermassi, & Shephard, 2015; Potach & Chu, 2016; 

Schexnayder et al., 2011). Given the explosive similarities between them, it is possible that sprint 

training may enhance overall jump performance. Also, studies have used countermovement 

vertical jump (CMJ) and drop jump (DJ) to assess possible changes in power (Markovic, Jukic, 

Milanovic, & Metikos, 2007; Nuzzo, McBride, Cormie, & McCaulley, 2008; Walsh, Arampatzis, 

Schade, & Bruggemann, 2004). There is a paucity of research on the effects of sprint training on 

jump performance. Although Markovic et al. (2007) found that sprint training improved squat 

jump, CMJ, standing long jump, and DJ, the mechanisms for these improvements were not 

apparent. 

A primary reason jump training is compatible with sprinting is due to the prominence of 

elastic energy and the stretch-shortening cycle (SSC) (Malisoux, Francaux, Nielens, & Theisen, 

2005). Elastic energy is produced and augmented when there is a rapid stretch, or eccentric action, 

of a muscle (Asmussen & Bonde-Petersen, 1974). Between the eccentric and concentric phases of 

the SSC is the amortization phase which shows an electromechanical delay (Toumi et al., 2001). 

After this stretch, if there is a rapid movement to a concentric action where the stored elastic energy 

is subsequently released, which will increase muscular force production (Kenney, Wilmore, & 

Costill, 2015). However, if the eccentric phase lasts too long, the stored energy is lost as heat 

(Komi, 1984; Potach & Chu, 2016). Therefore, when training movements that elicit the SSC, the 

amortization phase shortens, thus minimizing the overall time that the SSC occurs (Toumi et al., 
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2001). To assess the function of the SSC and an individual’s reactive strength abilities the reactive 

strength index (RSI) is commonly used (Lloyd, Oliver, Hughes, & Williams, 2009). 

Sprint training and some jump training involve applying large ground reaction forces 

exerted over a minimal period of time (Potach & Chu, 2016; Weyand, Sternlight, Bellizzi, & 

Wright, 2000) because of a focus on reactive strength. The longer an athlete stays in contact with 

the ground, the worse the sprint performance (Weyand et al., 2000). Studies have also shown 

plyometric training helps reduce ground contact time with relation to the DJ (Markovic et al., 2007; 

Sáez de Villarreal, González-Badillo, & Izquierdo, 2008)  

  Also, Verkhoshansky (1989) stated that speed is limited or enhanced by the ability of 

achieving greater muscular force over a limited amount of time. While not sprinting or jumping 

related, Giovanelli, Taboga, and Lazzer (2016) showed an increase in ground contact time, 

decrease in ground reaction forces and stiffness when there was a decrease in speed.  

Stiffness becomes an important factor with both jumping and sprinting since stiffness is 

regulated on muscular activation (Brown & McGill, 2010; Hoffrén, Ishikawa, Rantalainen, Avela, 

& Komi, 2011; Weiss, Hunter, & Kearney, 1988). Stiffness may be measured as torsional (Farley, 

Houdijk, Van Strien, & Louie, 1998), leg (McMahon & Cheng, 1990) and vertical (Morin, Dalleau, 

Kyröläninen, Jeannin, & Belli, 2005). Depending on the activity or movement, stiffness is vital to 

allow optimal compliance at specific joints during certain activities to allow for maximal energy 

to be used during the propulsive phase (Granata, Padua, & Wilson, 2002). 

Impulse is quantified by force and time and can be measured during the ground contact 

period of a jump, stride or step (DeWeese & Nimphius, 2016). An increase in impulse may suggest 

an enhancement of SSC activity (DeWeese & Nimphius, 2016). Therefore, the amount of force 



                                                
  
   

3 
 

applied over a period of time may have an effect on performance outcomes. For this study, 

propulsive impulse was used to look at a possible explanation for results obtained during the DJ. 

Also, when referring to strength and speed, the type of muscle fiber is influential in the 

development of power.  Both jumping and sprinting utilize type II motor units and muscle fibers 

to produce the high levels of force and velocity (Malisoux et al., 2005). Both are required for 

successful performance. Furthermore, greater muscular contraction speeds, motor unit recruitment 

and firing rate are developed through training these power activities (Sandler, 2005). Along with 

that, the phosphagen energy system is primarily utilized for both activities because of the short 

amount of time required to accomplish the activities (Herda & Cramer, 2016). 

Due to the evident commonalities in the characteristics of sprinting and jumping, it is viable 

to think that sprinting could improve jumping performance. Therefore, sports or activities that 

involve jumping may benefit from including sprint training in the overall training design. 

The purpose of this study is to determine the effect of a four-week sprint training program 

on jump performance in active college individuals that have not had any organized sprint training 

within the last four years. Jump performance will be delineated as height and peak propulsive force 

(PPF) in the CMJ as well as assessing the Reactive Strength Index (RSI), PPF, ground contact 

time, jump height, vertical stiffness and propulsive impulse for the DJ. 

The significance of this research would help establish sprint training as a viable option 

augment jump performance and athletic performance involving power and explosive movements. 

The CMJ is important in sports such as volleyball, basketball and American Football where players 

must achieve large vertical displacement. Additionally, the DJ is also related to sports where 

rebounding efforts after a jump are needed.  
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It is hypothesized that maximal sprint training will significantly enhance jumping ability. 

This will be shown by an increase in height and PPF of the CMJ. With relation to the DJ, it was 

hypothesized that there would be an increase in RSI, PPF, and height along with a decrease in 

ground contact time.   
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CHAPTER II: REVIEW OF LITERATURE 

Sprint and Jump Training 

Sprint events in track and field may be separated in phases such as acceleration, maximum 

velocity and speed maintenance (Schexnayder et al., 2011). At the start of the acceleration phase, 

athletes must apply a large amount of force to overcome inertia (Harland & Steele, 1997). A test 

used to assess reactive strength and starting power is the standing long jump (SLJ) (Tolbert et al., 

2013). The SLJ has shown to have a positive correlation with power-type activities, such as 

sprinting (Almuzaini & Fleck, 2008). This exercise has also shown to be beneficial for the start of 

swimming races (Rebutini, Pereira, Bohrer, Ugrinowitsch, & Rodacki, 2016). Because of the 

necessity to overcome inertia, greater ground contact times and production of horizontal forces are 

necessary in the acceleration phase of sprinting (Mann, 2013).  

During the maximal velocity phase, there is a significant increase in vertical ground 

reaction forces per step (Weyand et al., 2000). In addition, Weyand et al. (2000) found that greater 

ground forces over shorter contact times elicited superior speed performances. Furthermore, 

Brughelli, Cronin, and Chaouachi (2011) also found that there are indeed lower contact times with 

increase sprint velocity. Mann and Hagy (1980) found that as velocity increased, from walking to 

running to sprinting, ground contact times decreased. Additionally, the faster an athlete is, the 

greater the magnitude of propulsive impulse (Hunter, Marshall, & McNair, 2005). 

According to Mann (2013), the horizontal ground forces required at the start of a sprint 

race is slightly lower than the vertical forces needed for high performance. Additionally, when a 

sprinter is at maximal velocity, the average horizontal force is 0 N, due to averaging the braking 

and propulsive forces of ground contact. Therefore, throughout the entire sprint, the higher vertical 
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ground forces achieved during maximal velocity may be beneficial for improving vertical-type 

jumps. 

Jump training may enhance a person’s ability to apply a greater amount of force in a shorter 

period of time to produce greater displacement during a jump (Potach & Chu, 2016). This type of 

training includes a number of different jumps such as the standing long jump (Potach & Chu, 2016, 

p. 490), DJ (Potach & Chu, 2016) and CMJ (Potach & Chu, 2016). Many of these jumping 

movements are included in sprint training programs to assist in maximizing sprint performance 

(Almuzaini & Fleck, 2008; Chelly et al., 2010; Chelly et al., 2015; Kale et al., 2009). Furthermore, 

this type of training facilitates the use of the SSC, where a muscle is stretched and subsequently 

shortened to produce an elastic response which assists in the increase of force production and speed 

(Komi, 1984). 

Because force and time are important qualities in jumping and sprinting, impulse may also 

be used to help assess results. An increase in impulse may suggest an improvement of SSC activity 

(DeWeese & Nimphius, 2016). However, since impulse is the product of force and time (DeWeese 

& Nimphius, 2016), then changes in either variable would affect the overall value of impulse. 

Ultimately, there may be an optimal combination of force and time to produce the results that are 

warranted. 

Rimmer and Sleivert (2000) examined the implementation of a plyometrics training 

program to assess differences in sprint performance. This study included an 8-week plyometrics 

protocol that contained single and double-leg tuck jumps, double-leg speed jumps, single-leg hops, 

alternate-leg bounds, alternate-leg stairbounds and sprint bounds. The results of this study showed 

statistically significant improvements in sprinting time between 0, 10, 20, and 30, and 40 meters. 
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Additionally, ground contact time showed a significant decrease at the 37-meter mark of the sprint 

pre- and post-test. 

Chelly et al. (2015) also studied at the effects on plyometric training on sprint performance. 

This study used a lower body plyometric program that included hurdle hops and DJ. Sprint 

performance was measured by obtaining maximal velocity readings after 40 meters of sprinting 

and showed significant increases from pre-test to post-test. 

Almuzaini and Fleck (2008) examined at a variety of different movements to determine 

sprint performance. With reference to the standing long jump, a correlation of -0.450 with the 50-

meter dash and -0.422 in the 100-meter dash was shown. This study also included three modified 

long jump exercises, which included DJ, to determine the correlation with sprint performance. The 

three exercises included: stepping off a box and performing a long jump; stepping off a box, 

jumping up to another box, then stepping off that platform and performing a long jump; the third 

exercise included the same protocol except with three boxes. The heights of the boxes were set at 

50 cm. The three modification of power exercises included moderate correlations of -0.532, -0.553, 

and -0.559, respectively, with relation to 50-meter dash times.  

The Barr and Nolte (2011) study used DJ as a predictor of sprint performance. This study 

used varying box heights and found that there are significant correlation values with each DJ box 

height with relation to sprint performance. 

Markovic et al. (2007) examined the effects of sprint and plyometric training on various 

athletic performance factors. The study included a sprint-only group and a plyometrics-only group. 

The sprint protocol lasted eleven weeks with the sixth week being a rest week. The first two weeks 

started with ten-meter sprints and increased by ten meters after every two weeks of training. On 

the first and every other week after, the protocol included three sets of three repetitions of each 
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sprint, while the remaining weeks included four sets of three sprints. Every week of training, the 

rest between sets equaled three minutes, while the rest interval between repetitions was set to one 

minute. Before and after the intervention, the athletic performance measurements included a CMJ 

and a DJ from a height of 30 centimeters. The results showed that sprint training increased jumping 

height in the CMJ, while performance in the DJ showed both a decrease in ground contact time 

and an increase in flight time. Additionally, there was not a statistically significant difference in 

the height jumped during the CMJ between the plyometric group and the sprint group. This 

suggests that sprint training may show similar improvements to jumping performance as those 

seen in plyometric training. 

Muscle Fiber & Motor Units 

When discussing high power activities, type II motor units and muscle fibers are primarily 

responsible for the development of high intensity performance because of their high recruitment 

threshold, large and rapid force production, and power output (Triplett, 2016). Because of this, it 

is evident sprinters and jumpers have a higher percentage of these motor units due to the explosive 

nature of the activities (Cissik, 2004; Kenney et al., 2015). It was also that compared to endurance 

athletes, a greater percentage of fast twitch muscle fibers were apparent in sprinters (Costill et al., 

1976). Specifically, when referring to the gastrocnemii, male sprinters show approximately a 

composition of 76% of type II fibers while females have around 73% (Kenney et al., 2015, p. 45). 

Energy System 

Short distance sprints primarily involve the use of the adenosine-triphosphate 

phosphocreatine (ATP-PC) energy system (Herda & Cramer, 2016). With this system, stores of 

ATP and PC are able to sustain energy needs from three to fifteen seconds in all-out sprinting 

(Kenney et al., 2015). 
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When training for speed development, large rest times are required to allow a greater 

phosphagen replenishment (Almuzaini et al., 2008). Furthermore, a suggested guideline for 

training this energy system would be to have a work-to-rest ratio of 1:12 to 1:20 (Herda & Cramer, 

2016). However, these ratios may not allow enough rest for someone. For example, at the time of 

this writing, with reference to the 60-meter dash, the men’s indoor track world record stands at 

6.39 seconds by Maurice Greene (International Association of Athletics Federations [IAAF], 

2016), while the women’s world record is 6.92 seconds by Irina Privalova (IAAF, 2016). Using 

the 1 to 20 work-to-rest ratio, the proper training rest time would 127.8 seconds (2 minutes and 

7.8 seconds) and 138.4 seconds (2 minutes and 18.4 seconds), respectively.  

Schexnayder et al. (2011) suggests one to two minutes rests with accelerative sprints up to 

40 meters. For near maximal sprints to maximal sprints between 40 and 80 meters, rest intervals 

are suggested to be three to four minutes long between runs. These rest periods seem to be more 

adequate. Though when performance by an athlete is dictated by maximal speed, rest periods 

should be assessed individually. A suitable amount of rest is important since fatigue impedes 

coordination (Cissik, 2004). Therefore, if trained in a fatigue state, sprint technique may deteriorate 

and inhibit the athlete’s ability to increase speed (Cissik, 2002). 

Stretch-Shortening Cycle 

The SSC is prominent in both sprinting and jumping (Malisoux et al., 2005). During this 

cycle, increases in elastic energy occur when a muscle is stretched. A subsequent shortening of the 

muscle releases the store elastic energy (Kenney et al., 2015). For those responsible for training 

athletes, the concepts of fast and slow SSC are important in determining training protocols 

(Flanagan & Comyns, 2008). As the names imply, fast and slow are dependent on the time spent 

in this process, with the fast SSC occurring at a duration less than .25 seconds (Flanagan & 
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Comyns, 2008). Therefore, performing activities such as the standing long jump and CMJ may be 

slow, while exercises such as bounding and DJ are considered fast (Flanagan & Comyns, 2008).  

According to Mann (2013), a ground contact time of 0.087 seconds during the maximal 

velocity phase is considered elite, while 0.101 seconds is considered poor for males. Furthermore, 

for females, a ground contact time of 0.083 seconds is good and 0.093 is poor. This suggests that 

just a difference of 0.014 for males and 0.01 for females may create a large difference in 

performance. Therefore, because sprinting involves high rapid movement, it can be described as 

an activity that produces fast SSC. However, because of the need to overcome inertia at the start 

of any sprint race, slow SSC activity may be enhanced as a result. 

To help measure a person’s ability to quickly change from the eccentric muscle action to 

the concentric muscle action, the RSI is used. This is equal to the height of a jump divided by 

ground contact time (Flanagan & Comyns, 2008). 

Stiffness 

The relationship between force and change in displacement of a structure can be used to 

quantify stiffness (Wu, Klatzky, & Hollis, 2011). To quantify stiffness, the quotient of force over 

a unit area and a change in length of a structure (Hamill, Knutzen, & Derrick, 2015) can be used. 

Stiffness may be measured as torsional (Farley et al., 1998), leg (McMahon et al., 1990) and 

vertical (Morin et al., 2005). Vertical stiffness can be obtained by taking the greatest ground 

reaction force and the lowest point of a body’s center of mass (Morin et al., 2005), which can be 

used to quantify the compression of the legs to relative ground reaction force (McMahon & Cheng, 

1990). To prevent a collapse of the knee with relation to the mid-stance position in sprinting and 

some jumping activities, the knee extensors eccentrically contract (Winter, 1980), which is 

important to achieving an optimal level of stiffness (Horita, Komi, Nicol, & Kyröläninen, 2002). 
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Furthermore, it has been shown that, during the mid-stance phase of sprinting, knee flexion is 

approximately 20 degrees (Mann et al., 1980). 

Overall, stiffness becomes a concern with both jumping and sprinting since it is regulated 

by muscular activation (Brown & McGill, 2010; Hoffrén et al., 2011; Weiss et al., 1988). 

Furthermore, optimal stiffness is important to allow certain levels of angular joint displacement 

during activities to prevent a collapse at a joint and to maximize energy being used during the 

propulsive phase (Granata et al., 2002). With relation to running, as velocity increases, vertical 

stiffness increases as well (Morin et al., 2005), which is in part due to the greater ground reaction 

forces (Weyand et al., 2000). 
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CHAPTER III: METHODOLOGY 

Subjects 

Subjects recruited for this study were active college individuals at Texas A&M University 

– Corpus Christi (TAMUCC) that exercised at least three times a week, had a Body Mass Index 

(BMI) less than 25 kg × h-2 and had not had any organized sprint training within the last four years. 

The subjects were also not allowed to participate if they were athletes at TAMUCC. 

The research proposal was submitted to the Institutional Review Board (IRB) for review 

and approval. Once accepted, volunteers for this study were sought after using fliers that were 

displayed and handed out to individuals throughout TAMUCC. Contact information from the 

volunteer was required through e-mail. Any willing volunteers were required to sign a letter of 

consent releasing liability of any involved parties or institutions. Included in the consent form was 

the purpose of the study, testing procedures, possible risks, and their right to privacy and 

confidentially.  

Each subject was assigned a unique identifier number. This number was used to keep data 

organized and confidential. The subjects were instructed to not change their daily routine 

throughout the experimental process. For example, if the subjects were never involved in 

weightlifting, they should have not begun weightlifting until the completion of the study. 

Additionally, the subjects were instructed to not perform any strenuous activity in the 24 hours 

preceding any training session. 

Body mass index (BMI) was calculated by obtaining height and mass measurement on a 

weight and height scale (Seca Model 220, Hamburg, Germany). The BMI was calculated by taking 

their mass in kilograms and dividing it by their height squared in meters (kg × m-2). Those who 

were considered overweight or obese through this calculation were not be allowed to continue 
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participation in this study. Overweight or obese was be defined as having a BMI of 25 kg × m-2 

or greater (World Health Organization, 2016). Once this information was attained and it was 

shown that the individual was not overweight or obese, they were allowed to participate in the 

experimental portion of this study. 

Training Procedure 

The training process was completed in six weeks. The first week consisted of pre-testing 

the CMJ and DJ. The next four weeks involved sprint training, while the final week included the 

post-test of the aforementioned jumps. The subjects were instructed to wear running shoes and 

appropriate workout clothing for all testing and training sessions. During the first week, the 

subjects were instructed to meet in the biomechanics laboratory at TAMUCC. The subjects 

performed a dynamic warm up which helps enhance jump performance (Carvalho et al., 2012; 

Fletcher, 2013; Turki et al., 2011). After the warm up, the subjects were instructed on how to 

perform each jump. The jumps were demonstrated before the subjects proceeded. Each subject 

performed a minimum of three jumps and a maximum of five jumps per movement. The jumps 

were performed in a randomized order. However, the order that they performed the pre-test jumps 

was the same order used during the post-test. 

The CMJ and DJ were both performed on a force plate (Accupower, Advanced Mechanical 

Technology, Inc., Watertown, MA, USA). Data were collected at a frequency of 200 Hz. With the 

CMJ, the subjects were instructed to extend and swing their arms over their heads. Once they 

began swinging their arms down and back, they were instructed to initiate a countermovement 

perform a maximal jump. The DJ trial required subjects to jump from a 32-centimeter platform 

above the force plate. They were instructed to land and jump vertically as fast and as high as 

possible. 
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Height and peak propulsive force (PPF) were obtained from the CMJ. With reference to 

the DJ, height, contact time, and PPF were initially obtained. Contact time was taken at the point 

in which vertical ground reaction force was above 40 Newtons. 

Additionally, to determine which DJ results would be used for pre-test and post-test 

comparison, the Reactive Strength Index (RSI) was used. Therefore, whichever pre-test and post-

test DJ had the greatest RSI value, the contact time, height and PPF would be used for comparison. 

The RSI uses the height of the jump phase of the DJ and is divided by the ground contact time 

(Flanagan & Comyns, 2008): 

RSI=
s
t
 

where s is the height in centimeters and t is the time in seconds. 

Only one session was required to perform all jumps. 

The subjects performed the sprint training portion of the study on a 230-meter indoor 

synthetic running track at TAMUCC. Before any training session, the subjects were instructed to 

not perform any strenuous activity in the preceding 24 hours.  

There were two training sessions per week with a minimum of 48 hours separating each 

training session. Since the subjects consisted of inexperienced sprinters, the rest period between 

sessions were implemented to add a training stimulus during supercompensation (Bompa et al., 

2009, p. 18).  

At the start of each session, the subjects were required to warm up. The warm up included 

a 2-lap jog around the track, followed by various dynamic flexibility exercises. These exercises 

included walking knee lift to focus on stretching the gluteus maximus and hamstrings (Jeffreys, 

2016, p. 344), straight-leg march which also focuses on the hamstrings as well as the iliopsoas 

(Jeffreys, 2016, p. 349). The walking quadriceps stretch was also performed, walking leg cradle to 
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target the gluteus maximus, gluteus medius, gluteus minimus and piriformis (Nelson & Kokkonen, 

2007), and heel-to-toe walk to focus on the gastrocnemius, soleus and anterior tibialis (Jeffreys, 

2016).  

Afterwards, two sprint buildups were performed. The sprint buildups involved starting a 

run at a slow pace and increasing velocity gradually until reaching a perceived percentage of their 

maximal velocity. The first buildup was performed until the subject’s perceived 90% maximum 

speed, while the second one was performed until the subject’s perceived 95% maximum speed. 

The warm up for each session was completed between 15 and 20 minutes. During the warm up 

portion, the primary investigator was vigilant to ensure proper performance of this protocol.  

Once the warm up was completed, subjects were instructed on the subsequent sprinting 

portion of the session. To start each sprint, the subjects were instructed to watch for a visual cue 

from the primary investigator. The primary investigator stood with one arm raised away from the 

subject in the direction of the sprint. When the arm was dropped, the subjects began sprinting as 

fast as possible. The primary investigator subsequently started the timer, which was in-hand, at the 

end of the arm’s descent. Once the set period of time was complete, the primary investigator’s 

arms were raised and accompanied with an audible noise. This noise changed since the indoor 

track was located in an area where others played on basketball courts. At this point, the subjects 

were instructed to slow down and gradually stop. 

Furthermore, the subjects were instructed on what to do to sprint as effectively as possible. 

Thus, the subjects were instructed how to improve on their sprinting mechanics. Because the start 

of a sprint involves overcoming inertia, acceleration mechanics are important to be able to 

efficiently reach maximum velocity (Yu et al., 2016). However, since the subjects were novice 

sprinters, attaining proper acceleration mechanics was difficult. Though, to make their experience 
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a little easier, they were instructed to push against the ground as hard and as long as they could 

with their legs as they increased speed. This allowed the subject to place as much force as possible 

into the ground to increase acceleration. This is in accordance to Newton’s second law of motion 

where acceleration is equivalent to the proportion of the amount of force and mass (McBride, 

2016).  

Due to rest periods, subjects achieved maximal recovery in between each sprint. During 

the first two sessions of the first week, the subjects sprinted ten times for three seconds each, with 

a minimum of one minute and 30 seconds of rest. The second week, the subjects performed seven 

sprints for four seconds with a minimum of two minutes of rest. The third week, the subjects 

sprinted five times for five seconds, with a minimum of three minutes of rest, the first session and 

four times for six seconds, with a minimum of three minutes and 30 seconds of rest for the second 

session. The fourth week, the subjects performed five sprints for three seconds each session, with 

a minimum of one minute and 30 seconds of rest. Therefore, the first week included a total of 60 

seconds of sprinting, while the second, third and fourth week included 56, 49, and 30 seconds of 

sprinting, respectively. A sprint distance was not used because of the inherent differences in 

velocity that each subject possessed. If there were a set distance such as 60 meters, one person 

could run it in six seconds, while the next person may be able to complete that distance in ten 

seconds. Therefore, the latter may exert more energy over time and need a longer rest period. 
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Table 1. Representation of 4-week sprint training protocol.  

 1st Session of the Week 2nd Session of the Week Total Sprint Time 

Week 1 10 x 3 seconds* 10 x 3 seconds* 60 seconds 

Week 2 7 x 4 seconds+ 7 x 4 seconds+ 56 seconds 

Week 3 5 x 5 seconds! 4 x 6 seconds@ 49 seconds 

Week 4 5 x 3 seconds* 5 x 3 seconds* 30 seconds 

*: minimum of 1:30 rest; +: minimum of 2:00 rest; !: minimum of 3:00 rest; @: minimum of 3:30 

rest 

Throughout this process, the subjects were encouraged to ask any question pertaining to 

the study as open dialogue was of great importance. Also, at any point if someone felt some 

discomfort, training ceased. 

The basis of this sprint training protocol was to focus on training the ATP-PC system since 

it is the primary energy system in maximal sprinting (Kenney et al., 2015). Furthermore, the 

protocol focused on periodized training whereas the volume of work is greater in the beginning of 

the training period and gradually decreases, while the intensity increases as the weeks progressed 

(Haff, 2016). The final week was lower in both intensity and volume to allow for some recovery 

to subsequently perform the post-tests. Training protocols with specific training stimuli are 

necessary for adaptation and are normally complete within the 21 to 28-day range (Schexnayder 

et al., 2011). 

After 4 weeks of sprint training, the subjects re-tested the CMJ and DJ. Post-tests followed 

the same protocols as the pre-test. 
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Statistical Analyses 

Measures of central tendencies are shown as mean ± standard deviation. Dependent t-test 

was used to compare pre-test and post-test results of all variables. SPSS (SPSS version 22.0, IBM 

Corporation) was used to calculate dependent t-test data. Effect sizes were calculated using 

Cohen’s d (Sullivan & Feinn, 2012). 

PPF was found using the MAX function on Microsoft Excel 2016 at the point in which the 

velocity of the center of mass changed from negative to positive, up to the point in which vertical 

ground reaction force readings went below 40 Newtons. 

Using MATLAB (Mathworks, Natrick, MA) propulsive impulse was found similarly by 

finding the integral of force and time. However, the beginning point for both force and time was 

found when the velocity of the center of mass changed from negative to positive. In other words, 

when the subjects began their ascent during the jump. 

Propulsive Impulse = Fdt
t2
t1

 

where t1 is the time where the velocity of center of mass began increasing from initial contact, t2  

refers to time ending the jump, and F refers to ground reaction force. 

Vertical stiffness was found using MATLAB: 

Vertical Stiffness = 
Fmax

CoMmin
 

where Fmax is the maximal ground reaction force obtained from the DJ and CoMmin is the lowest 

point of the center of mass for the DJ (Morin et al., 2005). 

To find CoMmin, first the integral of the center of mass velocity and time was found for 

each point of the DJ, then the minimum was taken. 
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CHAPTER IV: RESULTS 

A total of 14 participants (mean ± standard deviation = 23.07 ± 2.97 years) completed the 

research protocol. With the 14 participants, there were seven females (23.57 ± 1.81 years) and 

seven males (22.57 ± 3.91 years). Pre-test mass (67.46 ± 10.18 kg) and post-test mass (66.65 ± 

9.54 kg) were taken. There was not a statistically significant difference in mass (t(13) = 1.726, p 

= 0.108, d = .46). 

In addition to assessing differences within all subjects, the same statistics were calculated 

per gender. However, the results per gender did not show statistical significance. 

 

Table 2. Descriptive statistics of age, height, pre-sprint training mass and post-sprint training mass. 

(mean ± SD) 

 All Participants Males Females 

Age (years) 23.07 ± 2.91 22.57 ± 3.91 23.57 ± 1.81 

Height (cm) 170.49 ± 7.19 176.21 ± 3.91 164.81 ± 4.43 

Pre-Mass (kg) 67.46 ± 10.18 74.64 ± 6.75 60.29 ± 7.67 

Post-Mass (kg) 66.65 ± 9.54 73.67 ± 5.20 59.64 ± 7.42 

 

Table 3. Differences in pre-test and post-test mass through dependent t-test. 

 

t Degrees of Freedom Significance 

Mass (kg) 1.726 13 0.108 
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A statistical significant difference was also found in the CMJ height (t(13) = -2.648, p = 

0.020, d = 0.70). However, PPF did not have a statistically significant increase (t(13) = -1.525, p 

= 0.151, d = 0.40), but showed a positive trend. 

 

Table 4. Pre-test and post-test changes in height and peak propulsive force for the CMJ (mean ± 

SD) 

 Pre-Test Post-Test 

CMJ Height (cm) 31.64 ± 9.27 33.38 ± 9.38 

CMJ PPF (N) 1471.95 ± 312.23 1610.71 ± 398.53 

Key: CMJ – Countermovement Vertical Jump; CMJ PPF – Countermovement Jump Peak 

Propulsive Force 

 

Table 5. Differences in pre-test and post-test CMJ through dependent t-test. 

 

t Degrees of Freedom Significance (2-tailed) Cohen’s d 

CMJ Height (cm) -2.648 13 0.020* 0.70 

CMJ PPF (N) -1.525 13 0.151 0.40 

Key: CMJ – Countermovement Vertical Jump; CMJ PPF – Countermovement Jump Peak 

Propulsive Force 
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Figure 1. Pre-test and post-test for the CMJ height 

 

 

 

Figure 2. Pre-test and post-test peak propulsive force for the CMJ 
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There was a statistically significant difference in the height produced for the DJ (t(13) = -

3.795, p = .002, d = 1.0). For this jump, four subjects did not improve, with one equaling the height 

jumped in both tests.  

There were no statistically significant differences in ground contact time (t(13) = -0.280, p 

= .784, d = 0.07), PPF (t(13) = 0.452, p = 0.659, d = 0.12), and the RSI (t(13) = -1.094, p = 0.294, 

d = 0.29).  

 

Table 6. Pre-test and post-test changes in variables related DJ (mean ± SD) 

 Pre-Test Post-Test 

Height (cm) 29.07 ± 7.99 31.51 ± 8.34 

CT (s) .480 ± .108 .486 ± .098 

PPF (N) 1696.40 ± 419.41 1675.03 ± 367.27 

RSI (cm/s) 65.55 ± 34.66 68.68 ± 29.51 

Key: CT – Ground Contact Time; PPF – Peak Propulsion Force; RSI – Reactive Strength Index 

 

Table 7. Differences in pre-test and post-test DJ variables through dependent t-test. 

 

t Degrees of Freedom Significance (2-tailed) Cohen’s d 

Height (cm) -3.795 13 0.002* 1.00 

CT (s) -0.280 13 0.784 0.07 

PPF (N) 0.452 13 0.659 0.12 

RSI (cm/s) -1.094 13 0.294 0.29 

Key: CT – Contact Time; PPF – Peak Propulsion Force; RSI – Reactive Strength Index 
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Figure 3. Pre-test and post-test height achieved for the DJ 

 

 

 

Figure 4. Pre-test and post-test ground contact time for the DJ 
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Figure 5. Pre-test and post-test peak propulsive force for the DJ 

 

 

Figure 6. Pre-test and post-test Reactive Strength Index for the DJ 
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Since the results showed a trend that included a decrease in PPF and an increase in ground 

contact time, vertical stiffness and propulsive impulse was calculated to help determine the 

reasoning behind the increase in the height achieved during the DJ. 

 

Table 8. Pre-test and post-test changes of propulsive impulse and vertical stiffness during the DJ 

(mean ± SD) 

Measurement Pre-Test Post-Test 

Propulsive Impulse (Ns) 293.49 ± 108.08 313.49 ± 76.66 

Minimum CoM (m) -0.246 ± .072 -0.261 ± .080 

Vertical Stiffness (Nm) 9951.35 ± 5236.84 9241.93 ± 5310.56 

Key: CoM – Center of Mass 

 

Table 9. Differences of impulse, propulsive impulse and vertical stiffness during the DJ through 

dependent t-test. 

 

t Degrees of Freedom Significance (2-tailed) Cohen’s d 

Propulsive Impulse (Ns) -1.14 13 0.274 0.30 

Minimum CoM (m) 1.137 13 0.276 0.30 

Vertical Stiffness (Nm) 1.502 13 0.157 0.40 

Key: CoM – Center of Mass 

There were no significant differences found with propulsive impulse (t(13) = -1.141, p = 0.274, d 

= 0.30), minimum point of center of mass (t(13) = 1.137, p = 0.276, d = 0.30), nor vertical 

stiffness (t(13) = 1.502, p = 0.157, d = 0.40). 
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Figure 7. Pre-test and post-test propulsive impulse for the DJ 

 

 
 
 
 

 
Figure 8. Pre-test and post-test minimum center of mass for the DJ 
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Figure 9. Pre-test and post-test vertical stiffness for the DJ 
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CHAPTER V: DISCUSSION 

This study investigated the effects of a four-week sprint training on jumping performance. 

It was hypothesized that maximal sprint training would significantly enhance jumping ability 

through an increase in the height and PPF achieved during the CMJ. With relation to the DJ, it was 

hypothesized that there would be an increase in RSI, maximal ground reaction force, and height 

along with a decrease in ground contact time. 

The only study, to this point, that examined the effects of sprint training as a method of 

enhancing athletic performance is the Markovic et al. (2007) study. This used an eleven-week 

sprint training protocol and showed favorable results with respect to the increase in height of CMJ, 

along with DJ performance related to ground contact time and flight time. However, this study 

used subjects were trained in sprinting and other explosive activities. 

As a sprint progresses to the maximal velocity phase, vertical forces are the primary focus 

of a sprint (Mann, 2013; Yu et al., 2016). Therefore, sprinting has implications for increasing PPF. 

CMJ height shows significant correlations to peak force (Cordova & Armstrong, 1996; Dal Pupo, 

Detanico, & dos Santos, 2012; McLellan, Lovell, & Gass, 2011). Therefore, along with sprinting 

being an explosive activity, it was hypothesized that sprinting would improve CMJ ability. 

Comparable to Markovic et al. (2007), this study showed a statistically significant increase in CMJ 

height, however, there was not a statistically significant increase in PPF. Though, there is a trend 

shown where PPF increased. 

Maximal velocity sprinting also involves shorter ground contact times (Mero, Komi, & 

Gregor, 1992). More efficient sprinters are able to produce the most force over less time and are 

able to produce better sprint performances (Weyand et al., 2000). It was hypothesized that there 

may be a transfer in the DJ in which ground contact time would decrease, and PPF would increase 
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to improve DJ height. The results of this study did not agree with the results presented from 

Markovic et al. (2007) with regards to ground contact time. 

Because the results of this study did not show a decrease in ground contact time or an 

increase in PPF, propulsive impulse and vertical stiffness was calculated to help explain the 

increase shown in DJ height.  

Neither propulsive impulse nor vertical stiffness had a statistically significant difference. 

Even though a significant difference was not shown, the results show a trend in which propulsive 

impulse increased and vertical stiffness decreased. 

While it is not completely clear how height during the DJ increased, it may have to do with 

individual differences. For example, when looking at impulse, a jump that resulted an increase in 

force and a decrease in time could have the same impulse as jump that resulted in a decrease in 

force and an increase in time. This study did have subjects who increased DJ height where they 

achieved a decrease in ground contact time and an increase in PPF. Though, there were subjects 

who were able to achieve a greater height in the DJ with an increase in PPF and a decrease in 

ground contact time. Therefore, some of the subjects may have ultimately decided to focus on 

jumping more for height.  

It has been noted that the faster someone is able to sprint, the greater the propulsive impulse 

(Hunter et al., 2005). While sprint speed was not measured in this study, it is probable that the 

subjects increased sprint velocity, which in turn have increased propulsive impulse. This may have 

transferred to the improvement in height achieved during the DJ. Additionally, the manipulation 

of the SSC may lead to an increase in impulse (DeWeese & Nimphius, 2016). Therefore, even 

with conflicting results with relation to the DJ, the subjects seemed to have exploited the SSC to 

increase impulse. This may be the reason for the decrease in vertical stiffness.  
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Vertical stiffness does not consider change in leg length like leg stiffness (McMahon & 

Cheng, 1990) or change in angular displacement of the hip, knee, and ankle like in torsional 

stiffness (Farley et al., 1998), which may be able to give more specific results. Though, with the 

results from this study, the results show more vertical displacement (greater lowering) of the center 

of mass and a decrease in PPF, which also suggests the subjects were able to efficiently enhance 

SSC to increase height in DJ. While not statistically significant, this study shows an increase in 

RSI, which has been used to measure SSC function (Lloyd et al., 2009). Additionally, while not 

referring to vertical stiffness, Arampatzis, Schade, Walsh, and Brüggemann (2001) showed that 

leg stiffness increased when ground contact times during the DJ were shorter. Therefore, although 

not significant, the slight increase shown in ground contact time may also explain the lower values 

in vertical stiffness. 

Hunter and Marshall (2002) suggests those looking to only focus on maximizing jump 

height during the DJ will show lower leg stiffness, a greater drop in countermovement and greater 

ground contact time. This also may explain the results obtained in this study. Even though vertical 

stiffness was measured as opposed to leg stiffness, there was a trend in the decrease of vertical 

stiffness. Also, this study showed a greater lowering of the center of mass, possibly suggesting a 

greater depth was used during countermovement. Furthermore, there was a slight increase in 

ground contact time. This suggests that the subjects may have focused on increasing jump height 

with less regard to reducing ground contact time. 

Limitations 

 Limitations for this study include having a limited number of subjects. As there were some 

variables that were trending a certain direction, the limited number of subjects may have negatively 
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affected the results. Also, effect sizes for all DJ performance variables, except DJ height, all show 

a low effect according to Cohen’s d values. 

 This study investigated subjects who were; recreationally active, exercise three times a 

week, and who had not had any organized sprint training within the last four years. The subjects 

were also not allowed to participate if they were athletes at TAMUCC. Therefore, some of the 

subjects may have not had the experience or been comfortable performing explosive moments. 

The subjects were instructed to not change their daily routine throughout this experiment. 

However, their daily activity was not monitored, therefore was not controlled.  

 A more accurate view of stiffness would be to measure joint angular displacement. 

However, this was not measured. Therefore, calculations were used to find vertical stiffness. 

During the week of the post-test, it should be noted that the subjects were feeling lethargic. 

This was simply found out through conversation with each subject. The post-test portion of this 

study was performed the week before final exams at TAMUCC. While fatigue was not something 

measured in this study, it was perceived through conversation with the subjects, that they were all 

feeling some level of stress and mental fatigue. It has been suggested that mental fatigue may 

negatively affect physical performance (Marcora, Staiano, & Manning, 2009). Therefore, there 

may have been an issue where performance would not have improved.  

Contrarily, Rozand, Pageaux, Marcora, Papaxanthis, and Lepers (2014) used maximal 

muscle activation and maximal voluntary torque of knee extensor muscles to test if mental exertion 

has any effect on performance. Though this study only used ten subjects, their findings suggested 

that mental exertion did not have an effect on neuromuscular function. Pageaux, Marcora, and 

Lepers (2013) similarly concluded the same when discussing neuromuscular function of knee 
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extensors. More specific to this study, performance in CMJ was not affected by mental fatigue 

(Martin, Thompson, Keegan, Ball, & Rattray, 2015).  

Though, these studies only looked at inducing mental fatigue the day the tests were 

conducted, students may have an accumulation of mental fatigue throughout the time in a semester. 

Nevertheless, if mental fatigue was not a factor in improvement, then there is the possibility that 

there was neuromuscular fatigue with some subjects. 

Two of the subjects that participated were a part of the Reserve Officers’ Training Corps 

(ROTC). Through conversations with those participants after the post-test, it was revealed that 

they had recently completed their physical training test for the ROTC program. Due to scheduling 

of the post-tests, the subjects performed the post-test of this study within 36 hours of completing 

the ROTC test. Although the ROTC test included a timed sit-ups test, timed pushups test and a 

two-mile run, both subjects mentioned they were fatigued, which may have negatively affected 

their performance, thus possibly skewing results. 

Practical Applications 

 Overall, this study shows an increase in height achieved during CMJ and DJ. This may 

suggest that the addition of sprint training may enhance these qualities. Therefore, this could be 

considered to training athletes that require jumping in a vertical direction. There is also a possibility 

where SSC activity is more efficiently used during rebounding activities after sprint training. More 

research is needed to explain the results of this study. It may be useful to include electromyography 

to possibly show the differences in muscular activity on jumping before and after sprint training. 
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