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ABSTRACT
THE RELATIONSHIP BETWEEN RELATIVE STRENGTH LEVELS TO
SPRINTING PERFORMANCE IN COLLEGIATE 100-400M SPRINTERS
PHILIP REUER
2017

The purpose of this study was to determine the relationship between relative
maximal (1RM) strength (i.e. back squat and power clean) to sprinting performance in
60-400m collegiate sprinters. A secondary purpose was to determine the distribution of
athletes within the theoretical relationship between relative squat strength and
performance capabilities. Fifty-six (n = 56) male and sixty-four (n = 64) female collegiate
track and field sprinters were observed from DI (n = 88) and DII schools (n = 32) that
participated in a year round strength and conditioning program.
Maximal strength was divided by body weight to calculate relative strength and
were classified into one of three categories of strength based on relative squat strength:
strength deficit (male and female = 0), strength association (male = 24, and female = 51),
strength reserve (male = 23, and female = 5) based on Suchomel’s theoretical model [36].
Pearson product moment correlation coefficient was calculated (JMP v.13.0, SAS
Institute Inc.) to determine the relationship between relative maximal strength of the
power clean and back squat with the performance times of 60-400m sprints. For female
sprinters, the power clean and squat were significant correlated to 60m (clean: r=-0.42, p
≤0.017, r=-0.55 squat: p ≤0.001) and 100m (clean: r=-0.55, p ≤0.001, squat: r=-0.51, p
≤0.003) performance times with P-values approaching significant for 200m (clean: r=-
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0.29, p ≤0.06, squat: r=-0.29, p ≤0.07) times and there was no relationship between
relative strength and 400m times. For male sprinters, significant correlations were only
found between the squat and 100m (r=-0.43, p ≤0.01) performance and between the
power clean and 200m (r=-0.36, p ≤0.04) performance. Our results demonstrate an
association of strength and performance in female athletes, but not in male athletes.
Suchomel’s theoretical [36] model demonstrating a relationship between relative back
squat strength and performance may help explain the results.
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Chapter 1
REVIEW OF LITERATURE

There are multiple factors influencing sprinters running velocity and the
ability to increase running velocity. Some factors that may influence running velocity
include genetics, biomechanics, central nervous system activation, fatigue, nutrition,
motivation, training technique, psychology, motivation, and climate. Some of these
factors can be enhanced through training such as fatigue and biomechanics while
other factors such as genetics and nutrition cannot be changed through training. While
these factors are important to consider, the focus of this study is related to sprinting
performance and its relationship to relative strength and power measurements in the
squat, clean, and vertical jump. The literature is presented in an organizational design
highlighting the following topics: (a) speed and performance (b) training for speed (c)
strength training (d) power training (e) relationship between relative strength and
power to sprinting performance (f) summary.
1.1 Speed and Performance
Sprinting performance in track and field sprinters takes muscular strength and
power to complete a 100 or 200-meter dash. Stride frequency and stride length
influence sprinting speed. Maximal sprinting speed is defined as the time to reach
peak stride length and stride frequency [1, 2]. Mackala et al. [2] studied kinematics,
motor abilities, and anthropometric characteristics between sprinters and active
students and found a significant difference between the groups in time, peak velocity,
maximum stride frequency, and stride index. Mackala et al. [2] reported that sprinters
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have longer strides and quicker stride frequency than non-sprinters. In addition,
Weyand et al. [3] found that sprinters reach top speeds not by repositioning their
limbs more rapidly in the air, but by applying greater forces to the ground. Applying
force to the ground would explain why top sprinters are able to produce longer stride

lengths and faster stride frequencies and thus faster times. This is significant because
sprinters who desire to increase their speed will need to train to produce more force
into the ground to decrease their sprint times. However, force produced into the
ground is not the only factor in determining ones speed. An offensive lineman in the
NFL can produce more force into the ground than a college sprinter but would never
win a 100m race. Thus, the ratio between body mass and ability to produce force into
the ground may be the equalizing factor for performing fast sprint times.

1.2 Training for Speed
Research has well documented the impact of training interventions to improve
speed [4, 5, 6, 4, 7]. Interventions have included high-speed treadmill sprinting [4],
resistance based with fixed plane exercises [5, 6], and assisted running with elastic
cords [7].

1.2.1

Free Sprinting

Free sprint training can be defined as the form of human sprinting without the use
of any external equipment [8]. Free sprint training has been shown to be an excellent
approach to increase speed [9, 10] and especially in the early stages of a sprinters
training protocol that focuses on form [9]. To better understand the benefits of free
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sprint training, it would be important to know the effects of free sprinting can have
with a non-integrated protocol that does not use resistance or Olympic training. In a
10 week study that compared a plyometric group to a free sprinting group [10], they
found that both groups improved similarly to jumping height and jumping distance
but only the sprinting group significantly improved leg extensor strength (p=0.002),
sprint (p=0.001) and agility (p=0.001) performance. It is important to note that there

was no resistance protocol and the sprinting group increased strength testing while the
plyometric group did not. The interesting finding is that the plyometric group and
sprinting group found no differences in jump testing. Thus, it could be hypothesis that
free sprinting training is superior to plyometric training because of the added benefits
of increased strength, agility, and sprinting performance. However, research shows
that an integrated approach with free sprint training that includes resistant training
shows increased results.
Ross et al. [4] studied sprinting performance with three different training
interventions for seven weeks in a sprint training only (ST), resistance training only
(RT), and combined sprint and resistance training (SRT) group. Their findings
showed a greater increase in sprinting performance in the ST and SRT when
compared to the RT only group. However, only the SRT group reported an increase in
treadmill sprint peak power. Thus, sprinting specificity seems to be important to
improve sprinting performance [9] but strength training can enhance improvement.
Interestingly enough, the reverse is also true where an increase in sprinting
performance with only free sprint training can increase strength [10]. Therefore, free
sprint training and resistant training compliment each other in optimizing results. This
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indicates that an integrated training approach of free sprinting and resistive training
seems to be the most effective way to improve sprinting performance.
1.2.2

Resistant and Assistive Sprinting
There are multiple ways to add resistance or assistance to a sprinting action,

such as, sled towing, parachute, and downhill uphill sprinting. Similar to resistant
training, such as a load for a squat movement, resistant sprinting loads the athlete in
the pattern of sprinting. The idea is that the athlete will become stronger in the
sprinting movement and thus increase speed, especially during the acceleration phase.
Assistive sprinting refers to the sprinting movement that enhances sprinting ability
above normal capacity. Sprinters who train to improve sprint acceleration will
commonly use sled towing [11]. Kawamori et al. [11] studied the effects of using a
“light” and “heavy” sled-towing group. The “light” group trained with a sled that
reduced 10-meter sprint velocity by approximately 10%, whereas the heavy group
trained with a sled that reduce 10-meter sprint velocity by approximately 30%. The
“light” and “heavy” group was based on previous research conducted by Lockie et al.
[12] who had created a formula through a pilot study to accurately describe the
relationship between towing loads and the resulting sprinting velocity over 15 meters
[12]. Kawamori et al. [11] reported the “heavy” group significantly improved both the
5-m and 10-m sprint time by 5.7 ± 5.7% and 5.0 ± 3.5%, respectively; whereas only
10-m sprint time was improved significantly by 3.0 ± 3.5% in the “light” group [11].
This indicates that heavier sled towing may be useful for training the acceleration
component of running with athletes, and particularly at the 5-meter distance.
Parachute resisted sprinting has also been found effective to adding resistance
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to a specific sprinting pattern that does not significantly alter running mechanics [13].
Paulson et al. [13] investigated acute effects of parachute-resisted sprinting on
kinematics of 12 collegiate sprinters. The sprinters performed two separate tests in the
40-yard dash using parachute in one condition and no parachute in the other. Paulson
et al. [13] suggests that parachute-resisted sprinting does not affect ground contact
time, stride rate, and stride length and upper and lower extremity joint angles during
weight acceptance initial ground contact time in their subjects using the parachute
compared to not using the parachute. This suggest that parachute resisted training can
be an effective method in adding resistance similar to sled towing resistance training.
In addition to sled towing and parachute training, combined up-hill and
downhill sprinting has been found to be an effective method to add resistance and
assistance to sprinting action [14]. Paradisis et al. [14] studied the effects of sprint
running training on sloping surfaces (3% grade) on selected kinematic and
physiological variables. Thirty-five sport and physical education students were
randomized into 4 training groups of 1) uphill-downhill, 2) downhill, 3) uphill, 4)
horizontal, and the addition of a non-training control group. Six weeks of training 3
times a week with 10 minutes of rest in-between sets included 6 repetitions of 80-m
sprints for the combined uphill-downhill and horizontal groups and 12 repetitions of
40-m sprints in the uphill and downhill groups. Their findings showed that maximum
running speed and step rate increased significantly (p < 0.05) in a 35-m sprint in the
uphill-downhill (0.29ms; 3.5%) and the downhill (0.09ms; 1.1%) groups; whereas
flight time shortened only for the combined uphill-downhill group (6ms; 4.3%). A
similar study done by Upton et al. [7] determine if assisted sprint training or resistive
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sprint training provided a significant advantage, as compared to one another and to
traditional sprint training. Upton et al. [7] discovered that after 12-weeks of training
with a division one women’s soccer team, the assisted sprinting group improved

velocity in the initial first 5 yards the greatest and the resistive sprinting group had the
highest improvement in the 15 to 25 yard segment of a 40-yard sprint. Cook et al.
[15] also found improvement in the 40-yard sprint with a 3-week intervention of
eccentric strength training and over speed downhill running of 25 meters at a 2degree slope. Thus, it can be concluded that an integrated training approach of
assistant speed training and resistive speed training can enhance speed performance.

1.3 Strength Training
Research indicates that strength is the foundation for power output and speed [16,
17, 18]. Experts agree that an effective periodization training intervention consists of
strength training as a precursor to power training [19, 20]. Furthermore, an effective
training practice to increase lower extremity strength is found in multi-joint free
weight exercises such as the front squat or the back squat [21, 22, 23]. Research
indicates stronger athletes have a greater ability to generate higher power outputs than
weaker athletes [24, 25, 26]. Thus, strength is emphasized in the beginning of a
sprinters training program to maximize the potential for power training during the
track season. Although there are multiple ways to gain strength, the focus of this
study is strength training.
1.3.1

Back Squat
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Comfort et al. [22] performed a study to determine if changes in maximal squat

strength were reflected in sprint performance in professional rugby players. From pre
to post training, the subjects significantly (17.7%, p < .001) improved their squat
strength from (170 ± 21.4kg) to (200.8 ± 19.0kg). The subjects also significantly (p <
.001) improved in their sprint performance of 5 meters (7.6%), 10 meters (7.3%), and
20 meters (5.9%). Thus, it is apparent that an increase in lower body strength can
enhance sprinting performance. The exercise selection however is an important
determination in how to train the lower body. A study done by Wirth et al. [27] found
that the back squat was more effective in improving the counter movement jump
when compared to the leg press machine. This result could be explained by a study
done by Fletcher et al. [28] who found that the back squat produced significantly
greater (p = 0.036) EMG activity compared to the smith machine. Fletcher [28]
explained that the back squat has a greater stability challenge applied to the torso and
seems to increase muscle activation. Indicating that the back squat has less stability
than the leg press and smith machine and thus has more muscle activation and
potential transfer of strength to power activities that involve stability, such as
sprinting and jumping. Thus, the reason why the back squat in this study was used as
the measure of lower body strength.

1.4 Power Training
1.4.1

Olympic

Research shows that power training is an effective training method to enhance
sprinters explosive power [29, 26]. Maximal power is defined as the explosive nature
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of force production [30]. Training for power can be accomplished by weightlifting
exercises or also known as Olympic lifting. Hoffman at el. [29] studied the

differences between an Olympic lifting group (OL) and powerlifting group (PL) with
division III football athletes in an off-season program. The PL group focused on
exercises (Deadlift, stiff leg deadlift, Romanian deadlift leg curl, calf raises, and
upper body) that emphasized on maximal force production with loads between 6 to 8
reps of their 1 RM of intensity at a slow velocity of movement. The OL group
focused on exercises (Snatch pulls above knee and floor, push press, clean, clean
pulls, push jerks, lunges, power shrugs, overhead squats, box jumps, front squats, and
upper body) that used loads between 6 to 8 reps of their 1RM but with high level of
velocity movement. Both groups however had similar protocol for squat and bench as
it was the athletes’ testing program. The results found no significant differences in
strength gains but the OL group improved 40-yard sprint times from 4.95 to 4.88
compared to PL group results of 4.94 to 4.90. In addition, the OL group had a greater
result in the vertical jump. A similar study by McBride at el. [26] reported that
Olympic lifters and sprinters possessed a greater peak velocity and vertical jump
heights than powerlifting athletes.
In a study that compared an Olympic weightlifting program to a plyometric
program, Tricoli et al. [31] reported that the Olympic weightlifting group
significantly increased the 10-meter sprint while the plyometric program had no
significant result. Both groups increased their counter movement jump (CMJ)
significantly. However interestingly, the Olympic group had superior results in the
CMJ compared to the plyometric group. Research indicates that strength training,
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such as the powerlifting only group (Hoffman 2004), alone is not adequate as an
integrated program that includes power training to improve sprinting performance
[29, 31, 26]. In addition, it appears that Olympic weightlifting with no plyometric
protocol shows superior results in the counter movement jump test compared to
plyometric training with no Olympic weightlifting protocol. Thus, Olympic
weightlifting should be included in a strength and conditioning program to enhance
sprinting and jumping performance.
1.4.2

Plyometric

The nature of plyometrics is the ability to reach maximal force in the shortest
possible time [32]. Sprinters experience this phenomenon every time they contact the
ground. Contact time in some elite sprinters can equal between 80-95 milliseconds
with ground reaction forces exceeding 3-4 times their body weight in a single running
stride [33]. The transitional period from eccentric to concentric contraction, stretchshorting cycle, needs to be as short as possible. The counter movement jump
simulates this action and tests the athlete in their ability to produce force and to
produce that force as quickly as possible. The counter movement jump also naturally
factors in bodyweight, as the athlete has to produce force against its own body mass
to propel them in the air.
The counter movement jump test is also correlated to 100-meter dash
performance [34, 35]. Loturco et al. [34] found a significant correlation (r=-0.85, p<
0.01) between the counter movement jump and the 100-meter dash in elite sprinters
and Kale et al. [35] found a significant correlation of (r=-0.46, p< 0.05) in 21
volunteer male sprinters. Coh et al. [33] examined the relationship between explosive
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power variables of the counter movement jump and depth jump in elite and sub-elite
sprinters and found that the height of the counter movement jump in the elite sprinters
was ~8cm higher than the sub-elite group. Therefore, the sprinters degree of relative
force produce into the ground and the amount of time on the ground makes up factors
that influence sprinting speed.

1.5 Relationship Between Relative Strength to Sprinting Performance
Absolute strength is defined by the total weight lifted during a strength
exercise. Relative strength is defined by the total weight lifted divided by body mass
during a strength exercise. To calculate relative strength in this study, 1RM of the
clean or squat are divided by the athlete’s body mass. To categorize the level of
relative strength, figure 1 shows Suchomel’s theoretical relative strength model [36]
that is put into three phases; Strength deficit (0-0.5), strength association (0.5-2.0),
and strength reserve phase (2.0+) [36]. In this model, strength deficit is defined as
those individuals whose squat 1-lift maximum is below 0.5 times their body weight.
In this phase it is suggested that individuals may not be able to exploit their levels of
strength to performance benefits. The strength association phase is defined as those
individuals whose squat 1-lift maximum is between 0.5 and 2.0 times their body
weight. This phase is characterized as having a nearly linear relationship between
relative strength to performance capabilities. In the strength reserve phase, it is
defined as those individuals whose squat 1-lift maximum is above 2.0 times their
body weight. During this phase, athletes have significantly improved their relative
strength and performance, however, continued strength gains may or may not have a
linear correlation of direct performance benefits.
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Figure 1.

When considering Newton’s second law (force = mass x acceleration) and the
equation for power (power = force x velocity) it is important to compare strength and
power to the athlete’s body mass. An athlete’s force is determined by how well they
can accelerate along with their body mass and power is determined by velocity and
force. An elite sprinter will need to have a high level of force and power to accelerate
against its own body mass to run fast times. Nuzzo et al. [37] compared relative
1RMs in both the squat and power clean to relative counter movement jump (CMJ)
peak power, CMJ peak velocity, and CMJ height and found significant correlations
(p=0.05). Nuzzo’s findings are related to the current study because it shows that
relative 1RM squat and power clean have a relationship with jumping tests which
naturally factors in body mass. Another study done by Barker et al. [38] compared
relative strength and its correlation to sprinting speed and discovered that all
measures of strength (3RM Back Squat) and power (3RM Hang Clean) relative to
body mass were significantly related to sprinting performance of 40 meters in
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professional ruby players [38]. Furthermore, Barker et al. [38] found that relative
clean power has a strong relationship in sprinting performance resulting in a
significant correlation in the 10-meter (r= -0.56) and 40-meter sprint (r= -0.72). Hori
et al. [18] also studied performance in the hang power clean and its relationship to
sprinting and jumping performance and reported that the highest relative 1RM hang
power clean performances had significant relationships with the highest jumps (r=0.69) and fastest sprint times (r= -0.58) in semi-professional Australian Rules football
players. A recent study done by Loturco et al. [34] also found that maximum mean
propulsive power relative to body mass was significantly correlated with the 100-m
sprint (p=0.01). The mean propulsive power was assessed in the jump squat exercise
utilizing a smith machine. In addition, the jump tests (Squat jump, counter movement
jump, and horizontal jump) were also largely associated with the 100-m dash
performance (p=0.01). When comparing the findings of Loturco et al. [34] that jump
tests correlate with a 100-m dash and Nuzzo et al. [37] and Hori et al. [18] results
findings of jump tests to be correlated with relative strength and power measurements
in the squat and power clean show that jumping, power, strength, and speed all have a
relationship when evaluated against body mass. It is important to note that relative
strength and power have been found to have a correlation with sprint times but
absolute strength and power have been found to have no correlation to sprinting
performance [37,18]. Thus, body mass seems to be the equalizing factor when
analyzing strength and power measurements in sprinters to assess their sprinting
performance potential.
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1.6 Summary
Sprinting performance takes muscular strength and power to compete at a

high level in collegiate sprinting events. Studies show that there is a positive training
effect on improving sprinting ability from jumping, strength, and power interventions.
Studies have also shown positive training effects on improving jumping ability from
strength and power interventions. An integrated training approach that targets
strength, power, and speed seems to produce the greatest results for sprinting
performance. Another important factor to sprinting performance is body mass.
Studies have shown that the ability of the sprinter to produce strength and power
against its own body mass has a significant correlation. However, few studies if any
have looked at the correlation of relative strength and power to sprinting performance
in actual collegiate track and field meets in the 60m, 100m, 200m and 400m dash. A
study to assess the relative strength and power qualities at different levels of
collegiate races may help researchers, track coaches, and strength and conditioning
professionals understand the optimal body mass to strength and power ratios for
sprinting performance in their athletes.
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Chapter 2
INTRODUCTION

Sprinting performance in track and field sprinters takes muscular strength and
power to complete a 60-400-meter dash. Sprinting is the product of stride length and
stride frequency and maximal sprinting speed is defined as the time to reach peak
stride length and stride frequency [1, 2]. Stride length is thought to be more important
than stride frequency to increase speed [3, 39]. Weyand et al. [3] found that sprinters
reach top speeds not by repositioning their limbs more rapidly in the air, but by
applying greater forces to the ground. Taylor et al. [39] confirmed Weyand et al. [3]
research in discovering that Olympic medalist Usain Bolt achieved the greatest
velocity over the 60-80 meter split but had the longest contact time and lowest step
frequency. Mackala et al. [40] concluded that maximal running speed is largely
determined by how much force a sprinter can apply to the ground during each step.
The more force applied the greater the potential for increasing stride length.
Athletes focus on developing strength and power during training to increase
their ability to apply more force into the ground to enhance sprinting performance.
Optimal training includes an integrated approach that utilizes sprinting, strength, and
power training. Research shows that sprint training improves sprinting ability as well
as strength [10], resistive training improves strength and sprinting ability [22], and
power training (i.e. Olympic weightlifting) improves rate of force development
(power), jumping ability and speed [29, 26, 31].
The ability to apply force to the ground to optimize sprinting performance
seems to be equalized by body mass and strength levels. According to Suchomel’s
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theoretical relative strength model, athletes who are in the strength association phase
of being able to back squat .5 to 2 times their body weight have a nearly linear
relationship between relative strength and performance capability [36]. While athletes
who are in the strength reserve phase of being able to back squat more than twice
their body weight may have a less of a degree of correlation of relative strength to
performance. Other studies have shown that the ability of the sprinter to produce
strength and power against its own body mass has a significant correlation [38, 18,
34]. Barker et al. [38] compared relative strength and power out to sprinting speed
and discovered that all measures of strength (3RM Back Squat and 3RM Hang Clean)
and power output (jump squat) relative to body mass were significantly related to
sprinting performance. Research shows that speed, strength, and power training can
enhance sprinting performance and that relative strength and power optimizes force
produced into the ground. However, few studies have investigated the correlation of
relative strength (1RM Back Squat) to sprinting performance in actual collegiate track
and field meets in the 60m, 100m, 200m and 400m dash. A study assessing the
above-mentioned correlation would assist researchers, track coaches, and strength and
conditioning professionals to understand the optimal body mass to strength ratios for
sprinting performance in their athletes.
Study Purpose
The purpose of this study was to determine the relationship between maximal
(1RM) strength exercises commonly utilized to improve strength and performance
(back squat, power clean, and vertical jump) with sprinting performance times of the
60m, 100m, 200m, and 400m sprints for collegiate male and female runners. A
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secondary purpose was to determine the distribution of athletes within the theoretical
relationship between relative squat strength and performance capabilities based
Suchomel’s theoretical model [36].

Research Hypothesis
We hypothesized that there will be a strong correlation between relative
strength and sprinting performance times. While the data will not provide a cause and
effect relationship, it will provide evidence as to the relationship between strength
and sprinting performance. Our secondary hypothesis is that the majority of athletes
will be classified in the strength association or strength reserve categories.
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Chapter 3
METHODS
The methods that pertain to this study are described in this chapter. For
organizational purposes the methods are presented under the following topics: (a)
methods (b) population (c) statistical analysis
3.1 Methods
Two data collections had been taken during this study. This study collected

existing data from two different sources with both sources being directly linked. The
first data collection was from collegiate strength and conditioning departments that
train track and field sprinters. The first data collection contained collegiate sprinter’s
maximal effort in the squat, clean, and vertical jump. The data also contained height,
weight, and gender. The inclusion criteria included current collegiate athlete during
the 2015/16 academic calendar at an NCAA division one or division two institution,
and ran a 100 or 200-meter dash. The exclusion criteria included freshmen year
status, and ran above a 400-meter dash. The second collection of data stemmed from
the first data collection with the utilization of known public information on the Track
& Field Results Reporting System (TFRRS) website. Data collection compared the
results of TFRRS in collegiate track and field meets in data collection two. Preceding
data collection, approval was obtained through the South Dakota State University
Institutional Review Board for the Protection of Human Subjects by submitting the
Research Protocol and Informed Consent to the Human Subjects Committee.
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3.2 Subjects

Subject characteristics are provided in Table 1. Subjects were from DI (n=88)
and DII schools (N=32). The subjects of this study were collegiate sprinters who
participated in a year round strength and conditioning program. The subjects were
sophomore through seniors, including fifth-year seniors.
3.3 Statistical Analysis
Maximal strength was divided by body weight to calculate relative strength.
Athletes were classified into one of three categories of strength based on relative
squat strength: strength deficit, strength association, strength reserve, based on
Suchomel’s theoretical model [36]. Participant characteristics and measurements of
strength and performance times are presented as means ± SD. A Pearson product
moment correlation coefficient was calculated (JMP v.13.0, SAS Institute Inc.) to
determine the relationship between relative maximal strength of the power clean and
back squat with the performance times of 60m, 100m, 200m, and 400m sprints for
both females and males.
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Chapter 4
RESULTS
Physical characteristics as well as the performance measures of the athletes
are presented in Table 1 by sex. Table 2 summarizes the Pearson correlation
coefficients of the relative strength measurements and sprint performance times for

female (Table 2a) and male athletes (Table 2b). For female sprinters, the power clean
and squat were significant correlated to 60m and 100m performance times. P-values
approached significant for 200m times and there was no relationship between relative
strength and 400m times. There was also no relationship between vertical jump and
performance times for any of the distances.
The relationship between relative strength of the power clean and squat for
male athletes was not as evident or consistent as for the female athletes. The only
significant correlation calculated was between the squat and 100m performance and
between the power clean and 200m performance. There was no relationship between
vertical jump and performance times.
Athlete’s classification of relative strength levels are presented in Table 3.
Fifty-one of the 56 female athletes were in the strength association phase, while only
five were in the strength reserve phase. Of the 47 males athletes, 23 were in the
strength reserve phase and 24 were in the strength association phase.
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Chapter 5
DISCUSSION

The purpose of this study was to determine the relationship between maximal
(1RM) strength exercises commonly utilized to improve strength and performance
(back squat, power clean, and vertical jump) with sprinting performance times of the
60m, 100m, 200m, and 400m sprints for collegiate male and female runners. This
study found significant correlations between power clean and squat and performance
times in the 60m and 100m for females and the relationship approached significant
(p=0.07) for the 200m. For males, there was a significant correlation between the
squat and 100m performance times as well as for the power clean and 200m
performance times. The relationship between strength and sprint performance times
were not as evident for the male athletes as it was for the female athletes. The reason
for this difference may be explained by Suchomel’s theoretical model for relative
strength levels shown in (Figure 1) [36]. The model provides an explanation for the
relationship between strength and the performance capability of an individual. The
relative strength levels consist of three phases, strength deficit, strength association,
and strength reserve and assumes that individuals should be able to back squat twice
their body weight for optimal performance.
The strength deficit phase suggests that individuals have not achieved optimal
gains in strength which may hinder their ability to perform. Within this phase
individuals are in a motor learning phase and are considered novices in strength
training. Research supports by the phasic progression that indicates that central and
local factors such as motor unit recruitment, fiber type, and co-contraction enhances

21	
  
	
  

	
  
the ability to improve maximum strength [20, 41]. Rippetoe [41] states a novice

trainee as one whom the stress applied during a single workout and the recovery from
that single stress is sufficient to cause an adaption by the next workout. Thus,
individuals in this phase are able to generate rapid muscular and neural adaptions and
able to improve strength. In our study, no subjects were found to be in the strength
deficit phase. This may be explained by the study design that subjects had to be of
sophomore or above to be eligible for the study. Limiting the freshmen population
allowed the pool of subjects to have at least one year of training with a strength and
conditioning coach to develop strength.
Almost all the women were classified in the strength association phase, which
according to Suchomel’s model, is characterized by a nearly linear relationship
between relative strength and performance capability by being able to exploit their
level of strength into performance benefits. Similar to the strength deficit phase, the
main two physiological adaptations in strength association phase occurs at the protein
(myofibrils) level, which allows for muscle hypertrophy and an increase in muscle
cross-sectional area [42,43]. The second adaptation is related to neuromuscular
improvements in motor unit recruitment and firing synchronicity [44]. The stress to
cause this adaptation is done by strength training. Hoffman et al. [45], followed
collegiate football players career and discovered that the football players experienced
the greatest gains in strength during the first two years of college, with smaller gains
in the third and fourth years. While surrogate measures of performance were utilized
(vertical jump) it can be assumed that these athletes also experienced significant
improvements in performance. Athletes who are novices or in the strength association
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phase are able to experience gains in power and performance by simply strength

training [46]. In our study, the majority of the female athletes were in this phase and
we observed a significant relationship between relative strength and performance
times.
The majority of the male athletes were classified in the strength reserve phase,
which leaves little room for improvement based on Suchomel’s model. In the strength
reserve phase athletes have reached a strength level where traditional strength training
does not have a significant transfer effect toward performance benefits. When athletes
are in this phase strength gains will be minimal compared to the strength association
phase, therefore, training should emphasis high velocity or power training to
stimulate additional performance benefits [47]. Previous research has shown that
velocity based or power training can stimulate further performance gains in athletes
who possess a reasonable level of maximal strength [47, 48, 49] and may be more
beneficial to performance than traditional strength training while in the strength
reserve phase. Although strength training should not be eliminated in this phase, the
emphasis should be focused more on power training to improve performance.
In the present study, the lack of correlation of relative strength to performance
times in the male sprinters may be explained by the fact that these athletes had a mean
relative back squat of 1.95 (range 1.4 to 2.8) approaching the strength reserve phase.
The high relative back squat in the male athletes indicates little room for
improvement in performance from strength training [48] as they are in or close to
being in the strength reserve phase [36]. In contrast, 91% of the female sprinters in
the present study fell in the strength association phase with a mean of relative back
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squat of 1.65 (range 1.1 to 2.4). Since the average strength level of the female

population falls in the strength association phase, their performance can improve by
simply strength training [46]. Thus, explaining why the females in the present study
had more of a relationship of strength levels to sprinting performance. It is important
to note, however, that there is limited research examining the differences in
performance between individuals that can squat greater then or equal to 2.5 times
their body mass versus 2.0 and 1.5 times their body mass. In addition, no research has
discussed the changes in performance after transitioning from a 2.0 to a 2.5 relative
squat strength.
In summary, our results demonstrate an association of strength and
performance in female athletes, but not in male athletes. Suchomel’s theoretical [36]
model demonstrating a relationship between relative back squat strength and
performance may help explain the results. However, more research needs to be done
to determine if athletes who are in the strength reserve phase of being able to squat
double their body weight can improve performance by increasing their relative
strength through training.
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PRACTICAL APPLICATION
Our data suggests that relative strength levels are related to sprinting
performance in female colligate sprinters. However, the data also found an
inconsistent relationship with relative strength levels and sprinting performance in
male colligate sprinters. We recommend strength and conditioning coaches design

programs that focuses on increasing relative strength with female athletes who squat
less than twice their body weight to increase sprinting performance. Once the athlete
is able to squat twice their body weight, we recommend a program that emphasizes
on power development while maintaining or continuing to increase relative strength
levels to further sprinting performance gains.

25	
  
	
  

	
  
LITERATURE CITED

1. Mackala K, Antti M. A kinematics analysis of three best 100 m performances ever.
J Human Kinetics. Vol 362013:149.
2. Mackala K, Michalski R, Coh M, Rausavljevic N. The relationship between 200m
performance and selected anthropometric variables and motor abilities in male
sprinters Coll Antropol 2015;39(1):69-76.
3. Weyand PG, Sternlight DB, Bellizzi MJ, Wright S. Faster top running speeds are
achieved with greater ground forces not more rapid leg movements J Appl
Physiol 2000;89(1):1991-1999.
4. Ross RE, Ratamess NA, Hoffman JR, Faigenbaum AD, Kang J, Chilakos A. The
effects of treadmill sprint training and resistance training on maximal running
velocity and power Journal of Strength & Conditioning Research.
2009;23(2):385-394.
5. Stodden DF, Galitski HM. Longitudinal effects of a collegiate strength and
conditioning program in american football. Journal of Strength &
Conditioning Research. 2010;24(9):2300-2308.
6. Haff GG, Stone MH. Methods of developing power with special reference to
football players Strength & Conditioning Journal. 2015;37(6):2-15.
7. Upton D. The effect of assisted and resisted sprint training on acceleration and
velocity in division IA female soccer athletes. Journal of Strength &
Conditioning Research. 2011;25(10):2645-2652.
8. Lockie RG, Murphy AJ, Schultz AB, Knight TJ, Janse de Jonge XAK. The effects
of different speed training protocols on sprint acceleration kinematics and
muscle strength and power in field sport athletes. Journal of Strength &
Conditioning Research. 2012;26(6):1539-1550.
9. Kristensen G, Van Den Tillaar R, Ettema G. Velocity specificity in early-phase
sprint training. Journal of Strength & Conditioning Research. 2006;20(4):833837.
10. Markovic G, Jukic I, Milanovic D, Metikos D. Effects of sprint and plyometric
training on muscle function and athletic performance Journal of Strength &
Conditioning Research. 2007;21(2):543-549.
11. Kawamori N, Newton RU, Hori N, Nosaka K. Effects of weighted sled towing
with heavy versus light load on sprint acceleration ability Journal of Strength
& Conditioning Research. 2014;28(10):2738-2745.
12. Lockie RG, Murphy AJ, Spinks CD. Effects of resisted sled towing on sprint
kinematics in field-sport athletes Journal of Strength & Conditioning
Research. 2003;17(4):760-767.
13. Paulson S, Braun WA. The influence of parachute-resisted sprinting on running
mechanics in collegiate track athletes Journal of Strength & Conditioning
Research. 2011;25(6):1680-1685.
14. Paradisis GP, Cooke CB. The effects of sprint running training on sloping
surfaces Journal of Strength & Conditioning Research. 2006;20(4):767-777.
15. CJ C, CM B, LP K. Three weeks of eccentric training combinded with overspeed
exercises enhances power and running speed performance gains in trained
athletes Journal of Strength & Conditioning Research. 2013;27(5):1280-1286.

	
  

26	
  
	
  

16. Chaouachi A, Brughelli M, Chamari K, et al. Lower limb maximal dynamic
strength and agility determinants in elite basketball players Journal of
Strength & Conditioning Research. 2009;23(5):1570-1577.
17. Cronin JB, Hansen KT. Strength and power predictors of sports speed. Journal of
Strength & Conditioning Research. 2005;19(2):349-357.
18. Hori N, Newton RU, Andrews WA, Kawamori N, McGuigan MR, Nosaka K.
Does performance of hang power clean differentiate performance of jumping,
sprinting, and changing of direction? Journal of Strength & Conditioning
Research. 2008;22(2):412-418.
19. Harris, Glenn R, Stone M, O'bryant HS, Proulx CM, RL J. Short-term
performance effects of high power, high force, or combined weight-training
methods. . Journal of Strength & Conditioning Research. 2000;14(1):14-20.
20. Zamparo P, Minetti AE, Prampero PE. Interplay among the changes of muscle
strength, cross-sectional area and maximal explosive power: theory and facts
Eur J Appl Physiol. 2002;88:193-202.
21. Requena B, García I, Requena F, Sáez-Sáez de Villarreal E, Cronin JB.
Relationship between traditional and ballistic squat exercise with vertical
jumping and maximal sprinting. Journal of Strength & Conditioning
Research. 2011;25(8):2193-2204.
22. Comfort P, Haigh A, Matthews M. Are changes in maximal squat strength during
preseason training reflected in changes in sprint performance in rugby league
players? . Journal of Strength & Conditioning Research. 2012;26(3):772-776.
23. Stone M, O'bryant HS, Mccoy L, Coglianese R, Lehmkuhl M, Schilling B. Power
and maximum strength relationships during performance of dynamic and
static weighted jumps. . Journal of Strength & Conditioning Research.
2003;17(1):140-147
24. Baker DG, RU N. Comparison of lower body strength, power, acceleration,
speed, agility, and sprint momentum to describe and compare playing rank
among professional rugby league players Journal of Strength & Conditioning
Research. 2008;22(1):153-158.
25. Kraska JM, Ramsey MW, Haff GG, et al. Relationship between strength
characteristics and unweighted and weighted vertical jump height.
International Journal of Sports Physiology and Performance. 2009;4(1):461473.
26. Mcbride JM, Mcbride TT, Davie A, Newton RU. A comparison of strength and
power characteristics between power lifters, olympic lifters, and sprinters
Journal of Strength & Conditioning Research. 1999;13(1):58-66.
27. Wirth K, Hartman H, Sander A, Mickel C, Szilvas E, Keiner M. The impact of
back squat and leg-press exercises on maximal strength and speed-strength
parameters Journal of Strength & Conditioning Research. 2016;30(5):12051212.
28. Fletcher I, Bagley A. Changing the stability conditions in a back squat: the effect
on maximum load lifted and erector spinae muscle activity Sports
Biomechanics. 2014;13(4):380-390.

	
  

27	
  
	
  

29. Hoffman JR, Cooper J, Wendell M, Kang J. Comparison of olympic vs.
traditional power lifting training programs in football players Journal of
Strength & Conditioning Research. 2004;18(1):129-135.
30. Hakkinen K, Alen M, Komi PV. Effect of explosive type strength training
isometric force and relaxation time, electromyographic and muscle fiber
characteristics of lex extensor muscle. . Acta physiol. Scand. . 1985 125:587592.
31. Tricoli V, Lamas L, Carnevale R, Ugrinowitsch C. Short-term effects on lowerbody functional power development: Weightlifting vs. vertical jump training
programs Journal of Strength & Conditioning Research. 2005;19(2):433-437.
32. Wilt F. What it is and how it works Athl J 1975;55(5):76,89-90.
33. Coh M, Mackala K. Differences between the elite and subelite sprinters in
kinematic and dynamic determinations of countermovement jump and drop
jump. Journal of Strength & Conditioning Research. 2013;27(11):3021-3027.
34. Loturco I, Pereira LA, Cal Abad CC, et al. Vertical and horizontal jump tests are
strongly associated with competitive performance in 100-m dash events.
Journal of Strength & Conditioning Research. 2015;Publish Ahead of Print.
35. Kale M, Asçi A, Bayrak C, Açikada C. Relationships among jumping
performances and sprint parameters during maximum speed phase in sprinters.
Journal of Strength & Conditioning Research. 2009;23(8):2272-2279.
36. Suchomel TJ NS, Stone MH. The importance of muscular strength in athletic
performance Sports Med. 2016 46:1419-1449.
37. Nuzzo JL, McBride JM, Cormie P, McCaulley GO. Relationship between
countermovement jump performance and multijoint isometric and dynamic
tests of strength. Journal of Strength & Conditioning Research.
2008;22(3):699-707.
38. Baker D, Nance S. The relation between running speed and measures of strength
and power in professional rugby league players. Journal of Strength &
Conditioning Research. 1999;13(3):230-235.
39. Taylor MJD, Beneke R. Spring mass characteristics of the fastest men on earth Int
J Sports Med 2012;33:667-670.
40. Mackala K, Fostiak M, Kowalski K. Selected determinants of acceleration in the
100m sprint. J Human Kinetics. 2015;45:135-148.
41. Rippetoe M, Baker A. Practical programming for strength training 3rd ed.
Wichita Falls, TX: The Aasgaard Company 2013
42. Hakkinen K, Keskinen KL. Muscle cross-sectional area and voluntary force
production characteristics in elite strength and endurance trained athletes and
sprinters european journal of applied physiology and occupational physiology
1989;59(3):215-220.
43. Campos G, Wendeln H, Hagerman FC, Ragg KE, WJ K. Muscular adaptations in
response to three different resistance-training regimens: specificity of
repetition maximum training zones Eur J Appl Physiol. 2002;88:50-60.
44. Duchateau J, Semmler J, Enoka R. Training adaptation in the behavior of human
motor units J Appl Physiol. 2006;101:1766-1775.

	
  

28	
  
	
  

45. Hoffman JR RN, Kang J Performance changes during a college playing career in
NCAA division III football athletes Journal of Strength & Conditioning
Research. 2011;25(9):2351-2357.
46. Cormie P, Mcguigan MR, RU N. Adaptations in athleteic performance after
ballistic power versus strength training Medicine & Science in Sports &
Exercise. 2010;42(8):1582-1598.
47. Deweese BH, Hornsby G, Stone M, MH S. The training process: Planning for
strength-power training in track and field. Part 2: Practical and applied aspects
Journal of Sport and Health Science 2015;4:318-324
48. Painter KB, Haff G, Ramsey MW, et al. Strength gains: Block versus daily
undulating periodization weight training among track and field athletes
International Journal of Sports Physiology and Performance. 2012;7:161169.
49. Wilson G, Newton RU, Murphy AJ, Humphries BJ. The optimal training load for
the development of dynamic athletic performance. Medicine & Science in
Sports & Exercise. 1993;25(11):1279-1286.

29	
  
	
  

	
  
Figure 1. Suchomel’s Theoretical Relative Strength Model
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Table 1. Subject Characteristics
Height (cm)
Weight (kg)
Clean (kg)
Clean (kg/bw)
Squat (kg)
Squat (kg/bw)
Vertical Jump (cm)
Johnson Peak Power
60m (sec)
100m (sec)
200m (sec)
400m (sec)
Sophomore
Junior
Senior
	
  

Female (64)
166.64 ± 7.74
60.09 ± 6.49
64.07 ± 9.57
1.07 ± 0.15
98.40 ± 18.29
1.65 ± 0.29
62.13 ± 6.8
4469.45 ± 685.77
7.79 ± 0.23
12.37 ± 0.53
25.27 ± 1.00
56.10 ± 3.32
28
27
9

Male (56)
180.27 ± 7.39
76.14 ± 7.55
108.15 ± 17.69
1.42 ± 0.19
149.85 ± 32.75
1.96 ± 0.35
79.53 ± 7.13
6753.91 ± 493.5
6.98 ± 0.24
10.99 ± 0.42
22.22 ± 0.85
49.98 ± 2.53
24
13
19
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Table 2a. Correlation between strength and sprint times for 60m, 100m, 200m, and
400m events for female sprinters.
Female
Clean
Number
Correlation
p-value
Squat
Number
Correlation
p-value
VJ
Number
Correlation
p-value

60m

100m

200m

400m

31
-0.42
0.017*

31
-0.55
0.001*

41
-0.29
0.06

24
-0.17
0.43

32
-0.55
0.001*

32
-0.51
0.003*

41
-0.29
0.07

24
-0.33
0.11

19
0.039
0.87

16
-0.05
0.87

25
-0.17
0.44

15
-0.23
0.41

Table 2b. Correlation between strength and sprint times for 60m, 100m, 200m, and
400m events for male sprinters.
Male
60m
100m
200m
400m
Clean
Number
23
27
33
16
Correlation
-0.24
-0.28
-0.36
-0.08
p-value
0.27
0.15
0.04*
0.75
Squat
Number
22
26
30
15
Correlation
-0.39
-0.43
-0.33
-0.10
p-value
0.07
0.01*
0.07
0.71
VJ
Number
16
15
20
9
Correlation
-0.29
-0.25
-0.18
-0.32
p-value
0.26
0.37
0.44
0.39
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Table 3. Athlete’s Classification of Relative Strength Levels
Subjects
Strength Reserve Phase
Strength Association
Phase
Strength Deficit Phase

Females 56 (Tested
Relative Back Squat)
2+ (5)
2-0.5 (51)

Males 47 (Tested Relative Back
Squat)
2+ (23)
2-0.5 (24)

<0.5 (0)

<0.5 (0)

