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Abstract

Sprint performance is a critical determinant of success in many team sports, including
soccer, yet the relationships between lower-body force production and sprint outcomes in female
university athletes remain underexplored. This study investigated whether isometric mid-thigh
pull (IMTP) peak force and rate of force development (RFD) at 100 ms are associated with sprint
performance over 10 m and 30 m in female varsity soccer players. Sixteen participants (19.9 +
1.2 years) completed IMTP and 30 m sprint testing, with 10 m and 30 m sprint times, velocities,
and accelerations analyzed. IMTP outcomes were normalized to body mass, and Pearson
correlations with bootstrapped 95% confidence intervals examined associations between force
characteristics and sprint performance. Results indicated weak, non-significant correlations
between relative peak force and sprint performance. In contrast, RFD at 100 ms showed
moderate, significant correlations with 10 m sprint performance: positively correlating with
sprint time (r = 0.613, p = .012) and negatively with velocity (r =—0.624, p = .010) and 0-10 m
acceleration (r =—0.623, p = .010). These findings suggest that early-phase RFD may not
consistently translate to improved sprint performance in this population, likely due to high
measurement variability, differences between vertically oriented strength measures (IMTP) and
horizontally oriented force production relevant to sprinting. These results highlight the potential
limitation of vertically oriented assessments such as the IMTP compared to more horizontally
oriented field tests such as the broad jump, which may better reflect horizontal force production
relevant to sprinting. Peak force demonstrated more stable but weak relationships with sprint
outcomes. Overall, results highlight the complexity of strength—sprint relationships in female

university athletes and emphasize the need for further research.



CHAPTER 1: INTRODUCTION

1.1 Background

University-level athletes occupy a unique and critical position in the athlete development
pathway. Unlike professional or elite youth athletes, university athletes are simultaneously
managing high-intensity training, competitive schedules, and academic responsibilities. This
combination of physical, cognitive, and social demands creates distinct performance
considerations. Understanding the factors that contribute to performance in this population is
essential, as optimizing key physical qualities can help athletes succeed in their sport while
minimizing injury risk and supporting long-term athletic development (Brown et al., 2015). In
team sports such as soccer, where repeated sprint performance is critical to match outcomes,
examining performance determinants in university-level athletes is particularly important, as this
population experiences substantial training and competition demands while often having fewer

performance-support resources than professional athletes.

Research at the university level provides an opportunity to focus specifically on female
athletes, a population that has historically been underrepresented in sports science literature
(Emmonds et al., 2019). Studying female university athletes can enhance understanding of
performance determinants and inform training practices tailored to this often-overlooked group.

1.2 Sprint Performance in Team Sports

Sprint performance is a key physical quality in many individual and team sports,
including soccer, rugby, football, and track sprinting, where the ability to achieve high speed
often determines success in competitions. In these sports, athletes frequently perform short bursts

of high-intensity activity, including sprinting, jumping, and rapid changes of direction. In soccer,



time-motion analyses have shown that short sprints occur often during games and training, with
straight-line sprinting being the most frequent high-intensity action (Haugen et al., 2014).
Professional players typically perform approximately 27 to 35 sprint actions per match, with
individual sprints lasting between 2 and 4 seconds on average (Bustamante-Garrido et al., 2024).
Similar demands are observed in rugby and football, where repeated short sprints are critical for

performance (Spencer et al., 2005).

A sprint is commonly divided into an acceleration phase, a maximal velocity phase, and a
deceleration phase (Mero et al., 1992). During the acceleration phase, athletes must generate
large horizontal propulsive forces to increase forward velocity. This requires producing high
levels of horizontal ground-reaction force and applying them rapidly to overcome inertia
(Stavridis et al., 2019). When the foot contacts the ground, a braking (negative) impulse occurs,
which momentarily reduces forward velocity, whereas the push-off phase generates a propulsive
(positive) impulse that drives the athlete forward. Forward acceleration occurs when the
propulsive impulse exceeds the braking impulse (Hunter et al., 2005). As a result, athletes who
are able to generate greater propulsive forces during toe-off are capable of accelerating more
rapidly. During the maximal velocity phase, athletes reach their top running speed and are no
longer accelerating, meaning that braking and propulsive impulses are approximately equal.
Faster sprinters are able to reach maximal velocity more quickly and maintain it for longer

durations; this relies on consistent and effective force application during the sprint.

The acceleration phase is also relevant from an injury risk perspective, as athletes must
rapidly produce large propulsive forces from a stationary position, placing high demand on the
posterior chain, particularly the hamstrings. Although hamstring injuries are most commonly

associated with maximal velocity sprinting, the rapid increase in mechanical loading during



acceleration may also contribute to injury risk (Bramah et al., 2024). Therefore, examining
performance during this phase is not only important for sprint performance but also for

understanding exposure to high mechanical stress.

Sprint testing should reflect these phases to provide meaningful performance insights.
Distances of 0—15 m typically represent acceleration, while 15-30 m reflects the maintenance of
maximal velocity (Thurlow et al., 2023). Accordingly, analyzing sprint performance over 10 m
and 30 m allows for the examination of force—performance relationships across both acceleration

and maximal velocity phases.

1.3 Lower-Body Strength and Sprint Performance

The ability to accelerate quickly over short distances is closely linked to lower-body
strength (Seitz et al., 2014). The magnitude and speed of force production during push-off are
critical determinants of sprint performance. Peak force represents the maximum force an athlete
can produce, whereas rate of force development (RFD) reflects how quickly this force can be
applied. These variables contribute differently across sprint phases, highlighting the phase-
specific importance of RFD and peak force. For example, Wang et al. (2016) and Townsend et
al. (2019) reported significant correlations between RFD measured at 50-250 ms during the
isometric mid-thigh pull (IMTP) and sprint performance over the first 0—-5 m, indicating that
rapid force production is particularly important during early acceleration. Similarly, Brady et al.
(2020) found significant negative correlations between RFD at 0—150 ms and 0-200 ms and
early acceleration in male sprinters, but these relationships were not observed in female athletes.
Explosive actions in soccer occur within brief contraction times (50-250 ms), making RFD
important for sprinting because it typically takes longer than 250 ms to reach peak force

(Hernandez-Dav6 & Sabido, 2014).



In contrast, maximal force becomes increasingly relevant as athletes approach maximal
velocity, typically beyond 15 m (Stavridis et al., 2025). Peak force relative to bodyweight has
been associated with both acceleration and maximal sprint speed (Young et al., 1995; Schuster &
Jones, 2016), highlighting the complementary roles of these force characteristics. Together, these
findings indicate that RFD at 0—150 ms and 50-250 ms is a key contributor to early sprint
acceleration, while peak force is essential for maintaining top speed, supporting the need to

examine both variables in sprint performance assessments.

It is important to note that the temporal characteristics of ground contact during sprinting
differ between male and female athletes. Normative sprint data indicate that female sprinters
typically exhibit slightly longer ground contact times compared to male sprinters across sprint
phases, particularly during acceleration (Nagahara, 2023). As a result, fixed time windows such
as 100 ms may represent different proportions of the stance phase between sexes, which should

be considered when interpreting rate of force development measures in female populations.

Traditionally, one-repetition maximum (1RM) exercises have been used to assess
strength. Several studies have demonstrated significant relationships between 1RM strength and
sprint performance. For instance, McBride et al. (2009) reported that 1RM squat strength was
significantly correlated with 40 m sprint times in male football players. Wisleft et al. (2004)
found similar relationships in male soccer players, and Warneke et al. (2023) observed strong
correlations between both squat and deadlift IRM and sprint performance in male youth
basketball athletes. Despite these findings, 1RM testing has limitations: technique can influence
results, tests are time-consuming, and fatigue can affect performance. This limitation is further
amplified in soccer players, who may have limited familiarity with maximal strength exercises

such as a back squat and deadlift, introducing a learning effect that could further bias 1RM-based



assessments of true strength capacity. Additionally, strength training in soccer is highly variable
and typically emphasizes explosive performance and injury prevention rather than repeated
maximal-load lifting, suggesting that familiarity with maximal strength exercises such as the

back squat and deadlift may differ among athletes (Silva et al., 2015).

As a result, recent research has transitioned from a 1RM exercise to an IMTP. The IMTP
allows for the measurement of peak force and rate of force development while minimizing
technical demands, fatigue, and injury risk (Grgic et al., 2022). Furthermore, IMTP measures
have been shown to correlate strongly with dynamic performance outcomes, including sprinting
and jumping, making it a practical and reliable tool for assessing the strength qualities most

relevant to acceleration and maximal velocity (Grgic et al., 2022).

1.4 Additional Determinants of Sprint Performance

In addition to force production characteristics, sprint performance is influenced by a
range of physiological, biomechanical, morphological, and metabolic factors (Buchheit et al.,
2014). Coordinated neuromuscular activation and efficient whole-body kinematics play an
important role in effective sprinting. Specifically, optimized timing of arm and leg swing, as well
as appropriate trunk positioning, have been associated with faster sprint velocities (Vellucci &
Beaudette, 2023). Furthermore, greater activation of muscles, particularly the hamstrings and
gluteus maximus, has been linked to better sprint performance due to their role in force
production (Pietraszewski et al., 2025). Morphological characteristics also contribute to sprint
speed, with athletes possessing a greater proportion of fast-twitch muscle fibers demonstrating
faster sprinting performance, likely due to their enhanced capacity for force and power

production (Hopwood et al., 2023). Additionally, greater lower-limb muscle mass, particularly



hamstring muscle volume, has been associated with improved sprint performance, potentially

due to its contribution to force, velocity, and power output during sprinting (Nuell et al., 2021).

While neuromuscular, morphological, and biomechanical characteristics all play
important roles, force production remains a particularly trainable and impactful factor, prompting
the widespread use of IMTP assessments. Research consistently shows that both IMTP peak
force and RFD are associated with sprint performance, though contributions vary across sprint
phases (Wang et al., 2016; Townsend et al., 2019; Brady et al., 2020; Young et al., 1995;

Schuster & Jones, 2016).

1.5 Gaps in the Literature

Despite extensive research on sprinting and force production, several gaps remain. Most
studies have focused on professional or youth athletes, with limited data on female university-
level soccer players. Sprint distances and measurement methods vary across studies, creating
uncertainty regarding the specific relationships between IMTP outputs and sprint performance in
this population. Additionally, research on female athletes remains limited, providing little
guidance for strength and conditioning coaches on how to use IMTP data to design programs that

enhance sprinting speed in women.

1.6 Purpose of the Study

Given these gaps, the current study aims to examine the relationship between lower-body
force production and sprint performance in female university-level soccer players. Specifically,
this study will investigate whether IMTP peak force and RFD at 100 ms are associated with
sprint performance over 10 m and 30 m in Cape Breton University varsity soccer players,

representing the acceleration and maximal velocity phases of sprinting. By examining both rapid



and maximal force characteristics within an underrepresented athletic population, this research
seeks to clarify the phase-specific contributions of force production to sprint performance. It is
hypothesized that greater IMTP peak force and faster RFD at 100 ms will be significantly

associated with faster sprint times over both 10 m and 30 m distances.

CHAPTER 2: METHOD

2.1 Participants

Sixteen female varsity university soccer players from Cape Breton University
participated in this study (19.94 = 1.24 years). To be eligible, participants were required to be 18
years of age or older, competed in the 2025 Atlantic University Sport (AUS) league, and free
from any significant lower-body injury (e.g., hamstring strain or anterior cruciate ligament tear)
within the previous six months. Eligibility was confirmed using a health history questionnaire
(see Appendix A), and all participants provided written informed consent prior to testing (see
Appendix B). All testing procedures were approved by the Cape Breton University Research

Ethics Board (REB #2025-074).

All participants were varsity soccer athletes with regular exposure to maximal sprinting
and high-intensity resistance training as part of their structured team training programs. As a
result, participants were familiar with both testing procedures, which are routinely performed
during team-based strength and conditioning sessions. Demographic characteristics, including
body mass (kg) and height (m), were recorded for each participant prior to testing from the

health history questionnaire (see Appendix A and Table 1).



2.2 Experimental Setup

Testing was conducted in the Cape Breton University athlete gym and indoor turf field.
The IMTP was performed in the athlete gym to assess maximal force production. For the IMTP,
two uniaxial VALD Performance force platforms (500 Hz; one positioned under each foot) were

placed beneath a squat rack equipped with two J-hooks and a fixed 45-1b barbell.

Figure 1. Setup of the IMTP showing the placement of the VALD Performance force plates

beneath a squat rack with J-hooks and a fixed 45-1b barbell.

Sprint performance was assessed using a 30-m sprint test performed on the indoor turf
field. Vald Performance opto-electronic timing gates were positioned at 0 m, 10 m, and 30 m. A
cone was placed 1 m behind the start gate to indicate the starting position (—1 m), resulting in a
total sprint distance of 31 m. This offset was used to prevent premature triggering of the timing
gates and to allow participants to initiate acceleration prior to crossing the first timing gate,

thereby improving the consistency of sprint timing (Altmann et al., 2015).
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Figure 2. Setup of the 30-m sprint test showing the placement of the SmartSpeed electronic

timing gates.

2.3 Conditions

Prior to testing, participants were divided into two groups: 7 females in Group 1 and 9
females in Group 2. Group 1 completed the IMTP testing first, followed by sprint testing, while
Group 2 completed sprint testing first, followed by IMTP testing. This counterbalanced design
was used to control for any effects of fatigue. To further minimize confounding variables,
participants were instructed to avoid strenuous training for a minimum of 48 hours prior to
testing. This was facilitated through support from team coaching staff to ensure compliance. All
participants followed consistent training schedules aligned with academic demands, reducing the
likelihood of time-of-day performance variability. Testing sessions were conducted in

environmental conditions where participants typically train and workout. Participants were
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required to wear appropriate footwear for each testing condition, including soccer cleats for

sprint testing and running shoes for the IMTP.

2.4 Standardized Warm-up

Each testing session began with a 10-minute standardized RAMP warm-up (Raise,
Activate, Mobilize, Potentiate), structured in three phases (Girginer et al., 2025; Vadher et al.,
2024). The Raise phase included light jogging, skipping, and dynamic movements (e.g. butt
kicks and high knees) to increase heart rate and muscle temperature. The Activate and Mobilize
phase included dynamic exercises, including open and close the gate, calf stretches, lunges, and
leg swings, to prepare key muscles and joints for activity. The Potentiate phase consisted of short
accelerations at 50%, 75%, and 90% of maximal sprint speed to prepare the neuromuscular
system for maximal performance during sprint and IMTP tests. This approach is supported by
studies demonstrating that RAMP warm-ups enhance sprinting, agility, and endurance in soccer
players (Girginer et al., 2025; Vadher et al., 2024). All warm-ups and testing instructions were

delivered by the same researcher to ensure consistency across participants.

2.5 IMTP Testing

The IMTP was performed as a maximal voluntary isometric contraction, with participants
instructed to exert maximal force as rapidly and forcefully as possible against the fixed barbell
for the full duration of each trial. Prior to maximal trials, participants completed two submaximal
warm-up efforts at approximately 70% and 90% of perceived maximal effort. During this
process, barbell height was adjusted on the J-hooks so that the bar was positioned at mid-thigh,
approximately halfway between the hip and knee joints. Following the VALD Performance

protocol (VALD, 2025), the force platforms were zeroed prior to each trial. The participant
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stepped onto force platforms, and body mass (kg) was recorded as the participant stood
motionless on the force platforms. Still on the force platforms participants put on wrist straps to
minimize the influence of grip strength on force production. The researcher secured the wrist

straps around the barbell, after which participants adopted a pronated grip.

For each trial, participants lifted the barbell off the J-hooks and repositioned it directly
beneath the hooks so that the bar contacted the J-hooks during the pull. Participants adopted a
slight bend at the hips and knees, removed slack from the system, and held a stationary position
for 2—-3 seconds to establish a quiet period prior to force production. To ensure accurate
measurement of early RFD, participants were instructed not to make any adjustments to bar
position, grip, or body posture during this quiet period, as even small movements can alter
baseline force and affect detection of force onset. Participants then performed a maximal
isometric pull against the J-hooks for five seconds while maintaining consistent joint angles
throughout the contraction. Participants were instructed to exert maximal effort during each trial,
and verbal encouragement was provided to encourage maximal effort across trials. Each
participant completed three maximal trials, separated by three minutes of rest. Force data (peak
force and RFD) were normalized to body mass to allow comparison across participants. A mean

value derived from the three trials was used for analysis.

2.6 30 m Sprint Testing

Each participant performed three maximal 30-m sprints, with three minutes of recovery
between trials. At the start of each sprint, participants adopted a split-stance starting position
with their front foot aligned with the cone positioned 1 m behind the start gate, and the opposite

arm flexed forward at approximately 45°. Participants initiated the sprint on their own command
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and were instructed to sprint maximally through all timing gates without decelerating until past
the final gate at 30 m. Participants were instructed to exert maximal effort during each sprint, and
verbal encouragement was provided to encourage maximal effort across trials. Sprint times were
recorded in seconds, and a mean value derived from the three trials was used for analysis. Table

1 describes the participant characteristics.

Table 1

Participant Characteristics.

ID# Age (years) Height (m) Mass (Kg)
FIO1 20 1.78 61
F102 18 1.75 66
FI03 21 1.70 77
F104 18 1.73 65
FI05 21 1.60 65
F106 19 1.70 57
F107 22 1.68 71
FSO01 21 1.75 67
FS02 20 1.70 65
FS03 20 1.70 73
FS04 21 1.75 67
FSO05 18 1.70 59
FS06 20 1.75 59
FS07 21 1.68 66
FS08 20 1.63 72
FS09 19 1.57 58
Mean 19.94 1.70 65.47

SD 1.24 0.06 5.73

2.7 Data Analysis

ForceDecks software (Vald Performance, Version 3.0.1, Brisbane, QLD, AUS) was used
to process ground reaction forces recorded during the IMTP. Forces generated by participants
pulling the barbell into the J-hooks were measured by the force plates and represented as force—

time curves. From these data, ForceDecks automatically calculated peak force relative to body
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mass (N-kg™) and absolute RFD at 100 ms (N-s!). Relative rate of force development was then
calculated manually by dividing the absolute RFD at 100 ms by each participant’s body mass,
resulting in values expressed as N-s™'-kg™'. For each participant, the mean of three trials was

used for further analysis.

It is important to note that ForceDecks automatically determines force onset and does not
allow manual adjustment of contraction onset. As early-phase rate of force development (RFD)
is highly sensitive to onset detection, this limitation may reduce confidence in RFD values

calculated at 100 ms.

Sprint times were recorded using SmartSpeed Plus software (Vald Performance, Version
1.22.3, Brisbane, QLD, AUS). Timing began as participants crossed the 0 m electronic gate and
was automatically recorded at 10 m and 30 m gates. Sprint times from three trials were averaged
for each participant, and velocities at each split were calculated from the mean times.
Acceleration over 0—10 m and 0—30 m was determined from the corresponding distances and

split times.

2.8 Statistical Analysis

All statistical analyses were conducted using IBM SPSS Statistics (Version 31.0.1.0;
IBM Corp., Armonk, NY, USA). The level of significance was set at o = 0.05. Pearson product—
moment correlations were used to examine associations between IMTP outcomes (relative peak
force and RFD at 100 ms) and sprint performance measures (10 m and 30 m sprint time, velocity
and acceleration). To account for potential non-normality in the small sample, bootstrapped 95%

confidence intervals (1000 samples) were calculated for all correlations.
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An a priori power analysis in G*Power (Faul et al., 2007) for Pearson product-moment
correlations (two-tailed, a = .05, power = .80) indicated that a minimum sample of
approximately 29 participants would be required to detect a medium-to-large effect (r = .50),
consistent with effect sizes reported in comparable IMTP and sprint performance literature for
male athletes (Brady et al., 2020), as female-specific data in this area remain limited.
Recruitment was limited to 16 participants due to varsity team availability, scheduling
constraints during the competitive season, and injuries among team members. While this sample
size was sufficient to detect large effects (r > .65) with 80% power, the bootstrapped 95%
confidence intervals reported for all correlations provide a robust complementary approach to

address the limitation of a small sample.

CHAPTER 3: RESULTS

Participants produced a mean relative peak force of 33.29 + 2.87 N-kg™! and a mean RFD
at 100 ms of 38.13 £ 12.11 N-s'-kg™'. Mean sprint outcomes for 10 m were: time 1.84 + 0.078 s,
velocity 5.45 £ 0.23 m/s, and acceleration 5.96 = 0.51 m/s?, while mean outcomes for 30 m were:
time 4.55 £ 0.15 s, velocity 6.60 £ 0.21 m/s, and acceleration 2.90 + 0.19 m/s?. The coefficient of
variation (CV) for RFD at 100 ms was 31.8%, indicating substantial between-participant
variability relative to peak force (CV = 8.6%). Pearson product-moment correlations between

IMTP variables and sprint performance revealed several trends.



Table 2

Correlations between IMTP variables and sprint performance outcomes.

16

10 m Sprint 10 m 0-10 m 30 m Sprint 30 m 0-30 m
Time Velocity Acceleration  Time Velocity Acceleration
Relative Peak r=-0.374 r=0.375 r=0.375 r=-0.3%4 r=0.382 r=0.376
Force p=.154 p=.153 p=.152 p=.131 p=.144 =.152
95% CI 95% CI 95% CI 95% CI 95% CI 95% C1
[-0.747, [-0.012, [-0.007, [-0.751, [-0.097, [-0.094,
0.013] 0.736] 0.753] 0.075] 0.756] 0.748]
RFD at 100 r=0.613 r=-0.624 r=-0.623 r=0.426 r=-0.416 r=-0.430
ms p=.012 p=.010 p=.010 p=.100 p=.109 p=.096
95% CI 95% CI 95% CI 95% CI 95% CI 95% C1
[0.232, [-0.863, [-0.861, [0.039, [-0.772, [-0.783,
0.858] —0.255] —0.247] 0.775] —0.019] —0.034]
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Figure 11. Relationship between IMTP relative rate of force development (RFD) at 100 ms and

average 0-10 m sprint acceleration in female university soccer players.
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CHAPTER 4: DISCUSSION

4.1 Overview of Findings

The purpose of the current study was to investigate whether IMTP relative peak force and
RFD at 100 ms were associated with 10 m and 30 m sprint performance in female university
soccer players. The findings did not support the hypothesis that greater peak force and RFD at
100 ms would be significantly associated with faster sprint outcomes at both distances. These
results suggest that relative peak force showed more stable relationships with sprint time,
velocity, and acceleration, although the correlations were generally weak. In contrast, RFD at
100 ms was highly variable across participants and showed inconsistent relationships with sprint
outcomes. Notably, RFD at 100 ms showed moderate, statistically significant correlations with
10 m sprint performance: positively with sprint time (r = 0.613, p =.012) and negatively with
10 m velocity (r =—0.624, p =.010) and 0—10 m acceleration (r =—0.623, p =.010). These
results indicate that greater early-phase RFD was associated with slower sprint times, lower
velocities, and reduced acceleration over the initial 10 m. These findings suggest that early-phase
RFD (<100 ms) may not consistently translate to sprint performance in this population.

Notably, it is important to acknowledge that the association of early-phase RFD with
slower 10 m sprint performance is counterintuitive, as the ability to generate force quickly would
generally be expected to enhance sprinting and past research has often observed positive
relationships between higher RFD and faster sprint performance, at least in male athletes (Brady
et al., 2020; Wang et al., 2016; West et al., 2011). These findings suggest that the results from
the present study differ from what has typically been observed in the literature, with possible

explanations for this discrepancy explored below.
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Although relative peak force demonstrated more stable relationships with sprint variables
than RFD, the correlations between relative peak force and sprint outcomes remained weak.
Similar findings have been reported in previous research. For example, Brady et al. (2020) found
significant correlations between IMTP peak force and sprint performance in male athletes, but no
significant correlations were observed in the female participants (n = 10). In contrast, Pérez-
Contreras et al. (2025) reported strong associations between IMTP peak force and 10 m and 30
m sprint performance in twelve female soccer players, a sample even smaller than the present
study (n = 16). This highlights the variability in strength—sprint evidence in female populations
and suggests that outcomes may depend on factors such as training history, testing methods, or
sample characteristics.

4.2 Interpretation

In the present study, weak correlations may be partly explained by low variability among
participants. The mean relative peak force was 33.29 + 2.87 N-kg™! (CV = 8.6%), while sprint
velocities were relatively homogeneous, with 10 m and 30 m velocities of 5.45 + 0.23 m/s (CV =
4.2%) and 6.60 £ 0.21 m/s (CV = 3.2%), respectively. These low coefficients of variation
indicate that both maximal strength and sprint performance were similar across participants.
When taken in combination with the relatively small sample size (n = 16) of this study, this
limited variability may have contributed to the weak relationships observed between peak force
and sprint performance.

This homogeneity is likely a result of the shared training environment of the participants,
including similar exposure to team practices, strength and conditioning workouts, and match
play. Including a more heterogeneous comparison group, such as female basketball players who

are exposed to different movement demands and training emphases, may increase between-
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subject variability and potentially strengthen observed relationships between IMTP force
characteristics and sprint performance

In comparison to peak force, early-phase RFD of 100 ms or less reflects how rapidly
force is generated at the onset of contraction, primarily influenced by neural activation, motor
unit recruitment, and discharge rate (Adachi et al., 2026). Rapid force production is thought to be
critical during sprint acceleration, which requires generating horizontal ground-reaction forces
quickly to overcome inertia (Stavridis et al., 2019). Early-phase RFD measured at 100 ms may
not fully capture the force application relevant for sprint performance, particularly during early
acceleration. Ground contact times in female athletes during the first steps of a sprint are
typically 130—160 ms (Blauberger et al., 2021), which exceeds the RFD measurement window.
Consequently, while early-phase RFD reflects rapid force generation in a vertical isometric task,
it may not align with the timing or horizontal force demands required for effective sprint
acceleration.

Beyond timing, early-phase RFD in the IMTP may not directly reflect the force demands
of sprinting due to the differences between isometric and dynamic movements. While the IMTP
measures force production in a vertically oriented, constrained isometric position, sprint
acceleration requires rapid, multi-joint force production with force predominantly directed
horizontally (Stavridis et al., 2019). Research comparing RFD across contraction modes has
shown that concentric RFD correlates with sprint performance, whereas isometric RFD often
does not, likely reflecting the distinct neural and mechanical demands of these actions (Wilson et
al., 1995). This suggests that higher early-phase RFD in the IMTP may reflect rapid neural
activation in a maximal, vertical, and non-sport-specific task, rather than the ability to generate

propulsive horizontal force during sprinting. In contrast, dynamic assessments such as the
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countermovement jump (CMJ), which incorporate coordinated joint extension and sport-specific
force orientation, may provide a more functionally relevant measure of RFD for predicting sprint
performance (Padulo et al., 2013; Kurosaki et al., 2025).

RFD and peak force measured by the IMTP represent vertical force production, whereas
sprint performance depends heavily on horizontal force application (Morin et al., 2015; Stavridis
et al., 2019). During early acceleration, sprint performance is strongly influenced not only by the
magnitude of force produced, but by the athlete’s ability to orient force horizontally relative to
the ground (Morin et al., 2011). Athletes who direct a greater proportion of their ground reaction
force horizontally demonstrate superior acceleration performance, even when total force
production is similar. Therefore, an athlete with high early phase RFD and peak force in a
vertical isometric task may be unable to translate this capacity into effective horizontal
propulsion if sprint technique, including hip extension coordination, forward trunk projection,
swing leg recovery, and pelvis stability, is not optimized (Hicks et al., 2026). This mechanical
mismatch between a vertically oriented testing modality and the horizontal force demands of
sprint acceleration likely contributes to the negative correlations observed with 10 m sprint
outcomes and the weak associations with peak force.

Early-phase RFD is inherently less reliable than peak force due to its sensitivity to small
movements, soft-tissue compliance, and force plate or bar compliance in IMTP testing
(Maffiuletti et al., 2016). Participant pre-tension, visual feedback, and rest between trials can also
alter RFD outcomes. Although familiarization and rest were controlled in the present study, other
factors such as signal noise and contraction onset detection may have influenced the results.

Automated systems like VALD ForceDecks detect the start of the trial using movement sensors,
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which can be triggered early if participants make slight pre-trial movements, disproportionately
affecting RFD measurements.

Peak force demonstrated stronger and more consistent associations with sprint
performance, though these did not reach statistical significance in the present sample. This
pattern is consistent with existing literature suggesting peak force may be a more robust indicator
of sprint capacity than early-phase RFD when assessed by the IMTP (Townsend et al., 2019;
McGuigan et al., 2008), though the current findings should be interpreted cautiously given the

small sample size.

4.3 Limitations and Future Directions

There are several limitations to the present study. First, the sample consisted solely of
female university soccer players. The original study aimed to include both female and male
players to examine potential sex-based differences; however, time constraints, injuries, and the
limited ability to extend data collection prevented the inclusion of male participants.
Additionally, several female players were unable to participate due to injury at the time of
testing, which further reduced the sample size. Consequently, the study was slightly
underpowered (~73—75% power) to detect medium-to-large effects, though large effects (r > .65)
could still be reliably detected, and bootstrapped 95% confidence intervals were used to provide

a complementary approach to address this limitation.

Second, the VALD ForceDecks system was used to process IMTP data, generating
automatic force—time curves to identify peak force and RFD values. These curves could not be
manually adjusted, meaning that RFD values at specific time intervals (e.g., 100 ms) were

analyzed exactly as identified by the software. As early-phase RFD is sensitive to signal noise
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and onset detection methods, the inability to manually verify contraction onset may have

influenced the accuracy of early RFD measures.

Future research should aim to expand the study population to include both female and
male athletes, and athletes from a variety of sports and competitive levels. Given the limited
research on female and university-level athletes, further investigation in these populations would
provide valuable insight. Increasing the sample size would also improve statistical power and
may help clarify whether meaningful relationships exist between IMTP outcomes and sprint
performance. Future research should also include body composition measures as covariates, as
higher body fat percentage has been negatively associated with sprint performance and greater

lean mass has been positively associated with sprint performance (Ishida et al., 2021).

Additionally, IMTP assessments provide more than peak force and RFD at 100 ms; future
studies could examine RFD across multiple time intervals, impulse, and force at specific time
points to determine which force-time characteristics are most strongly associated with sprint
performance. The VALD ForceDecks system and force plates can also be used to assess dynamic
tasks, such as the countermovement jump, which may provide further insight into the
relationship between strength qualities and sprint performance. Future studies may also consider
incorporating stretch-shortening cycle assessments such as pogo jumps or hop-based tests, which
may provide additional insight into reactive strength qualities that are highly relevant to sprint

performance.

The choice of RFD time window should also be considered in future research. A shorter
window such as 50 ms would capture an earlier but more variable portion of the force—time

curve, potentially reducing reliability due to increased noise. In contrast, a longer window such
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as 200 ms may better align with ground contact times during sprinting, potentially offering a
more valid representation of force production relevant to performance. Finally, future research
should consider using force plate systems that allow manual verification of contraction onset to

improve the reliability and accuracy of early-phase RFD measurements.

4.4 Conclusion

The current study examined the relationship between lower-body force production and
sprint performance in female university-level soccer players. Specifically, it investigated whether
IMTP peak force and RFD at 100 ms were associated with sprint performance over 10 m and
30 m in Cape Breton University varsity soccer players. Results indicated that although peak
force demonstrated more stable relationships with sprint velocity, it showed weak and non-
significant correlations with 10 m and 30 m sprint outcomes, suggesting that maximal isometric

strength alone may not strongly predict sprint performance in this population.

RFD at 100 ms demonstrated several significant relationships over the 10 m sprint: it was
positively correlated with 10 m sprint time (r = 0.613, p =.012), and negatively correlated with
10 m velocity (r = —0.624, p =.010) and 0—10 m acceleration (r =—0.623, p = .010). This pattern
indicates that greater early-phase RFD was associated with slower sprint times, lower velocities,
and reduced acceleration over the initial 10 m. These findings are counterintuitive, as greater
RFD is typically expected to support faster sprint performance, but the high variability across

participants may explain this pattern.

Overall, the findings suggest that peak force demonstrated more stable, albeit non-
significant, associations with sprint performance than early-phase RFD. Sprint performance is

influenced by a range of factors beyond vertical force production, including sprint technique,



30

horizontal ground reaction force application, lower-limb coordination, and muscle—tendon
properties that are not captured by a static vertical isometric assessment. Despite the unexpected
direction of some relationships, this study contributes valuable insight to the underrepresented
literature on female athletes and underscores the need for further research to determine which

strength qualities most effectively support sprint performance in this population.
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Appendix A.

Health History Questionnaire

Health History Questionnaire

We are asking about your personal background to help us better interpret the results of this study.
Your responses to a few brief questions will support this process. All information you share will
remain completely confidential, and you are free to skip any questions without consequence.

Demographics:

1. Age:

2. Year of Birth: Month of Birth:
3. Height:

4. Weight:

5. Which gender do you identify with*:
b) Man
b) Woman
Other (Fluid, Two-Spirit, Third Gender, etc.): (optional to fill out)

*We recognize that this information may be personal. Your responses will remain confidential
and will only be accessible to the student researcher and supervisor. After collection, your
answers will be linked only to your ID code, as explained in the consent form.

Concussion and Orthopedic History:

1. Have you ever sustained a concussion injury? Yes / No

e Ifyes, how many concussions have been diagnosed?

e Indicate the date of your most recent concussion.
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e How much time did it take you to return to sport/full recovery from this injury?
(ex: days, weeks, or months)

Please list any significant lower body injuries or conditions that may affect your balance,
sprinting, or lower-body training. (ex: ligament sprains/tears, fractures, muscle strains,
chronic ankle instability, leg length discrepancy, arthritic conditions, etc).

o Indicate which side is affected and what year the injury/condition occurred.

e Does this injury or condition currently affect your ability to sprint or participate in
lower body training?

Please list any other significant injuries or conditions affecting other regions of the body
including the neck/back and upper extremities (ex: ligament sprains/tears, fractures,
muscle strains, arthritic conditions, etc).

o Indicate which side is affected and what year the injury/condition occurred.
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Appendix B.

Informed Consent Form

Cape
Breton
University

CAPE BRETON UNIVERSITY INFORMED CONSENT
STATEMENT

Assessing the Relationship Between Isometric Mid-Thigh Pull Peak Force and Sprint
Performance in University Soccer Players.

Principal Investigator: Grace Hannaford, BSc.

Supervisor: Dr. Sheryl Bourgaize

You are invited to take part in a research study. The purpose of this study is to investigate the
relationship between peak force output during the isometric mid-thigh pull and maximal sprint
velocity over 30 meters in university soccer players. This study is being conducted by a Bachelor
of Science (Honours) in Biology student at Cape Breton University, under the supervision of Dr.
Sheryl Bourgaize.

INFORMATION

You will be asked to complete two tests: an isometric mid-thigh pull and a 30-meter sprint.
Please wear athletic clothing, with cleats for running, training shoes for lifting, and bring water.
The isometric mid-thigh pull will take place in the Cape Breton University Athlete Gym, where
VALD Performance force plates will be set up under a squat rack with a barbell on the spotter
arms. You will step onto the force plates to have your body weight measured, then briefly lift the
barbell while the research team adjusts the J-hooks for proper technique. Once in position, you
will pull lightly to remove slack and then perform a maximal isometric pull for 3—5 seconds.
After a 2-minute rest, you will complete a second trial, followed by another 2-minute rest and a
third trial. The 30-meter sprint will take place on the turf field inside the CBU dome, where
electronic timing gates will be set up 30 meters apart. You will start one step behind the first gate
and sprint through on your own signal. Each sprint will be followed by a 2-minute rest, and you
will complete three trials in total. Before testing, you will complete a health history
questionnaire, which will include demographic information (e.g., age, height, weight, and sex) as
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well as concussion and orthopedic history. Once the questionnaire and consent form are
completed, you will perform a 10-minute warm-up consisting of dynamic stretches and light
jogging. The order of the two tests will be counterbalanced across participants to minimize
fatigue. The entire study session will take approximately 60 minutes. Data will be collected from
20 female and 20 male athletes from the Cape Breton University Varsity Soccer teams.

Leees)
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Figure 1. Isometric Mid-Thigh Pull

To be eligible to participate in this study, you must be 18 years of age or older and free from any
self-reported lower body injuries within the past six months (e.g., hamstring strain or ACL tear).

Participation in this study may cause mild fatigue from sprinting or performing maximal effort
during the isometric mid-thigh pull. Because these activities involve maximum effort, there is a
small risk of muscle strain, injury, or slips and falls. To reduce this risk, all participants will
complete a standardized warm-up led by the researcher and supervisor prior to testing.
Additionally, some participants may experience performance-related anxiety since tasks are
performed in front of other participants and the research team. To help minimize stress, you are
free to withdraw from the study at any time without any consequences.

By participating in this study, you may contribute to a better understanding of the relationship
between lower-body force production and sprint performance in university-level soccer players.
Specifically, examining whether peak force output from the isometric mid-thigh pull can predict
maximal sprint velocity may help coaches, athletes, and support staff identify important
performance indicators to target in training. The anticipated outcomes could provide evidence to



43

inform more effective, individualized strength and conditioning programs, potentially enhancing
sprint performance and reducing the risk of injury.

CONFIDENTIALITY

Your confidentiality will be protected through the use of participant ID codes. Any identifiable
information that could reveal your identity will be removed or deleted, and all data will be
reported only in aggregated form. The collected data will be securely stored in a locked office
and on a password-protected computer in the Biology Wing at Cape Breton University. Please
note that data from testing will initially be uploaded to VALD Hub’s software, which is hosted
on servers located in the eastern United States. Once the data has been associated with
participant ID codes, it will be deleted from VALD Hub’s records.

CONTACT

If you have any questions about the study or its procedures, or if you experience any adverse
effects from participating, you may contact the researcher, Grace Hannaford, at
cbu22bgym(@cbu.ca, or the supervisor, Dr. Sheryl Bourgaize, at sheryl bourgaize(@cbu.ca.This
project has been reviewed and approved by the Cape Breton University Research Ethics Board

(REB #2025-074). If you feel you have not been treated according to the information provided in
this form, or if you believe your rights as a research participant have been violated, you may
contact the Co-Chairs of the Research Ethics Board at CBU: Dr. Shauna MacDonald

(Shauna MacDonald@cbu.ca) , and Dr. Tracey Harris (Tracey Harris(@cbu.ca), or the REB
Administrator, Dr. Jared Walters, at (902) 563-3196 or ethics@cbu.ca

PARTICIPATION

Your participation in this study is entirely voluntary. You may choose not to participate or
withdraw at any time without penalty. You also have the right to decline to answer any questions
or take part in any activities. If you decide to withdraw, you may request that your data be
removed or destroyed by contacting the researcher, Grace Hannaford.

PUBLICATION

The results of this research may be published or presented in a thesis, course project report,
journal article, book, conference presentation, and/or class presentation. Only aggregated
findings will be shared, and no individual responses will be identified.
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CONSENT

I have read and understand the above information. I have received a copy of this form. I agree to
participate in this study.

Participant’s name (print) Date

Participant's signature Date

Investigator's signature Date




