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ABSTRACT

Titles Correlation of intrinsic foot muscle strength with reactive strength index in sprinters

— An Observational Study

Background: Intrinsic foot muscles (IFMs) play a major role in enhancing the efficiency

of the stretch-shortening cycle (SSC), optimizing energy transfer, and stabilizing the medial
longitudinal arch. One factor that determines sprint performance is the Reactive Strength
Index (RSI), which measures the ability to rapidly transition between eccentric and
concentric muscle activity. Although the role of large lower-limb muscles in sprinting has

been well established, the direct link between IFM strength and RSI remains to be

completely studied.

Objectives To investigate the correlation between intrinsic foot muscle strength and

reactive strength index in adolescent sprinters.

Methods: An observational study was conducted among 80 sprinters (12—18 years) from

ABTP, Kalinga Stadium, Bhubaneswar. Intrinsic foot muscle strength was evaluated with
a toe dynamometer, while RSI was evaluated with drop jump tests on an AMTI force plate.

Data were analyzed using Spearman's rank correlation and multiple linear regression, with

p < 0.05 considered the level of significance.
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Results: Mean age of the participants was 15.18 + 1.44 years, of which 61.25% were

males and 38.75% were females. The average IFM strength of the left foot was 6.19 £0.92,
the right foot was 5.32 + 0.97, and the mean RSI was 1.24 + 0.37. Correlation analysis
showed a moderate positive relationship between left foot strength and RSI (p = 0.457, p

<0.001), and a lower level of significance for the right foot (p = 0.261, p=0.019).

Conclusions This study shows a strong correlation between intrinsic foot muscle strength

and RSI in sprinters, where the left foot strength was a greater predictor. The results
indicate that the inclusion of IFM strengthening in training programs has the potential to
improve reactive strength and sprint performance, although longitudinal and interventional

research is required to determine causality.

Keywords: Intrinsic foot muscle strength, Reactive Strength Index, Sprinters, Stretch-

shortening cycle, Toe dynamometer, AMTI force plate
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Introduction
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Sprinting is one of the most fundamental and thrilling demonstrations of human
performance, showcasing speed, power, and explosive ability, and is often regarded as the
pinnacle of athleticism. While sprinting is typically associated with large muscle groups
such as the gluteals, quadriceps, and hamstrings, the contribution of smaller stabilizing
muscles, particularly the intrinsic foot muscles (IFMs), is often overlooked. These muscles
play a critical role in stabilizing the foot, absorbing forces, and enabling efficient transition
from ground contact to propulsion. Their contribution becomes particularly important
during sprint phases—start, acceleration, and top speed—where even small changes in

movement efficiency can affect overall performance?.

A critical factor in sprinting efficiency is ground contact time. Elite sprinters are known to
keep contact times shorter than sub-elite sprinters, which contributes to faster sprinting
velocities @. During these brief contacts, the foot acts as the main point of interaction with
the ground, taking on the dual responsibility of cushioning forces while preparing for the
next push-off. This process heavily depends on the stretch—shortening cycle (SSC), where
tendons and muscles store elastic energy during the eccentric phase and release it during
the concentric phase, boosting explosive performance ). The efficiency of this cycle can
be assessed with the Reactive Strength Index (RSI), a measure that reflects how well an
athlete can quickly generate force. Higher RSI values indicate more effective energy
storage and faster transitions between landing and take-off »While the larger lower-limb
muscles have been studied extensively in relation to sprinting, the IFMs have received less

attention. Muscles such as the abductor hallucis, flexor digitorum brevis, and quadratus
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plantae do not generate high levels of force directly, but they stabilize the arch, distribute
loads, and provide sensory input that helps the body respond rapidly to changes in
movement ) Without the proper function of these small muscles, energy transfer from
larger muscle groups may become inefficient, leading not only to reduced performance but

also to a higher chance of injury ©.

Recent studies indicate that strengthening the IFMs may enhance performance. Short-foot
training and toe-grip exercises have been shown to improve balance, postural control, and
toe flexor strength (7). ® demonstrated that five weeks of toe flexor training improved both
toe strength and RSI, suggesting a clear link between IFM capacity and SSC efficiency.
Likewise, @ associated metatarsophalangeal joint strength with better sprinting skills,
particularly acceleration and direction changes. These findings indicate that IFMs are not

just passive stabilizers but may actively contribute to sprint performance.

The RSI itself is considered a reliable measure of athletic ability. Typically assessed
through drop jump tests, RSI reflects how effectively an athlete can use elastic energy
during fast movements. Because sprinting also relies on repeated eccentric—concentric
actions, RSI has been recognized as a reliable indicator of sprint capacity ¥. Newer
approaches, like the RSI RUN, extend this measurement to sprinting itself, showing strong
associations with sprint times and muscle quality (!9~ Athletes with higher RSI values are
capable of maintaining shorter ground contact times without sacrificing force production,

a decisive factor in sprint success.

Despite the theoretical basis linking IFM strength to RSI, few studies have directly
explored this relationship in sprinters. Most available studies have looked at IFM strength,

toe flexor strength, or RSI separately, leaving a gap in knowledge regarding their combined
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role. This is surprising since stronger IFMs are expected to enhance arch stiffness, reduce
excessive pronation, improve sensory feedback, and speed up SSC transitions, all of which
could improve RSI. Beyond performance, these muscles also have a protective role, as
sprinting places high stress on the lower limbs, often leading to injuries such as plantar
fasciitis, ankle sprains, and shin splints. Since weak IFMs may reduce arch stiffness,
compromise SSC function, and increase injury risk, exploring this connection is both
relevant and practical. Injuries such as plantar fasciitis, shin splints, and ankle sprains are

common in sprinting and may be linked with poor foot muscle function 1.

In practical terms, identifying a clear relationship between IFM strength and RSI could
help coaches and athletes refine training strategies. While current programs emphasize
large muscle groups and plyometric drills, adding simple foot-specific exercises like toe
curls or short-foot exercises could provide additional gains. The dual benefit of enhancing

performance and minimizing injury risk highlights the applied value of this line of inquiry.

In summary, sprint performance results from a complex interplay of biomechanics,
neuromuscular coordination, and musculoskeletal strength. The IFMs, though small in size,
play a disproportionately significant role in stabilizing the foot, supporting efficient energy
transfer, and providing proprioceptive feedback. The RSI serves as a critical measure of
SSC efficiency and explosive performance, particularly relevant to sprinting. While prior
studies support a theoretical link between IFM strength and RSI, direct empirical evidence

is lacking.

Literature Gap: Despite growing evidence on the role of intrinsic foot muscles in balance,
proprioception, and general lower-limb performance, few studies have directly examined

their relationship with RSI specifically in sprinters. Most existing research has focused on
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either IFM strength or RSI independently, leaving a critical gap in understanding how foot
muscle function influences sprint-specific explosive performance. Addressing this gap is
essential for developing targeted training interventions that can enhance both performance

and injury prevention in competitive sprinters.

The current study, therefore, aims to investigate the correlation between intrinsic foot
muscle strength and reactive strength index in sprinters, using validated measurement tools
such as toe dynamometers and force plates. By focusing on competitive adolescent
sprinters, this study seeks to provide both theoretical insight into sprinting biomechanics

and practical strategies for training, rehabilitation, and performance enhancement.
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NEED FOR THE STUDY
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The intrinsic foot muscles play an important role in providing stability to the foot and
helping transfer forces during sprinting. These functions are directly linked to the
efficiency of the stretch—shortening cycle and, in turn, to the Reactive Strength Index (RSI).
Despite this, very few studies have directly examined how IFM strength affects RSI,

particularly in sprinters.

Understanding this relationship could give valuable insight into the factors that influence
reactive ability in athletes. Such knowledge would not only contribute to improving
performance but could also help in preventing common lower-limb injuries seen in
sprinters. Since no earlier research has specifically tested this link, the present study is

necessary to address this gap.
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AIM AND OBJECTIVE
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AIM OF THE STUDY

To assess the relationship between intrinsic foot muscle strength and the reactive strength

index in sprinters

OBJECTIVE OF THE STUDY

The primary objective of the study is to investigate the correlation of intrinsic foot muscle
strength with the reactive strength index in sprinters using a toe dynamometer and an AMTI

force plate.
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HYPOTHESIS
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NULL HYPOTHESIS

There will be no significant correlation between intrinsic foot muscle strength and the

reactive strength index in sprinters

ALTERNATIVE HYPOTHESIS

There will be a significant correlation between intrinsic foot muscle strength and the

reactive strength index in sprinters.
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1. Zhen Wei, Ziwei Zeng, et al. Systematic Review and Meta-Analysis, 2022.Effect of
Intrinsic Foot Muscle Training on Foot Function and Dynamic Postural Balance: A
Systematic Review and Meta-Analysis. In the paper "Effect of intrinsic foot muscle
training on foot function and dynamic postural balance," the authors compiled evidence
concerning the effects of [FM training. The evidence in their analysis proved that the
training of IFMs had positive effects on medial longitudinal arch support and dynamic
balance. The results point out IFM training as an excellent method for rehabilitation as well

as sports performance improvement.

2. E. P. Flanagan and others. Journal of Sports Sciences, 2007.Reliability of the
Reactive Strength Index and Time to Stabilization During Depth Jumps. In
"Reliability of the Reactive Strength Index and Time to Stabilization during Depth Jumps,"
the researchers tested whether repeated trials could be reliably measured for RSI, jump
height, and contact time. Results indicated high reliability for these variables, and they
convey that RSI from depth jumps can be used by practitioners and coaches with

confidence as a one-test measure to track plyometric and reactive strength.

3. Jun Xu, David D. Goss, and Steven A. Saliba. International Journal of Sports
Physical Therapy, 2023. In "A Novel Intrinsic Foot Muscle Strength Dynamometer
Demonstrates Moderate-To-Excellent Reliability and Validity," the authors tested a new
budget-friendly dynamometer for assessing IFM strength. The instrument had good intra-
and inter-rater reliability and validity against a handheld dynamometer. These findings
indicate that this new tool provides a cost-effective, practical, and reliable measure of foot
muscle strength for research and clinical purposes.
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4. Matt Patterson and Brian Caulfield. Sports Biomechanics, 2010.A Method for
Monitoring Reactive Strength Index Using a Wearable Accelerometer. In "A method
for monitoring reactive strength index," the research outlined the development and testing
of an algorithm to compute RSI from an accelerometer worn on the ankle. The RSI values
calculated showed an excellent correlation (r = 0.98) with those derived from a force plate
and little error in measurement. This suggests that monitoring with accelerometers
represents a valid and portable alternative to classical force plate testing for monitoring

reactive strength in athletes.

5. Tourillon et al. (2024).Human Foot Muscle Strength and Its Relationship to Sprint,
Cutting, and Jumping Performance. In the paper "Human Foot Muscle Strength and Its
Relationship to Sprint, Cutting, and Jumping Performance," Tourillon and colleagues
investigated the contribution of metatarsophalangeal (MTP) flexion torque to elite
performers. Their results indicated close associations between MTP torque, passive foot
stiffness, and foot-ankle reactive strength with sprinting-specific measures such as vertical
impulse and ground contact time during maximal-speed running. These findings highlight
that foot muscle strength is not only a key to stability but also directly affects explosive

sprint and multidirectional performance.

6. Junichiro Yamauchi (2020).Importance of Toe Flexor Strength in Vertical Jump
Performance. In the article "Importance of Toe Flexor Strength in Vertical Jump
Performance," Yamauchi analyzed the role of toe flexor strength and arch structure in
explosive jump capacity. The research revealed that individuals with greater toe flexor
strength and more superior arches produced higher ground reaction forces, leading to better

vertical jumping performance. This emphasizes the critical contribution of distal foot

29




strength towards the optimization of power generation in explosive actions like jumping

and running.

7. Kayhan et al. (2024).Ankle Dorsal/Plantar Strength, Reactive Strength Index, and
Balance in Youth Soccer Players. Through their research on "Ankle Dorsal/Plantar
Strength, Reactive Strength Index, and Balance in Youth Soccer Players," Kayhan and
others explored ankle strength in the determination of reactive strength and balance
performance. The findings revealed that stronger dorsiflexors and plantar flexors of the
ankle were linked with increased RSI values and better balance performance. These results
indicate that distal lower-limb strength is an important contributor to the development of
reactive athletic skills, and by association, highlight the potential importance of intrinsic

foot muscle strength in comparable high-demand tasks.

8. Runner Strike Patterns and IFM Strength Variability (2023) Runner Strike
Patterns and Intrinsic Foot Muscle Strength Variability. A study involving 70
recreational runners compared intrinsic foot muscle profiles between rearfoot strikers and
non-rearfoot strikers. The results showed that individuals with a rearfoot strike pattern
tended to have thicker intrinsic foot muscles and stronger toe-flexion capacity. These
findings suggest that habitual running mechanics influence IFM strength and morphology,
pointing to strike pattern as a common factor in the variability of foot muscle characteristics

among runners.

9. Morphology of Foot Muscles in Sprinters and Non-Sprinters (2018).Morphological
Differences in Foot Muscles Between Sprinters and Non-Sprinters. A study that utilized
ultrasound imaging investigated variations in foot muscle thickness between sprinters and

non-sprinters. Sprinters were found to have foot muscles measuring 10.2% to 17.1%
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greater in thickness than the foot muscles of non-sprinters. Surprisingly, a significant
relationship was only found for the abductor hallucis thickness, which was positively
correlated with slower sprint performance. This would imply that although sprinters tend
to have more foot muscle development, the performance contribution and prevalence of

certain muscles could be different.

10. Montoro-Bombu R., Sarmento H., Elferink-Gemser M., et al. (2024).The Integral
Reactive Strength Index (IRSI): An Accurate Measurement for Evaluating Drop
Jump Performance in Sprinter Athletes. In their paper entitled "The Integral Reactive
Strength Index (IRSI): An Accurate Measurement for Evaluating Drop Jump Performance
in Sprinter Athletes," Montoro-Bombu and colleagues proposed the IRSI as an evolution
of the classic reactive strength index. The research particularly tested its use in sprinters
during drop jumps and showed that IRSI provided a more sensitive measurement of
stretch—shortening cycle effectiveness by factoring in both jump height and ground contact
dynamics. The results confirmed that IRSI is a sensitive and valid measure for the
assessment of reactive strength in sprinting athletes, making it very applicable for

performance testing and training assessment.

11. Suchomel et al. (2021). The Importance of Muscular Strength in Athletic
Performance: A Review. Their review emphasized the role of muscular strength as a
foundation for explosive performance. They highlighted RSI as a sensitive tool for
monitoring training adaptations in power-based sports. This strengthens its relevance in

sprint-related studies.

12. Foster et al. (2019).Running mechanics and energetics: Effects of foot muscle

strength on stride efficiency. In their work on running mechanics, the authors found that
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stronger foot muscles improved stride efficiency and reduced energy cost during prolonged
running. These results show that intrinsic muscle strength contributes not only to sprinting

but also to endurance performance.

13. Zebis et al. (2016).Neuromuscular asymmetry in athletes: Implications for reactive
tasks. This study explored neuromuscular asymmetry in athletic populations. Findings
indicated that imbalances in strength and control can impair reactive tasks such as sprinting
and jumping. This supports the assessment of both feet individually when examining IFM

strength and RSI relationships.

14. Kelly et al. (2014). Plantar intrinsic foot muscle activation in response to postural
demand. In their work on plantar intrinsic foot muscles, the authors examined how
increasing postural demands recruit these muscles. Results showed greater activation of
intrinsic foot muscles under challenging balance conditions, reinforcing their role in
stabilizing the medial longitudinal arch. This suggests that intrinsic muscles are not only

passive supporters but also active contributors to performance.

15. McKeon et al. (2015). The foot core system: A new paradigm for foot function in
athletes. Through the ‘foot core system” framework, McKeon and colleagues
conceptualized intrinsic foot muscles as local stabilizers similar to the core muscles of the
trunk. Their analysis indicated that these muscles maintain foot integrity and dynamic
control during movement. The study provided a new paradigm for considering the foot as

a functional unit in athletic performance.

16.Farris et al. (2019). Role of intrinsic foot muscles in bipedal locomotion. This study

assessed the role of foot muscles in bipedal locomotion. Findings revealed that intrinsic
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muscles are essential for modulating arch stiffness and enabling efficient elastic energy
return during running and jumping. The research emphasized their functional significance

in high-performance athletic activities.

17. Ridge et al. (2019).Minimalist footwear and intrinsic foot muscle volume: Effects
on performance. In research comparing footwear types, the authors demonstrated that
training in minimalist shoes significantly increased intrinsic foot muscle volume. These
changes correlated with improved running efficiency, suggesting that strengthening the
foot musculature through specific footwear or training interventions can enhance

performance.

18. Wei et al. (2022).Effects of intrinsic foot muscle training: A systematic review and
meta-analysis. In a systematic review and meta-analysis, Wei and colleagues analyzed the
effects of intrinsic foot muscle training. They found that IFM interventions improved arch
morphology, foot strength, and postural control. This confirms the broader functional

benefits of foot-specific exercise programs.

19. Hollman et al. (2022).Foot core training and athletic performance: A systematic
review. Through a systematic review, the authors examined the role of foot core training
in athletic performance. Results indicated that targeted IFM strengthening reduces injury
risk while supporting performance outcomes in running and jumping tasks. This

underscores the preventive and performance-related value of foot training.

20. Garcia-Garecia et al. (2023).Intrinsic foot muscle activation in athletes with chronic
ankle instability. Their work explored intrinsic foot muscle activation capacity in athletes

with chronic ankle instability. Findings showed impaired muscle recruitment in these
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athletes compared to controls. This suggests that reduced intrinsic muscle activation may

compromise stability and performance.

21. Abbis et al. (2023).Intrinsic foot muscle training interventions: A meta-analysis.
In a meta-analysis, the authors reviewed evidence on IFM training interventions. Results
confirmed significant improvements in foot function and muscle strength following
structured programs. These outcomes strengthen the rationale for incorporating IFM

training into athletic conditioning.

22. Baca (1999).Drop-jump performance assessment: Comparing methods of
analysis. This study compared methods of analyzing drop-jump performance. The results
demonstrated that force plate measurements provided the most accurate assessment of
ground contact and jump metrics. This supports the use of validated instruments such as

AMTT force plates for RSI calculations.

23. Ciacci et al. (2024).RSI RUN: A sprint-specific measure of reactive strength. In
their study introducing RSI RUN, the authors developed a new sprint-specific measure of
reactive strength based on stride length and ground contact time. They found strong
correlations between RSI RUN and sprint performance indicators. This demonstrates the

importance of adapting RSI to sport-specific demands.

24. Sulowska-Daszyk et al. (2024).Short foot exercise vs. minimalist footwear: Effects
on runners. Their study compared short foot exercises and minimalist footwear for
runners. Both interventions led to improvements in foot muscle morphology and running
performance at lactate threshold velocity. The findings suggest that intrinsic muscle

training can enhance both structural and functional outcomes.
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STUDY POPULATION: Elite Sprinters
STUDY DESIGN: Observational study
SAMPLING TECHNIQUE: Purposive sampling

SAMPLE CRITERIA:

INCLUSION CRITERIA:

1. Sprinters aged 12-18 participated.

2. Sprinters who ran for 100 meters were included.

3. Their training period was more than 6 months, and they had participated

at the district level.

EXCLUSION CRITERIA:

1. Participants who had sustained any injury within the previous three

months were excluded.

2. Individuals who were not in an active training phase, or those who were

untrained or only recreationally trained, were not considered

3. Athletes who experienced discomfort or symptoms such as muscle
cramps or soreness that could have influenced their sprinting performance

were excluded.
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5 STUDY SETTING: ABTP, Kalinga Stadium, Bhubaneswar
6 SAMPLE SIZE: 80
7 STUDY DURATION: 1 year

1 MATERIALS REQUIRED:

1. Force Plate

2. 30cm Wooden Box

3. Toe Dynamometer

Sample Size Calculation: The formula to calculate the sample size for correlation is:
n=[(Zo/2+Zp)"2/(Effect Size)"2]+3
Where:

e Za/2 is the critical value of the normal distribution for the significance level. (for

0=0.05, Za/2=1.96 for a two-tailed test).
e Zp is the critical value for the desired statistical power. (for 80% power, Z3=0.84).

o Effect size (d) was considered as 0.30; the sample size of 80 sprinters was obtained

OUTCOME MEASURES:
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1)

2)

Reactive Strength Index- Reactive strength index (RSI) was evaluated using the
drop jump test, which is a recognized method for assessing the efficiency of the
stretch—shortening cycle in athletes. RSI was calculated as the ratio of jump
height to ground contact time, with higher values reflecting superior
neuromuscular efficiency and explosive capacity. For the test, participants
stepped from a standardized box height. They performed a maximal vertical
jump immediately upon landing, while contact time and jump height were
recorded using an electronic jump mat. Previous studies have reported that RSI
demonstrates high reliability for monitoring reactive ability in both youth and
adult populations (ICC > 0.90) “!9_In the present study, it served as the primary

outcome variable to represent lower-limb reactive performance in sprinters.

Intrinsic Foot Muscle Strength- Intrinsic foot muscle strength was assessed
using a hand-held dynamometer, which provides an objective and reliable
method of evaluating the force generated by the small muscles located within the
foot. These muscles play a critical role in stabilizing the medial longitudinal arch,
supporting balance, and assisting in propulsion during sprinting and jumping
activities. Testing was conducted separately for the left and right feet. This
method provides an objective way to capture the contribution of the small foot
muscles that stabilize the arch and support propulsion. Earlier studies have

demonstrated good reliability for this tool (ICC > 0.85) (%13,
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Instruments to be used for outcome measures

1) Toe Dynamometer- The intrinsic foot muscle (IFM) strength was measured
using a handheld toe dynamometer. The instrument measures the peak isometric
force produced while flexing the toes. It is lightweight, simple to use, and can be
utilized in clinical and sports environments. The tool has been described as
having good reliability in the past (ICC > 0.85) and can be used as a reliable

means of measuring small muscle groups in the foot (1213

2) AMTI Force Plate-An AMTI force plate was used to test the Reactive Strength
Index (RSI) via the drop jump test. The platform measures ground reaction forces
and precisely records contact time and flight time. These measures are utilized to
compute RSI. The AMTI force plate is commonly cited as a gold-standard tool in

biomechanics studies because of its high accuracy and reproducibility
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PROCEDURE

Ethical Considerations

Before data collection, ethical clearance was obtained from the Institutional
Ethical Committee. Athletes who met the inclusion criteria were recruited, and
informed consent was taken from each participant. For those under 18 years,

consent was also obtained from their parents or guardians.

All participants first completed a standard warm-up session to prepare for

testing and reduce injury risk.
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Test Procedures
Reactive Strength Index (RSI)

RSI was measured using a drop jump test on an AMTI force plate. Each
participant stepped off a 30 cm box, landed on the force plate, and immediately
performed a vertical rebound jump with maximum effort A one-minute rest
interval was provided between trials to allow adequate recovery. For each drop
Jump, participants were instructed to step forward off the box naturally, without
pushing off or jumping upward, and upon landing on the force platform, to
rebound vertically as high and as quickly as possible. Performance data were
collected using the AMTI Force Plate. The Reactive Strength Index (RSI) was

calculated using the formula:
RSI=JH/GCT

where RSI represented the reactive strength index, JH denoted jump height,

and GCT referred to ground contact time.
Intrinsic Foot Muscle Strength

For the intrinsic foot muscle assessment, participants first performed two
familiarization trials in a supine hook-lying position to ensure proper
understanding of the isometric toe flexion task. Following familiarization, each
participant completed three recorded trials of maximal isometric toe flexion
using the Intrinsic Foot Muscle Toe Dynamometer. A 30-second rest period

was provided between each toe-pressing effort for each foot. Additionally, a
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five-minute rest interval was maintained between assessors. All assessors

remained blinded to each other’s results to reduce bias and ensure objectivity.

Data Collection and Analysis

Data were systematically recorded during all test sessions. The collected values
for IFM strength and RSI were then subjected to statistical analysis using SPSS
software. The results were interpreted to identify the correlation between

intrinsic foot muscle strength and the reactive strength index.

PROCEDURE FLOW CHART

Approval from IEC

\ 4

Participant Recruitment

\ 4

Screening for Inclusion & Exclusion Criteria

\ 4

Informed Consent & Demographic Data Collection
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\ 4

Standardized Warm-up (Jogging + Dynamic Stretches)
Intrinsic Foot Muscle Strength Testing
(3 Trials per Foot using Dynamometer)
Reactive Strength Index Testing
(Drop Jumps on Force Platform/Jump Mat, 3 Trials)

A

Data Recording & Documentation

\

Statistical Analysis
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Fig 1,2,3-1FM strength Testing

44




bRt L

Fig 4,5,6- RSI Testing

45




46




STATISTICAL ANALYSIS
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Data analysis was performed using IBM SPSS Statistics software. The Shapiro-Wilk test
was used to assess the normality of the data. Spearman's rank correlation coefficient (r )
was used to correlate intrinsic foot muscle strength with the reactive strength index in

sprinters. The level of significance was set at p <0.05.
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RESULT
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Atotal of 80 sprinters were involved in the research, with an average age of 15 years [range
(IQR)- 2.0: 12—18 years]. The participants' average height was 157.71 + 2.80 cm (range:
150-160 cm), and average body weight was 50 kg [range (IQR) 10: 38-61 kg]. There was
greater intrinsic foot muscle strength for the left foot 6.1 than the right foot 5.35. The

average Reactive Strength Index (RSI) was 1.18 [range (IQR) 0.49: 0.50-2.39]
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Table 1. Descriptive statistics of participants

P-
Variable SAMPLE (N=80) VALUE
Age (years)

[Median (IQR)] 15 (2.0) .001
Height (cm)

[Mean +SD] 157.713 £ 2.807 .074
Weight (Kg)

[Median (IQR)] 50(10) <.001
Intrinsic Foot Muscle

Strength (Left Foot)

[Median (IQR)] 6.1(1) <.001
Intrinsic Foot Muscle

Strength (Right Foot)

[Median (IQR)] 5.35(1.4) <.001
Reactive Strength Index

(Value)

[Median (IQR)] 1.18(0.49) .005
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Graph 1. Normality graph of Age, Height, Weight
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Graph 2. Demographic and Anthropometric Measurements
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Table 2. Sex distribution

Frequencies for SEX
SEX Frequency | Percent
F 31 38.75
M 49 61.25
Total 80 100

Chartl. Chart for Gender

31,
39%

Gender

® Male Female

49,
61%
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The Shapiro-Wilk test of normality revealed that both pairs of variables—Left Foot

Strength and RSI (W =0.945, p < 0.001) and Right Foot Strength and RST (W = 0.950, p

< 0.001)—were significantly different from a normal distribution. Therefore, non-

parametric Spearman's rank correlation was done for further analysis.

Table 3. Normality Testing

Variable Pair W Statistics p-value
Left Foot Strength - RSI 0.945 <0.001
Right Foot Strength - RSI | 0.95 <0.001
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Correlation analysis indicated that left foot intrinsic muscle strength was moderately and

positively correlated with RSI (p = 0.457, p < 0.001, effect size = 0.494), showing that greater left

foot muscle strength was significantly correlated with greater RSl values. Conversely, the right

foot had a weaker but statistically significant sub-moderate correlation (p = 0.261, p = 0.019,

effect size = 0.267). This indicates that greater intrinsic foot muscle strength in the left foot was

correlated with a higher RSI value.

Table 4. Correlation Analysis

Correlation
Coefficient
(Spearman's rho effec
Variable Pair p) p-value t
size
Left Foot —
RSI 0.457 0.001 0.494
Right Foot — RSl
0.261 0.019 0.267
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Graph 2- Q-Q (Quantile-Quantile) plot for IFM strength left and right, RSI
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GRAPH 3- AVERAGE IFM STRENGTH AND REACTIVE STRENGTH INDEX

VALUE
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Discussion
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This study shows the relationship between intrinsic foot muscle (IFM) strength and reactive
strength index (RSI) among sprinters aged 12 to 18 years. The outcome measures included
IFM strength, assessed with a dynamometer, and RSI, derived from drop jump performance
on a force platform. The results demonstrated a positive relation between the two variables,
showing that participants with stronger intrinsic foot muscles were able to produce higher
RSI values. These findings highlight the contribution of the "foot core" to explosive
movements like sprinting and jumping—a field that has not been investigated as widely as
the impact of the larger muscles in the lower limb. By turning attention to these small

stabilizing muscles, the findings bring a new dimension to the biomechanics of sprinting.

The research started with the supposition that stronger IFM would be associated with
improved RSI scores. This expectation was confirmed in that left foot strength had a
moderate and statistically significant correlation with RSI, while right foot strength had a
weaker yet still significant relationship. The RSI scores obtained in the present study were
similar to those documented in previous studies on young sprinters !9, whose validation
of RSI as a reliable measure during drop jump protocols was confirmed. Likewise, the
levels of IFM strength. The findings in the current study were aligned with those of %,
which showed the reliability of using dynamometry to assess foot muscle output. The
current findings also mirror the study of Yamauchi (2020), where athletes with greater toe

flexor strength were capable of generating higher ground reaction forces and better jump
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capabilities'¥). Collectively, these comparisons help to support the contention that IFM

strength plays a significant part in explosive sporting performance.

Beyond the straight results, the study highlights the significance of taking into account
smaller stabilizing muscle groups in sprint training regimens. Classic conditioning for
sprinters tends to focus most on the hamstrings, quadriceps, and gluteal muscles, but the
evidence in this case indicates that the intrinsic foot muscles contribute significantly, too,
to reactive performance. This aligns with Hollman et al. (2022), who demonstrated that
foot core training might improve running and jumping capacity as well as reduce the risk
of injury!®. Taken collectively, these results confirm the perspective that the strength of
IFM should not be merely regarded as an assisting factor but also as a performance-

enhancing element deserving of intentional training.
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CONCLUSION
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In this observational study, the reactive strength index (RSI) and intrinsic foot muscle
strength (IFMS) in juvenile sprinters were found to be strongly positively correlated, with
left foot strength being a better predictor of reactive capability than right. These results
underscore the functional significance of intrinsic foot muscles for sprint performance,
with their role in supporting arch stability, energy transfer, and efficiency of the stretch-
shortening cycle. Although the cross-sectional design of this study restricts causal
inference, the findings imply that focused strengthening of the intrinsic foot muscles may
help enhance reactive strength and sprint performance. Prospective longitudinal and
intervention research is warranted to confirm these findings in larger cohorts and to
investigate their implications for training, rehabilitation, and prevention of injury in
athletes. These findings highlight the function of the "foot core" in explosive movements
like sprinting and jumping—a topic not investigated as much as the role of the larger
muscles in the lower limb. By moving attention to these small stabilizing muscles, the

results bring new insight to the biomechanics of sprinting.

The research started with the following hypothesis that higher IFM strength would
correlate with improved RSI scores. The findings confirmed this expectation, with strength
on the left foot revealing a moderate and statistically significant relationship with RSI, and

right foot strength revealing a weaker but still significant correlation. The RSI values
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obtained in this study were similar to those found in previous research on young sprinters
(19 who legitimized RSI as a reliable measure in drop jump tests. Likewise, the IFM
strength values observed herein concurred with those of Xu, Goss, and Saliba (2023), who
showed the reliability of dynamometry to assess foot muscle output'®. The current
findings also resonate with the work of Yamauchi (2020), where it was reported that
individuals with stronger toe flexors could generate larger ground reaction forces and better
jump performance!?. Collectively, these comparisons affirm the argument that IFM

strength has a meaningful contribution to make in explosive athletic performance.

Looking beyond the immediate outcomes, the research highlights the value of including
smaller stabilizing muscle groups in sprint training protocols. Conventional sprinter
conditioning tends to focus primarily on the hamstrings, quadriceps, and gluteal muscles,
but the findings here indicate that the intrinsic foot muscles also contribute significantly to
reactive performance. This aligns with Hollman et al. (2022), who demonstrated that foot
core training could improve running and jumping performance as well as reduce the risk
of injuries !®. Combined, this evidence supports the argument that IFM strength should
not only be regarded as an auxiliary factor but also a performance-increasing component

worth intentional training.
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LIMITATION AND RECOMMENDATION FOR FUTURE SCOPE

70




This investigation has some limitations that need to be considered. First, because it used a
cross-sectional observational design, the findings only show an association between
intrinsic foot muscle strength and reactive strength index (RSI) and cannot prove cause and
effect. Second, the participants were all adolescents within a fairly narrow age range, which
makes it difficult to apply these results to older athletes, elite sprinters, or those from

different sporting backgrounds.

Another limitation lies in the way IFM strength was measured. Although dynamometry is
widely accepted as reliable and valid, it may not fully reflect how these muscles work
during fast and dynamic tasks like sprinting or jumping. Second, other potential factors,
including training background, strength of the larger lower-limb muscles, and coordination
patterns, were not controlled in the analysis. Although anthropometric information like
height and weight was taken, their effects on RSI performance were not directly examined.
Finally, the study did not control for foot preference or performance asymmetry, which

may have influenced the stronger relationship of left foot strength over right.

FUTURE SCOPE
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Future studies should be based on interventional designs to determine if training specific
intrinsic foot muscles can enhance RSI and sprint performance directly. Research with
larger and more diverse groups of athletes, including elite sprinters and across a range of
ages, would enhance generalizability. More sensitive assessment tools, including
ultrasound or pressure plate measures, could provide a better insight into the function of
foot muscles in dynamic activity. Exploring variables such as foot dominance, asymmetry,
and lower-limb biomechanics can potentially illuminate the contribution of intrinsic foot

strength to reactive performance and prevention of injury.
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SUMMARY
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This study sought to explore the relationship between the intrinsic strength of foot muscles
and the reactive strength index (RSI) for adolescent sprinters. Eighty subjects in the age
group 12-18 years participated, with right and left foot intrinsic foot muscle strength
measured along with RSI values. The main objective was to find out if intrinsic foot muscle
strength affects reactive performance in a significant way, which is a major factor that

determines the efficiency of sprinting.

The results showed that left foot muscle strength had a moderate and statistically significant
positive correlation with RSI, while right foot strength displayed only a weaker, sub-

moderate correlation.

These findings demonstrate the functional significance of intrinsic foot musculature in the
performance of reactive strength. The research implies that training the intrinsic
musculature of the foot, specifically through specific training protocols, could augment
explosive capability, sprint performance, and perhaps lessen the risk for injury. These
findings underscore that foot-specific conditioning should be given equal consideration to

traditional strength and plyometric training for sprint athletes.
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