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Abstract

Objectives. This study aimed to collect and analyze findings from research on athletic sprinting techniques through
a biomechanics approach to provide an in-depth understanding of effective technique and biomechanical factors

that influence sprint performance.

Materials and methods. This review inquiry adhered to the PRISMA guidelines for systematic reviews and meta-
analyses. The studies should have been published between January 2020 and August 2025, which encompassed
the previous five years. The following keywords were used in the search process: Techniques for Athletic Sprinting.

The search was conducted using the ScienceDirect database.

Results. The search process showed the following results: set position - 2 articles, hip angle — 3 articles, shorter

time - 2 articles, fascicle length - 1 article, knee flexor - 3 articles, and hamstring length - 2 articles.

Conclusions. The center of mass and contact time along with force application to the back block are critical to
acceleration. Muscle properties, such as fascicle length, and joint motion (ankle, hip, and BCM), in addition to trunk,

knee, and hip angles, define sprint mechanics.
Keywords: athletic sprint, biomechanics, technique.

Introduction

Sprinters exhibit unique characteristics that differenti-
ate them from other athletes. Research shows that sprinters
have specific body size and composition traits, with top per-
formers displaying greater body mass index, muscle girths,
fat-free mass, and strength than lower-performing sprinters
(Barbieri et al., 2017). Additionally, sprinters possess inho-
mogeneous muscularity, impacting mass distribution and
mechanical difficulty in movement, although their normal-
ized moment of inertia is not significantly different from non
sprinters (Sado et al., 2023). The development of sprinting
speed is influenced by various factors such as morphological
and physiological characteristics, energy mechanisms, coor-
dination, and optimal biomechanics (Haugen et al., 2019).
Understanding these characteristics is crucial for coaches
and sports scientists to enhance sprinters’ performance
through tailored training programs and techniques.

Systematic literature evaluations help business executives
make better judgments by offering a thorough overview of a
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subject covered in business literature and directing future
research (Clark et al., 2021). According to (Foo et al,, 2021),
systematic reviews play a crucial role in synthesizing research
findings and demystifying the search process. In systematic
reviews, a search summary table enhances the reporting of
search results and broadens the body of knowledge regarding
information retrieval (Bethel et al., 2021).

Understanding effective and efficient movement in
sports is essential to enhancing skill development in novice
learners, improving performance efficiency in athletes
and musicians, and facilitating patient recovery (Wulf &
Lewthwaite, 2021). Understanding biomechanics and its
application in sports helps athletes learn the correct way
to execute skills and achieve correct mechanical technique,
leading to success (Baudha, 2023). Understanding efficient
movement in sport is important because it contributes to
our understanding of how elite performers optimize their
movements under competitive pressure (Burns et al., 2020).

Previous research limited generalizability due to small
sample size and subjective nature of concept mapping
technique (Kalemaetal.,2022). Impedesapplication of results
in track and field athletes (Moura et al., 2023). No evidence
to suggest superiority of either technique (LeDune et al.,
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2012). The main gaps in this study are the limitations of
the small sample size and the subjectivity of the concept
mapping technique, which reduces the generalizability
of the results and the accuracy of application in athletics.
In addition, there was no clear evidence regarding the
superiority of one technique over another, indicating the
need for further research. The novelty of this study lies in the
attempt to address such issues by integrating more objective
methods and using a larger sample size, as well as providing
a comprehensive analysis of the different techniques to
determine the effectiveness of the better technique and its
application in a broader athletic context.

This study aimed to collect and analyze findings from
studies on athletic sprinting techniques through a biome-
chanics approach to provide an in-depth understanding of
effective technique and biomechanical factors that influence
sprint performance. The novelty of this study lies in using a
systematic approach to review the literature on sprint tech-
nique, enabling the integration of various findings and the
development of comprehensive, evidence-based recommen-
dations, as well as identifying research areas that require
turther exploration in the context of sprint biomechanics.

Materials and Methods

Systematic literature review (SLR) is the research
method that is employed; specifically, biomechanical
analysis on sprinting is examined, studied, and interpreted.
The term “SLR research” refers to a group of studies that
deal with data gathering techniques or research subjects
that are investigated using a variety of library resources
(books, encyclopedias, scientific journals, magazines, and
documents). According to Baker (2016), the stages that the
systematic literature review goes through are as follows:

1. Create inquiries for your research.

2. Ascertain search terms, databases, and inclusion and

exclusion standards.
. Search the literature.
. Article identification and screening.
. Evaluating the literature’s viability and quality.
. Review of the literature.
. Synthesis and analysis of qualitative data.
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Study Participants

Articles from international publications that were
indexed by science direct, a very reliable database, made
up the study’s population. We looked through published
publications from Science Direct from 2020 to 2024 for
the term “Athletic Sprint Techniques” Articles published
between 2020 and 2024 made up the sample. Primary and
secondary data sources are the two categories of research
data sources used in this study. A data coding sheet is the
tool employed in this study. This information is helpful in
explaining the exclusion of specific studies from the synthesis
in addition to acting as an internal audit.

Data Collection Techniques and Instruments

Planning

Forming a review panel including experts and
practitioners to formulate a review question is the first

step in initiating the systematic review process. The review
questions will lead to the synthesis and analysis of data.
The problem formulation chapter includes a discussion of
review questions.

Data Collection

The stage of gathering data for study is known as
data collecting. The information gathered for this study
is secondary information taken from primary scientific
reports published in primary scientific publications, which
were the findings of earlier academics’ research. This study
searched a number of reliable online databases, including
Science Direct. The keywords “Athletic AND Sprint AND
Techniques” were used in the article search. To boost the
number of article searches, the author also looked through
the references of the articles that were searched.

Criteria for Inclusion and Exclusion

This step determines whether the discovered data can
be used or not for SLR research. SLR investigation or not.
The following conditions must be met for this study to be
included, or for a study to be chosen:

1. Only keyword-related data was used.

2. The article “Data” is original.

3. Only articles written in English that are indexed

using preset standards.

4. nformation utilized between 2020 and 2024

However, the following are the exclusion criteria:

1. Information unrelated to sprinting biomechanics.

2. Review articles and data are not the same thing.

3. Not an English-language article that is indexed based

on preset standards.

4. Data not from the 2020-2024 time frame.

Literature search results in
the database using
keywords
(n=2259)

| Identificati ‘

Articles are screened based

Screening

I Eligybility‘ \ Inclusion |

on publication period (2020-
2024), language and article
type
(n=551)

Articles that were
inaccessible and did not meet
the inclusion criteria
(n=1708)

Results based on inclusion
criteria, intensive reading
and relevance (n=395)

Articles outside subjective
terms (n=156)

Results based on inclusion
criteria, intensive reading
and relevance CASP (n=10)

Fig. 1. PRISMA scheme in the literature selection process

Study Instrument

The researcher employed analysis of annotated biblio-
graphies. A journal article or other textual source’s annota-
tions are just a brief synopsis of the content. A list of sources
on a single subject is called a bibliography. Analyzing the an-
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notated bibliography requires taking into account a number
of factors, including:
1. The name of the cited source
2. The author’s background and goals
3. A brief synopsis of the material
4. The significance of the sources mentioned in
addressing the posed question.

Results

Table 1. Evolution of the number of publication at year

Year of Publication Number of article

2024 110
2023 118
2022 106
2021 104
2020 113
Table 2. Source from languages
Languages Number of article
English 546
French 5

Five studies were deemed eligible to advance to the next
stage based on the articles that satisfied the inclusion criteria,
thorough reading, and relevance to address the research
issues. The mixed methods appraisal tool (MMAT), which
was modified from Hong (2018), was then used to analyze
the gathered studies. Of the eleven quantitative studies in

Tabel 3. Mixed method apparaisal tool (MMAT) 2018

Table 4, nine employed random sampling with a control or
comparison group, according to the results of the MMAT
analysis.

Discussion

The trunk angle at takeoff and the thigh separation
angle at takeoft explain almost 90 % of the variation in
initial acceleration performance in sprinters (Walker et al.,
2021). A shorter front block starting line distance (up to
50 % reduction in leg length) results in improved sprint start
performance through greater power production against the
rear block (Cavedon et al., 2022). Placing the stance foot
further behind the body’s center of mass at touchdown and
a more anterior orientation of the (King et al., 2022).

The effect of countermovement on sprinter acceleration
depends on the speed of movement, sport, and level of the
athlete (Cross et al., 2021). The decrease in hip flexion and
extension velocity during changes in running technique
during sprinting caused by fatigue allows athletes to maintain
their acceleration despite the shift in joint moments, forces,
and positive work from the hip joint to the knee joint
(Vial et al., 2023). Greater synchronization between blind
runners and guides may be important for better blind sprint
performance (Gleadhill & Nagahara, 2020).

A narrower stride width in a sprint start does not
provide any advantage in muscle contribution to supporting
or propelling the body’s center of mass (Wang et al., 2021).
Interlimb coordination during the initial sprint acceleration
is primarily anti-phase and dominant on the trailing leg, with
ankle flight and final stance driven by the leg (Donaldson et

Screening Questions

Quantitative randomized controlled trial

Is collection

2.4. What is the

. data 2.2. Are i . 2.5.Is
Is question lecti 2.1. Was th 2.3.1s th intervention tici t
Author, year research cotection ) ndomization ¢ groups 2. 18 Hhere given parficipan
. can answer . comparable is result data . obey
questions . carried out R confidentially . .
5 questions . 2 from the complete? . intervention
clear? appropriately? .. (blind) to the C .
research beginning? results assessor? Which given?
question? ’

Valamatos et al., Yes Yes Yes Yes Yes Yes Yes
2022

Moura et al., 2023 Yes Yes Yes Yes Yes Yes Yes
LIN & PANDY, Yes Yes Yes Yes Yes Yes Yes
2022

de Andrade et al., Yes Yes Yes Yes Yes Yes Yes
2021

Romero et al., Yes Yes Yes Yes Yes Yes Yes
2022

Esposito et al., Yes Yes Yes Yes Yes Yes Yes
2023

Van Wouwe et al., Yes Yes Yes Yes Yes Yes Yes
2023

Altetal, 2021 Yes Yes Yes Yes Yes Yes Yes
Walker et al., Yes Yes Yes Yes Yes Yes Yes
2021

Plesa et al., 2022 Yes Yes Yes Yes Yes Yes Yes
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Table 4. Review of research results

Title

Method

Finding

Valamatos et al., 2022
Moura et al., 2023
Lin & Pandy, 2022

de Andrade et al., 2021
Romero et al., 2022
Esposito et al., 2023

Van Wouwe et al., 2023

Altetal, 2021

Walker et al., 2021

Plesa et al., 2022

Sistematic Literature Review
Sistematic Literature Review
Observasional Study

Observasional Study
Observasional Study
Observasional Study

Observasional Study

Observasional Study

Observasional Study

Sistematic Literature Review

“Set” position, rapid hip extension at push-off, shorter flight times, and
greater propulsive forces after block exit.

Center of mass, contact time, force applied to the back block, and the
athlete’s ability to generate a large amount of force.

Muscle fascicle length than by the muscle’s intrinsic maximum
shortening velocity.

Ankle, hip, and BCM motion.
Trunk, knee, and hip angles influencing hamstring length and tension.

Forefoot bending stiffness influences sprint performance. Non-linear
bending stiffness profiles, like carbon fiber plates, may mitigate negative
effects during sprint acceleration, impacting sprinter biomechanics and
performance.

Biomechanical factors affecting sprinter performance include optimized
hip musculature, increased knee flexor strength, and enhanced ankle
plantarflexion capacity, as revealed by musculoskeletal simulations.

Biomechanical factors affecting sprinter performance include knee
extension velocity, hip mean power in the swing phase, and eccentric
hamstring strength, crucial for sprint mechanics and velocity.

Kinematic factors, such as start performance, play a crucial role in
sprinter performance according to the study on World-class male
sprinters.

Eccentric utilization ratio, force-velocity relationship, reactive strength
index, and bilateral deficit are biomechanical factors that impact
sprinter performance by providing detailed insights into neuromuscular

capabilities.

al,, 2022). Placing the stance foot further behind the center
of mass at touchdown and a more anterior orientation of the
foot and calf segments are associated with a greater force
ratio during the initial sprint acceleration (King et al., 2022)

Muscle fascicles shorten during sprint acceleration,
contributing to positive joint work and reusing elastic strain
energy (Werkhausen et al., 2021). Muscles act synergistically
to generate ground force impulses and maximize forward
momentum changes during sprinting, with the ankle
plantarflexors, soleus, gastrocnemius, broadi, hamstrings,
and gluteus medius playing key roles (Pandy et al., 2021).

Loading caused significant changes in hip, knee, ankle,
and trunk angles at touch-down and toe-off for both
acceleration and maximum velocity phases (Osterwald et al.,
2021). Greater forward trunk tilt and less neck flexion during
the run-to-sprint transition predicted faster acceleration
during the run-to-sprint transition (Jakeman et al., 2023).
The superior performance of elite athletes in sprinting is
primarily based on a larger hip angle range and smaller
knee contact angle, which contribute to a greater horizontal
velocity of the center of gravity during acceleration (Li &
Ma, 2020).

Reactive and eccentric forces contribute to the ability to
regulate leg spring stiffness during maximum speed running,
resulting in faster running speeds in highly trained runners
compared to team sport athletes (Douglas et al., 2020). Male
sprinters had higher rear-leg starting block force, force
development rate, FO, v0, and Pmax compared to females,
but no differences in slope and ratio of horizontal force to
resultant force (Mirkov et al., 2020).

Thebiomechanical analysis of sprinting revealsa complex
interplay of factors that collectively define elite performance.
Critical elements such as the initial setting position, rapid
hip extension, and enhanced propulsive forces after exiting
the blocks are fundamental for acceleration. The center
of mass, contact time, and force application significantly
influence sprint dynamics. Additionally, muscle properties,
joint motions, and body angles are pivotal in optimizing
sprint mechanics. Advanced materials like carbon fiber
plates, along with variables such as knee extension velocity
and hip mean power, further contribute to performance
enhancement. Understanding eccentric hamstring strength,
as well as biomechanical metrics like eccentric utilization
ratio, force-velocity relationship, and bilateral deficit,
provides deeper insights into the neuromuscular capabilities
essential for achieving superior sprinting efficiency.
Collectively, these factors underscore the intricate nature of
sprint biomechanics and the importance of a multifaceted
approach to improving sprint performance.

Conclusion

The biomechanical analysis of sprinting brings out
many factors underlining what makes a good sprinter.
Key elements comprise the setting position, quick hip
extension on push-off, reduced flight times, and enhanced
propulsive forces after exiting the blocks. Center of mass
and contact time along with force application to the back
block are critical in acceleration. Muscle properties — such
as fascicle length — and joint motion (ankle, hip, and BCM),
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in addition to trunk, knee, and hip angles, define sprint
mechanics. Also, high-tech materials like carbon fiber plates
and factors including knee extension velocity plus hip mean
power as well as eccentric hamstring strength play a role in
maximizing sprint performance. Insights on the eccentric
utilization ratio, force-velocity relationship, and bilateral
deficit help us understand the essential neuromuscular
capabilities for optimal running economy: efficiency during
sprinting. Future research should explore advancements in
shoe materials, targeted training interventions, optimized
starting positions and push-off techniques, biomechanical
simulations, performance differences across athlete levels,
the impact of fatigue and recovery, and injury prevention
strategies to enhance sprint performance and technique.
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MexaHiKka wBmnaKocTi: CuctemaTudHMn ornag nirteparypv
LWOAO0 TEXHIKN NIerkoaT/neTUYHOro CNpuHTY

Pymini'A®<P, Ani C'5°PE, [Tonni Bipa FOma Kycyma'cPE

'CeMapaHICbKUIL Jep>KaBHUI YHIBepCUTET

ABTOpPCHKIMIT BRI A — Au3aitH gocmipkenHs; B — 36ip ganux; C — crataHanis; D — migroroska pykorcy; E — 36ip kowrtis

Pedepar. Crarrsa: 7 c., 4 Tabn, 1 puc., 35 mxeper.

Mera gocmimxeHHs. MeTa 1bOTO JOC/IPKEHHS [O/Israna B 30MpaHHi Ta aHaIi3i Ppe3ynbTaTiB HaAyKOBUX poO6iT 3 TexHiKM rter-
KOAQT/IETYHOTO CIIPVMHTY 32 JOIOMOro0 6ioMexaHi4HOro Hifxopy 3afyisd 3a0esledeHHA NMOMIMOIeHOr0 po3yMiHHA e(eKTUBHOI
MeTOAMKY Ta 6ioMexaHiYHMX (HaKTOPIB, 1110 BIVIMBAIOTh Ha TOKA3HMKY Pe3y/IbTATUBHOCTI B CIPYUHTI.

Marepianu ta meTopu. IIpecrapnennit oryiAg0BMIT aHali3 IPOBOAMBCA BifioBigHO Ko pekomeHpauiit PRISMA mopo cuc-
TeMATMYHNX OI/L/iB Ta MeTaaHami3iB. [locmipkeHus mam 6y Ty ony6mikoBaHi B repiog 3 ciunst 2020 poky 1o ceprieHb 2025 poKy,
II[0 OXOIUTIOE MIOIIEPE/HI ITATh POKIB. Y Ipolieci mouryky 6y BUKOPUCTaHI HAaCTYIIHI K/T04oBi coBa: Texnika JlerkoarieTMaHOTO
Cnpunry. ITouryk mpoBofgyuBcsA 3a ooMororo 6asu ganux ScienceDirect.
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PesynbraTu. IIponec nomyky 1nokasaB HacCTYIHI Pe3yabTaTH: 3ajlaHe IOJIOXKEHHS Tina — 2 CTATTi, KyT HaXM/Iy CTErHa —
3 crarTi, CKOpOUeHuIt 4ac — 2 CTaTTi, JOBXIHA ITy4Ka — 1 CTATTsA, 3TMHAY KOMIHHOTO Cyr1o6a — 3 CTaTTi, JOBXMHA MiAKOIIHHOTO
CYXOXKWM/IIA — 2 CTaTTi.

BucnoBku. lleHTp Macu Tiza Ta yac KOHTaKTY, @ TAKOXK CUJIA, 1[0 IPUKIAAETHCA IO CIIMHHOTO Bifiliny, € KpUTUYHO BaXK-
JIVBUMM JUIS TIPUCKOPEHHs. BracTuBOCTI M'SI31B, SIK-OT JOBXXIHA Imy4Ka i pyx cyrno6iB (roMiZIKOBOCTOITHOTO, TA30CTETHOBOTO Ta
MOKAa3HUK LIEHTPY MacH Tija), y HOETHAHHI 3 KyTaMM HaXITy Tyl1y0a, KO/liHa i CTerHa, BUSHAYAI0Th MEXaHIKy CIIPUHTY.

KirouoBi coBa: rerkoat/ieTMYHMIT CIPYHT, Hi0OMexaHiKa, TeXHiKa.
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