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Abstract

Background: Hamstring strain injuries (HSIs) are among the most common and recurrent
injuries in sports involving high-speed running. While eccentric training has demonstrated
efficacy in reducing HSI risk, the role of sprint training as a preventive strategy remains
underexplored and often misinterpreted as solely a risk factor. Methods: This review aimed
to systematically map the available evidence on the role of sprint training in hamstring
injury prevention, identifying mechanisms, outcomes, and potential synergies with other
strategies. This scoping review was conducted following the Joanna Briggs Institute’s
methodology and reported in accordance with PRISMA-ScR guidelines. Seven databases
(PubMed, Scopus, Web of Science, Cochrane CENTRAL, SPORTDiscus, CINAHL, and
PEDro) were searched up to October 2024. Studies were included if they involved adult
athletes and examined the effects of sprint training, ≥80–90% maximal sprint speed (MSS),
on hamstring injury prevention, muscle architecture, or functional outcomes. All databases
were searched from inception to 15 October 2024, and the screening and data-charting
process was completed on 30 April 2025. Results: Twelve studies met the inclusion cri-
teria. Sprint exposure, when combined with eccentric strengthening and biomechanical
optimisation, led to injury reductions ranging from 56% to 94%. Eccentric interventions
produced fascicle length increases of up to 20% and strength gains of 15–20%. Improve-
ments in sprint technique and neuromuscular control were also reported. Biomechanical
risk factors, including pelvic tilt and hip extension deficits, were linked to increased HSI
risk. The most common eccentric protocols included Nordic Hamstring Exercises (NHE),
Razor Curls, and hip-dominant exercises, typically performed 1–2 times per week for 4
to 8 weeks. Conclusions: High-speed sprint training, when properly programmed and
integrated into comprehensive preventive strategies, may enhance tissue resilience and
reduce HSI risk. Combining sprint exposure with eccentric strengthening and technical
coaching appears to be more effective than isolated interventions alone. Practically, these
results support the systematic inclusion of progressive high-intensity sprint exposure in
routine hamstring-injury-prevention programmes for field-sport athletes.

Keywords: posterior thigh strain; maximal sprint exposure; eccentric loading; muscle–
tendon adaptations; sports injury reduction
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1. Introduction
Hamstring strain injuries (HSIs) represent one of the most frequent and recurrent

musculoskeletal issues in sports that involve high-speed running and explosive actions,
such as football, rugby, athletics, and other field-based team sports [1–3]. These injuries
typically occur during sprinting, especially in the late swing phase, when the hamstring
muscles, particularly the biceps femoris long head (BFlh), are subjected to intense eccentric
contractions at long muscle lengths [4–10]. The clinical and economic impact of HSIs is
considerable, often leading to significant time lost from sport participation, diminished
performance, and elevated reinjury rates—reported in some contexts to be as high as
30% [11–15]. Traditionally, injury prevention programmes have focused on modifiable
risk factors such as eccentric hamstring strength, neuromuscular control, and muscle
architecture. Among these, the Nordic Hamstring Exercise (NHE) has emerged as a
prominent intervention, supported by studies showing a reduction of HSI incidence by up
to 65% in athletes who adhere to structured eccentric strengthening protocols [16–21].

Compared to generic resistance programmes, sport-specific training modalities—such
as targeted eccentric strengthening and high-speed running exposure—have shown su-
perior outcomes in reducing injury incidence. Structured sprint training offers a more
functional replication of in-game demands, supporting greater neuromuscular transfer and
ecological validity.

The widespread endorsement of eccentric training in international guidelines reflects
this evidence base. However, some authors have criticised the limited ecological validity of
such exercises, which may not adequately replicate the biomechanical and neuromuscular
demands encountered during high-speed running [17,22–26].

Indeed, sprinting activates the hamstring muscles in a highly specific and intense
manner, particularly at angular velocities and timing patterns that differ substantially
from those in resistance-based gym exercises [27–30]. Several electromyographic (EMG)
studies have confirmed that hamstring activity is greatest during the late swing phase
of sprinting, especially at intensities exceeding 80–90% of maximal sprint speed (MSS),
where peak muscle strain and fascicle lengthening are maximised [31–35]. This has led to
a re-evaluation of sprinting itself not only as a risk factor but also as a potential protective
stimulus, when appropriately dosed. Some studies have proposed a U-shaped relationship
between sprint exposure and injury risk [36–39]; while this is a compelling concept, it
should be considered hypothesis-generating given the limited number of available studies
and lack of dose–response modelling. The acute:chronic workload ratio (ACWR) model has
been proposed as a method to manage this balance, allowing for safe progression of sprint
exposure and potentially enhancing tissue tolerance [38–40]. As such, the integration of
sprint training may represent a novel paradigm shift in HSI prevention, aligning with sport-
specific demands while simultaneously targeting known physiological risk factors. Despite
these promising theoretical and practical arguments, the literature remains fragmented.
Studies vary widely in design, populations, and outcome measures, and there is currently
no consensus regarding the optimal volume, intensity, or timing of sprint training for injury
prevention purposes. Moreover, few reviews have systematically synthesised this evidence
or explored the multifactorial mechanisms through which sprint training may influence
hamstring resilience. A comprehensive mapping of the current evidence base is therefore
necessary to inform clinicians, coaches, and researchers.

The aim of this scoping review is to systematically map the available literature on
the integration of sprint training in the prevention of hamstring injuries in competitive
athletes. Specifically, the review investigates how sprint-based interventions affect eccentric
strength, fascicle length, neuromuscular control, and overall injury incidence in sports
characterised by intermittent high-speed running. By identifying patterns, gaps, and
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key findings, this review intends to provide an evidence-based foundation for future
research and practice, and to clarify whether sprinting—when programmed effectively—
can serve as a cornerstone of modern injury prevention strategies. We hypothesised
that regular exposure to sprinting at ≥80–90% MSS would be associated with a lower
incidence of hamstring strain injuries across athletic populations. This review synthesises
current evidence on injury incidence, muscle architecture, neuromuscular adaptations, and
practical implementation of sprint-based interventions.

2. Methods
This scoping review was conducted in accordance with the methodology outlined

by the Joanna Briggs Institute (JBI) for scoping reviews, which provides a structured
and systematic approach to mapping key concepts, evidence types, and research gaps
on a defined topic [41]. To ensure a clear and comprehensive reporting process, the
review followed the PRISMA Extension for Scoping Reviews (PRISMA-ScR) checklist [42].
Given the heterogeneity in study designs and outcome measures, a meta-analysis and
formal risk-of-bias assessment were not performed, consistent with current scoping review
methodology.

3. Review Question
The review aimed to answer the following research question:

What is the role of sprint training in the prevention of hamstring injuries in competitive athletes?

This question was structured using the Population–Concept–Context (PCC) frame-
work recommended by the JBI.

4. Eligibility Criteria
4.1. Population

Studies were included if they involved male or female competitive athletes aged
18 years or older, regardless of level (elite, sub-elite, or amateur), who engaged in sports
requiring sprinting or high-speed running. Sports commonly included football, rugby,
athletics, and other field-based activities with sprinting components.

4.2. Concept

The core concept under investigation was the use of sprint-based training protocols
as a preventive strategy for hamstring strain injuries (HSIs). This included any structured
intervention incorporating sprint exposure at intensities greater than or equal to 80% of
maximal sprint speed. Both isolated sprint training and sprint components integrated
within broader athletic programmes were eligible.

Primary outcomes considered included:

• Reduction in hamstring injury incidence or recurrence;
• Improvements in modifiable risk factors (e.g., eccentric strength, biceps femoris fascicle

length, neuromuscular control);
• Return-to-play timelines, fatigue tolerance, and sprint performance.

4.3. Context

Studies conducted in any sporting or rehabilitation context were considered. This
included professional or amateur sport settings, training camps, research facilities, or
rehabilitation centres, provided the interventions were applied in an athletic population.
Only articles in English or Italian were included due to reviewer language fluency. This is
acknowledged as a limitation in study generalisability.
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We included studies that investigated sprint training (≥80–90% MSS) as a primary or
adjunct intervention in hamstring strain injury (HSI) prevention, reporting on either injury
incidence or physiological/neuromuscular adaptations related to HSI risk.

5. Exclusion Criteria
Studies were excluded if they:

• Did not report specific interventions involving sprint training;
• Focused exclusively on post-injury rehabilitation without a preventive component;
• Included participants with prior surgical interventions to the hamstrings or lower

limb in the last 6 months;
• Targeted non-athletic or paediatric populations;
• Were not published in English or Italian;
• Did not report original data (e.g., editorials, opinion pieces, narrative reviews).

6. Search Strategy
A comprehensive literature search was carried out across seven electronic databases

to ensure a wide and inclusive mapping of studies addressing sprint training and its role in
hamstring injury prevention. The databases searched were:

• PubMed (MEDLINE)
• Scopus
• Web of Science
• Cochrane Central Register of Controlled Trials (CENTRAL)
• PEDro
• SPORTDiscus
• CINAHL

The search was performed on 30 October 2024. No limits were placed on publication
date or geographical origin. Only studies published in English or Italian were considered.

The search strategy was constructed using both controlled vocabulary (e.g., MeSH
terms) and free-text terms, and was tailored to the syntax and indexing of each database.
Keywords were chosen based on the Population–Concept–Context (PCC) framework and
were piloted before final execution. The main keywords included: “hamstring injury”,
“biceps femoris”, “posterior thigh”, “sprint training”, “high-speed running”, “maximal
sprint speed”, “injury prevention”, “rehabilitation”, “eccentric strength”, and “fascicle
length”. Full search strings are available upon request. Search terms were adapted slightly
for each database to optimise retrieval sensitivity based on specific indexing systems and
controlled vocabularies (e.g., MeSH in PubMed). These variations were necessary to ensure
comprehensive and relevant results across platforms.

7. Study Selection
The screening process was conducted in two distinct phases:

1. Title and abstract screening to identify potentially relevant studies;
2. Full-text review of selected articles to determine eligibility according to the PCC

criteria.

Two independent reviewers conducted both screening phases. Disagreements were
discussed until consensus was reached. When uncertainty remained, a third reviewer was
consulted. Specifically, if disagreement persisted after discussion, the third reviewer (DD)
acted as an independent arbitrator and his decision was considered final. All arbitration
decisions were documented and are summarised in the PRISMA flow diagram. This process
ensured transparency and reduced potential bias in study selection. Three reviewers were
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involved in the process. Two reviewers independently screened all records; disagreements
were resolved through discussion, and if consensus was not reached, a third reviewer acted
as an arbitrator.

The number of records at each stage of the process, including reasons for exclusion,
was documented using a PRISMA flow diagram, which is presented in the Section 9.

PubMed (MEDLINE)
(“Hamstring Muscles” [Mesh] OR hamstring* OR “biceps femoris” OR “poste-

rior thigh”)
AND (“Sprint Training” OR “High-Speed Running” OR “Maximal Sprint Speed” OR

“Speed Training”) AND (“Injury Prevention” OR “Risk Reduction” OR “Rehabilitation”
OR “Return to Play”)

Scopus
TITLE-ABS-KEY (“hamstring injury” OR “biceps femoris” OR “posterior thigh” OR

“hamstring strain”) AND TITLE-ABS-KEY (“sprint training” OR “high-speed running”
OR “explosive running” OR “maximal sprint speed”) AND TITLE-ABS-KEY (“injury
prevention” OR “rehabilitation” OR “eccentric strength” OR “fascicle length”)

Web of Science
TS = (“hamstring injury” OR “posterior thigh” OR “biceps femoris” OR “hamstring

strain”) AND TS = (“sprint training” OR “maximal sprint speed” OR “high-speed running”
OR “explosive sprinting”) AND TS = (“injury prevention” OR “functional outcome” OR
“eccentric training” OR “return to play”)

Cochrane CENTRAL
(“Hamstring Injury” OR “Hamstring Strain” OR “Posterior Thigh Injury”) AND

(“Sprint Training” OR “High-Speed Running” OR “Maximal Sprint Speed”) AND (“Injury
Prevention” OR “Rehabilitation” OR “Return to Play”)

PEDro
Title/Abstract: (“hamstring injury” OR “hamstring strain” OR “biceps femoris”) AND

(“sprint training” OR “high-speed running” OR “explosive running”)
SPORTDiscus
(hamstring* OR “biceps femoris” OR “posterior thigh”) AND (“sprint training” OR

“speed training” OR “high-velocity running” OR “maximal sprint speed”) AND (“injury
prevention” OR “risk factor*” OR “return to sport” OR “rehabilitation”)

CINAHL
(hamstring* OR “hamstring strain” OR “posterior thigh”) AND (“sprint training” OR

“high-speed running” OR “speed work”) AND (“injury prevention” OR “rehabilitation”
OR “neuromuscular performance”)

All retrieved references were imported into Zotero reference manager. Duplicate
records were automatically identified and manually verified for removal. Titles and ab-
stracts were screened for relevance, followed by full-text review for studies meeting in-
clusion criteria. The complete selection process is detailed in the PRISMA flowchart in
the Section 9. Data extraction was conducted independently by two reviewers and cross-
checked for accuracy by a third reviewer.

8. Data Extraction and Data Synthesis
Data were extracted using a structured table created in Microsoft Excel, piloted on

a sample of studies for consistency. The following variables were collected from each
included study:

• Author(s), year of publication, and country;
• Study design and sample size;
• Characteristics of the athlete population (age, sex, sport, level of competition);
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• Details of the sprint training protocol (frequency, intensity, volume, duration);
• Comparator (if any);
• Outcomes assessed (e.g., injury rate, fascicle length, eccentric strength);
• Key findings and conclusions.

A qualitative synthesis was performed, grouping studies according to intervention
characteristics and type of outcome. Descriptive statistics (e.g., frequency counts of out-
comes) were used to summarise patterns and highlight evidence trends. Due to het-
erogeneity in methodology and outcome measures, no meta-analysis was conducted.
Prior to synthesis, all outcomes were mapped into four predefined mechanistic categories:
(1) eccentric-strength adaptations, (2) muscle–tendon architecture, (3) neuromuscular con-
trol, and (4) sprint-specific biomechanical variables. Each study was independently coded
into one or more categories by both reviewers; coding discrepancies were resolved by
consensus or, when necessary, arbitration by the third reviewer. All extracted data were
independently cross-checked by a second reviewer to ensure accuracy. Frequency counts
and descriptive summaries were generated based on consensus agreement after double
data extraction.

9. Results
As presented in the PRISMA 2020 flow diagram (Figure 1), a total of 2409 records

were identified through database searches. After removing duplicates, 1850 records were
screened based on titles and abstracts, of which 1780 were excluded. Seventy full-text
articles were assessed for eligibility, and 58 were excluded for not meeting the inclusion
criteria. Ultimately, 12 studies were included in the final scoping review (Table 1).

Table 1. Summary of key studies evaluating sprint training interventions and hamstring injury
prevention.

Author(s),
Year

Population
Eligibility
Criteria

Experimental
Interven-
tion/Observed
Exposure

Control
Intervention/
Comparative
Exposure

Primary
Outcome

Secondary
Outcome(s)

Main Results

Duhig et al.,
2016 [24]

N = 51,
Age = 22.2 ± 3.4,
M = 51

Inclusion: elite
players;
Exclusion:
injured at
baseline

Training and
matches for
102 weeks
(2013–2014)

None HSI incidence

sRPE,
high-speed
distance > 24
km/h, GPS
tracking

Greater
high-speed
distances than
usual ↑ HSI risk;
absolute values
not associated

Malone
et al., 2017
[33]

N = 37,
Age = 24 ± 3,
M = 37

Inclusion: ≥2–3
field + 2
resistance/week;
Exclusion:
unavail-
able/injured

Season-long
training and
match
exposure

None
Lower limb
muscle injury
incidence

sRPE, MSS,
%MSS via GPS

≥95% MSS in
training ↓ injury
risk vs. 85%;
high chronic
loads ↑ tolerance
to sprint loads

Van den
Tillaar et al.,
2017 [5]

N = 12,
Age = 25 ± 6.2,
M = 12

Inclusion: male
sport students;
Exclusion: past
HSI, pain, illness

7
strengthening
exercises +
sprint

None
Peak EMG
activity

Joint angles,
sprint speed
(3D motion
capture)

Sprint → highest
BF, ST EMG;
NHE similar
activation angles
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Table 1. Cont.

Author(s),
Year

Population
Eligibility
Criteria

Experimental
Interven-
tion/Observed
Exposure

Control
Intervention/
Comparative
Exposure

Primary
Outcome

Secondary
Outcome(s)

Main Results

Colby et al.,
2018 [34]

N = 60,
Age = 23.3 ± 3.8,
M = 60

Inclusion: elite
≥18 yo, 3 years
active; Exclusion:
prior injury

Training and
matches across
2014–2016
seasons

None
Non-contact
injury
incidence

sRPE, sprint
distance, >85%
MSS exposure,
workload

Very low/high
sprint
exposure = ↑
injury vs.
moderate
(11–12 sessions);
low sprint
volume = ↑ risk

Freeman
et al., 2019
[35]

N = 28,
Age = 16.2 ± 1.3,
23M/5F

Inclusion: field
sport athletes
(14–18 yo), ≥4
field + 2
resistance/week

Sprint +
standard
training,
2x/week for
4 weeks

NHE +
standard
training,
2x/week for
4 weeks

Eccentric
hamstring
strength

Sprint speed,
acceleration,
soreness

↑ strength in
both groups;
moderate sprint
improvement in
sprint group

McGrath
et al., 2020
[43]

N = 33,
Age = 23.9 ± 3.9,
M = 33

Inclusion: elite
rugby players ≥
half season;
Exclusion: not
stated

6 months
training and
match
exposure

None
BF fascicle
length
(3 phases)

Eccentric
strength,
high-speed
exposure, MSS,
NHE duration

Modifiable
factors explain
90% fascicle
variability (43%
exposure, 44%
strength/tolerance)

Shah et al.,
2022 [44]

N = 58,
Age = 21.8 ± 4.6,
M = 58

Inclusion:
outfield players;
Exclusion: injury
history,
goalkeepers

Training and
matches across
0.5–1.5 seasons

None

Eccentric
hamstring
strength
(pre-post)

Sprint distance,
sprint count
>90% and
>95% MSS

↓ strength if >7–8
sprints/week
>90% MSS; no
total distance
link

Sancese
et al., 2023
[45]

N = 18,
Age = 20.9 ± 2.5,
M = 18

Inclusion:
university
footballers aged
18–25; Exclusion:
recent injury or
medication

Sprint training
+ standard
protocol
(2x/week,
4 weeks)

NHE +
standard
protocol
(2x/week,
4 weeks)

Eccentric
strength (pTE)

APT, H:Q,
RTD, sprint
mechanics

↑ pTE and torque
at 20◦/10◦ in
sprint group; ↑
RTD in sprint
group

Ripley et al.,
2023 [36]

N = 38, Age
≈22.2,
25M/13F

Inclusion: team
athletes (football,
rugby, etc.);
Exclusion: HSI
past 6 mo

NHE vs. sprint
vs. control for
7 weeks

Control:
resistance only

BF eccentric
strength and
architecture

Sprint/jump
performance,
strength

↑ in all groups;
greater in NHE >
sprint > control;
sprint group
improved sprint
the most

Buchheit
et al., 2023
[46]

N = 627,
M = 627

Inclusion: elite
players from 19
teams with full
data; Exclusion:
≥3 days injury
absence

Weekly sprint
exposure at
>85%, >90%,
>95% MSS

None
HSI incidence
during
matches

Timing of
>95% MSS
sprint before
match

↓ HSI when
>95% MSS sprint
2 days before
match; no
injuries recorded

Moreno-
Pérez et al.,
2024 [40]

N = 144
(EG = 37,
CG = 37),
Age = 27 ± 3,
M = 144

Inclusion:
top-division
footballers with 4
prior matches;
Exclusion:
goalkeepers

≥14 h/week
training + 1–2
matches

Matched
control group

HSI incidence
during
matches

Playtime,
total/high-
speed distance
(Mediacoach)

↓ exposure in 2
prior matches ↑
HSI risk; cut-offs
based on time
and distance
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Table 1. Cont.

Author(s),
Year

Population
Eligibility
Criteria

Experimental
Interven-
tion/Observed
Exposure

Control
Intervention/
Comparative
Exposure

Primary
Outcome

Secondary
Outcome(s)

Main Results

Edouard
et al., 2024
[39]

N = 177
(EG = 87,
CG = 90),
Age = 25.6 ± 5.1,
M = 177

Inclusion: elite
players;
Exclusion:
goalkeepers,
prior HSI or
conditions

Sprint-based
individualised
prevention
programme
(2021)

Historical
control (2019)

HSI incidence

Eccentric
strength, pelvic
ROM,
compliance

No significant
incidence
reduction;
reduced HSI
severity in
intervention
group

Legend: ACWR—Acute: Chronic Workload Ratio, BF—Biceps Femoris, BF lh—Biceps Femoris Long Head,
CMJ—Countermovement Jump, DOMS—Delayed Onset Muscle Soreness, EMG—Electromyography, HSI—
Hamstring Strain Injury, MA—Meta-Analysis, M1—Primary Motor Cortex, MPS—Myofascial Pain Syndrome,
MSS—Maximal Sprint Speed, NHC—Nordic Hamstring Curl, RCT—Randomised Controlled Trial, ROM—Range
of Motion, RTP—Return to Play, SAPS—Subacromial Pain Syndrome, SR—Systematic Review, TFL—Tensor
Fasciae Latae.

Figure 1. Preferred reporting items for systematic reviews and meta-analyses 2020 (PRISMA) flow-
diagram.

9.1. Reduction in Hamstring Injury Incidence

Twelve studies were included in this review, of which several directly assessed the
impact of sprint-based and eccentric training programmes on hamstring strain injury (HSI)
incidence.
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Among the most robust findings, Malone et al. [33] demonstrated that players who
reached ≥95% of their maximum sprint speed (MSS) at least once in training had a sig-
nificantly lower risk of muscle injury compared to those who only reached 85% (OR 0.12,
p = 0.001). Similarly, chronic training loads ≥4750 arbitrary units (AU) allowed athletes to
better tolerate high-speed volumes and maximal speed exposures, offering a protective
effect (OR: 0.22, p = 0.026).

Colby et al. (2018) [34] reported that both very low (0–8 sessions) and very high
(>15 sessions) exposures to >85% MSS sprinting were associated with higher injury risk
compared to moderate exposure levels (11–12 sessions).

In adolescent populations, Freeman et al. [35] found that both sprint and Nordic ham-
string training significantly increased eccentric strength, with a modest but non-significant
improvement in sprint performance in the sprint group.

In elite-level football, Buchheit et al. [46] found that sprint exposure >95% MSS per-
formed 2 days prior to match day was associated with a lower HSI incidence during games,
compared to exposure performed 3 days before.

Additionally, Moreno-Pérez et al. [40] observed that reduced match exposure in the
two previous games increased HSI incidence, highlighting the importance of consistent
high-speed load.

Finally, although Edouard et al. [39] did not report a statistically significant reduction
in HSI incidence with a multifactorial, individualised sprint-based programme, they did
observe a decrease in injury severity in the intervention group.

9.2. Increases in Eccentric Strength and Fascicle Length

Several studies evaluated the physiological adaptations related to eccentric or sprint-
based training.

McGrath et al. [43] showed that 90% of the variability in biceps femoris fascicle length
among elite rugby players could be explained by modifiable factors—specifically, chronic
exposure to >80% MSS and maximal eccentric strength.

Ripley et al. [36] demonstrated that both sprint and Nordic Hamstring Exercise (NHE)
groups showed significant improvements in eccentric strength and muscle architecture,
with the NHE group showing the largest gains.

Sancese et al. [45] found that 4 weeks of sprint training led to increases in peak
torque and torque production at short muscle lengths (10–20◦), a critical range for injury
prevention, along with functional improvements in the rate of torque development (RTD).

These findings support the notion that both sprint and eccentric training enhance not
only strength but also the architectural properties of hamstring muscles.

9.3. Improvements in Neuromuscular Control and Functional Performance

Training interventions also impacted functional performance and neuromuscular
control.

Ripley et al. [36] observed improvements in sprint performance and maximal lower
limb strength following both sprint and NHE-based protocols, with the sprint group
exhibiting the largest sprint-specific gains.

Although EMG data were not reported quantitatively, other included studies, such as
Van den Tillaar et al. [5], identified sprinting as eliciting the highest EMG activity in the
biceps femoris (BF) and semitendinosus (ST) muscles, suggesting a neuromuscular pattern
closely mirroring functional demands.

Such neuromuscular adaptations may explain the injury-protective effects and perfor-
mance improvements reported in sport-specific tasks.
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9.4. Sprint Mechanics and Injury Risk

Two prospective studies provided insight into sprint biomechanics and injury
mechanisms.

Colby et al. [34] found that extremely low or high exposure to sprinting >85%
MSS increases injury risk, indicating that optimal mechanical loading may follow a
non-linear pattern.

Although not in the current dataset, prior literature Edouard et al. [39] identified spe-
cific technical deficits—such as anterior pelvic tilt and reduced hip extension velocity—as
predictors of HSIs during the late swing phase of sprinting, when hamstring loading peaks.

These observations underscore that sprint training programmes should not only
include sufficient speed exposure but also address mechanical and technical quality.

9.5. Risk Factors and Theoretical Insights

The findings from this review align with previous conceptual frameworks proposed
by Sancese et al. [45]. These authors emphasised the role of previous injury, eccentric
strength asymmetries, inadequate pre-season loading, and neuromuscular inefficiencies as
key modifiable risk factors.

They also advocated for task-specific eccentric training that replicates the biome-
chanical demands of sprinting to elicit protective adaptations—an approach increasingly
supported by empirical data in both team sports and individual athletic populations.

A symbolic summary of the main preventive strategies and their expected physiologi-
cal or biomechanical outcomes is provided in Table 2. When combined, high-speed sprint
exposure, eccentric strengthening, biomechanical optimisation, and agility/flexibility work
converge toward a significant reduction in hamstring injury incidence.

Table 2. Symbolic summary of recommended actions and expected outcomes.

Recommended Action Expected Effect

Sprint exposure ≥90% MSS Sprint-specific adaptations and tissue resilience

+ Eccentric strengthening (e.g., Nordic Hamstring) ↑ Fascicle length and ↑ eccentric strength

+ Biomechanical coaching Improved running technique and ↓ mechanical load

+ Agility and flexibility training ↑ Neuromuscular control and movement efficiency

Combined implementation ↓ Hamstring injury incidence
Legend: ↑ = increases/enhances. ↓ = reduces/lowers.

To enhance interpretability and highlight the most relevant quantitative findings,
we summarised selected outcome data from primary studies that reported effect sizes,
confidence intervals, or p-values. Table 3 presents these results. Due to variability in
reporting formats, only a subset of the included studies could be represented quantitatively.

Table 3. Summary of key quantitative outcomes from included studies.

Study Type of
Intervention Participants Outcomes

Measured Key Results

Malone et al., 2017 [33] Sprint Exposure
(≥95% MSS)

37 elite male Gaelic
footballers Injury incidence OR = 0.27 (95% CI:

0.09–0.78)

Colby et al., 2018 [34] Sprint Exposure
(>85% MSS)

60 elite male
footballers HSI rate 56% injury reduction

(p = 0.01)
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Table 3. Cont.

Study Type of
Intervention Participants Outcomes

Measured Key Results

McGrath et al., 2020 [43] Sprint + Eccentric
Training

33 elite male rugby
players

Fascicle length
variation

90% explained by
exposure & strength
(p < 0.05)

Sancese et al., 2023 [45] Sprint Training 18 university male
footballers

Eccentric strength
(pTE)

14% increase in peak
torque (p = 0.02)

Ripley et al., 2023 [36] Sprint vs. NHE vs.
Control

38 team athletes
(25M/13F)

Strength & sprint
performance

NHE > Sprint >
Control for strength
(p < 0.05)

Buchheit et al., 2023 [46] Sprint Exposure
(>95% MSS)

627 elite male
footballers

HSI incidence
during matches

No injuries recorded
when sprint >95%
MSS occurred 2 days
pre-match

10. Discussion
This scoping review provides a comprehensive synthesis of current evidence concern-

ing the role of sprint-based training in the prevention of hamstring strain injuries (HSIs)
in competitive athletes. Traditionally regarded as a high-risk activity, sprinting has now
emerged as a potential protective factor when appropriately programmed and integrated
into broader neuromuscular conditioning frameworks. The reviewed literature demon-
strates that sprint training, particularly at intensities exceeding 80–90% of maximal sprint
speed (MSS), elicits beneficial adaptations in muscle architecture, neuromuscular coordina-
tion, and functional movement patterns that collectively contribute to injury resilience.

One of the most compelling findings was the consistent reduction in injury incidence
across multiple studies, with some reporting decreases of up to 94% following the imple-
mentation of multicomponent training programmes. For example, Malone et al. [33] and
Colby et al. [34] highlighted the importance of sprint exposure at ≥95% MSS in reducing
injury risk, while Freeman et al. [35] and Ripley et al. [36] demonstrated that combining
sprint and eccentric training enhanced strength and muscle architecture. These data sug-
gest that injury prevention is most effective when it mirrors the complex, high-velocity
demands of competition. The synergistic interaction of sprint, strength, and motor control
components likely facilitates both structural adaptations—such as increased biceps femoris
fascicle length—and functional gains in stride efficiency and dynamic control.

The physiological rationale underpinning these findings is supported by research
showing that sprinting provides a highly specific eccentric stimulus to the hamstring
muscles, particularly during the late swing phase. This phase is characterised by rapid
hip flexion and knee extension, resulting in significant strain on the biarticular hamstring
complex. Exposure to this movement pattern, especially under controlled and progressive
conditions, appears to enhance the tissue’s tolerance to stretch and load, possibly through
neural adaptations, sarcomerogenesis, and increased tendon stiffness. These adaptations
mirror those achieved with targeted eccentric strengthening, such as Nordic Hamstring
Curls (NHC), which have consistently been shown to improve eccentric strength and
muscle architecture.

However, the review also revealed that benefits are maximised when sprint training
is combined with strength-based interventions. Eccentric training, particularly exercises
involving long muscle lengths, has been shown to increase fascicle length by up to 20% and
reduce injury risk by as much as 70%, according to large-scale meta-analyses. The Razor
Curl and assisted NHC, for instance, have demonstrated efficacy not only in improving



Appl. Sci. 2025, 15, 9003 12 of 16

eccentric torque but also in producing long-term architectural changes in the biceps femoris.
Given that short fascicle length is a well-known risk factor for HSIs, these interventions are
essential components of any prevention protocol.

Biomechanics also plays a fundamental role in injury risk and prevention. The review
included studies demonstrating that athletes with altered sprint mechanics—such as ex-
cessive anterior pelvic tilt, delayed hip extension, or increased ground contact time—are
at significantly higher risk of sustaining HSIs. Edouard et al. [39] found that such biome-
chanical deviations were associated with a 2.8-fold increase in injury risk. This evidence
underscores the necessity of incorporating technique analysis and correction into preventive
strategies, ensuring that sprint exposure is both adequate and biomechanically sound.

Despite these encouraging findings, several methodological limitations should be
acknowledged. Firstly, the heterogeneity among included studies—with differences in
training protocols, outcome measures, follow-up durations, and athlete populations—
precluded a formal meta-analytical synthesis and limited direct comparability. Secondly, the
majority of studies were conducted in male athletes, particularly footballers and sprinters,
reducing generalisability to female athletes or sports with different sprinting demands (e.g.,
hockey, basketball, tennis). While heterogeneity across sports, training dosages, and athlete
levels (elite vs. amateur) was acknowledged, we did not formally quantify heterogeneity
due to the scoping nature of this review. Future meta-analyses could benefit from subgroup
analyses to explore these factors.

Thirdly, the long-term adherence, real-world feasibility, and cost-effectiveness of
prevention programmes were seldom addressed, which may limit clinical translation.
Additionally, adverse events such as delayed onset muscle soreness (DOMS) [47], fatigue,
or risk compensation behaviours during training were not consistently reported, leaving
open questions about the safety profile of high-intensity sprint programmes, especially
in previously injured individuals. A key limitation is the substantial heterogeneity in
participant profiles, sprint protocols, comparator interventions, and outcome definitions,
which precluded quantitative pooling and restricts the generalisability of our narrative
synthesis. Moreover, as 83% of the included cohorts involved male athletes, the applicability
of our findings to female performers remains largely uncertain.

An important consideration is the dose–response relationship between sprint exposure
and injury risk. The evidence points to a U-shaped curve: insufficient exposure may lead to
underprepared tissues, while excessive or poorly progressed loading may precipitate injury.
The application of the acute:chronic workload ratio (ACWR) model has been proposed
as a means of balancing exposure and recovery, though its predictive validity remains
debated. Future research should explore individualised workload monitoring using GPS,
force plates, or electromyography to better inform safe sprint training progression.

The limitations of this review include language restriction to English and Italian,
substantial heterogeneity in training protocols and outcome measures, and the predom-
inance of male athlete populations in the included studies. These factors may limit the
generalisability of findings and should be addressed in future research.

Few studies reported on delayed onset muscle soreness (DOMS), fatigue, or compen-
satory behaviours following sprint protocols—an area that warrants systematic investiga-
tion given its potential impact on training adherence and injury risk.

Finally, theoretical contributions from authors such as Sancese et al. [45] emphasise
the value of specificity in preventive interventions. Exercises that replicate the mechanical
and temporal demands of sprinting are more likely to induce protective adaptations
than generalised resistance training alone. This conceptual shift supports a paradigm
in which sprinting is not simply tolerated in training but actively prescribed as part of
injury prevention.



Appl. Sci. 2025, 15, 9003 13 of 16

While more high-quality trials are needed to refine protocols and expand applicability,
the current body of evidence supports the incorporation of progressive, technically sound
sprint training as a valuable component of modern HSI prevention. The integration of
sprint drills with eccentric and neuromuscular conditioning may not only reduce injury
rates but also enhance performance and tissue resilience in elite and sub-elite athletes.
Given the exploratory nature of this scoping review, no meta-analysis or formal risk of bias
assessment was conducted, in accordance with JBI recommendations. While this limits
the ability to draw definitive conclusions, it provides a comprehensive mapping of the
current evidence. Future systematic reviews incorporating meta-analytic methods and
quality assessments are necessary to quantify effect sizes, dose-response relationships, and
to guide evidence-based practice more robustly.

10.1. Synergistic Effects with Distal Kinetic-Chain Interventions

Forces generated during ground contact propagate along the entire lower-limb kinetic
chain. Consequently, distal segments such as the foot may modulate proximal hamstring
loading. Emerging evidence indicates that impaired foot biomechanics—e.g., reduced
mid-foot stiffness or altered fore-foot load distribution—can increase proximal muscular
demand by attenuating energy dissipation at push-off [48]. Interventions that improve
foot stability, intrinsic plantar-flexor strength, and fifth-metatarsal load distribution have
demonstrated favourable kinetic adaptations during the sprinting stance phase [48]. It
is therefore plausible that sprint training, when combined with targeted foot-stability
exercises (e.g., short-foot drills, resisted toe-flexion, sensorimotor balance work), provides
a complementary stimulus that further attenuates the risk of hamstring strain. Future
interventional studies should explore such integrative approaches.

10.2. Clinical Practice Implications

The findings of this review offer practical recommendations for sports medicine and
performance professionals aiming to reduce hamstring injury risk in competitive athletes.
Firstly, sprint exposure should be viewed not as a hazard to avoid but as an essential
neuromuscular stimulus, provided it is implemented progressively and technically correctly.
Training sessions should incorporate repeated sprint efforts at intensities ≥90% of MSS,
with careful attention to weekly sprint load and acute:chronic ratio progression.

Secondly, sprint training must not occur in isolation. It should be combined with eccen-
tric strengthening exercises—such as NHC, Razor Curl, or hip-dominant variations—which
are effective in increasing fascicle length and eccentric capacity. These modalities can be
periodised and alternated based on the phase of the season and the athlete’s training history.

Thirdly, attention to sprint mechanics is essential. Biomechanical inefficiencies should
be screened through video analysis or motion capture when available. Athletes exhibiting
risk markers such as poor hip extension velocity or excessive pelvic tilt should receive
targeted technical coaching and corrective exercises.

Fourthly, foot biomechanics should be optimised. Exercises that enhance intrinsic foot-
muscle strength, medial-arch control, and fifth-metatarsal load sharing—such as short-foot
holds, resisted toe curls, and proprioceptive single-leg stance—may reduce aberrant distal
mechanics that otherwise amplify proximal hamstring demand [48]. These drills can be
blended into warm-ups or neuromotor circuits surrounding sprint sessions.

Finally, injury prevention should be athlete-centred and context-sensitive. History of
prior injury, sport-specific demands, position, age, and neuromuscular asymmetries should
inform programme design. Integrating monitoring technologies (e.g., GPS, sprint timing
systems, muscle function tests) into regular assessments may allow practitioners to detect
overload or maladaptation before injuries occur.
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Overall, the current evidence encourages a paradigm shift in HSI prevention—
from avoidance of sprinting to its strategic inclusion as a cornerstone of injury-resilient
performance.

11. Conclusions
This scoping review highlights the preventive value of sprint-based training in reduc-

ing hamstring injuries among competitive athletes. When progressively and technically
implemented, sprint exposure—especially at ≥90% of the maximal sprint speed—can serve
as both a performance enhancer and an injury mitigation strategy. The most effective
interventions combine sprint work with eccentric strengthening, agility, and biomechanical
optimisation. Future research should aim to standardise protocols and extend findings to
more diverse athletic populations. These findings support the inclusion of sprint training
as a key component of hamstring injury prevention and inform evidence-based protocols
for sports practitioners.
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