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Abstract

Background: Running-related injuries (RRIs) are among the most common musculoskeletal
problems affecting long-distance runners and frequently result in training interruption and
reduced athletic performance. Strength training has been increasingly proposed as a potential

strategy for injury prevention; however, its effectiveness remains debated.
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Aim: The aim of this narrative review was to evaluate the current evidence regarding the role

of strength training in preventing running-related injuries among long-distance runners.

Materials and Methods: A narrative review of the literature was conducted using the
PubMed database. Studies published in English between January 2012 and May 2026 were
considered. Systematic reviews, meta-analyses, randomized controlled trials, prospective
studies, and narrative reviews investigating injury risk factors, biomechanics, neuromuscular

function, and strength-training interventions in runners were included.

Results: The reviewed literature indicates that running-related injuries are multifactorial
conditions influenced by training-related, biomechanical, neuromuscular, and individual
factors. Strength training appears to improve muscular strength, hip stability, lumbopelvic
control, running economy, and selected biomechanical variables associated with injury risk.
However, current evidence does not consistently demonstrate a significant reduction in injury
incidence following strength-training interventions. Supervised and individualized programs

may provide greater benefits than unsupervised approaches.

Conclusions: Strength training represents a valuable component of comprehensive injury-
prevention strategies in long-distance runners. Although current evidence does not
consistently demonstrate an independent reduction in injury incidence, resistance training

improves several factors associated with injury resilience and athletic performance.

Keywords: strength training; resistance training; running-related injuries; injury prevention;

long-distance runners; endurance running; biomechanics.
1. Introduction

Long-distance running is widely practiced worldwide because of its accessibility, minimal
equipment requirements, and well-documented health benefits. Regular participation in
running is associated with improved cardiovascular fitness, enhanced metabolic health,
reduced risk of chronic diseases, and positive effects on psychological well-being [2].
Consequently, the number of recreational and competitive runners has increased substantially
over recent decades, resulting in growing scientific interest in factors affecting both

performance and injury risk.

Despite its well-established health benefits, long-distance running is associated with a

relatively high incidence of musculoskeletal injuries. Running-related injuries (RRIs) are
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among the most common reasons for training interruption and reduced participation in
running activities [7,14,15]. Epidemiological studies have demonstrated that injury rates
remain high across various populations of runners, regardless of age, sex, or performance
level. Videbak et al. reported that novice runners sustain approximately 17.8 injuries per
1000 hours of running exposure, whereas recreational runners experience approximately 7.7
injuries per 1000 hours of running exposure [15]. These findings indicate that RRIs represent

a substantial burden for both recreational and competitive athletes.

The lower extremities are the anatomical region most frequently affected by running-related
injuries. According to Lopes et al., the most commonly reported conditions include
patellofemoral pain syndrome, medial tibial stress syndrome, Achilles tendinopathy, plantar
fasciitis, and iliotibial band syndrome [14]. Similarly, recent reviews have identified the knee,
lower leg, ankle, and foot as the primary locations of injury occurrence among runners [3,7].
These injuries are predominantly classified as overuse injuries resulting from repetitive

mechanical loading during training and competition.

The development of RRIs is influenced by a complex interaction of intrinsic and extrinsic
factors. Previous injury history, training errors, excessive training load, biomechanical
characteristics, neuromuscular deficits, and musculoskeletal factors have all been identified as
potential contributors to injury development [3,11-13]. Among these factors, a history of
previous injury has consistently been reported as one of the strongest predictors of future
injury occurrence [11,12]. However, no single factor has been shown to independently
explain the development of RRIs, highlighting the complexity of injury prevention in

endurance runners.

Recent research has increasingly focused on modifiable risk factors that may be targeted
through preventive interventions. In particular, deficits in muscular strength, neuromuscular
control, lumbopelvic stability, and lower-limb biomechanics have been associated with
movement patterns that may increase tissue loading and injury susceptibility [5,6,9,10].
Weakness of the hip abductors and impaired gluteus medius function have been linked to
excessive hip adduction, pelvic drop, altered lower-extremity alignment, and increased stress
on musculoskeletal structures during running [9,10,20]. These observations support the
rationale for interventions aimed at improving muscular function and movement control in

runners.



Strength training has therefore emerged as a promising strategy for injury prevention in
runners. In addition to its established benefits for running economy and athletic performance,
resistance training may improve muscle strength, enhance neuromuscular coordination,
increase tissue capacity to tolerate repetitive loading, and positively influence running
biomechanics [4,8,16]. Several authors have proposed that targeted strengthening of the hip
musculature, core stabilizers, and lower-extremity muscles may contribute to reducing the
incidence of running-related injuries through improved movement control and load

distribution [4,9,10].

However, despite increasing interest in strength training as a preventive intervention, the
current body of evidence remains inconclusive. While some studies have reported favorable
adaptations following strength-training interventions, others have failed to demonstrate
significant reductions in injury incidence [1,2]. A recent systematic review and meta-analysis
by Wu et al. concluded that exercise-based prevention programs do not consistently reduce
injury risk among endurance runners, although supervised interventions appear to be more
effective than unsupervised programs [2]. Similarly, Toresdahl et al. found that a 12-week
strengthening program did not significantly reduce injury rates among first-time marathon
runners [1]. These findings indicate that the relationship between strength training and injury

prevention remains incompletely understood.

Given the growing popularity of long-distance running and the substantial burden associated
with running-related injuries, a comprehensive synthesis of current evidence is warranted.
Therefore, the aim of this narrative review is to evaluate the role of strength training in
preventing running-related injuries in long-distance runners, with particular emphasis on
injury epidemiology, risk factors, potential mechanisms of action, and the effectiveness of

strength-training interventions reported in the scientific literature.
2. Research Materials and Methods
2.1. Study Design

This narrative review was undertaken to evaluate the current evidence regarding the role of
strength training in the prevention of running-related injuries among long-distance runners.
Particular attention was given to injury epidemiology, injury risk factors, biomechanical and

neuromuscular determinants of injury, and the effectiveness of strength-training interventions.



A narrative review approach was considered appropriate because the available literature
comprises a diverse range of study designs, including systematic reviews, meta-analyses,
randomized controlled trials, prospective cohort studies, and observational investigations

addressing different aspects of injury prevention in runners.
2.2. Literature Search Strategy

A comprehensive literature search was performed using the PubMed database because of its

broad coverage of biomedical, sports medicine, and exercise science literature.

The literature search was conducted in May 2026. Publications published in English between

January 2012 and May 2026 were considered eligible for inclusion.

Search terms consisted of combinations of keywords related to endurance running, injury

prevention, resistance training, biomechanics, and neuromuscular function. Examples of

keywords included “strength training”, “resistance training”, “running-related injuries”,
2 13 2 13

“injury prevention”, “running biomechanics”, “running economy”, “hip strength”, “gluteus

medius”, “lumbopelvic stability”, and “neuromuscular control”.

To maximize the completeness of the review, additional relevant publications were identified

through manual screening of reference lists from selected articles.
2.3. Eligibility Criteria
Inclusion Criteria

Studies were eligible for inclusion if they:
* involved recreational, competitive, or endurance runners;
* investigated the epidemiology, risk factors, biomechanics, or neuromuscular
determinants of running-related injuries;
» evaluated the effects of strength-training or exercise-based interventions on injury
prevention or injury-related outcomes;
» were published in peer-reviewed scientific journals;

» were available in full text and written in English.



Greater emphasis was placed on systematic reviews, meta-analyses, randomized controlled
trials, and prospective cohort studies because of their methodological rigor and relevance to

the research objective.
Exclusion Criteria

Studies were excluded if they:
» focused exclusively on post-injury rehabilitation;
* investigated sports other than running;
* included only non-running populations;
* were conference abstracts, editorials, expert opinions, or commentaries lacking
original scientific data;

» provided insufficient methodological information.
2.4. Data Extraction and Analysis

Data extracted from the selected studies included study design, participant characteristics,
investigated variables, intervention protocols, primary outcomes, and key findings relevant to

the research objective.

The evidence was synthesized qualitatively using a narrative review approach. Because of
substantial heterogeneity in study designs, participant populations, intervention protocols, and

outcome measures, quantitative meta-analysis was not considered appropriate.
The findings were organized into four thematic categories:

1. Epidemiology of running-related injuries.
Risk factors associated with injury occurrence.

Mechanisms through which strength training may influence injury risk.

i

Evidence supporting strength-training interventions as a preventive strategy in long-

distance runners.

This framework facilitated a structured synthesis of the literature and helped identify areas

requiring further investigation.



3. Research results
3.1. Epidemiology of Running-Related Injuries

Although long-distance running is widely recognized as an effective form of physical activity
that promotes cardiovascular, metabolic, and psychological health, participation in this sport
is frequently accompanied by musculoskeletal injuries. Running-related injuries (RRIs)
remain one of the most common factors limiting training consistency and long-term

participation in both recreational and competitive runners [7,14,15].

The reported incidence of RRIs varies substantially across studies due to differences in injury
definitions, study design, follow-up duration, and participant characteristics. Nevertheless,
epidemiological evidence consistently indicates that running is associated with a considerable
injury burden. A systematic review and meta-analysis conducted by Videbak et al.
demonstrated that novice runners experience the highest injury rates, reaching approximately
17.8 injuries per 1000 hours of running exposure, whereas recreational runners sustain
approximately 7.7 injuries per 1000 hours of running [15]. These findings suggest that limited
running experience and insufficient adaptation to training loads may increase susceptibility to

injury.

The majority of running-related injuries affect the lower extremities, reflecting the repetitive
mechanical loading associated with endurance running. According to Lopes et al., the most
frequently reported conditions include patellofemoral pain syndrome, medial tibial stress
syndrome, Achilles tendinopathy, plantar fasciitis, and iliotibial band syndrome [14]. More
recent reviews have confirmed that injuries involving the knee, lower leg, ankle, and foot

account for the largest proportion of musculoskeletal complaints reported by runners [3,7].

A substantial proportion of RRIs are classified as overuse injuries that develop gradually as
a consequence of repetitive loading exceeding the capacity of biological tissues to recover and
adapt. Unlike acute traumatic injuries, overuse conditions often result from the cumulative
interaction of training-related, biomechanical, and physiological factors over time [3,11]. The
complexity of injury mechanisms highlights the need for comprehensive prevention strategies

targeting multiple potentially alterable determinants simultaneously.

The consequences of running-related injuries extend beyond temporary reductions in training

volume. Injuries may disrupt long-term athletic development, impair performance progression,



and reduce adherence to regular physical activity. Furthermore, evidence suggests that runners
who have previously sustained an injury are at greater risk of experiencing subsequent
injuries, indicating that unsuccessful prevention and management strategies may contribute to

recurrent musculoskeletal problems [11,12].

Given the high prevalence of RRIs and their potential impact on both health and athletic
performance, identifying effective preventive interventions has become a major objective of
contemporary sports medicine research. Recent investigations increasingly focus on
modifiable factors such as muscular strength, neuromuscular control, and movement
biomechanics, which may represent potential targets for injury prevention programs [4—
6,9,10]. Consequently, strength training has emerged as a promising approach that may
reduce injury susceptibility by addressing several mechanisms implicated in the development

of running-related injuries.
3.2. Risk Factors for Running-Related Injuries

Understanding the factors associated with running-related injuries is essential for developing
effective prevention strategies. Current evidence indicates that RRIs arise from the interaction

of multiple intrinsic and extrinsic factors rather than from a single identifiable cause [3,11,12].

Among the factors examined, previous injury is the most consistently reported predictor of
future injury. Saragiotto et al. found that runners who sustained an injury within the previous
12 months were more likely to experience a subsequent injury than previously uninjured
runners [12]. Similar conclusions were reported by Sanfilippo et al. [11]. Persistent functional
deficits, incomplete rehabilitation, and residual movement alterations may partly explain this

increased susceptibility.

Training-related factors have also been widely investigated. High training volumes, rapid
increases in workload, and insufficient recovery are frequently associated with injury
occurrence. However, no clear thresholds for training volume or intensity have been

established, and individual responses to mechanical loading vary considerably [13].

Demographic and anthropometric characteristics, including age, sex, body mass index, and
running experience, have produced inconsistent findings. Although greater body mass and
competitive participation have been linked to a higher risk of lower-extremity injuries in some

studies, these associations are not consistently observed across different populations [11,12].



Biomechanical factors represent another important area of investigation. Prospective studies
have identified associations between selected movement patterns and injury occurrence [19].
Reviews by Peterson et al. and Willwacher et al. reported that altered lower-limb kinematics,
loading patterns, and movement asymmetries may contribute to specific running-related
injuries [5,6]. Nevertheless, no single biomechanical profile has been shown to predict injury

across all runner populations.

Muscular strength and neuromuscular function have received increasing attention because
they represent potentially modifiable factors. Weakness of the hip musculature, impaired
gluteus medius function, reduced lumbopelvic stability, and deficits in movement control
have been associated with excessive hip adduction, pelvic instability, and altered lower-
extremity alignment during running [9,10,20]. These alterations may increase tissue loading

and contribute to injury development.

Taken together, the available literature supports a multifactorial model of injury development
in which previous injury, training load, biomechanical characteristics, and neuromuscular
function interact with individual adaptation capacity [3,11,12]. This complexity highlights the
need for comprehensive prevention strategies and provides a rationale for including strength

training as one component of injury-risk management [4,8].

3.3. Mechanisms Through Which Strength Training May Reduce Injury Risk

Strength training is frequently included in injury-prevention programs because it influences
several physiological, neuromuscular, and biomechanical factors associated with running-
related injuries. Although its direct effect on injury incidence has not been definitively
established, resistance training produces adaptations that are relevant to injury prevention and

long-term musculoskeletal health [4,8].

One of the primary adaptations induced by strength training is an increase in muscular
strength and force-producing capacity. During long-distance running, the musculoskeletal
system is exposed to thousands of repetitive loading cycles. When the active structures
responsible for shock absorption become unable to effectively manage these forces, greater
mechanical stress is transferred to passive tissues such as tendons, ligaments, cartilage, and

bone. By increasing the capacity of muscles to absorb and generate force, resistance training
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may improve tolerance to repetitive loading and reduce stress placed on vulnerable structures

[4].

Particular attention has been directed toward the hip musculature, especially the hip abductors
and gluteus medius. These muscles contribute substantially to pelvic stability and lower-limb
alignment during the stance phase of running. Several studies have linked deficits in hip
strength and impaired gluteal function to altered movement patterns, including excessive hip
adduction, contralateral pelvic drop, and dynamic knee valgus [10,20]. Such alterations may
increase loading of structures commonly affected by overuse injuries, including the
patellofemoral joint and iliotibial band. Consequently, strengthening the hip musculature has
been proposed as an effective strategy for improving movement control during running

[10,20].

Another important mechanism involves lumbopelvic stability and neuromuscular control.
Efficient running requires coordinated interaction between the trunk, pelvis, and lower
extremities. Deficits in this coordination can compromise movement efficiency and alter force
distribution throughout the kinetic chain. Resistance training, particularly when combined
with exercises targeting core stability and functional movement patterns, enhances motor
control and improves synchronization of muscle activation across multiple joints [4,16].
These adaptations improve force transmission and reduce compensatory movement patterns

that have been associated with overuse injuries.

Strength training may also influence selected biomechanical characteristics of running.
Studies have reported improvements in lower-limb stiffness, force production, and movement
efficiency following resistance-training interventions in both recreational and competitive
runners [4,8]. Biomechanical characteristics are closely related to running economy, making
movement efficiency an important target for training interventions [9]. However,
improvements in muscular strength do not automatically translate into substantial changes in
running mechanics, and the relationship between strength gains and biomechanical

adaptations remains complex [9,20].

Beyond neuromuscular and biomechanical adaptations, resistance training promotes structural
changes within muscles, tendons, and connective tissues. Repeated exposure to appropriately
prescribed loading stimulates tissue remodeling and increases the capacity of biological

structures to tolerate repetitive mechanical stress [4]. Increased tendon stiffness and improved
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musculotendinous function may be particularly relevant in reducing the cumulative loading

associated with overuse injuries.

Another consistently reported benefit of strength training is improved running economy,
defined as the oxygen cost required to maintain a given running speed [4,8]. Although
running economy is primarily considered a performance-related outcome, it may also have
implications for injury prevention. Improved efficiency reduces unnecessary energy
expenditure and may delay the onset of neuromuscular fatigue. Because fatigue has been
associated with deteriorations in movement control and running mechanics, delaying its onset

may help maintain more stable movement patterns during prolonged exercise.

While resistance training consistently improves muscular strength, neuromuscular function,
running economy, and selected biomechanical variables, the extent to which these adaptations
directly reduce injury incidence remains uncertain [2,4]. Nevertheless, the available evidence
indicates that strength training positively influences several factors associated with injury
resilience and therefore represents a valuable component of comprehensive injury-prevention

programs for long-distance runners.
3.4. Evidence for Strength Training in Injury Prevention

Although several physiological and biomechanical mechanisms support the use of strength
training in injury-prevention programs, the key question remains whether these adaptations
translate into a measurable reduction in running-related injury incidence. The current body of

research provides mixed results.

One of the most frequently cited randomized controlled trials on this topic was conducted by
Toresdahl et al. [1], who investigated the effects of a 12-week strength-training program in
first-time marathon runners. Despite improvements in participation and adherence to training,
the intervention did not significantly reduce injury incidence compared with the control group.
Marathon performance also remained unchanged. These findings indicate that the inclusion of
a strength-training program alone is unlikely to guarantee a reduction in injury rates,

particularly when exercise quality and compliance are difficult to monitor.

The findings of Toresdahl et al. should be interpreted within the broader context of injury
development. Running-related injuries arise from the interaction of numerous factors,

including training load, recovery practices, previous injury history, biomechanical
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characteristics, and individual adaptation capacity [3,11,12]. Consequently, expecting a single
intervention to eliminate injury risk may be unrealistic. In addition, adherence to preventive
exercise programs varies considerably among recreational runners and may influence

intervention outcomes.

More recent evidence was provided by Wu et al. [2], who conducted a systematic review and
meta-analysis of exercise-based injury-prevention programs in endurance runners. The
analysis included nine studies involving more than 1,900 participants. When all interventions
were considered together, no significant reduction in injury incidence was observed. However,
supervised programs produced more favorable outcomes than unsupervised interventions.
This finding highlights the importance of exercise execution, adherence, progression, and

professional supervision in determining the effectiveness of preventive strategies.

Additional preventive approaches have also shown promising results in selected running
populations. Foot-core strengthening programs and multifactorial prevention protocols have
been associated with improvements in foot function, movement control, and musculoskeletal
capacity [17,18]. Although the evidence remains limited, these findings support the view that
effective injury prevention is likely to require a multifaceted rather than single-intervention

approach.

An important observation emerging from the review by Wu et al. is that program design may
influence outcomes as much as the exercises themselves. Individualized, progressive, and
properly supervised interventions appear more likely to produce meaningful adaptations than

generic exercise routines performed without feedback or monitoring.

The value of strength training is further supported by studies examining injury-related
variables rather than injury incidence alone. Several reviews have reported improvements in
muscular strength, neuromuscular function, movement efficiency, and selected biomechanical
characteristics following resistance-training interventions [4,8,16]. Although such outcomes
do not constitute direct evidence of injury reduction, they affect factors that have repeatedly
been associated with injury susceptibility. Improvements in hip strength, lumbopelvic stability,
and movement control may therefore contribute to a more favorable movement profile during

running [9,10,20].

Particular attention has been given to strengthening interventions targeting the hip

musculature. Enhanced hip muscle function has been associated with improved pelvic
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stability, more efficient lower-limb control, and reduced mechanical loading during running
[10,20]. Improvements in gluteus medius function may be especially relevant because of their
role in controlling frontal-plane motion of the pelvis and lower extremity. While these
adaptations cannot be interpreted as direct proof of injury reduction, they provide biologically

plausible explanations for the potential protective effects of strength training.

Another important distinction concerns the difference between performance-related
adaptations and injury-prevention outcomes. Strength-training interventions consistently
improve running economy and force-production capacity in endurance runners [4,8].
Enhanced running economy reduces the physiological demands of running and may delay
fatigue during prolonged exercise. Because fatigue has been linked to alterations in movement
control and running mechanics, these adaptations could indirectly contribute to lower injury

susceptibility.

Taken together, the available evidence does not support the view that strength training alone
can prevent all running-related injuries. However, resistance training consistently improves
several factors associated with injury resilience, including muscular strength, neuromuscular
control, tissue capacity, and movement efficiency. For this reason, it should be regarded as
one component of a broader injury-prevention strategy that also includes appropriate load

management, recovery, and individualized training prescription.
3.5. Practical Implications for Coaches and Long-Distance Runners

From a practical perspective, the available evidence supports the inclusion of strength training
as a regular component of long-distance running programs [1,2,4]. Although resistance
training alone cannot eliminate injury risk, it improves several physical qualities associated
with both performance and injury resilience. Consequently, strength training should be
viewed as an integral part of endurance training rather than as an intervention reserved for

injured athletes.

One important implication is the need for long-term planning. Adaptations in muscular
strength, neuromuscular control, and tissue capacity develop gradually and require consistent
exposure to appropriately prescribed resistance exercise [4,8]. For this reason, strength
training should be incorporated throughout the training year instead of being implemented

only during periods of rehabilitation or immediately before competition.
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The findings reviewed in this paper also highlight the importance of targeting muscle groups
that contribute to running stability and movement control. Particular attention should be
directed toward the hip musculature and lumbopelvic region, as deficits in these areas have
been associated with altered lower-limb mechanics and inefficient movement patterns during
running [10,20]. Exercises focusing on the gluteal muscles, hip abductors, and trunk
stabilizers may therefore be especially valuable for runners with a history of lower-extremity

injuries or observable deficits in movement control.

Another practical consideration concerns exercise supervision. Evidence from exercise-based
prevention programs indicates that supervised interventions generally produce more favorable
outcomes than unsupervised training [2]. This finding suggests that exercise quality,
progression, and adherence are likely to influence the effectiveness of preventive programs.
Coaches, physiotherapists, and strength and conditioning specialists should therefore
emphasize proper technique and progressive overload rather than focusing solely on exercise

completion.

Exercise selection should be guided by the desired training adaptations. High-load resistance
training primarily develops maximal strength and force-production capacity, whereas
plyometric exercises enhance reactive strength, neuromuscular efficiency, and stretch-
shortening cycle performance [4,8]. Combining these approaches may provide a broader
range of adaptations than relying on a single training modality. The specific structure of a
strength-training program should be adjusted according to the athlete’s experience, training

history, injury profile, and performance goals.

At the same time, strength training should not be considered a substitute for appropriate
training-load management. Previous injury, excessive workload, inadequate recovery,
biomechanical characteristics, and individual adaptation capacity all contribute to injury
development [3,11-13]. Effective prevention therefore requires a comprehensive approach
that combines resistance training with gradual progression of running volume, adequate

recovery strategies, and ongoing monitoring of training load.

Novice runners may represent a particularly important target group for preventive
interventions. Epidemiological studies consistently demonstrate higher injury rates among

inexperienced runners compared with more experienced athletes [15]. Early implementation

15



of structured strength training may improve physical preparedness and increase tolerance to

repetitive mechanical loading during the initial stages of running participation.

In summary, strength training should be regarded as one element of a comprehensive strategy
aimed at reducing injury risk and supporting long-term athletic development. While current
evidence does not demonstrate a consistent reduction in injury incidence across all
populations of runners, resistance training improves several factors associated with injury
resilience and may contribute to maintaining both health and performance throughout a

runner’s career.
4. Discussion

This narrative review examined the role of strength training in the prevention of running-
related injuries among long-distance runners. The reviewed evidence indicates that resistance
training positively influences several physiological and biomechanical factors associated with

injury resilience; however, its direct effect on injury incidence remains uncertain.

A recurring observation across the literature is the contrast between mechanistic findings and
intervention outcomes. Resistance-training programs consistently improve muscular strength,
running economy, neuromuscular function, hip stability, and selected biomechanical
characteristics [4,8—10,16]. These adaptations are theoretically relevant to injury prevention
because they enhance the capacity of the musculoskeletal system to tolerate repetitive loading.
Nevertheless, studies specifically evaluating injury incidence have not produced equally

consistent results [1,2].

One explanation is the complex nature of running-related injuries. Unlike acute traumatic
injuries, most RRIs develop gradually through repeated exposure to mechanical stress. Their
occurrence depends on the interaction of multiple factors, including training load, recovery
practices, previous injury history, biomechanical characteristics, and individual adaptation
capacity [3,11,12]. Consequently, improving a single component of physical function is

unlikely to completely offset the influence of other risk factors.

The inconsistency of available findings may also reflect methodological differences between
studies. Existing investigations vary considerably with respect to participant characteristics,
intervention duration, exercise selection, supervision, and injury definitions [2]. Such

variability complicates comparisons across studies and may partly explain why positive
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physiological adaptations are not always accompanied by measurable reductions in injury

incidence.

The findings reported by Toresdahl et al. [1] illustrate this challenge. Although the
intervention did not significantly reduce injury rates among novice marathon runners, factors
such as adherence, exercise execution, and limited supervision may have influenced the
outcome. In contrast, the meta-analysis conducted by Wu et al. [2] identified more favorable
results in supervised prevention programs, suggesting that how an intervention is delivered

may be as important as the intervention itself.

An important distinction should also be made between injury-related variables and injury
outcomes. Several studies reviewed in this paper reported improvements in hip strength,
gluteal muscle function, movement efficiency, and running economy following resistance-
training interventions [4,8—10]. While these adaptations cannot be interpreted as direct
evidence of injury reduction, they affect factors that have repeatedly been associated with
injury susceptibility. Therefore, the absence of statistically significant reductions in injury
incidence should not automatically be interpreted as evidence against the value of strength

training.

Particular attention should be given to the role of the hip and lumbopelvic musculature.
Deficits in hip abductor strength, impaired gluteus medius function, and altered lower-
extremity mechanics have been linked to several common running-related injuries [9,10,20].
Although causal relationships remain difficult to establish, these findings provide a strong
rationale for incorporating targeted strengthening exercises into training programs, especially

in runners presenting with movement-control deficits or a history of previous injury.

The literature reviewed in this study further supports the contemporary view that injury
prevention should be approached through an integrated and individualized framework. Rather
than relying on isolated interventions, effective prevention strategies are likely to combine
strength training with appropriate load management, recovery optimization, movement-

quality assessment, and ongoing monitoring of athlete-specific risk factors [3,11-13].

Several limitations of the current evidence base should be acknowledged. The number of
randomized controlled trials investigating injury prevention in runners remains limited, and
substantial heterogeneity exists across intervention protocols and outcome measures [1,2].

Future studies should employ standardized injury definitions, clearly described training
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protocols, and sufficiently long follow-up periods to better evaluate the relationship between

strength training and injury incidence.

Overall, the available evidence supports the inclusion of strength training as part of
comprehensive endurance-running preparation. Although resistance training cannot be
regarded as a standalone solution for injury prevention, its positive effects on strength,
neuromuscular function, movement efficiency, and tissue capacity provide a strong

justification for its regular incorporation into long-distance running programs.
5. Conclusions

Running-related injuries remain a common challenge among long-distance runners and arise
from the interaction of multiple training-related, biomechanical, neuromuscular, and

individual factors.

The evidence reviewed in this study indicates that strength training improves several
characteristics associated with injury resilience, including muscular strength, hip stability,
lumbopelvic control, neuromuscular function, movement efficiency, and running economy.
These adaptations may enhance the capacity of the musculoskeletal system to tolerate

repetitive loading during endurance running.

Despite these benefits, current research does not consistently demonstrate that strength
training alone reduces injury incidence. The effectiveness of preventive interventions appears
to depend on multiple factors, including program design, supervision, adherence, training load,

and individual athlete characteristics.

Based on the available evidence, strength training should be incorporated into a broader
injury-prevention framework that combines resistance exercise with appropriate load

management, recovery strategies, and individualized training prescription.

Further high-quality prospective studies and randomized controlled trials are needed to
establish the optimal characteristics of strength-training programs and to clarify their direct

effects on running-related injury incidence.
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