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ABSTRACT

Running is one of the most widely practiced forms of physical activity;
however, it is associated with a high incidence of musculoskeletal injuries,
particularly among recreational runners. Despite advancements in footwear
technology, injury rates have remained relatively consistent, prompting interest
in alternative approaches such as barefoot running. The purpose of this study is
to examine whether barefoot running reduces injury risk by comparing injury
patterns and lower limb biomechanics between barefoot and shod runners. A
comparative, literature-based methodology was adopted, synthesizing findings
from peer-reviewed studies focusing on foot strike patterns, joint loading,
muscle activation, and injury incidence. The analysis indicates that barefoot
running promotes a forefoot or midfoot strike pattern, leading to reduced impact
forces at the knee but increased loading on the ankle, Achilles tendon, and foot
structures. While certain injuries, particularly knee-related conditions, may be
less prevalent in barefoot runners, there is a higher risk of metatarsal stress
fractures and Achilles tendinopathy, especially during the transition phase.
These findings suggest that barefoot running does not eliminate injury risk but
rather redistributes mechanical stress across different regions of the lower limb.
It is concluded that barefoot running cannot be universally recommended as a
safer alternative; however, it may serve as a beneficial supplementary training
method when introduced gradually and with proper adaptation strategies.

©2026 The authors INTRODUCTION:

This is an Open Access article Background

distributed under the terms of the Creative Running has evolved into one of the most accessible
Commons Attribution (CC BY NC), which and widely adopted forms of physical activity across
permits unrestricted use, distribution, and diverse populations, owing to its minimal equipment
reproduction in any medium, as long as the requirements and well-established benefits for
original authors and source are cited. No cardiovascular health, weight management, and
permission is required from the authors or the psychological well-being. Its global popularity has
publishers. (https://creativecommons.org/licenses been further reinforced by the rise of recreational
/by-nc/4.0/) running communities, marathon events, and fitness-
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oriented lifestyles, leading to a substantial increase
in participation among non-professional athletes.
However, alongside this growing engagement, a
persistent concern has emerged regarding the high
prevalence of running-related injuries, particularly
among recreational runners who often lack formal
training guidance or biomechanical awareness.
Epidemiological evidence indicates that injury rates
in this population remain consistently high, with a
significant proportion of runners experiencing at
least one injury annually, most commonly affecting
the knee, ankle, and foot regions. Research suggests
that these injuries are multifactorial in nature,
involving a complex interaction between training
errors, anatomical variations, and biomechanical
loading patterns (Goss & Gross, 2012; Ryan et al.,
2014). Notably, even with advancements in running
shoe technology designed to enhance cushioning
and support, injury incidence has not demonstrated
a corresponding decline, raising critical questions
about the effectiveness of conventional footwear in
mitigating biomechanical stress (Kerrigan et al.,
2009).

Further  biomechanical investigations  have
highlighted that traditional shod running is often
associated with a rearfoot strike pattern, which
generates higher impact transient forces that may
contribute to repetitive stress injuries over time
(Lieberman et al., 2010). In contrast, variations in
running mechanics observed across different
populations suggest that foot strike patterns and load
distribution play a significant role in injury
development (Hatala et al., 2013). Despite these
insights, the relationship between running
mechanics and injury risk remains complex and not
fully understood, particularly in recreational settings
where variability in technique and training intensity
is high. Moreover, studies examining injury patterns
have indicated that runners frequently experience a
redistribution rather than a reduction of mechanical
stress, depending on their running style and footwear
condition (Shih et al., 2013; Fuller et al., 2016). This
ongoing inconsistency in injury outcomes
underscores the need for a more comprehensive
evaluation of how different running modalities
influence biomechanical loading and injury
susceptibility. Consequently, understanding the
underlying factors contributing to injury prevalence
in recreational runners is essential for developing
more effective prevention strategies and informing
evidence-based recommendations for safer running
practices.

Problem Statement:

Despite continuous advancements in footwear
technology aimed at enhancing comfort, cushioning,
and biomechanical support, the incidence of running
related injuries has not shown a meaningful decline
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over time, particularly among recreational runners.
Modern running shoes have been engineered to
reduce impact forces and provide structural stability,
yet empirical evidence suggests that these
modifications have not translated into a proportional
reduction in injury rates. Instead, injury prevalence
has remained relatively stable, raising concerns
about whether conventional footwear effectively
addresses the underlying biomechanical factors
associated with running injuries. Research
examining joint kinetics has indicated that certain
types of running shoes may alter natural movement
patterns, potentially increasing loading at specific
joints such as the knee, which may contribute to the
persistence of overuse injuries (Kerrigan et al.,
2009). Similarly, observational studies have
demonstrated that injury incidence is not solely
dependent on footwear type but is influenced by a
combination of gait mechanics, training habits, and
individual adaptation (Goss & Gross, 2012). These
findings challenge the long standing assumption that
cushioned footwear inherently reduces injury risk
and instead suggest that it may redistribute
mechanical stress without eliminating it.

In this context, barefoot running has emerged as an
alternative approach, generating significant debate
within the field of sports science. Proponents argue
that running without shoes promotes a more natural
gait pattern characterized by forefoot or midfoot
striking, which has been associated with reduced
impact transients and altered loading dynamics
(Lieberman et al., 2010). This shift in biomechanics
is often presented as a potential mechanism for
lowering the risk of impact related injuries,
particularly those affecting the knee. However, the
growing body of research also indicates that
barefoot running introduces its own set of
challenges, including increased stress on the foot
and ankle structures, especially during the initial
transition period (Ridge et al., 2013). Systematic
evaluations have further highlighted that while
barefoot or minimalist running may modify
biomechanical variables, there 1is insufficient
conclusive evidence to support a universal reduction
in overall injury risk (Perkins et al., 2014; Warne &
Gruber, 2017). Moreover, comparative studies have
shown that minimalist footwear does not replicate
the exact biomechanical conditions of true barefoot
running, complicating the interpretation of existing
findings (Bonacci et al., 2013).

The ongoing debate between barefoot and shod
running is therefore characterized by conflicting
evidence and a lack of consensus regarding which
approach is more effective for injury prevention.
While some studies emphasize the potential benefits
of altered foot strike patterns and improved
proprioception, others point to the increased
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likelihood of stress related injuries in the lower
extremities (Ryan et al., 2014; Hall et al., 2013). This
inconsistency underscores a critical gap in
understanding how different running modalities
influence injury mechanisms in practical settings.
Consequently, there is a need for a comprehensive
and balanced examination that considers both
biomechanical adaptations and injury outcomes,
rather than focusing on isolated wvariables.
Addressing this gap is essential for developing
evidence-based recommendations and guiding
recreational runners in making informed decisions
about their running practices.

Rationale of the Study:

The growing interest in barefoot running as an
alternative to conventional shod running has
generated a substantial body of research; however,
much of the existing literature has tended to examine
biomechanical variables and injury outcomes in
isolation rather than in an integrated manner. This
separation has limited the ability to draw meaningful
conclusions about the true implications of barefoot
running on injury risk, as changes in lower limb
biomechanics are directly linked to the distribution
of mechanical stress across musculoskeletal
structures. For instance, alterations in foot strike
patterns and joint loading have been shown to
influence how forces are transmitted through the
kinetic chain, thereby affecting the likelihood and
location of injuries (Lieberman et al., 2010; Fuller et
al., 2016). Similarly, variations in muscle activation
and movement mechanics between barefoot and
shod conditions suggest that the body adapts
dynamically to different running environments,
which may either mitigate or exacerbate injury risk
depending on the context (Yong et al., 2014; Hall et
al., 2013). Despite these insights, many studies have
focused exclusively on either biomechanical
efficiency or injury incidence, resulting in a
fragmented understanding of the relationship
between running technique and injury development.

Furthermore, the current body of literature presents
conflicting evidence regarding the effectiveness of
barefoot running in reducing injury risk, thereby
highlighting a significant research gap. While some
investigations report that Dbarefoot running
encourages more natural movement patterns and
reduces impact forces associated with heel striking,
others emphasize the increased stress placed on the
foot and ankle structures, particularly during the
transition period (Ridge et al.,, 2013; Warne &
Gruber, 2017). In addition, comparative studies have
demonstrated that factors such as running economy
and physiological demand may differ between
barefoot and shod conditions, further complicating
the evaluation of their overall benefits (Hanson et
al.,2011; Tam et al., 2014). The diversity of findings
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is also influenced by methodological variations,
including differences in study design, participant
characteristics, and definitions of injury, which
contribute to inconsistencies in reported outcomes
(Perkins et al., 2014). Moreover, evidence suggests
that foot strike patterns and surface conditions can
vary widely even among habitually barefoot
populations, indicating that there is no single
biomechanical model that applies universally
(Hatala et al., 2013; Gruber et al., 2013).

Given these inconsistencies, there is a clear need for
a comprehensive approach that simultaneously
examines both biomechanical adaptations and injury
patterns to provide a more balanced and evidence
based understanding of barefoot running. Integrating
these dimensions allows for a more accurate
assessment of whether observed biomechanical
changes translate into meaningful reductions in
injury risk or merely result in a redistribution of
stress across different anatomical regions (Shih et
al., 2013; Bonacci et al.,, 2013). Additionally,
emerging evidence from longitudinal and controlled
studies suggests that adaptation plays a critical role
in determining outcomes, as runners who transition
gradually may experience different injury patterns
compared to those who adopt barefoot running
abruptly (Hollander et al., 2019; Altman & Davis,
2016). This further reinforces the importance of
considering both short term and long-term effects
within a unified analytical framework. Therefore,
the present study is grounded in the necessity to
bridge the gap between biomechanics and injury
research, offering a more holistic perspective that
can inform practical recommendations for
recreational runners and contribute to the ongoing
scientific discourse in this field.

Objectives of the Study:

The present study is designed to systematically
examine the relationship between barefoot running
and injury risk by integrating biomechanical
analysis with observed injury patterns among
recreational runners. The primary objective is to
compare the overall injury risk associated with
barefoot and shod running conditions, with
particular attention to the distribution and frequency
of injuries across different regions of the lower limb.
In addition to injury outcomes, the study seeks to
analyze the biomechanical differences between
these two running modalities, focusing on variables
such as foot strike patterns, joint loading, muscle
activation, and force distribution, which have been
identified as critical determinants of running
efficiency and injury susceptibility (Lieberman et
al., 2010; Fuller et al., 2016). A further objective is
to evaluate the practical applicability of barefoot
running within recreational contexts by considering
factors such as adaptability, transition challenges,
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and long term sustainability. This includes assessing
whether the theoretical biomechanical advantages of
barefoot running translate into meaningful and
realistic benefits for individuals who do not possess
professional training or supervision (Warne &
Gruber, 2017; Perkins et al., 2014). Through this
multi dimensional approach, the study aims to
provide a comprehensive understanding that extends
beyond isolated findings and contributes to more
informed decision making in running practices.

Research Questions:

The study is guided by a set of focused research
questions that address both theoretical and practical
dimensions of barefoot running. The central
question examines whether barefoot running leads to
a significant reduction in injury risk when compared
to traditional shod running, taking into account the
complexity of injury mechanisms and individual
variability among recreational runners. In parallel,
the study investigates how barefoot running alters
lower limb biomechanics, particularly in relation to
foot strike patterns, impact forces, and joint kinetics,
which are known to influence injury development
(Yong et al., 2014; Hall et al., 2013). Another key
question explores the types of injuries commonly
associated with each running style, recognizing that
biomechanical changes may not eliminate injuries
but instead shift their occurrence to different
anatomical structures (Ridge et al., 2013; Ryan et al.,
2014). Collectively, these questions aim to clarify
the extent to which barefoot running can be
considered a viable alternative to conventional
footwear and to identify the conditions under which
it may be beneficial or potentially harmful.

Hypothesis:

HO There is no significant difference in injury risk
between barefoot and shod running among
recreational runners.

H1 Barefoot running significantly influences injury
risk and lower limb biomechanics compared to shod
running, leading to differences in injury patterns and
mechanical load distribution.

Literature Review:

Foot Strike Patterns and Running Mechanics:
Foot strike patterns represent a fundamental
component of running mechanics and play a critical
role in determining how forces are generated,
absorbed, and transmitted through the lower
extremities during locomotion. In the context of
running styles, the distinction between forefoot and
rearfoot strike patterns has received considerable
attention, particularly in relation to barefoot and
shod conditions. Rearfoot striking, which is
commonly observed in runners wearing cushioned
footwear, involves initial ground contact with the
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heel and is typically associated with a distinct impact
transient in the vertical ground reaction force profile.
This abrupt loading pattern has been linked to higher
rates of repetitive stress on the skeletal system,
particularly affecting the knee joint and contributing
to the development of overuse injuries (Lieberman
et al.,, 2010). In contrast, forefoot striking, more
frequently adopted during barefoot running,
involves initial contact with the front portion of the
foot, allowing for a more gradual loading response
and a reduction in the magnitude of impact
transients. This modification in strike pattern
facilitates greater energy absorption through the
ankle and foot structures, thereby altering the
distribution of mechanical stress across the lower
limb.

The relationship between foot strike patterns and
ground reaction forces is complex and influenced by
multiple biomechanical factors, including running
speed, surface characteristics, and individual
neuromuscular control. Studies have demonstrated
that barefoot runners tend to exhibit lower vertical
loading rates due to the absence of heel cushioning,
which encourages adaptations in landing mechanics
and promotes a softer, more controlled foot
placement (Divert et al., 2005). However, this
reduction in impact forces at initial contact does not
necessarily imply a decrease in overall mechanical
load, as the redistribution of forces toward the
plantar flexor muscles and foot structures may
increase localized stress in these regions (Shih et al.,
2013). Furthermore, variations in foot strike patterns
are not uniform across all individuals, even within
habitually barefoot populations, indicating that
running mechanics are highly adaptable and subject
to individual differences in anatomy and motor
control (Hatala et al.,, 2013). This variability
suggests that the relationship between strike pattern
and injury risk cannot be generalized without
considering contextual and individual factors.

In addition to altering force distribution, changes in
foot strike patterns influence muscle activation and
joint kinematics throughout the gait cycle. Forefoot
striking has been associated with increased
activation of the calf muscles and greater reliance on
elastic energy storage within the Achilles tendon,
which may enhance shock absorption but also
elevate the risk of strain related injuries if adequate
adaptation is not achieved (Yong et al.,, 2014).
Conversely, rearfoot striking places greater
emphasis on passive shock absorption through
skeletal structures and footwear cushioning,
potentially increasing joint loading at the knee
(Fuller et al., 2016). The interplay between these
mechanical adjustments highlights that neither foot
strike pattern can be considered inherently superior,
as each presents distinct biomechanical advantages



Journal of Molecular Science

Volume 36 Issue 2, Year of Publication 2026, Page 595-605

Journal of Molecular Science

and limitations. Consequently, understanding how
foot strike patterns interact with ground reaction
forces is essential for evaluating their role in injury
development and for informing evidence-based
recommendations in both barefoot and shod running
contexts.

Biomechanical Differences:

The comparison between barefoot and shod running
reveals significant biomechanical differences that
extend beyond surface level gait alterations and
directly influence joint loading patterns, muscle
activation, and neuromuscular control. One of the
most critical distinctions lies in how mechanical
loads are distributed across the knee and ankle joints
during the stance phase of running. In conventional
shod running, particularly with cushioned footwear,
runners tend to adopt a rearfoot strike pattern that
increases the magnitude of loading at the knee joint,
as the impact forces are transmitted more directly
through the skeletal system with limited engagement
of the ankle’s elastic structures (Kerrigan et al.,
2009). This pattern has been associated with higher
knee joint torques and is often implicated in
common overuse injuries such as patellofemoral
pain syndrome. In contrast, barefoot running
typically encourages a forefoot or midfoot strike
pattern, which shifts the mechanical demand away
from the knee and toward the ankle joint and
surrounding musculature. This redistribution of load
results in greater ankle plantarflexion and increased
reliance on the calf muscle complex to absorb and
dissipate forces (Fuller et al., 2016). While this may
reduce stress on the knee, it simultaneously
increases the mechanical burden on the Achilles
tendon and foot structures, highlighting a trade off
rather than a clear reduction in overall loading.

In addition to joint loading differences, muscle
activation patterns vary substantially between
barefoot and shod running conditions. Barefoot
running has been shown to require greater activation
of intrinsic foot muscles and the triceps surae group,
as the absence of external cushioning necessitates
active stabilization and shock absorption by the
musculoskeletal system (Yong et al., 2014). This
increased muscular engagement may contribute to
improved strength and functional capacity over
time, particularly in the foot and ankle complex.
However, it also places greater immediate demand
on these structures, especially in individuals who are
not adequately conditioned or who transition too
rapidly. On the other hand, shod running tends to
reduce the need for intrinsic muscle activation due
to the supportive features of modern footwear, which
can lead to a more passive form of shock attenuation
but may also limit the development of natural
stabilizing mechanisms (Hall et al., 2013). These
contrasting activation patterns underscore the
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importance ~ of  considering  neuromuscular
adaptation when evaluating the long-term
implications of different running styles.

Furthermore, proprioception and dynamic stability
are notably influenced by footwear conditions, with
barefoot running often associated with enhanced
sensory feedback due to direct contact between the
foot and the ground. This increased sensory input
allows for more precise adjustments in foot
placement and movement coordination, potentially
improving balance and reducing the likelihood of
certain types of injuries related to instability
(Hollander et al., 2019). However, the extent to
which improved proprioception translates into
reduced injury risk remains uncertain, as enhanced
sensory awareness does not necessarily prevent
overload injuries resulting from excessive or
improperly distributed forces. In contrast, cushioned
footwear may dampen sensory feedback, which can
reduce immediate discomfort but may also impair
the runner’s ability to detect subtle changes in terrain
or loading patterns. Overall, the biomechanical
differences between barefoot and shod running
illustrate a complex interplay between joint loading,
muscular activity, and neuromuscular control,
emphasizing that the choice of running style
involves a balance of benefits and limitations rather
than a universally optimal solution.

Injury Patterns in Shod Running:

Injury patterns observed in shod running have been
widely documented in the literature, with a
substantial proportion of these injuries affecting the
knee joint and arising from repetitive impact related
stress. Recreational runners who predominantly use
cushioned footwear often exhibit a rearfoot strike
pattern, which is associated with a pronounced
impact transient at initial ground contact. This
abrupt loading response generates high vertical
loading rates that are transmitted through the lower
limb, placing considerable stress on the knee joint
and surrounding structures. Biomechanical analyses
have demonstrated that such loading conditions
contribute to elevated joint torques at the knee,
which are frequently implicated in the development
of conditions such as patellofemoral pain syndrome
and iliotibial band syndrome (Kerrigan et al., 2009).
The repetitive nature of running amplifies these
effects over time, leading to cumulative
microtrauma that may exceed the body’s capacity
for recovery, particularly in individuals with
suboptimal running mechanics or inadequate
training progression.

The role of impact related stress in injury
development is further reinforced by studies
examining the relationship between foot strike
patterns and injury incidence. Runners who
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consistently adopt a rearfoot strike pattern tend to
experience higher rates of impact loading, which has
been associated with an increased likelihood of
repetitive stress injuries (Daoud et al., 2012). While
modern running shoes are designed to attenuate
these forces through cushioning technologies,
evidence suggests that such features may alter
natural gait mechanics without effectively reducing
overall mechanical load. Instead, cushioning can
create a false sense of protection, potentially
encouraging runners to adopt movement patterns
that increase joint stress, particularly at the knee
(Bonacci et al., 2013). This phenomenon highlights
a critical limitation of footwear-based interventions,
as the reduction of perceived discomfort does not
necessarily correspond to a reduction in underlying
biomechanical strain.

In addition to knee related injuries, impact forces in
shod running have been linked to broader patterns of
musculoskeletal —stress affecting the lower
extremities. High loading rates and repetitive ground
contact forces contribute to the development of
stress related conditions such as tibial stress
syndrome and joint degeneration over prolonged
periods of activity. Research indicates that these
injuries are often multifactorial, influenced by a
combination of biomechanical, physiological, and
training related variables (Ryan et al., 2014).
Moreover, variations in individual gait patterns and
footwear design further complicate the relationship
between impact forces and injury outcomes,
suggesting that the effectiveness of cushioned shoes
in preventing injuries may be limited and highly
context dependent. Comparative analyses have also
shown that while shod running may reduce localized
stress on certain structures such as the foot, it often
results in a redistribution of forces toward proximal
joints, particularly the knee, thereby altering rather
than eliminating injury risk (Squadrone & Gallozzi,
2009).

Overall, the injury patterns associated with shod
running underscore the complex interaction between
impact mechanics and joint loading, emphasizing
that cushioning alone is insufficient as a protective
mechanism. The persistence of knee dominant
injuries and impact related stress highlights the need
for a more comprehensive understanding of how
footwear influences running biomechanics and
injury development. These findings provide a
critical foundation for evaluating alternative
approaches such as barefoot running, which seek to
modify loading patterns and potentially address
some of the limitations observed in traditional shod
running practices.

Research Gap:
Despite the expanding body of literature examining
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barefoot and shod running, a clear and unified
consensus regarding their relative effectiveness in
reducing injury risk remains absent. Existing studies
present divergent findings, with some emphasizing
biomechanical advantages associated with barefoot
running while others highlight an increased
susceptibility to specific injury types, particularly
during the transition phase. Systematic evaluations
of the literature indicate that variations in study
design, participant characteristics, and definitions of
injury  contribute  significantly to  these
inconsistencies, making it difficult to establish
definitive conclusions (Perkins et al., 2014; Warne
& Gruber, 2017). Additionally, prospective and
observational studies have reported conflicting
outcomes in relation to injury incidence, with some
suggesting reduced rates of certain injuries in
barefoot or minimalist runners, while others
demonstrate no significant difference when
compared to traditional shod running (Altman &
Davis, 2016; Ryan et al., 2014). This lack of
agreement underscores a fundamental limitation in
current research, where isolated findings are often
generalized without sufficient consideration of
contextual and individual factors.

A critical gap within the literature lies in the
tendency to interpret biomechanical changes as
direct indicators of injury prevention without
adequately examining how these changes translate
into real world injury patterns. While barefoot
running has been associated with reduced impact
transients and altered loading mechanics, these
adaptations do not necessarily eliminate mechanical
stress but instead redistribute it across different
anatomical regions. Evidence suggests that runners
who adopt a forefoot strike pattern may experience
decreased loading at the knee but increased stress on
the foot and ankle complex, particularly affecting
structures such as the metatarsals and Achilles
tendon (Ridge et al.,, 2013; Fuller et al., 2016).
Similarly, variations in foot strike patterns and
running surfaces indicate that biomechanical
responses are highly individualized and cannot be
universally applied across populations (Hatala et al.,
2013). This phenomenon highlights that injury risk
is not removed but rather shifted, with different
running styles predisposing individuals to distinct
categories of injuries.

Furthermore, many studies fail to account for the
dynamic process of adaptation, which plays a crucial
role in determining injury outcomes. Runners
transitioning from shod to barefoot conditions often
undergo significant neuromuscular and structural
adjustments, and insufficient adaptation has been
linked to increased injury risk during this period
(Hollander et al., 2019). The absence of long term
longitudinal studies further limits the ability to
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assess whether observed benefits or risks persist
over time or are primarily associated with short term
changes in running mechanics. As a result, the
current evidence base lacks a comprehensive
framework that integrates biomechanical alterations,
adaptation processes, and injury outcomes into a
cohesive understanding.

This gap highlights the need for a more holistic and
comparative approach that simultaneously examines
biomechanics and injury patterns rather than treating
them as independent variables. Addressing this
limitation is essential for developing evidence based
recommendations and for clarifying whether
barefoot running represents a genuinely safer
alternative or simply a different distribution of
mechanical stress within the lower limb.

Methodology:

The present study adopts a comparative and
descriptive research design grounded in a structured
literature-based approach, aimed at synthesizing
existing empirical evidence on barefoot and shod
running. This design is particularly appropriate
given the complexity of the research problem, which
requires the integration of biomechanical data with
injury related outcomes rather than reliance on a
single experimental dataset. A literature-based
methodology enables the examination of a wide
range of controlled and observational studies,
thereby providing a more comprehensive
understanding of how different running conditions
influence lower limb biomechanics and injury
patterns. Previous scholarly work has emphasized
the importance of comparative synthesis when
addressing multifactorial issues such as running
related injuries, where variability in individual
biomechanics and training conditions plays a
significant role (Perkins et al., 2014; Warne &
Gruber, 2017). By adopting this approach, the study
is able to critically evaluate and compare findings
across multiple research contexts, ensuring a
balanced and evidence based analysis.

The data for this study have been collected
exclusively from peer reviewed journal articles to
ensure the credibility and academic rigor of the
analysis. Reputable databases such as PubMed,
Google Scholar, and other recognized scientific
indexing platforms have been utilized to identify
relevant studies within the domain of sports
biomechanics and injury prevention. The selection
of sources has been guided by their relevance to the
research topic, methodological soundness, and
contribution to understanding the relationship
between running mechanics and injury risk. Prior
research has demonstrated that systematic retrieval
of peer reviewed literature from established
databases enhances the reliability of findings and
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minimizes the inclusion of non validated or
anecdotal evidence (Hryvniak et al., 2014). This
methodological rigor is essential for maintaining the
integrity of the study and ensuring that conclusions
are drawn from scientifically validated sources.

To maintain consistency and relevance, specific
inclusion criteria have been established for the
selection of studies. Only those studies that focus on
recreational runners have been considered, as this
population represents the primary focus of the
research and exhibits distinct biomechanical and
injury characteristics compared to elite athletes.
Additionally, selected studies are required to address
both biomechanical aspects and injury related
outcomes, ensuring that the analysis captures the
interaction between movement patterns and injury
development. Emphasis has also been placed on
recent and relevant research to reflect current
advancements in the field and to incorporate
contemporary perspectives on barefoot and shod
running. This selective approach is supported by
existing literature, which highlights the importance
of clearly defined inclusion criteria in reducing bias
and enhancing the validity of comparative research
(Altman & Davis, 2016).

The study examines both independent and
dependent variables to facilitate a structured
comparative analysis. The independent variable is
defined as the type of running condition, categorized
into barefoot and shod running. The dependent
variables include injury type, injury incidence, and
key biomechanical parameters such as foot strike
pattern, joint loading, and muscle activation. This
classification allows for a systematic evaluation of
how changes in running conditions influence
biomechanical behavior and subsequent injury
outcomes. Previous biomechanical studies have
demonstrated that variations in footwear
significantly alter load distribution and movement
patterns, thereby affecting injury susceptibility
(Fuller et al., 2016; Hall et al., 2013). By clearly
defining these variables, the study ensures a focused
and coherent analytical framework.

For data analysis, a thematic and comparative
synthesis approach has been employed. This
involves organizing the selected studies into
thematic categories based on key variables such as
foot strike patterns, joint loading, injury distribution,
and adaptation processes. Within each theme,
findings are critically compared to identify patterns,
similarities, and discrepancies across studies. This
method allows for the integration of diverse research
outcomes into a cohesive narrative, providing a
deeper understanding of the underlying mechanisms
associated with barefoot and shod running.
Thematic synthesis has been widely recognized as
an effective approach for analyzing complex and
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heterogeneous data in sports science research, as it
enables the identification of broader trends while
preserving the contextual nuances of individual
studies (Jahn et al., 2020). Through this analytical
process, the study aims to generate meaningful
insights that bridge the gap between biomechanics
and injury research, ultimately contributing to a
more comprehensive evaluation of running
practices.

Results and Findings:

The analysis of the selected studies reveals
consistent yet nuanced patterns in how barefoot and
shod running influence foot strike behavior, impact
forces, injury distribution, and adaptation processes
among recreational runners. A prominent finding
relates to the observable shift in foot strike patterns
between the two running conditions. Runners who
perform in barefoot conditions demonstrate a higher
tendency to adopt a forefoot or midfoot strike,
whereas those using conventional footwear
predominantly exhibit a rearfoot strike pattern. This
distinction has been widely documented and is
closely associated with differences in how the body
manages initial ground contact and subsequent force
transmission (Lieberman et al., 2010). However, it is
also evident that this transition is not uniform across
individuals, as variations in technique, experience,
and environmental conditions can influence strike
patterns even within similar groups (Hatala et al.,
2013). Moreover, research indicates that footwear
alone does not entirely dictate strike pattern, as
runners may maintain habitual movement strategies
despite changes in external conditions (Shih et al.,
2013). These findings suggest that while barefoot
running encourages a modification in foot strike, the
extent of change is influenced by individual
adaptation and neuromuscular control.

In relation to impact forces and load distribution, the
findings indicate a complex redistribution rather
than a simple reduction of mechanical stress.
Barefoot running is generally associated with lower
impact transient peaks due to the absence of heel
cushioning and the adoption of a forefoot strike,
which allows for a more gradual application of force
during ground contact (Divert et al., 2005). This
altered loading pattern reduces the magnitude of
forces transmitted to the knee joint, potentially
lowering the risk of certain knee related injuries.
However, the reduction in proximal loading is
accompanied by an increase in demand on the distal
structures of the lower limb, particularly the ankle
joint and associated musculature. Studies have
demonstrated that this shift results in greater reliance
on the calf muscles and Achilles tendon for shock
absorption and propulsion (Fuller et al., 2016).
Additionally, comparative analyses have shown that
barefoot running may influence the overall
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distribution of mechanical work across joints, with
increased energy absorption occurring at the ankle
and reduced contribution from the knee (Squadrone
& Gallozzi, 2009). These findings reinforce the
concept that barefoot running modifies the pathway
of force transmission rather than -eliminating
mechanical stress.

The comparison of injury types between barefoot
and shod runners further supports the notion of a
redistribution of risk. Evidence indicates that shod
runners are more likely to experience injuries
associated with repetitive impact and joint loading at
the knee, including patellofemoral pain and related
conditions (Daoud et al., 2012). In contrast, barefoot
runners demonstrate a higher prevalence of injuries
affecting the foot and ankle, such as metatarsal stress
fractures and Achilles tendinopathy, particularly
during periods of inadequate adaptation (Ridge et
al., 2013). Observational and survey based studies
have also reported that injury patterns vary
according to running experience and transition
practices, with some runners experiencing initial
increases in injury incidence before achieving
adaptation (Hryvniak et al., 2014). Furthermore,
research comparing different footwear conditions
suggests that minimalist shoes do not fully replicate
barefoot mechanics, leading to variations in injury
outcomes that complicate direct comparisons
(Bonacci et al., 2013). These findings highlight that
injury risk is not inherently reduced in one condition
over the other but is instead influenced by the

interaction  between  biomechanics, training
behavior, and individual physiology.
Adaptation emerges as a critical factor in

determining both biomechanical outcomes and
injury risk. The transition from shod to barefoot
running requires significant neuromuscular and
structural adjustments, including increased strength
and endurance of the intrinsic foot muscles and
improved coordination of movement patterns.
Longitudinal studies have demonstrated that runners
who undergo a gradual and structured transition
exhibit more favorable biomechanical adaptations
and a lower incidence of injury compared to those
who adopt barefoot running abruptly (Hollander et
al., 2019). Conversely, rapid changes in running
style have been associated with an increased risk of
stress related injuries due to insufficient time for
tissue adaptation. Prospective research also suggests
that injury rates between barefoot and shod runners
may converge over time when appropriate
adaptation strategies are followed, indicating that
the initial transition phase plays a significant role in
shaping outcomes (Altman & Davis, 2016).
Collectively, these findings emphasize that the
effects of barefoot running cannot be fully
understood without considering the temporal
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dimension of adaptation, as both benefits and risks
are closely tied to how the transition is managed.

DISCUSSION:

The interpretation of the findings indicates that
barefoot running does not function as a universal
solution for injury prevention but instead alters the
biomechanical pathways through which forces are
distributed across the lower extremities, thereby
influencing the type and location of injuries
experienced by runners. The observed reduction in
certain injuries, particularly those affecting the knee,
can be attributed to the shift in foot strike pattern and
the associated decrease in impact transients during
ground contact. This modification reduces the
magnitude of forces transmitted to proximal joints,
which may lower the likelihood of repetitive stress
injuries in the knee region (Lieberman et al., 2010).
However, this apparent benefit is accompanied by an
increased mechanical demand on distal structures,
particularly the foot and ankle complex, where
forces are absorbed more actively through muscular
and tendinous mechanisms. As a result, barefoot
running has been associated with a higher incidence
of injuries such as metatarsal stress fractures and
Achilles tendinopathy, especially in individuals who
lack adequate conditioning or transition too rapidly
(Ridge et al., 2013). This dual outcome highlights
that barefoot running does not eliminate injury risk
but redistributes it, reinforcing the importance of
understanding injury mechanisms in relation to
biomechanical adaptations rather than evaluating
outcomes in isolation.

The concept of biomechanical tradeoffs further
clarifies this relationship, as the reduction in knee
loading is counterbalanced by increased stress on the
foot and ankle structures. Studies examining joint
kinetics have demonstrated that barefoot running
reduces knee joint moments while simultaneously
increasing plantarflexor demand, resulting in greater
reliance on the calf muscles and Achilles tendon for
shock absorption and propulsion (Fuller et al.,
2016). This redistribution of mechanical work
reflects a shift from passive to active load
management, where the musculoskeletal system
assumes a greater role in stabilizing and absorbing
forces. While this may enhance functional strength
and proprioceptive engagement over time, it also
increases the risk of overload in tissues that may not
be sufficiently adapted to handle these demands.
Comparative analyses have shown that such trade
offs are inherent to changes in running mechanics
and cannot be entirely avoided, as improvements in
one aspect of biomechanical efficiency often result
in increased strain elsewhere in the kinetic chain
(Hall et al., 2013). Consequently, the evaluation of
barefoot running must consider these compensatory
mechanisms rather than focusing solely on isolated
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benefits.

From a practical perspective, the findings suggest
that barefoot running may be beneficial for certain
individuals but is not universally appropriate for all
runners. Those who may benefit include individuals
with a history of knee related injuries, as the reduced
loading at the knee joint could potentially alleviate
symptoms and improve running comfort.
Additionally, runners who are willing to adopt a
gradual and structured transition process may
experience improved neuromuscular control and
foot strength over time (Hollander et al., 2019).
Conversely, individuals with pre existing conditions
affecting the foot or Achilles tendon, as well as those
who lack adequate strength or attempt an abrupt
transition, may be at a higher risk of injury. Evidence
indicates that improper adaptation is a significant
factor contributing to injury incidence in barefoot
running, emphasizing the need for progressive
training protocols and individualized approaches
(Warne & Gruber, 2017). These considerations
highlight that the effectiveness of barefoot running
is highly dependent on context, including the
runner’s physical condition, training habits, and
adherence to appropriate transition strategies.

When compared with previous studies, the present
findings align with the broader consensus that
barefoot running produces meaningful changes in
biomechanics but does not conclusively reduce
overall injury rates. Earlier systematic reviews and
comparative studies have similarly reported that
while barefoot or minimalist running may lower
impact forces and alter movement patterns, these
changes are accompanied by a shift in injury
distribution rather than a reduction in total injury
incidence (Perkins et al., 2014; Altman & Davis,
2016). Furthermore, research examining injury
patterns across different running conditions has
consistently demonstrated variability in outcomes,
reflecting the influence of individual differences and
methodological diversity (Ryan et al., 2014). The
consistency of these observations across multiple
studies strengthens the argument that the
relationship between running style and injury risk is
complex and multifactorial. Overall, the findings
contribute to the existing body of knowledge by
reinforcing the need for a balanced and integrative
perspective that considers both the benefits and
limitations of barefoot running within the broader
context of recreational running practices.

CONCLUSION:

The findings of the present study indicate that
barefoot running cannot be regarded as a universally
safer alternative to conventional shod running, as its
effects on injury risk are complex and context
dependent. While barefoot running promotes
biomechanical adaptations such as a forefoot or
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midfoot strike pattern and reduced impact transients,
these changes do not eliminate mechanical stress but
instead alter its distribution across the lower
extremities. Evidence suggests that reduced loading
at the knee joint may contribute to a lower incidence
of certain knee related injuries; however, this benefit
is accompanied by increased stress on the foot and
ankle structures, particularly the metatarsals and
Achilles tendon (Lieberman et al., 2010; Ridge et al.,
2013). This redistribution of mechanical load
highlights that injury risk is not removed but shifted,
with different running conditions predisposing
individuals to distinct injury profiles. Furthermore,
the role of adaptation emerges as a critical
determinant of outcomes, as runners who transition
gradually demonstrate more favorable
biomechanical adjustments and lower injury
incidence compared to those who adopt barefoot
running abruptly (Hollander et al., 2019). The
overall evidence therefore supports the conclusion
that barefoot running represents an alternative
running strategy with specific advantages and
limitations rather than a definitive solution for injury
prevention. A balanced and individualized approach
is essential when considering its application in
recreational running.

RECOMMENDATIONS:

Based on the findings, it is recommended that
individuals who choose to adopt barefoot running
should follow a gradual and structured transition
protocol to allow sufficient time for neuromuscular
and musculoskeletal adaptation. Sudden changes in
running style have been associated with an increased
risk of stress related injuries, particularly in the foot
and ankle region, emphasizing the importance of
progressive exposure and controlled training
increments (Warne & Gruber, 2017). Incorporating
targeted strengthening exercises for the intrinsic foot
muscles and calf complex is also advisable, as
enhanced muscular capacity can improve shock
absorption and reduce the likelihood of overload
injuries. Additionally, barefoot running may be more
effectively utilized as a supplementary training
method rather than a complete replacement for shod
running, allowing runners to benefit from improved
proprioception and muscle activation without
excessive strain. From a research perspective, there
is a need for more comprehensive longitudinal
studies that examine the long term effects of
barefoot running on injury risk, as current evidence
is largely based on short term observations and may
not fully capture adaptation over time (Perkins et al.,
2014). These recommendations aim to promote safer
implementation and encourage a more evidence
based approach to running practices.
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LIMITATIONS:

The present study is subject to several limitations
that should be considered when interpreting the
findings. One of the primary limitations is the lack
of long term data within the existing literature, as
many studies focus on short duration interventions
or observational analyses that do not fully account
for the effects of prolonged adaptation. This restricts
the ability to draw definitive conclusions regarding
the sustained impact of barefoot running on injury
risk over extended periods. Additionally, there is
considerable variability in study designs, including
differences in  sample size, participant
characteristics, and methodological approaches,
which contributes to inconsistencies in reported
outcomes and limits the comparability of findings
across studies (Altman & Davis, 2016). Another
important limitation relates to individual differences
in biomechanics, training history, and physical
conditioning, which influence how runners respond
to changes in footwear and running style. Such
variability makes it difficult to generalize results to
all populations, particularly when considering the
diverse nature of recreational runners. These
limitations highlight the need for more standardized
research frameworks and emphasize caution in
interpreting and applying current evidence.
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