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PERSPECTIVES ON THE IMPACT OF ADVANCED FOOTWEAR ON RUNNING PERFORMANCE AND INJURY: A REVIEW

ABSTRACT. This review explores the evolution of running from a basic survival skill to a complex sport, highlighting the significant role of
advanced footwear in performance enhancement. Running economy, a key determinant of long-distance running success, is influenced by
various external factors, including training methods and equipment, as well as individual attributes, such as biomechanics and
cardiorespiratory capacity. Recent advancements in high-performance running shoes have shown promise in improving speed and efficiency,
as evidenced by record-breaking performance. However, the potential impact of such shoes on natural running mechanics raises concerns
regarding health and injury risks. This study examines the characteristics and effects of critical elements in advanced footwear, such as
midsole foam and rigid plates to assess their advantages and disadvantages. The findings show that, although these shoes can temporarily
enhance performance, proper training and conditioning are crucial for mitigating injury risks, particularly for untrained runners. The footwear
industry must balance performance enhancement, injury prevention, and fairness in competition to ensure that technological advancements
positively influence runners’ health and performance.
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PERSPECTIVE LEGATE DE IMPACTUL INCALTAMINTEI AVANSATE ASUPRA PERFORMANTEI LA ALERGARE $I ASUPRA RISCULUI DE
ACCIDENTARE: O TRECERE IN REVISTA

REZUMAT. Aceasta trecere in revista exploreaza evolutia alergarii de la o abilitate de supravietuire de baza la un sport complex, subliniind
rolul semnificativ al incaltdmintei avansate in imbunadtdtirea performantei. Economia alergarii, un factor cheie al succesului alergarii pe
distante lungi, este influentata de diversi factori externi, inclusiv de metodele si echipamentul de antrenament, precum si de atributele
individuale, cum ar fi biomecanica si capacitatea cardiorespiratorie. Progresele recente in realizarea unor pantofi de alergare de inalta
performanta s-au dovedit a fi promitatoare in imbunatatirea vitezei si eficientei, asa cum demonstreaza performantele record. Cu toate
acestea, potentialul impact al unor astfel de pantofi asupra mecanicii naturale de alergare ridica ingrijorari cu privire la riscurile de sanatate
si de accidentare. Acest studiu examineaza caracteristicile si efectele elementelor critice din incaltdmintea avansatd, cum ar fi talpa
intermediara din spuma si placile rigide, pentru a le evalua avantajele si dezavantajele. Descoperirile aratd cd, desi acesti pantofi pot
imbundatati temporar performanta, antrenamentul si conditionarea adecvate sunt cruciale pentru atenuarea riscurilor de accidentare, in
special pentru alergatorii neantrenati. Industria de incaltaminte trebuie sa echilibreze factori precum imbunatatirea performantei, prevenirea
accidentdrilor si corectitudinea Tn competitie pentru a se asigura cd progresele tehnologice influenteaza intr-un mod pozitiv sdandtatea si
performanta alergatorilor.

CUVINTE CHEIE: economia alergarii, pantofi, talpad intermediara, biomecanica, placa din fibra de carbon

PERSPECTIVES SUR L'IMPACT DES CHAUSSURES AVANCEES SUR LES PERFORMANCES DE COURSE ET LE RISQUE DE BLESSURES : UNE
REVUE

RESUME. Cette revue explore I'évolution de la course a pied, d’'une compétence de survie de base a un sport complexe, soulignant le role
important des chaussures avancées dans I'amélioration des performances. L’économie de course, un facteur clé dans la réussite des courses
de longue distance, est influencée par divers facteurs externes, notamment les méthodes et I’équipement d’entrainement, ainsi que par des
attributs individuels tels que la biomécanique et la forme cardiorespiratoire. Les progrés récents dans le domaine des chaussures de course
haute performance se sont révélés prometteurs en termes d’amélioration de la vitesse et de I'efficacité, comme le démontrent les
performances record. Cependant, I'impact potentiel de telles chaussures sur la mécanique naturelle de course souléve des inquiétudes quant
aux risques pour la santé et les blessures. Cette étude examine les caractéristiques et les effets des éléments critiques des chaussures
avancées, tels que les semelles intermédiaires en mousse et les plaques rigides, afin d’évaluer leurs avantages et leurs inconvénients. Les
résultats montrent que méme si ces chaussures peuvent améliorer temporairement les performances, un entrainement et un
conditionnement appropriés sont essentiels pour atténuer les risques de blessures, en particulier pour les coureurs non entrainés. L'industrie
de la chaussure doit équilibrer des facteurs tels que I'amélioration des performances, la prévention des blessures et I'équité dans la
compétition pour garantir que les avancées technologiques ont un impact positif sur la santé et les performances des coureurs.

MOTS CLES : économie de course, chaussures, semelle intermédiaire, biomécanique, plaque en fibre de carbone
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INTRODUCTION

Throughout human history, running has
evolved from a necessity for survival to a pursuit
that focuses on fitness and personal
achievements. As running gains popularity, so
does research aimed at improving speed and
performance. Running economy (RE), a critical
determinant of long-distance running
performance, is influenced by various external
factors, such as environmental conditions,
training methods, and equipment, as well as
individual  physical  attributes, including
cardiorespiratory capacity, metabolism,
biomechanics, and neuromuscular function [1,
2]. Historically, athletes have primarily
emphasized internal factors, such as training
techniques, to improve RE and speed. However,
in recent times, a notable shift has occurred
towards leveraging modern technology,
especially “advanced footwear,” to optimize
running performance, which has gained
popularity among runners. Specifically, “high-
performance running shoes” have emerged as a
significant factor in enhancing long-distance
running performance [2, 3].

While ancient runners ran barefoot,
contemporary runners utilize shoes crafted from
diverse materials, including soft compounds,
high foam, and rigid plates [4-6]. Despite the
recent emergence of advanced footwear,
opinions and studies on its impact vary widely,
with no clear consensus. Notably, high-
performance running shoes have demonstrated
the ability to enhance performance, as
evidenced by athletes achieving world records
while wearing them. Conversely, excessive
technological advancements in running shoes
may disrupt natural biomechanics and increase
the risk of injury [7, 8]. Concerns have also arisen
regarding the possibility of high-performance
running shoes compromising the fairness of the
sport, a fundamental principle in athletics [9].

Research on the effects of key elements in
running shoes, such as midsole foam, cushioning,
and rigid plates (e.g., carbon), on running
performance has yielded inconsistent findings [4-
6]. The rise of high-performance running shoes
has reportedly led to faster performance times
[9]. However, documentation is limited on
whether these advancements contribute

positively to overall runner health. Therefore, this
study aims to comprehensively review the
literature on the characteristics, advantages, and
disadvantages of the main elements used in
advanced footwear.

Shoe Mass

Shoe mass is a critical factor that
influences RE [10]. Previous studies have
indicated that increased shoe mass significantly
decreases RE and overall performance, whereas
lighter shoes are expected to enhance RE and
performance by reducing muscle effort [2, 10].
Specifically, a 100 g increase in shoe mass raises
oxygen consumption by approximately 1%,
thereby diminishing RE [11, 12].

Accordingly, running barefoot has been
suggested as more economical owing to the
absence of shoe weight. Barefoot running can
potentially enhance RE by allowing an acute
transition from rearfoot strike to forefoot strike,
increasing cadence, and minimizing vertical
oscillations of the center of mass [6, 13, 14].
Greater plantar-flexed foot placement and
increased stride frequency associated with
barefoot running may facilitate a more effective
recovery of elastic energy in tendons and
muscles [13, 15]. Moreover, increased
proprioception of the foot by running barefoot
has been hypothesized to contribute to the
above effects by allowing for the coordination
and pre-activation of key running muscles [2, 9].

However, running barefoot does not
necessarily optimize RE because the increased
ankle joint contact forces and plantar flexor
forces during transitions from rearfoot strike to
forefoot strike can increase the risk of injury
caused by abrupt changes in landing patterns.
Furthermore, running with shoes tends to
increase leg and ankle stiffness compared to
barefoot running [16, 17]. Runners encounter
various types of terrain that interact with the
leg's spring-mass system, and invariant leg
stiffness may decrease efficiency on uneven
surfaces, highlighting the importance of
stiffness. Notably, significant differences in RE
between barefoot and shod running have been
observed only when shoe weight exceeded 440
g [9, 10]. Thus, because appropriately weighted
running shoes can actually promote more
favorable RE compared to running barefoot,
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carefully integrating additional shoe elements is
as crucial as minimizing shoe mass to avoid
negative effects on RE [11].

Midsole Features (Stack Height and
Cushioning)

Significant advancements have been
made in cushioned running shoe design since the
Onitsuka Tiger was introduced as the first

cushioned running shoe in 1964, establishing
cushioning as a fundamental element of modern
footwear (Figure 1) [18]. Although cushioning
can reduce elastic energy storage and recovery,
thereby contributing to the generally lower net
efficiency observed in shod running, increased
cushioning does not always lead to decreased
metabolic cost. In some cases, this may be
considerably beneficial for running performance
[19-21].

A Onitsuka Tiger running shoe in 1964

A Nike zoomX (Braking sub 2 in 2019)

Figure 1. First cushioned running shoe vs modern running shoe
(Source: Onitsuka Co., Ltd & NIKE, Inc)

Advantages (Stack Height/Cushioning)

Upper

Midsole Foam Layer

Carbon Fiber Plate

Midsole Foam Layer

Rubber Outsole

Figure 2. Shoe component (Source: NIKE, Inc)
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Running shoes primarily consist of two
components (Figure 2): the upper, which covers
the foot, and the sole, which interacts with the
ground [18]. The sole can be subdivided into the
insole, midsole, and outsole, with research

MINIMAL

A Cushioning by height

increasingly focusing on the midsole's role in
cushioning [22]. The midsole is characterized by
thickness and elasticity, including the materials
used, each of which influences running
performance (Figure 3) [18, 22].

MODERATE =" MAXIMUM

Maximum Cushioning
Cushioned Comfort

A Cushioning by shape

Responsive Cushioning
Responsive Ride

Supportive Cushioning
Stable Support

Figure 3. Types of cushioning (Source: Recreational Equipment, Inc & NIKE, Inc)

Thickness (stack height) (Figure 4): The
thickness of the midsole, often referred to as
stack height, influences ground contact time
during a stride. A thicker midsole can extend
ground contact time, affecting the ground
reaction force-time curve and assisting in energy
return timing [12]. Increased stack height can

enhance athletes’ effective limb length,
potentially leading to longer strides during
running [23]. Shoes with a greater stack height,
particularly those incorporating carbon fiber or
rigid plates, also exhibit increased curvature that
can benefit RE [24].

Stack height

Figure 4. Midsole stack height (Source: NIKE, Inc)

Elasticity (material) (Figure 5): Midsole
elasticity pertains to the amount of energy the
midsole returns with each step. The material
used in its construction influences the
cushioning and energy return properties of the

midsole. Traditional materials include ethylene
vinyl acetate and thermoplastic polyurethane,
while recent advancements, such as polyether
block amide, have introduced lighter, more
resilient materials that enhance cushioning and
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energy return [23, 25, 26]. Research indicates
that softer and more resilient midsoles can
reduce oxygen consumption by up to 1% [27].
Conversely, poorly cushioned shoes may
increase aerobic demand by approximately 2.8%
compared to well-cushioned ones [28].

A Densor and heavier

Furthermore, individuals wearing soft shoes
have shown lower peak impact forces, longer
times to peak force, and lower average loading
rates of high-frequency signals than those
wearing harder shoes, which might reduce the
risk of injury [29].

A Airier and lightweight

Figure 5. Midsole foam material characteristics (Source: RunRepeat.com)

Disadvantages (Stack Height/Cushioning)

Although midsole cushioning is crucial for
absorbing impact, relieving joint pressure, and
enhancing comfort, particularly on hard
surfaces, some concerns have been expressed
regarding the negative effects of excessive
cushioning.

Increased body load: Although a thicker
stack height can improve energy return, it may
also increase the risk of injury by promoting a
“heel strike” pattern that adds stress to the knee,
potentially leading to knee pain or other injuries.
Furthermore, increased joint load can contribute
to overuse injuries, such as plantar fasciitis and
stress fractures [29].

Impact on natural mechanics: The arch of
the foot naturally absorbs shock during running,
and foot muscles provide essential stability to
maintain foot alignment during running. The
prolonged use of highly cushioned footwear may
lead to over-reliance on cushioning, causing
muscle atrophy, weakness, and reduced
activation, thus disrupting the function and
natural mechanics of the foot and arch [19-21,

30, 31]. This may result in altered running
patterns and an increased risk of injury, thereby
increasing instability [32].

Decreased sensory feedback: Excessive
cushioning can prevent the foot from receiving
accurate sensory feedback from the ground and
reduce the sensitivity of the plantar surface
during running. This impairs proprioception, the
body’s ability to sense its own position and
movement, which is essential for balance and
coordination. This diminished sensory feedback
can hinder the body’s ability to adapt and
respond to uneven terrain, potentially increasing
the risk of falls and instability, and leading to
injury [33].

Energy inefficiency: According to collision
physics, excessive cushioning may increase the
impact force on joints and tissues, leading to
energy inefficiency. Shoes with excessive
cushioning can distribute the body’s propulsion
forces throughout the shoe, leading to wasted
power being transmitted between the foot and
ground [10, 34]. Some studies have indicated
that excessive cushioning can increase leg
stiffness, which decreases perceived shock, but
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does not effectively reduce joint impact [10, 34].
Recent research suggests that optimal shoe
cushioning characteristics (e.g., thickness) may
vary depending on the runner’s characteristics
(e.g., body weight and composition). Specifically,
several research findings show that greater
cushioning can potentially provide more
pronounced benefits for lighter runners [8, 35].
Thus, although cushioning enhances comfort
and reduces perceived shock, excessive
cushioning may compromise natural foot
mechanics, reduce sensory feedback, and
increase the risk of injury [10, 34].

Longitudinal Bending Stiffness (Carbon-Fiber
Plate) (Figure 6)

Advantages (Performance)

High-performance running shoe
development has been significantly advanced by
the incorporation of embedded carbon fiber
plates. These innovations have markedly
affected athletics, leading to the breaking of
multiple world records and prompting rule
changes by the International Association of
Athletics Federations [24].

The foot arch naturally functions as a
spring, absorbing impact, while a stiff mid-foot

plays a resilient energy-saving role, generating
forward propulsion. Reduced arch stiffness
diminishes energy return and, subsequently,
running efficiency [36, 37]. Several studies have
demonstrated that carbon fiber plates minimize
energy loss by maintaining the foot’s
longitudinal bending stiffness, thereby limiting
the angle and angular velocity of the
metatarsophalangeal joint. Moreover, carbon
plates have been linked to increased stride
length and ground contact time, enhancing
overall running efficiency and performance [38,
39].

Longitudinal bending stiffness, defined as
the “resistance to bending around the
mediolateral axis of the shoe,” is an important
factor in running footwear. Enhancing this
stiffness reduces energy expenditure and
improves RE by approximately 1-4%, as shown
in experimental research [38, 40]. Carbon fiber
plate effectiveness varies with factors such as
location and shape, although most studies
indicate that a bottom-loaded, full-length curved
plate is the most effective. These plates have
demonstrated their ability to significantly
enhance marathon performance by increasing
RE, thus enabling runners to cover greater
distances within the same timeframe [41].

Figure 6. Types of carbon fiber plate (Source: FootStore.au & Engineering.com)

Disadvantages (Injury)

Although some studies suggest that
enhancing the longitudinal stiffness of shoes
with carbon plates may improve RE, others
present conflicting results, indicating that
increased longitudinal bending stiffness alters

running biomechanics without consistently
affecting RE [41-43]. Thus, the physiological
relationship between biomechanical changes
induced by carbon plates and RE improvements
remains unclear.

How effectively carbon plates can
influence RE varies based on factors such as the
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plate’s location, length, stiffness, shape, and a
runner’s individual characteristics, including
speed [9, 44]. Specifically, which runners would
benefit most from these plates has not been
thoroughly investigated, and concerns have
been raised that inappropriate use of carbon
plates may increase injury risk [45]. For example,
carbon plates tend to promote a longer stride,
which is one factor that increases running speed
[46]. Consequently, this may increase the risk of
injury for novice runners who do not have the
physical conditioning and strength to adequately
control these factors. Despite their perceived
advantages and disadvantages, no clear
consensus has been reached on the use of
embedded carbon fiber plates in footwear [47].
Many athletes adopt carbon fiber plate
shoes without fully considering the potential
risks, and instead focus primarily on their
benefits. Therefore, comprehensive
investigations into the impact of these shoes on
foot health and injury prevention are crucial.
Furthermore, research on carbon plates is
needed that involves runners at various levels
and under diverse environments and conditions,
rather than studies conducted on a limited
population or using a single intervention [48].

Sports Fairness

Critics of high-performance running shoes
argue that they compromise the integrity of
sports. When Eliud Kipchoge broke the
“Marathon Sub 2” (Figure 1) barrier in October
2019, which had often been regarded as “the last
barrier of modern athletics,” it ushered in a new
era in advanced athletic footwear and sparked
ongoing debates about “technical doping” [49].
“Technical doping” refers to “the use of
technological aids to gain a competitive
advantage.” In this context, high-performance
running shoes, such as those with carbon fiber
plates, have been primarily considered as
“technological aids.” These shoes are believed to
enhance athletic performance beyond natural
human capabilities and limitations [50].
However, technological advancements,
including those in footwear, can positively
enhance performance levels and unlock
athletes’ potential. Therefore, shoe
development raises concerns about fairness in

competition and remains a crucial issue that
must be continuously addressed.

CONCLUSION

Running, often regarded as “one of the
purest and simplest sports on the Earth,” has
become increasingly complex [51]. The ongoing
research and development of advanced
footwear are widely considered key factors in
enhancing speed and performance. High-
performance running shoes can provide
significant temporary performance
improvements. However, concerns persist
regarding the potential health and injury risks
they may pose by possibly having negative
effects on anindividual’s natural running posture
or pattern. Although the development of high-
performance running shoes is essential, proper
training for running is arguably of greater
importance. Untrained runners who use these
advanced shoes may inadvertently increase their
risk of injury. Comprehensive training and
conditioning are crucial to fully harness the
benefits of high-performance running shoes and
achieve optimal synergy between the runner’s
footwear and body.

The goal of shoe development is to
optimize each component for human use,
ensuring harmony and balance. To create high-
quality products, the footwear industry must
carefully consider factors such as
“performance,” “injury prevention,” and “sports
fairness.” Therefore, critically evaluating the role
of high-performance running shoes is crucial.
Furthermore, ensuring that these shoes enhance
performance while minimizing the risk of injury
to runners is essential.
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