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Abstract

Soccer is the most widely practiced sport globally, but is also associated with a high inci-
dence of lower limb injuries. Among multiple risk factors, soccer footwear represents a
crucial biomechanical interface affecting traction, proprioception, and joint loading. This
narrative review aims to explore how each component of modern soccer footwear impacts
performance and injury risk, with a focus on evidence-based functional customization. A
comprehensive narrative review of available literature was conducted across PubMed,
Scopus, and Web of Science, integrating biomechanical, clinical, and materials science
studies. We included studies concerning the structures composing soccer technical foot-
wear. Conical studs were associated with reduced rotational stiffness and lower joint
torque, while bladed studs enhanced linear traction but increased ACL strain risk. Upper
materials, such as knitted fabrics and engineered mesh, improve proprioception and ther-
Academic Editor: Giuseppe mal regulation but show trade-offs in durability and protection. Soleplate stiffness influ-
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and soleplate synergy. Soccer footwear should be seen as a clinical and performance tool
requiring evidence-based customization. Advances in material technology, 4D foot scan-

ning, and plantar pressure mapping enable functional matching between footwear and
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athlete characteristics. Translating these insights into player-specific footwear designs

may reduce injury rates and enhance on-field performance.
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1. Introduction

Football (also known as soccer) is the most played and followed sport across the
globe. It is indeed referred to as “the global game”. According to FIFA, there are about
300,000 clubs with 240 million registered players worldwide [1]. Soccer is also one of the
most played activities among non-professional athletes across all age groups [2]. Further-
more, it is the most studied sport, with more than 14,000 articles and with an exponential
growth from the 1970s [3].

1.1. Soccer Injuries

The dynamics of soccer matches and training increase the risk of injuries when com-
pared with other kinds of sports. Considering the estimated cost of an injury in a top team
professional player is about 500,000 USD per month [4].

Injury rates are significantly higher during soccer matches (10 times higher than the
training injuries). A systematic review and meta-analysis published in 2020 by Lépez-Va-
lenciano et al. estimated an overall injury incidence of 9.6 injuries per 1000 h of match
exposure [5]. Moreover, the Union of European Football Associations (UEFA) conducted
a wide study on 23 soccer teams belonging to the 50 best European teams, showing an
injury rate per player with an average of 2.0 injuries per season [6]. Moreover, there is an
alarming incidence of re-injuries of 12% of all injuries, causing a significant period out-of-
competition [6].

The location of injuries is set as follows: the highest rate occurs in the lower extremity;
the other locations are the trunk and upper extremity. The lowest rate of injuries is located
to neck and head. Regarding the lower extremity, the anatomic regions mostly involved
are as follows in descending order: thigh, knee, ankle, hip, lower leg, and foot. In the same
systematic review and meta-analysis, Lopez-Valenciano et al. examined the different
types of injuries occurring in soccer players, the most frequent type appeared to be mus-
cle/tendon injuries, followed by contusions, joints and ligaments, fractures, and at last
central/peripheral nervous system injuries [5]. In another systematic review and meta-
analysis published in 2023, it was found that another type of injury, related to postural
stress such that of low back pain, is consistently found in soccer players, with a frequency
of 1165 events in a total of 48,577 injuries. It is interesting to see that the recurrence of
lower back pain related to injuries is set in a percentage between 3% and 18.8% (with the
longest follow-up set to 16 seasons in one of the studies analyzed). This also showed that
the prevalence of lower back pain in soccer players is higher in female players than male
players (respectively, 28% to 57% and 1% to 34%); these findings, as with those of other
sports injuries (particularly anterior cruciate ligament and muscle injuries), have been
more frequent during the post-COVID-19 era, where the rehabilitation could be consid-
ered as crucial [7-11].

The influence of injuries, e.g., ACL injuries, is highly impactful in players’ careers,
with a decrease in the level of play 3 years later in 22.6% of the players and a total inter-
ruption of the professional career in 12.9% of them [12]. The impact of injuries is not only
a burden for players, in the context of modern soccer, the economic side of the game is
crucial. A recent retrospective study demonstrated, studying the seasons from 2014/2015
to 2020/2021, a one-rank drop for every 4.33 injured players in élite leagues, thus deter-
mining an average rank loss of 4.93 per season and a consequent financial loss of 24.2
million euros [13].

Moreover, despite the improvement of training techniques, the injury rate over one
season, especially injuries concerning the hamstrings, increased significantly; this obser-
vation does not affect soccer matches, showing a stable injury rate, but has increased by a
4.0% per year rate for training injuries [14].
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1.1.1. Injury Prevention

Injury prevention is crucial to avoid injury and any long-term consequences for players
that are out of competition for longer periods during a season. In this context, programs like
FIFA 11+, can improve the training of professional footballers, giving the chance to reduce
injury risk [4]. FIFA 11+ can improve performance by enhancing muscle strength, jump height,
and sprint speed, it can likewise prevent injuries by increasing proprioceptive abilities, dy-
namic balance, and core stability [15]. Injury prevention must consider the perception of fa-
tigue and asymmetry between agonist and antagonist contraction. To achieve this goal, it is
crucial to evaluate athletes by periodically measuring muscular activation patterns as shown
in kinematics and superficial electromyographic studies [16,17].

1.1.2. Soccer Equipment

In this context, the equipment, along with training load, biomechanical profile, and
personal history of injuries, could play a key role in terms of injury prevention. The soccer
footwear needs to be personalized according to the athlete’s necessity to perform better
and avoid injuries. In soccer, where the interface between the athlete and the playing sur-
face is crucial for traction, stability, energy transfer, joint loading, and proprioception dur-
ing high-intensity movements, the soccer footwear design must be structurally accurate
[18]. The configuration of the studs, and their placement, are critical to joints (as knees and
ankles) [19] and to the interface with the ground in terms of running, changing direction
and other athletic gestures [20]. The soleplate could be crucially involved in comfort and
plantar loading with implications for overuse injuries [21]. Today, upper materials are
strongly bonded with functional aspects such as flexibility, breathability, ball control, and
foot protection [22]. Another relevant part of the configuration of a soccer footwear de-
pends on the type of playing surface, the mechanical properties of different turfs like ar-
tificial, natural grass, or hybrid pitches, affect the interaction with the footwear, impacting
the structure of the footwear [18].

1.2. Biomechanics of Soccer Footwear

Each moment during a training or a soccer match depends on the interaction with
the pitch. Running, cutting, sprinting, jumping, and kicking are tied with the soccer foot-
wear, the ultimate interface between the athletic gesture and its execution [23]. Plantar
pressure is one of the most crucial biomechanical aspects involved in soccer footwear.
Elevated plantar loads, particularly under the heel and lateral forefoot, are associated with
overuse injuries such as metatarsalgia, plantar fasciitis, and stress fractures [21,24]. Sole-
plate stiffness can modulate mid-foot load absorption. More rigid designs limit ankle dor-
siflexion and increase lower limb stiffness, potentially heightening stress on mid-foot
structures, especially in players with limited ankle dorsiflexion or high arches [20]. An-
other key factor is rotational traction: in soccer, many pivoting movements depend on
resistance between the boot and the ground. Elevated torque and rotational stiffness, es-
pecially on artificial surfaces, can increase joint loading during cuts, potentially raising the
risk of non-contact injuries such as ACL tears or ankle sprains [25,26]. Proprioception is
essential for athletes to execute precise gestures, enhance balance and agility, and reduce
lower-limb injury risk, as shown by proprioceptive training protocols that significantly
improve soccer-specific technical performance [27]. The shoe upper should provide both
lockdown and flexibility to increase the fine motor control without compromising com-
fort. Poor fit or excessive boot stiffness can reduce proprioception and neuromuscular re-
sponses while increasing the risk of imbalance and fatigue-related errors [28]. Overall, a
mismatch between footwear design and a player’s biomechanical profile or playing con-
dition may alter movement patterns and load distribution, potentially leading to compen-
satory strategies that increase injury risk. For example, soccer-specific single-leg tasks
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have been shown to reveal asymmetries and altered joint kinematics, such as increased
knee valgus or reduced hip and ankle flexion, that are associated with non-contact lower
limb injuries [29].

1.3. Aim of the Review

To the best of our knowledge, there is a lack of evidence on the impact of boot struc-
ture on injuries and performance, and no clear indication describing the single structures
composing the modern soccer boots. This review aimed to provide a descriptive overview
of the footwear in soccer structures, considering the modern manufacture, its personali-
zation, and its impact on performance.

2. Materials and Methods

Initial research was undertaken to identify articles on the topic and to index terms
for a full search strategy. Given the heterogeneity of the data and the difference between
the various footwear structures, we decided to adopt a descriptive approach including
more search strings. This narrative review involved 3 scientific databases, PubMed, Sco-
pus, and Web of Science. We also selected additional articles from the bibliography of the
included studies. The search strategy, as shown in Table 1, employed different search
strings in relation to the soccer structure analysed. A broad and highly sensitive search
strategy was intentionally employed to allow a comprehensive overview of the literature.

Table 1. Search Strategy.

((“football” OR “soccer”) AND (“shoe” OR “shoes” OR “boot” OR
“boots” OR “cleat” OR “cleats”) AND (“biomechanics” OR “kinematics”
OR “kinetics” OR “motion analysis”))

((“boots” OR “shoes” OR “shoe” OR “boot”) AND (“stud” OR “studs”

Biomechanics
of footwear

Studs OR “studded” OR “cleat” OR “cleats”) AND (“football” OR “soccer”))
(“Soccer” [Mesh] OR football OR “soccer players”) AND (“Footwear up-
Uppers pers” OR upper material OR upper construction OR “shoe upper” OR

“soccer shoe upper” OR “football boot upper”) AND (performance OR
comfort OR biomechanics OR shooting OR perception)
((“football” OR “soccer”) AND (“shoe” OR “shoes” OR “boot” OR
Insole “boots” OR “cleat” OR “cleats”) AND (“insole” OR “soleplate” OR “sole-
plate design” OR “insole design”))

Two reviewers screened articles according to title and abstract, and then the full text
of the articles was reviewed according to the aim of this review. In case of disagreement,
consensus was reached with a third reviewer. The literature search was intended to pro-
vide a narrative overview with a structured but non-systematic approach. The eligibility
criteria were defined to give a narrative and qualitative synthesis of the available litera-
ture. We included studies published from 1993 to 2025 that matched the following inclu-
sion criteria: studies published in English, studies involving the role of soccer footwear in
performance and injury prevention related to biomechanics and ground interface. We ex-
cluded studies written in any other language than English and studies which involved
any other sport or any other equipment. The majority of the selected articles were obser-
vational. The papers were categorized by boot structure and main findings. Given the
narrative nature of the review, data were summarized under thematic domains. No for-
mal risk-of-bias or quantitative synthesis was conducted, consistent with narrative review
methodology. The narrative approach was intended to capture contributions across dif-
ferent structures of the soccer boot without representing a fully reproducible format, thus
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giving a wide overview of this topic. This review did not involve human participants or
new data collection; therefore, ethics committee approval was not required.

3. Boot Structure
3.1. Stud Design in Soccer Footwear, Functional Implications of Shape and Distribution

The design of studs (also named as cleats) is pivotal to shape the interaction between the
athlete and the playing surface, they're not just a traction-oriented feature but a biomechanical
interface that influences performance, stability, and injury risk [18-20]. The geometry, the
number, depth and distribution of the cleats determine the transmission of forces during the
fundamentals of soccer, such as cutting, sprinting, pivoting, and so on [30-32]. Scientific
literature emphasizes that stud characteristics must balance providing sufficient grip to
enhance performance and avoiding excessive traction, to reduce injury risk, in particular
rotational movements [18,25]. The complexity of the biomechanical impact of stud design
requires a tailored approach in the selection of cleats’ configuration [33].

3.1.1. Morphology and Surface Interaction

Stud morphology (shape, length, and geometry) has an influence during dynamic
gestures on how the athlete’s foot interfaces with the ground, these features determine
both the surface penetration and the stability and rotational freedom of the athlete [34].
Regarding the geometry of the studs, conical studs provide greater rotational release by
allowing controlled pivoting and minimizing foot fixation. This configuration facilitates
smoother transitions and reduces joint torque during rotational movements, especially at
the knee and ankle joints, helping maintain physiological load distribution. In contrast,
bladed or elongated studs maximize linear traction and sprint efficiency, but they increase
resistance to rotational release. This “foot locking” effect significantly elevates internal
joint torques during pivoting, increasing stress on the knee and heightening the risk of
non-contact injuries, particularly ACL lesions [18,25,31,32,35,36]. Particularly, during
cutting movements, the role of the cleats was analysed, showing a linear relationship
between strain and axial force. This observation needs further studies to better understand
this relationship [37] This distinction is critical in soccer, where the athletic gestures are
characterized by quick changes of direction and rotational actions with excessive
resistance to rotation, evidenced by higher torque peaks in the knee during pivoting on
bladed soles, has been linked to elevated non-contact injury risk [18,25]; on the other hand,
insufficient traction impairs agility and technical performance, especially on wet or
natural grass, as highlighted in systematic reviews of cleat-surface interaction [32]. Surface
types also affect the performance of the stud design. On natural grass, deeper penetration
of the studs is required to gain a more consistent grip, while on artificial turf, longer studs
may increase friction and shear forces to harmful levels [38,39]. Moreover, considering
weather conditions, different kinds of climate can affect the shoe-surface interaction by
changing the turf resistance, comparing May warm season grass to January cold season
grass, there are notable differences in rotational traction [39,40]. Therefore, the
morphology of the studs should be carefully selected according to playing surface
conditions and adjusted to the player’s biomechanical profile, position, and style of play
[32,34]. This tailored approach can optimize traction, agility, and rotational release while
minimizing joint load and the risk of non-contact injuries [18,25,39]. Though no single
configuration suits all scenarios, evidence suggests that surface-specific and role-adapted
cleat designs may offer a safer and more efficient foot-ground interface [30,32].
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3.1.2. Stud Pattern Configuration

Beyond the individual morphology, the overall configuration and distribution of
studs on the outsole have an important impact on the biomechanical function of the shoe
itself. Stud placement, as shown in Figure 1, influences how the ground forces are trans-
mitted through the foot and how the pressure is distributed across the plantar surface.
This affects the behaviour of the foot through the gait cycle during the soccer-specific
movements [33,41,42]. The configuration of the studs can be used to achieve specific func-
tional outcomes; triangular or bladed studs positioned in the rearfoot increase shear re-
sistance and braking efficiency, particularly during deceleration or lateral stabilization
phases. This is attributed to their greater ground penetration and stability under load. In
contrast, conical or semi-conical studs in the forefoot facilitate rapid propulsion and
smoother directional changes, thanks to their lower rotational resistance and greater free-
dom of pivot, which are critical during agile manoeuvres and cutting tasks [34,42]. Studies
employing pressure-mapping systems have shown that the density of stud patterns mod-
ulates plantar pressure zones. In particular, asymmetrical configuration may enhance
pressure on the forefoot and midfoot during cutting or accelerating phases, potentially
leading to stress-related injuries [38,43]. Excessive clustering of studs in specific areas of
the outsole has been associated with altered joint kinematics, increased foot torsion, foot
fixation, and impaired energy transfer efficiency. For instance, high stud density in the
anterolateral forefoot region may elevate torsional stress during cutting manoeuvres,
while clustering under the midfoot can hinder longitudinal foot flexibility and disrupt gait
mechanics. Additionally, excessive rearfoot stud concentration can increase braking re-
sistance, potentially transferring abnormal rotational loads to the knee and hip joints.
These biomechanical implications are partially supported by plantar pressure and motion
analyses from Lv et al. (2020) and Queen et al. (2008), which reveal how stud arrangement
influences pressure distribution and joint loading during soccer-specific actions [34,42].
On the contrary, more evenly distributed patterns seem to support natural foot motion
and reduce compensatory mechanics that may lead to fatigue or chronic injuries [38]. The
choice of stud pattern should consider biomechanical aspects and not solely performance
metrics. Studs should be aligned with the athlete’s foot to protect it from injuries and en-
hance the performance [38,44].

Figure 1. Stud structures (conical, bladed mixed) and stud distribution among various boots.
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3.2. Upper Materials in Soccer Boots: Functional Roles and Biomechanical Implications

The upper of a soccer footwear is more than a structural envelope, it can be classified
as an interface between the player and the ball itself, influencing ball control, comfort,
proprioception and mechanical load distribution across the foot [22,25,45]. Moreover, the
mechanical properties of the upper, such as its stiffness and compliance, can modulate the
transmission of torsional forces during foot-ground interactions, potentially influencing
injury risk and load distribution along the foot and ankle complex [25]. The choice of the
correct soccer boot, in terms of dimensions and upper could also be crucial to players:
proper fitting boots can enhance the interface between the player and the ground or the
ball, thus improving the performance and the comfort during the game. On the other
hand, the majority of the players have significantly higher arches, even if a direct correla-
tion between the dimension of the boot and foot deformities wasn’t clearly observed [46].

In younger players, the foot dimension is also a matter in designing the correct shoe. An-
alysing the functional excess could be crucial and strictly depends on evaluating children’s
foot measures. The correct dimension of the footwear, especially in children, reduces the pos-
sibility of developing foot abnormalities throughout growth, thus improving the comfort of
foot contact, possibly enhancing the performance even in younger players [47,48].

To achieve the finest balance between foot comfort, player perceptions and injury
prevention, the materials of the upper have significantly evolved from traditional leather
to advanced synthetics with distinct functional properties [22].

Synthetic fibres are employed for enhanced durability, water resistance, and elastic-
ity under stress, and their inherently stiffer architecture may improve lateral support and
ball-strike precision during high-velocity movements. However, such rigidity can attenu-
ate plantar tactile feedback, vibration sensitivity is known to decrease in soccer footwears
compared with barefoot, and lead to increased pressure concentrations over bony promi-
nences, as synthetics are often perceived as looser fitting and less anatomically conforming
than traditional leathers [22,49,50]. Knitted uppers are commonly fabricated from elastic
polymer yarns and engineered in flat or 3D knit structures to provide a sock-like fit that
conforms dynamically to the foot, enhancing proprioception, comfort, and freedom of
movement. Although generally less durable than synthetic leather, knitted uppers offer
superior breathability, moisture management, and ergonomic conformity, with flat- or
3D-knits demonstrating more precise foot wrapping and mechanical adaptation during
dynamic tasks, making them ideal for athletes requiring high foot dexterity [51-53]. Engi-
neered mesh materials combine lightweight structures with localized reinforcements;
such uppers enhance breathability and reduce thermal stress (including lower in-shoe
temperature and humidity rise), thereby improving comfort during prolonged matches.
In soccer-specific simulations, reduced foot discomfort has been linked to lower heart
rates in the final 30 min and better maintenance of jump power, underscoring the link
between upper comfort and sustained performance [49,54]. Furthermore, the zonal design
of engineered mesh uppers allows differentiated stiffness across the forefoot, midfoot, and
heel, made possible by integrating denser mesh or polymer reinforcements in specific ar-
eas, thereby optimizing dynamic foot behaviour and stress distribution during multi-
plantar tasks [55]. Biomechanically, it is important to emphasize how dorsal pressure dis-
tribution contributes to foot stability. Stiffer uppers can enhance shooting precision and
lateral stability by minimizing upper deformation and improving energy transfer during
ball contact, however, excessive rigidity may lead to increased localized pressure over the
foot dorsum, potentially reducing comfort and elevating the risk of overuse injuries.
Therefore, an optimal balance between stiffness and compliance must be achieved to sup-
port performance while minimizing mechanical stress [56-58].
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Hybrid Constructions: Functional Integration of Upper Materials

Using single materials can be limiting for their various features, by this means, mod-
ern soccer footwears are increasingly adopting hybrid upper constructions to optimize
performance and guarantee protection from injuries and athletes” safety [41,59]. A com-
mon strategy involves using reinforced synthetic microfibers or PU films that can absorb
up to 30% more energy than EVA/TPU and reduce peak forces transmitted during impact
by up to 36.9%, properties that, when used as localized PU films in upper structures, can
enhance impact resistance and accuracy during ball striking in high stress areas like toe
box, lateral forefoot and instep to increase impact resistance and ball striking precision
[60,61]. The stiffer components should be integrated with knit or mesh zones over the
midfoot and the ankle collar to enhance comfort, adaptability, and proprioceptive sensi-
tivity furthermore increasing freedom of movement [62,63]. New advancements in lami-
nation and heat-bonding techniques enable seamless integration of dissimilar materials,
minimizing areas that might create pressure points or friction. These technologies allow
footwear to be tailored not only by player position but also by foot morphology, which
can be mapped precisely with new 4D models and an athlete’s clinical injury history, in-
troducing a performance-driven, customized design approach [64,65].

3.3. Soleplate Design and Load Distribution

The soleplate plays a pivotal role in mediating the distribution of the mechanical
forces during the athlete’s movements, the structural design is often underestimated de-
spite its critical impact on performance and injury prevention [21]. An optimal soleplate
should optimize the load distribution across the plantar surface during dynamic activities.
Devices like pressure insoles and robotic simulators demonstrated that the soleplate con-
struction and design affect the magnitude and timing of peak plantar loads [21,49].

3.3.1. Structural Properties of the Soleplate

Soleplate flexibility could affect proprioception and neuromuscular control; in-
creased forefoot stiffness may improve sprinting and performance, especially in forwards
or wingers, on the other hand, it may compromise multidirectional tasks typical of mid-
fielders [66,67]. Designs of the soleplate (Figure 2) that incorporate more flexible structures
have a more adaptive shape to the foot and better adapt to the characteristics of the ground
[68]. The interaction between the soleplate and playing surface needs to be analysed. On
natural grass, soleplates with moderate torsional stiffness seem to offer the best compro-
mise between stability and rotational freedom [69,70]. Modern soleplates are typically de-
signed in materials like thermoplastic polyurethane (TPU), nylon composites, or carbon
fibre reinforcements. Each material has distinct profiles that modulate energy return, com-
fort, and force transmission to the foot [60,68,71]. Analysing drop tests can give infor-
mation regarding shock absorption, particularly Poron insoles, which may provide better
impact attenuation than Poron/gel structures [21].
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Figure 2. Different soleplates in terms of thickness and designs.

3.3.2. Load Distribution and Shock Absorption

During soccer-specific movements, the foot is often subjected to rapidly changing
forces (Figure 3); if these forces are not distributed across the plantar surface, they can
generate focal peaks that increase stress-related injuries, particularly over the metatarsal
heads, heel, and midfoot [24,72,73]. Plantar pressure mapping studies reveal that sole-
plates that integrate flexible zones or adaptive cushioning systems can reduce localized
forefoot loading, and shock absorption capabilities are linked to the reduction of stress
reactions and overload injuries [21]. In artificial turf or hybrid grounds, a more adaptive
soleplate is required to reduce the shear stress given by the ground [32,74]. Soccer foot-
wear is known to increase plantar pressure in some specific foot areas like the rearfoot
and midfoot. The highest pressure is often described in M1 (first metatarsal head), show-
ing how it’s crucial to integrate statistical analysis integrated with personal variability in
order to design a good soleplate [75]. In this context, it's important to emphasize that
there’s not a static solution for the design of the soleplate, thus, it needs to be tailored on
individual biomechanics and surface conditions. Integrating pressure-mapping technolo-
gies and player-specific data will be crucial to identify the best possible solution for the
athlete [76,77].

Figure 3. Different possible distribution of the ground forces on the interface between the soccer

boot and the ground.

4. Clinical Implications
4.1. Rotational Resistance of Boot Studs and Injury Risk

One of the most important biomechanical aspects of soccer footwear design is man-
aging rotational resistance, the frictional force that resists pivoting or twisting movements
between the footwear and the playing surface. While a certain degree of resistance is nec-
essary for stability and performance, excessive rotational grip can increase the risk of non-
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contact injuries to the ankle and joints [25,70]. Higher rotational tractions are directly as-
sociated with elevated torque transmission to the lower limbs during turning and cutting
actions, and artificial turf surfaces amplify this risk. Studs that penetrate deeply into the
ground can inhibit natural rotational release and increase the mechanical load on liga-
ments during rapid decelerations or direction changes [32,70]. On the other side, a recent
retrospective study showed that, in female players, the risk of anterior cruciate ligament
tears was significantly higher in those who wore conical studded shoes, showing a dis-
crepancy with the previous literature, which focused on male players, highlighting the
necessity of further studies to better assess the difference between female players and male
players [78]. This evidence shows the importance of finding a balance between the need
to increase performance and, on the other hand, reducing the risk of non-contact injuries.
In this context, studies are increasingly focusing on reducing unwanted torsional re-
sistance by using rounded edges, dual-density studs, and, above all, hybrid configurations
to allow a safer disengagement during pivotal movements [79-81]. Gaining a better
knowledge of the biomechanical dynamics of torsional resistance during soccer-related
movements could be crucial to define the correct pattern and reduce injuries; in this con-
text, the analysis of Ground Reaction Forces by using instrumented soccer boots could
play a pivotal role. The studs of this experimental shoe are equipped with a sensor that
measures any kind of deformation during matches [82]. Overall, injury risk is strictly as-
sociated with cleat configuration, after dividing boots into very aggressive (bladed studs),
mildly aggressive (hybrid configurations), and nonaggressive (conical studs). A cohort
study conducted on injured players in the English Premier League showed that while
nonaggressive patterns showed no significantly higher or lower odds of injury, very ag-
gressive patterns increased the risk, and mildly aggressive patterns appeared to be safer.
In particular, very aggressive stud patterns showed higher odds concerning ankle and
knee injuries, and nonaggressive stud patterns showed higher odds concerning ham-
strings injuries [83].

4.2. Customization of Boot Studs

The concept of functional footwear matching emphasizes the alignment of stud char-
acteristics with contextual and physiological variables. Soft grass requires longer and
more penetrative studs to enhance traction and stability; artificial turf requires shorter and
rounder configurations to reduce shear stress [39,44,84]. Similarly, attacking players ben-
efit of asymmetrical stud patterns that prioritize propulsion, while defending players may
benefit from denser heel arrangements for braking and lateral control [38,85]. Individual
factors like foot morphology, injury history, and neuromuscular profile should guide the
selection process: athletes who suffered from ankle sprains should require configurations
that improve medial-lateral control, with a higher density of studs on the sides [44]. While,
those recovering from ACL reconstruction may benefit from reduced torsional resistance,
with conical studs or dual density studs, to protect healing ligaments [86].

4.3. Fatigue, Proprioception, and Overuse Risk Linked to Soleplate Design

The soleplate and insole structure play a critical role in modulating sensory feedback
and neuromuscular control. Proprioceptive stimulation from the plantar surface can en-
hance postural stability and delay neuromuscular fatigue during prolonged efforts, po-
tentially reducing injury risk [87,88]. An altered foot-ground interaction mediated by the
soleplate can lead to biomechanical compensation patterns that increase neuromuscular
fatigue over time and reduce postural control [89]. To mitigate this risk, it's important to
design a player-specific tuning of soleplate stiffness and proprioceptive responsiveness
[21,87,90,91]. Moreover, plantar pressures, need to be analysed to better understand the
injury risk in athletes who are involved in sprinting movements and side cuts; as
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mentioned before fatigue can be a critical aspect in designing a soleplate, in fact, it appears
substantially during sprints [92].

Functional Customization

Translating biomechanical insights into practical footwear choices remains a key
challenge. Soleplates with enhanced forefoot stiffness may be advantageous for forwards
seeking maximal push-off power; on the other hand, defenders may benefit from a higher
stability guaranteed by wider torsional bars or stiffer shanks. For both kinds of players,
excessive rigidity could impair dynamic balance, especially on softer grounds like natural
grass [39,69,83]. Moreover, modular soleplate technologies, which can partially adjust
stiffness or traction zones, are gaining the ability to adapt to individual anatomical and
performance profiles [93].

5. Conclusions

By the present comprehensive narrative review, we showed how modern soccer foot-
wear should not be considered only as a piece of sportswear, but also as a biomechanical
interface between the player and the ground. Indeed, the different components, upper, in-
sole, outsole, cleats, modulate load distribution, proprioceptive perceptions, and comfort
during soccer-specific tasks. All these components could modify the performance of the
player and the risk of non-contact injuries. We also showed how different grounds need
different structures, in a world in which the technologies of the playing surface are improv-
ing day by day. But standardization isn’t an option; different roles (attack, defence, midfield)
need different cleat patterns and show different plantar pressures. While these considera-
tions are already known between the players and the teams, there’s still a lack of awareness
about how different biomechanical profiles can affect the choice of the right soccer boot.

This paper comes with inherent limitations. The narrative design of this review,
whether giving a wide overview of the available research, limits the level of evidence.
Moreover, the quantitative analysis was not possible due to the design of this review, thus
we only depicted a qualitative synthesis.

Therefore, a key outcome of this review is the clear need for personalization in terms
of footwear. Players with different anatomical features and foot morphologies, injury his-
tories, and neuromuscular profiles require different soleplate stiffness, traction profiles,
and upper responsiveness to optimize performance and safety. Emerging technologies
such as modular soleplates, pressure mapping systems, and adaptive materials represent
promising frontiers in performance-specific and injury-preventive footwear design.

Future research should focus on integrating player-specific biomechanical data with
in-field performance metrics to validate and refine these approaches. Further studies, with
more structured protocols should focus on structuring a personalized approach, consid-
ering anatomical differences among the athlete’s foot. In doing so, the soccer footwear
may evolve from standardized equipment to a truly individualized extension of the ath-
lete’s body, capable of enhancing performance while minimizing injury risk.

Author Contributions: Conceptualization, A.D., A.R. and M.M.; methodology, LY. and S.P.; formal
analysis, B.P.; investigation, N.M.; data curation, A.d.S.; writing —original draft preparation, E.L.,
A.R. and M.M,; writing—review and editing, A.R. and M.V ; visualization, A.F.; supervision, A.d.S.
and A.D.; project administration, A.A. All authors have read and agreed to the published version of

the manuscript.
Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.
https://doi.org/10.3390/jfmk11010062


https://doi.org/10.3390/jfmk11010062

J. Funct. Morphol. Kinesiol. 2026, 11, 62 12 of 16

Data Availability Statement: No new data were created or analyzed in this study. Data sharing is

not applicable to this article.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

Bennett, K. Research Guides: Sports Industry: A Research Guide: Soccer. Available online: https://guides.loc.gov/sports-indus-
try/soccer (accessed on 11 June 2025).

Hulteen, R.M.; Smith, ].].; Morgan, P.J.; Barnett, L.M.; Hallal, P.C.; Colyvas, K.; Lubans, D.R. Global Participation in Sport and
Leisure-Time Physical Activities: A Systematic Review and Meta-Analysis. Prev. Med. 2017, 95, 14-25.
https://doi.org/10.1016/j.ypmed.2016.11.027.

Kirkendall, D.T. Evolution of Soccer as a Research Topic. Prog. Cardiovasc. Dis. 2020, 63, 723-729.
https://doi.org/10.1016/j.pcad.2020.06.011.

Ekstrand, J. Keeping Your Top Players on the Pitch: The Key to Football Medicine at a Professional Level. Br. |. Sports Med. 2013,
47,723-724. https://doi.org/10.1136/bjsports-2013-092771.

Lopez-Valenciano, A.; Ruiz-Pérez, I.; Garcia-Gémez, A.; Vera-Garcia, F.J.; De Ste Croix, M.; Myer, G.D.; Ayala, F. Epidemiology
of Injuries in Professional Football: A Systematic Review and Meta-Analysis. Br. ]. Sports Med. 2020, 54, 711-718.
https://doi.org/10.1136/bjsports-2018-099577.

Ekstrand, J.; Hagglund, M.; Waldén, M. Injury Incidence and Injury Patterns in Professional Football: The UEFA Injury Study.
Br. ]. Sports Med. 2011, 45, 553-558. https://doi.org/10.1136/bjsm.2009.060582.

Andrenelli, E.; Negrini, F.; de Sire, A.; Patrini, M.; Lazzarini, 5.G.; Ceravolo, M.G.; International Multiprofessional Steering
Committee of Cochrane Rehabilitation REH-COVER action Rehabilitation and COVID-19: A Rapid Living Systematic Review
2020 by Cochrane Rehabilitation Field. Update as of September 30th, 2020. Eur. J. Phys. Rehabil. Med. 2020, 56, 846-852.
https://doi.org/10.23736/51973-9087.20.06672-1.

de Sire, A.; Moggio, L.; Marotta, N.; Agostini, F.; Tasselli, A.; Drago Ferrante, V.; Curci, C.; Calafiore, D.; Ferraro, F.; Bernetti,
A.; et al. Impact of Rehabilitation on Fatigue in Post-COVID-19 Patients: A Systematic Review and Meta-Analysis. Appl. Sci.
2022, 12, 8593. https://doi.org/10.3390/app12178593.

Marotta, N.; de Sire, A.; Calafiore, D.; Agostini, F.; Lippi, L.; Curci, C; Ferraro, F.; Bernetti, A.; Invernizzi, M.; Ammendolia, A.
Impact of COVID-19 Era on the Anterior Cruciate Ligament Injury Rehabilitation: A Scoping Review. J. Clin. Med. 2023, 12,
5655. https://doi.org/10.3390/jcm12175655.

Marotta, N.; de Sire, A.; Gimigliano, A.; Demeco, A.; Moggio, L.; Vescio, A.; Iona, T.; Ammendolia, A. Impact of COVID-19
Lockdown on the Epidemiology of Soccer Muscle Injuries in Italian Serie A Professional Football Players. . Sports Med. Phys.
Fitness 2022, 62, 356-360. https://doi.org/10.23736/50022-4707.21.12903-2.

Diz, ].B.M.; Dutra, M.T.P.; Feijo, I.C.; Sogno, A.L.M; Silva, F.R.; Carnevale, G.D.F.; Moreira, B.D.S,; Silva, C.F.M. Low Back Pain
Estimates in Professional Soccer: A Systematic Review and Meta-Analysis. Acta Ortop. Bras. 2023, 301, e266012.
https://doi.org/10.1590/1413-785220233105e266012.

Waldén, M.; Hagglund, M.; Magnusson, H.; Ekstrand, J. ACL Injuries in Men’s Professional Football: A 15-Year Prospective
Study on Time Trends and Return-to-Play Rates Reveals Only 65% of Players Still Play at the Top Level 3 Years after ACL
Rupture. Br. . Sports Med. 2016, 50, 744-750. https://doi.org/10.1136/bjsports-2015-095952.

Dallmeyer, S.; Steinfeldt, H.; Hiibers, T.; Pietzonka, M.; Breuer, C. Monetising Misfortune: The Financial Consequences of Inju-
ries in Professional Football Teams. BM] Open Sport Exerc. Med. 2025, 11, e002437. https://doi.org/10.1136/bmjsem-2024-002437.
Ekstrand, J.; Waldén, M.; Hagglund, M. Hamstring Injuries Have Increased by 4% Annually in Men’s Professional Football,
since 2001: A 13-Year Longitudinal Analysis of the UEFA Elite Club Injury Study. Br. J. Sports Med. 2016, 50, 731-737.
https://doi.org/10.1136/bjsports-2015-095359.

Barengo, N.C.; Meneses-Echavez, ].F.; Ramirez-Vélez, R.; Cohen, D.D.; Tovar, G.; Bautista, ].E.C. The Impact of the FIFA 11+
Training Program on Injury Prevention in Football Players: A Systematic Review. Int. |. Environ. Res. Public Health 2014, 11,
11986. https://doi.org/10.3390/ijerph111111986.

de Sire, A.; Demeco, A.; Frizziero, A.; Marotta, N.; Spano, R.; Carozzo, S.; Costantino, C.; Ammendolia, A. Risk of Injury and
Kinematic Assessment of the Shoulder Biomechanics during Strokes in Padel Players: A Cross-Sectional Study. J. Sports Med.
Phys. Fitness 2024, 64, 383-391. https://doi.org/10.23736/50022-4707.23.15418-1.

https://doi.org/10.3390/jfmk11010062


https://doi.org/10.3390/jfmk11010062

J. Funct. Morphol. Kinesiol. 2026, 11, 62 13 of 16

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Demeco, A.; de Sire, A.; Marotta, N.; Palumbo, A.; Fragomeni, G.; Gramigna, V; Pellegrino, R.; Moggio, L.; Petraroli, A.; Iona,
T.; et al. Effectiveness of Rehabilitation through Kinematic Analysis of Upper Limb Functioning in Wheelchair Basketball Ath-
letes: A Pilot Study. Appl. Sci. 2022, 12, 2929. https://doi.org/10.3390/app12062929.

Thomson, A.; Whiteley, R.; Bleakley, C. Higher Shoe-Surface Interaction Is Associated with Doubling of Lower Extremity Injury
Risk in Football Codes: A Systematic Review and Meta-Analysis. Br. ]. Sports Med. 2015, 49, 1245-1252.
https://doi.org/10.1136/bjsports-2014-094478.

Gehring, D.; Rott, F.; Stapelfeldt, B.; Gollhofer, A. Effect of Soccer Shoe Cleats on Knee Joint Loads. Int. ]. Sports Med. 2007, 28,
1030-1034. https://doi.org/10.1055/s-2007-965000.

Sun, D.; Mei, Q.; Baker, ].S,; Jia, X.; Gu, Y. A Pilot Study of the Effect of Outsole Hardness on Lower Limb Kinematics and
Kinetics during Soccer Related Movements. . Hum. Kinet. 2017, 57, 17-27. https://doi.org/10.1515/hukin-2017-0043.

Nunns, M.P.L; Dixon, S.J.; Clarke, J.; Carré, M. Boot-Insole Effects on Comfort and Plantar Loading at the Heel and Fifth Meta-
tarsal during Running and Turning in Soccer. J. Sports Sci. 2016, 34, 730-737. https://doi.org/10.1080/02640414.2015.1069378.
Melis, J.O.; Quesada, J.P.; Lucas-Cuevas, A.G.; Garcia, ].G.; Palau, S.P. Soccer Players’ Fitting Perception of Different Upper Boot
Materials. Appl. Ergon. 2016, 55, 27-32. https://doi.org/10.1016/j.apergo.2016.01.005.

Sterzing, T.; Miiller, C.; Hennig, E.M.; Milani, T.L. Actual and Perceived Running Performance in Soccer Shoes: A Series of Eight
Studies. Footwear Sci. 2009, 1, 5-17. https://doi.org/10.1080/19424280902915350.

Hawrylak, A.; Brzezna, A.; Chromik, K. Distribution of Plantar Pressure in Soccer Players. Int. |. Environ. Res. Public. Health
2021, 18, 4173. https://doi.org/10.3390/ijerph18084173.

Villwock, M.R.; Meyer, E.G.; Powell, ] W.; Fouty, A.].; Haut, R.C. Football Playing Surface and Shoe Design Affect Rotational
Traction. Am. J. Sports Med. 2009, 37, 518-525. https://doi.org/10.1177/0363546508328108.

Wannop, ].W.; Stefanyshyn, D.J. The Effect of Translational and Rotational Traction on Lower Extremity Joint Loading. ]. Sports
Sci. 2016, 34, 613-620. https://doi.org/10.1080/02640414.2015.1066023.

Eraslan, M.; Giirkan, A.C.; Aydin, S.; Sahin, M.; Celik, S.; S6yler, M.; Altug, T.; Miilhim, M.A. The Effect of Proprioceptive Training on
Technical Soccer Skills in Youth Professional Soccer. Medicina 2025, 61, 252. https://doi.org/10.3390/medicina61020252.

Burke, J.R. Effects of Footwear Comfort Perception on the Neuromuscular Control of Balance. Int. |. Neurosci. 2012, 122, 209—
220. https://doi.org/10.3109/00207454.2011.639588.

Kolodziej, M.; Willwacher, S.; Nolte, K.; Schmidt, M.; Jaitner, T. Biomechanical Risk Factors of Injury-Related Single-Leg Move-
ments in Male Elite Youth Soccer Players. Biomechanics 2022, 2, 281-300. https://doi.org/10.3390/biomechanics2020022.

Miiller, C.; Sterzing, T.; Milani, T. Stud length and stud geometry of soccer boots influence running performance on third gen-
eration artificial turf. In Proceedings of the 27 International Conference on Biomechanics in Sports, Limerick, Ireland, 17-21 August 2009;
ISBS-Conference Proceedings Archive: Konstanz, Germany, 2009.

Bentley, J.A.; Ramanathan, A.K.; Arnold, G.P.; Wang, W.; Abboud, R.J. Harmful Cleats of Football Boots: A Biomechanical
Evaluation. Foot Ankle Surg. Off. ]. Eur. Soc. Foot Ankle Surg. 2011, 17, 140-144. https://doi.org/10.1016/j.fas.2010.04.001.

Silva, D.C.; Santos, R.; Vilas-Boas, ]J.P.; Macedo, R.; Montes, A.M.; Sousa, A.S. Influence of Cleats-Surface Interaction on the
Performance and Risk of Injury in Soccer: A Systematic Review. Appl. Bionics Biomech. 2017, 2017, 1305479.
https://doi.org/10.1155/2017/1305479.

Karolidis, E.; Denton, A.; Hahn, M. Effect of Football Cleat Stud Shape, Sex and Fatigue State on Plantar Loading during Lateral
Cutting. BM] Open Sport Exerc. Med. 2025, 11, e002517. https://doi.org/10.1136/bmjsem-2025-002517.

Lv, X;; He, Y,; Sun, D.; Baker, ].S.; Xuan, R.; Gu, Y. Effect of Stud Shape on Lower Limb Kinetics during Football-Related Move-
ments. Proc. Inst. Mech. Eng. Part P ]. Sports Eng. Technol. 2020, 234, 3-10. https://doi.org/10.1177/1754337119895183.

de Sire, A.; Demeco, A.; Marotta, N.; Moggio, L.; Palumbo, A.; Iona, T.; Ammendolia, A. Anterior Cruciate Ligament Injury
Prevention Exercises: Could a Neuromuscular Warm-Up Improve Muscle Pre-Activation before a Soccer Game? A Proof-of-
Principle Study on Professional Football Players. Appl. Sci. 2021, 11, 4958. https://doi.org/10.3390/app11114958.

Marotta, N.; Demeco, A.; De Scorpio, G.; Indino, A.; Iona, T.; Ammendolia, A. Late Activation of the Vastus Medialis in Deter-
mining the Risk of Anterior Cruciate Ligament Injury in Soccer Players. ]. Sport Rehabil. 2020, 29, 952-955.
https://doi.org/10.1123/jsr.2019-0026.

Drakos, M.C.; Hillstrom, H.; Voos, J.E.; Miller, A.N.; Kraszewski, A.P.; Wickiewicz, T.L.; Warren, R.F.; Allen, A.A.; O’Brien, S.J.
The Effect of the Shoe-Surface Interface in the Development of Anterior Cruciate Ligament Strain. J. Biomech. Eng. 2010, 132,
011003. https://doi.org/10.1115/1.4000118.

https://doi.org/10.3390/jfmk11010062


https://doi.org/10.3390/jfmk11010062

J. Funct. Morphol. Kinesiol. 2026, 11, 62 14 of 16

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Loud, D.; Grimshaw, P.; Kelso, R.; Robertson, W.S.P. Effect of Soccer Boot Outsole Configuration on Translational Traction
Across Both Natural and Artificial Playing Surfaces. Orthop. ]. Sports Med. 2024, 12, 23259671241259823.
https://doi.org/10.1177/23259671241259823.

De Clercq, D.; Debuyck, G.; Gerlo, J.; Rambour, S.; Segers, V.; Van Caekenberghe, I. Cutting Performance Wearing Different
Studded Soccer Shoes on Dry and Wet Artificial Turf. Footwear Sci. 2014, 6, 81-87. https://doi.org/10.1080/19424280.2014.895056.
Thomson, A.; Whiteley, R.; Wilson, M.; Bleakley, C. Six Different Football Shoes, One Playing Surface and the Weather; As-
sessing Variation in Shoe-Surface Traction over One Season of Elite Football. PLoS ONE 2019, 14, e0216364.
https://doi.org/10.1371/journal.pone.0216364.

Hennig, E.M.; and Sterzing, T. The Influence of Soccer Shoe Design on Playing Performance: A Series of Biomechanical Studies.
Footwear Sci. 2010, 2, 3-11. https://doi.org/10.1080/19424281003691999.

Queen, R.M.; Charnock, B.L.; Garrett, W.E.; Hardaker, W.M.; Sims, E.L.; Moorman, C.T. A Comparison of Cleat Types during
Two  Football-Specific Tasks on FieldTurf. Br. ] Sports Med. 2008, 42, 278-284; discussion 284.
https://doi.org/10.1136/bjsm.2007.036517.

Wong, P.; Chamari, K.; Chaouachi, A.; Mao, D.W.; Wisleff, U.; Hong, Y. Difference in Plantar Pressure between the Preferred
and Non-Preferred Feet in Four Soccer-Related Movements. Br. [ Sports Med. 2007, 41, 84-92.
https://doi.org/10.1136/bjsm.2006.030908.

Castillo-Dominguez, A.; Torrontegui-Duarte, M.; Paez-Moguer, J.; Gomez-Del-Pino, A.; Cervera-Garvi, P.; Mainer-Pardos, E.;
Lozano, D.; Garcia-Romero, J. The Influence of Stud Characteristics of Football Boots Regarding Player Injuries. Int. |. Environ.
Res. Public Health 2022, 20, 720. https://doi.org/10.3390/ijerph20010720.

Sterzing, T.; Hennig, E.M. The Influence of Soccer Shoes on Kicking Velocity in Full-Instep Kicks. Exerc. Sport Sci. Rev. 2008, 36,
91-97. https://doi.org/10.1097/JES.0b013e318168ece?.

Becker, S.; Maurer, L.; Dindorf, C.; Dully, J.; Frohlich, M.; Ludwig, O. A Potential Relationship between Soccer Shoes and Pes
Cavus: A Pilot Study. BMC Sports Sci. Med. Rehabil. 2025, 17, 185. https://doi.org/10.1186/s13102-025-01242-y.
Puszczalowska-Lizis, E.; Lukasiewicz, A.; Lizis, S.; Omorczyk, J. The Impact of Functional Excess of Footwear on the Foot Shape
of 7-Year-Old Girls and Boys. Peer] 2021, 9, e11277. https://doi.org/10.7717/peerj.11277.

Puszczalowska-Lizis, E.; Koziol, K.; Omorczyk, J. Perception of Footwear Comfort and Its Relationship with the Foot Structure
among Youngest-Old Women and Men. Peer] 2021, 9, e12385. https://doi.org/10.7717/peerj.12385.

Okholm Kryger, K.; Mutamba, K.; Mitchell, S.; Miller, S.C.; Forrester, S. Physical Performance and Perception of Foot Discomfort
during a Soccer-Specific Match Simulation. A Comparison of Football Boots. ]. Sports Sci. 2021, 39, 1046-1054.
https://doi.org/10.1080/02640414.2020.1856461.

Notarnicola, A.; Maccagnano, G.; Pesce, V.; Tafuri, S.; Mercadante, M.; Fiore, A.; Moretti, B. Effect of Different Types of Shoes
on Balance among Soccer Players. Muscles Ligaments Tendons . 2015, 5, 208-213. https://doi.org/10.11138/mltj/2015.5.3.208.
Kaziur, P.; Mikotajczyk, Z. Structural and Physiological Properties of Footwear Textiles. Fibres Text. East. Eur. 2023, 31, 75-85.
https://doi.org/10.2478/ftee-2023-0047.

Lu, Z; Jiang, G.; Honglian, C.; Yang, X. The Development of the Flat-Knitted Shaped Uppers Based on Ergonomics. Autex Res.
J. 2015, 16, 67-74. https://doi.org/10.1515/aut-2015-0029.

Zuo, L.; Zhang, Q.; Tu, J.; Nie, M. Study on the Moisture Permeability of Warp-Knitted Jacquard Shoe Upper Material Based on
CFD. Sci. Rep. 2025, 15, 12243. https://doi.org/10.1038/s41598-025-88619-8.

Li, P.-L.; Yick, K.-L.; Yip, J.; Ng, S.-P. Influence of Upper Footwear Material Properties on Foot Skin Temperature, Humidity
and DPerceived Comfort of Older Individuals. Int. ] Environ. Res. Public Health 2022, 19, 10861.
https://doi.org/10.3390/ijerph191710861.

Seul, A.; Mihai, A.; Costea, M.; Bodoga, A.; Curteza, A. The Influence of Materials on Footwear Behaviour: A Finite Element
Simulation Study. Materials 2023, 16, 7203. https://doi.org/10.3390/ma16227203.

Kaufman, K.R.; Brodine, S.K.; Shaffer, R.A.; Johnson, C.W.; Cullison, T.R. The Effect of Foot Structure and Range of Motion on
Musculoskeletal Overuse Injuries. Am. ]. Sports Med. 1999, 27, 585-593. https://doi.org/10.1177/03635465990270050701.

Okholm Kryger, K.; Mitchell, S.; Zhou, D.; Forrester, S. Effect of Football Boot Upper Padding on Shooting Accuracy and Ve-
locity Performance. Sports Eng. 2020, 23, 18. https://doi.org/10.1007/s12283-020-00330-1.

Puigcerver-Palau, S.-A.; Olaso, J.; Gonzalez, J.; Gamez, J.; Alemany, S.; Medina-Ripoll, E.; Pomar, A.; Unanue, A. Analysis of
Foot Dorsum Pressure Patterns in Soccer Full Instep Kick. Footwear  Sci. 2011, 3, S128-5S130.
https://doi.org/10.1080/19424280.2011.575853.

https://doi.org/10.3390/jfmk11010062


https://doi.org/10.3390/jfmk11010062

J. Funct. Morphol. Kinesiol. 2026, 11, 62 15 of 16

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

Hennig, E.M. The Influence of Soccer Shoe Design on Player Performance and Injuries. Res. Sports Med. Print 2011, 19, 186-201.
https://doi.org/10.1080/15438627.2011.582823.

Ramirez, B.; Gupta, V. Energy Absorption and Low Velocity Impact Response of Open-Cell Polyurea Foams. . Dyn. Behav.
Mater. 2019, 5, 132-142. https://doi.org/10.1007/s40870-019-00192-0.

Sterzing, T.; Hennig, E. The Influence of Friction Properties of Shoe Upper Materials on Kicking Velocity in Soccer. |. Biomech.
2007, 40 (Suppl. S2), S195.

Menz, H.B.; Bonanno, D.R. Footwear Comfort: A Systematic Search and Narrative Synthesis of the Literature. |. Foot Ankle Res.
2021, 14, 63. https://doi.org/10.1186/s13047-021-00500-9.

Okholm Kryger, K.; Mitchell, S.; Zhou, D.; Forrester, S. The Effect of Football Boot Upper Padding on Dribbling and Passing
Performance Using a Test-Retest Validated Protocol. Sports Eng. 2018, 21, 401—408. https://doi.org/10.1007/s12283-018-0284-z.
Boppana, A.; Anderson, A.P. Dynamic Foot Morphology Explained through 4D Scanning and Shape Modeling. J. Biomech. 2021,
122, 110465. https://doi.org/10.1016/j.jbiomech.2021.110465.

Fraser, S.; Harland, A.R.; Smith, P.; Lucas, T. A Study of Football Footwear Bending Stiffness. Procedia Eng. 2014, 72, 315-320.
https://doi.org/10.1016/j.proeng.2014.06.047.

Stefanyshyn, D.; Fusco, C. Increased Shoe Bending Stiffness Increases Sprint Performance. Sports Biomech. 2004, 3, 55-66.
https://doi.org/10.1080/14763140408522830.

Nagahara, R.; Kanehisa, H.; Fukunaga, T. Influence of Shoe Sole Bending Stiffness on Sprinting Performance. J. Sports Med. Phys.
Fitness 2018, 58, 1735-1740. https://doi.org/10.23736/50022-4707.17.07834-3.

Majid, F.; Bader, D.L. A Biomechanical Analysis of the Plantar Surface of Soccer Shoes. Proc. Inst. Mech. Eng. 1993, 207, 93-101.
https://doi.org/10.1243/PIME_PROC_1993_207_276_02.

Livesay, G.A.; Reda, D.R.; Nauman, E.A. Peak Torque and Rotational Stiffness Developed at the Shoe-Surface Interface: The
Effect of Shoe Type and Playing Surface. Am. |. Sports Med. 2006, 34, 415-422. https://doi.org/10.1177/0363546505284182.
Smeets, K.; Jacobs, P.; Hertogs, R.; Luyckx, J.P.; Innocenti, B.; Corten, K.; Ekstrand, J.; Bellemans, J. Torsional Injuries of the
Lower Limb: An Analysis of the Frictional Torque between Different Types of Football Turf and the Shoe Outsole. Br. ]. Sports
Med. 2012, 46, 1078-1083. https://doi.org/10.1136/bjsports-2012-090938.

Chaudhry, F.; Butt, S.; Mubashar, A.; Naveed, A.; Imran, S.; Faping, Z. Effect of Carbon Fibre on Reinforcement of Thermoplas-
tics Using FDM and RSM. |. Thermoplast. Compos. Mater. 2019, 35, 089270571988689. https://doi.org/10.1177/0892705719886891.
Azevedo, R.R.; da Rocha, E.S.; Franco, P.S.; Carpes, F.P. Plantar Pressure Asymmetry and Risk of Stress Injuries in the Foot of
Young Soccer Players. Phys. Ther. Sport Off. ]. Assoc. Chart. Physiother. Sports Med. 2017, 24, 39-43.
https://doi.org/10.1016/j.ptsp.2016.10.001.

Hotfiel, T.; Golditz, T.; Wegner, ].; Pauser, J.; Brem, M.; Swoboda, B.; Carl, H.-D. A Cross-Sectional Study on Foot Loading Patterns in
Elite Soccer Players of Different Ages. J. Back Musculoskelet. Rehabil. 2020, 33, 939-946. https://doi.org/10.3233/BMR-181436.

Forrester, S.; Fleming, P. Traction Forces Generated during Studded Boot-surface Interactions on Third-generation Artificial
Turf: A Novel Mechanistic Perspective. Eng. Rep. 2019, 1, €12066. https://doi.org/10.1002/eng?2.12066.

Azevedo, R.R.; Nery, S.B.; Stefanyshyn, D.J.; Carpes, F.P. Plantar Loading in the Youth Soccer Player during Common Soccer
Movements and Risk for Foot Injury. Injury 2020, 51, 1905-1909. https://doi.org/10.1016/j.injury.2020.06.009.

Zhou, B.; Koerger, H.; Wirth, M.; Zwick, C.; Martindale, C.; Cruz, H.; Eskofier, B.; Lukowicz, P. Smart Soccer Shoe: Monitoring
Foot-Ball Interaction with Shoe Integrated Textile Pressure Sensor Matrix. In Proceedings of the 2016 ACM International Symposium
on Wearable Computers (ISWC '16), Heidelberg, Germany, 1216 September 2016; Association for Computing Machinery (ACM):
New York, NY, USA, 2016; p. 71.

Razak, A.H.A.; Zayegh, A.; Begg, R.K.; Wahab, Y. Foot Plantar Pressure Measurement System: A Review. Sensors 2012, 12, 9884—
9912. https://doi.org/10.3390/s120709884.

Cass, Z.; Williams, S.; Slaminko, C.; Sethi, K.; Donahoe, A.; Sethi, P.M. Cleats May Be a Risk Factor for ACL Tears in Female
Lacrosse and Soccer Players. Orthop. J. Sports Med. 2025, 13, 23259671251365603. https://doi.org/10.1177/23259671251365603. Cor-
rection in Orthop. ]. Sports Med. 2025, 13, 23259671251389506. https://doi.org/10.1177/23259671251389506.

Lambson, R.B.; Barnhill, B.S.; Higgins, R.W. Football Cleat Design and Its Effect on Anterior Cruciate Ligament Injuries. A
Three-Year Prospective Study. Am. . Sports Med. 1996, 24, 155-159. https://doi.org/10.1177/036354659602400206.

Grund, T.; Senner, V. Traction Behavior of Soccer Shoe Stud Designs under Different Game-Relevant Loading Conditions. Pro-
cedia Eng. 2010, 2, 2783-2788. https://doi.org/10.1016/j.proeng.2010.04.066.

Thomson, A.; Bleakley, C.; Holmes, W.; Hodge, E.; Paul, D.; Wannop, J.W. Rotational Traction of Soccer Football Shoes on a
Hybrid Reinforced Turf System and Natural Grass. Footwear Sci. 2022, 14, 58-69. https://doi.org/10.1080/19424280.2022.2038690.

https://doi.org/10.3390/jfmk11010062


https://doi.org/10.3390/jfmk11010062

J. Funct. Morphol. Kinesiol. 2026, 11, 62 16 of 16

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

Karamanoukian, A.; Boucher, ]J.-P.; Labbé, R.; Vignais, N. Validation of Instrumented Football Shoes to Measure On-Field
Ground Reaction Forces. Sensors 2022, 22, 3673. https://doi.org/10.3390/s22103673.

Pescatore, S.M.; DeShazo, S.J.; Weiss, W.M. Effects of Soccer Cleat Stud Patterns Worn Versus Lower Extremity Injuries in the
English Premier League. Orthop. ]. Sports Med. 2025, 13, 23259671251353762. https://doi.org/10.1177/23259671251353762.
Clarke, J.; Carré, M. Improving the Performance of Soccer Boots on Artificial and Natural Soccer Surfaces. Procedia Eng. 2010, 2,
2775-2781. https://doi.org/10.1016/j.proeng.2010.04.065.

Miiller, C.; Sterzing, T.; Lake, M.; Milani, T. Different Stud Configurations Cause Movement Adaptations during a Soccer Turn-
ing Movement. Footwear Sci. 2010, 2, 21-28. https://doi.org/10.1080/19424281003685702.

McMahon, J.; Fleming, P.; McGowan, H.; Forrester, S. A Comparison of Two Rotational Traction Test Devices for Artificial Turf.
Sports Eng. 2025, 28, 13. https://doi.org/10.1007/s12283-025-00490-y.

Waddington, G.; Adams, R. Football Boot Insoles and Sensitivity to Extent of Ankle Inversion Movement. Br. J. Sports Med. 2003,
37,170-174; discussion 175.

Smith, S.G.V.S,; Power, G.A.; Bent, L.R. Foot Sole Cutaneous Stimulation Mitigates Neuromuscular Fatigue during a Sustained
Plantar Flexor Isometric Task. J. Appl. Physiol. 1985, 2020, 129, 325-334. https://doi.org/10.1152/japplphysiol.00157.2020.

Frank, B.S.; Gilsdorf, C.M.; Goerger, B.M.; Prentice, W.E.; Padua, D.A. Neuromuscular Fatigue Alters Postural Control and
Sagittal Plane Hip Biomechanics in Active Females with Anterior Cruciate Ligament Reconstruction. Sports Health 2014, 6, 301-
308. https://doi.org/10.1177/1941738114530950.

Marotta, N.; Moggio, L.; Calafiore, D.; Prestifilippo, E.; Spand, R.; Tasselli, A.; Drago Ferrante, V.; Invernizzi, M.; De Sire, A,;
Ammendolia, A. Efficacy of Proprioceptive Training on Plantar Pressure and Jump Performance in Volleyball Players: A Proof-
of-Principle Study. Sensors 2023, 23, 1906. https://doi.org/10.3390/523041906.

Ammendolia, A.; De Sire, A.; Lippi, L.; Ammendolia, V.; Spano, R.; Reggiani, A.; Invernizzi, M.; Marotta, N. Cryo plus Ultra-
sound Therapy, a Novel Rehabilitative Approach for Football Players with Acute Lateral Ankle Injury Sprain: A Pilot Random-
ized Controlled Trial. Sports 2023, 11, 180. https://doi.org/10.3390/sports11090180.

Girard, O.; Millet, G.P.; Thomson, A.; Brocherie, F. Is Plantar Loading Altered During Repeated Sprints on Artificial Turf in
International Football Players? J. Sports Sci. Med. 2018, 17, 359-365.

Arefin, M.S,; Lin, C.-J.; Chieh, H.-F.; An, K.N.; Huang, Y.C,; Su, F. Analysis of Torsional Mechanical Behavior of Adjustable Air
Cushion Sole Structures: Impact Simulation on Cutting Maneuvers. |. Med. Biol. Eng. 2024, 44, 722-730.
https://doi.org/10.1007/s40846-024-00908-1.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual au-

thor(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/jfmk11010062


https://doi.org/10.3390/jfmk11010062

