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Background: The neuromuscular stability and foot morphology are two critical biomechanical variables that can
determine athletic performance and injury risk in football. Sex-specific characteristics (e.g., increased joint laxity
and disrupted neuromuscular control) can also mediate these associations in female football athletes, but there is
limited empirical evidence on this matter.

Purpose: To examine the correlation between foot arch morphology, neuromuscular stability, technical perfor-
mance and regression-derived Injury Risk Index in university-level female football players and the cumulative
predictive value of these factors.

Methods: Sixty-two female football players were evaluated in terms of foot structure using the Chippaux Smirak
Index, neuromuscular stability using the YBalance Test, and performance using the measurement of kicking
accuracy and maximal kicking distance. Regression modeling was used to build an injury risk index. The use of
comparative analysis, correlation matrices, and multivariate regression would explain the relationship between
variables.

Findings: The players with neutral arches showed better kicking performance, increased neuromuscular stability
and lower scores on the theoretical Injury Risk Index derived from the regression model compared with those
with flat or high arches. The foot measures were highly positively related to both the accuracy and distance
measures, whereas the neuromuscular stability proved to be the strongest protective indicator of injury risk.
Conclusion: The combination of foot morphology and neuromuscular stability provides a multidimensional
conceptual model of explaining performance dynamics and injury risk in female football athletes. These findings
suggest the potential utility of specific screening guidelines and preventive measures to individualise perfor-
mance and theoretical injury-related indices. However, prospective longitudinal studies incorporating actual
injury surveillance are required before clinical application of screening or preventive strategies.

Introduction

Women’s football has become one of the most rapidly expanding
team sports in the world, with significant growth in the number of
players, frequency of matches, professionalism and the popularity of the
game. Within the university population, female football athletes make
up a severe developmental group where training loads start to resemble
more those encountered in elite settings, but physical maturity,
biomechanical versatility, and injury resistance might be in progress. !
Football performance demands Repetitive high-intensity movements

such as accelerations, decelerations, switch gears, vertical jumps, and
powerful kicking are required in football performance, putting signifi-
cant mechanical stress on lower extremities. Therefore, lower-limb in-
juries remain at a high rate in women’s football and cause severe health
and performance consequences on the athlete, as well as on the team
performance and long-term involvement.” With the field moving toward
the accuracy-driven approach to injury prevention, focus on the dis-
covery of inherent biomechanical factors that can predispose female
athletes to injury before they enter into the high-risk stages of compet-
itive play has been escalated. > Foot morphology has received significant
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attention among these determinants as a potentially adjustable or
observable variable with implications of injury susceptibility as well as
functional performance.”

Most commonly, foot morphology, defined by medial longitudinal-
arch configuration, has been found to be a key determinant of lower-
limb biomechanics. The foot is the primary component between the
human body and the surface, which supports shock absorption, stability,
propulsion and transmission of force when performing sport-specific
tasks.” Differences in foot arch structure, such as pes planus (low
arch), normal arch and pes cavus (high arch), influence the control of
ground reaction forces and response of the kinetic chain to repeated
mechanical loading. The abnormal arch forms have been associated with
a change of gait mechanics and increased loading of the lower limbs,
poor neuromuscular control, and movement strategies that may pre-
dispose musculoskeletal injury.®’ The above associations might be
enhanced in the case of female subjects, who often have different
anatomical and neuromuscular characteristics, such as increased liga-
mentous laxity, reduced joint stiffness, and different patterns of
lower-limb alignment compared to male subjects. However, the existing
literature lacks predictive models, which are specifically applied to fe-
male football athletes, especially at the college level, using foot
morphology as a biomechanical risk factor. ® Furthermore, the construct
of stability, which is a key protective mechanism adjusting the postural
control and injury resilience, has rarely been examined as a moderator
between the foot structure and injury occurrence. As a result, there
arises a glaring research gap, especially in the domain of women’s team
sports, where the non-contact type of injury prevails, and the early
detection of intrinsic determinants of risk is the key to effective pre-
vention methods. °

In addition to the risk of injury, the morphology of the foot can have
a quantifiable effect on performance in football. Mechanical efficiency
of the foot ankle complex is critical in ball striking, kicking accuracy,
sprinting, cutting and sudden changes of direction. It has been proposed
to have a normal medial arch to enable the best transmission of energy
to enable optimal propulsion, and better accuracy in high velocity
technical actions like long distance kicking.'” On the contrary, athletes
with pes planus can be characterised by the decrease in push-off force
and stability whereas athletes with pes cavus can be characterised by
poor shock absorption and high stiffness that can influence distance
production and accuracy during football tasks.'%'! Kicking distance and
target accuracy are performance measures that serve as objective mea-
sures of functional ability and reveal latent biomechanical strengths or
weaknesses. However, there is a lack of comparative data on different
types of arch among female football players. Against the backdrop of the
rapidly professionalising women'’s football, identifying the presence of a
tangible performance advantage in athletes who have normal arches
and, at the same time, determining the functional limitations associated
with abnormal arches, can be helpful in tailoring training programs,
talent identification, and individualised training plans. '

The current research aims to fill gaps in the most recent body of
sports science literature. Therefore, the objective of this cross-sectional
study was to examine the associations among foot arch morphology,
neuromuscular stability, and specific football performance results
(kicking accuracy and maximal kicking distance) in university-level fe-
male football players. The study also examines the extent to which foot
morphology and neuromuscular stability were associated with variation
in a theoretically derived Injury Risk Index based on biomechanical
indicators. Alternatively, this investigation seeks to provide a multidi-
mensional structural profile and functions to help identify relative sus-
ceptibility patterns within this specific population.

Methodology
Research design

The study employed a cross-sectional correlational research design
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to investigate the associations between foot measurements and football
shooting performance, specifically accuracy and distance. The design
also incorporated between-group comparisons based on foot-type clas-
sifications and the computation of a study-specific Injury Risk Index to
evaluate theoretical biomechanical susceptibility. The analysis design
was suitable for investigating connections between anthropometric
variables and performance skills without manipulating any variables.

Participants

The researchers selected 62 female football players, aged 22 to 28,
who were enrolled in the Master of Physical Education program at
Pondicherry University. The investigators selected competition football
participants who had consistently played with experience and technical
ability to form the participant sample. The study only included partici-
pants whose backgrounds matched a comparable level of football
training experience and participation history to maintain homogeneity
and reliability of findings. On average, participants had 5-8 years of
competitive experience. The study excluded participants who experi-
enced any injuries to their lower limbs during the previous six months to
control for potential confounding variables. The football players whose
experiences made up the study had between 5 and 8 years of competitive
high-level play. Recent foot and leg injuries within the past six months
served as exclusion criteria for participants in this study. Although
playing position was not one of the main factors for participant selec-
tion, it led to a variety of selections among midfielders, forwards, de-
fenders, and goalkeepers, which created an authentic representation of
football-specific performance requirements.

Ethical consideration

All participants delivered voluntary consent following an explana-
tion about the nature of the research to participate in this study. Subjects
were free to withdraw from the study at any time. Ethical permission for
this research was obtained from the Institutional Ethics Committee in
accordance with the Declaration of Helsinki ethical guidelines.'*

Procedure

The data collection required two organised sessions to obtain
anthropometry measurements and performance-related variables. In the
first session, participants completed a structured demographic ques-
tionnaire capturing age, height, weight, and years of competitive foot-
ball experience. The second session included three assessment methods.
A manual footprint tracing method was employed to measure foot arch
characteristics, and the Foot arch classification was conducted using the
Chippaux-Smirak Index (CSI). Football shooting performance was
assessed using the Mori-Christian General Soccer Ability Skill Test, a
standardised protocol recognised for validity in measuring shooting
accuracy under controlled conditions. The shooting distance was
measured using the Maximal Kicking Distance (MKD) Test. Neuromus-
cular stability was evaluated using the Y-Balance Test-Lower Quarter
(YBT-LQ). The assessments began with standardised instructions and
demonstrations to maintain procedural consistency. The participants
received strict instructions to avoid vigorous physical activities 24 h
before the session, and the testing sessions were conducted under stable
conditions to mitigate potential confounding factors such as fatigue and
environmental variability.

Instrument and measures

Foot arch

Foot arch classification was determined using the Chippaux-Smirak
Index (CSI), a widely recognised method based on footprint analysis.'*
To acquire the footprints, a rubber roller was used to uniformly apply
ink to the bare plantar surfaces of each participant’s feet. Participants
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were instructed to maintain a static position while focusing on a fixed
point ahead. They were then to step naturally onto a white cardboard
sheet that was set up on a level, sturdy platform (50 x 50 cm).'* The
footprints obtained needed morphological measurements with the help
of a transparent ruler to measure the maximum width of the forefoot
(line AB) and the minimum width of the midfoot (line CD), as illustrated
in Fig. 1. Then the researchers computed the Chippaux-Smirak Index
through the formula (CD/AB x 100)."® A classification system deter-
mined foot arch types according to the calculated percentage into three
segments: high arch (10%—24%), normal arch (25%—45%), and flat
arch (46%—70%)."

Shooting accuracy

The shooting accuracy was measured using the Mor-Christian Gen-
eral Ability Soccer Test.'® The Test was used for this study to measure
kicking accuracy, even though it is normally administered to evaluate
soccer skills, including dribbling, passing and kicking. This test has been
widely used in previous studies to assess soccer-specific kicking accu-
racy.'” Participants stood 11 m away from the goal and performed four
well-directed kicks toward each of four circular target zones within the
goal area, resulting in a total of 16 kicks. Players were allowed to use
their preferred leg for all attempts. Scoring was based on precision: 10
points were awarded for a successful shot into the designated target,
while 4 points were given for a shot that entered an incorrect target area.
If the ball went directly through the intended target, it was considered
successful; any subsequent touches or rebounds were excluded from
scoring. The total accuracy score was calculated as the sum of the points
from all 16 kicks.

Maximal kicking distance

Maximal kicking distance was measured using the Maximal Kicking
Distance (MKD) Test, which has been standardised from existing pro-
tocols used in the sports performance literature.'® Warm-up for all the
participants was done in a conventional manner, and they performed
maximal instep kicks using an official FIFA-compliant size 5 soccer ball
of Nike’s brand (the Nike Seitiro, FIFA certified).'® A two-stripe run-up
distance from a kicking line defined by two parallel cones placed on the
ground marked the execution of the kick by bringing into play the
dominant leg of the players. A 75-meter calibrated metric tape was
placed across the field along the kick line. Predictably, an assessor was
placed at the landing area with the intended purpose of identifying the
first point where the ball made its initial ground contact. The distance
from the kicking line to the point of contact was measured and rounded

Maximum width
of the forefoot

Minimum width
of midfoot

CsSli (%)=(/i—[B)x 100

Chippaux-Smirak Index

Fig. 1. Footprint-based measurement of the Chippaux-Smirak Index (CSI)
showing the maximum forefoot width (AB) and the minimum midfoot width
(CD), used to compute CSI (%) = (CD/AB) x 100.
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to the nearest 0.2 m The measurements were all done at a steady
weather whereby the wind was below 20 km-h™!, which was confirmed
by the meteorological department (urban meteorological services for
Puducherry, India). All the subjects ran the test three times and had a
one-minute rest between successive attempts. The longest distance
achieved by each subject was considered for analysis.

Neuromuscular stability

Neuromuscular stability was assessed using the Y-Balance Test-
Lower Quarter (YBT-LQ), a validated measure of dynamic balance
commonly applied to football performance screening.?’ It was per-
formed barefoot to ensure the correct positioning of the feet and to
minimise variability caused by footwear. All participants began by ori-
enting themselves to the test procedures, followed by three practice
trials on each leg. A standardised YBT kit, consisting of three tubular
bars with 0.5 cm markers and sliding indicator blocks was used to
perform the test. The test foot was placed so that the most distal point
was just behind the starting reference line, with the participants
standing on the centre platform. According to this stance, they were
asked to remain in a single-leg position and reach the other leg in three
directions: (1) Anterior (AN), (2) Posteromedial (PM), (3) Posterolateral
(PL). Each reach was performed three times per direction, and the
maximum successful reach distance was recorded. Repetitions were
made when there was a loss of balance, the stance foot shifted, or the
reaching foot made contact with the ground before returning. The length
of the lower limb (between the anterior superior iliac spine and the
distal tibia malleolus) was measured using a standard tape measure to
enable normalisation of reach distances based on limb length. Reach
scores were obtained under all three directions and normalised to limb
length, then summed to form a composite YBT score for each individual
participant. The composite stability value was then transformed into a
Stability Score to match the performance scoring framework applied in
the study, with the higher the score, the greater the dynamic balance and
postural control.?!

The injury risk index

The operationalisation of injury risk was the study-specific Injury
Risk Index, which was the main dependent outcome variable. This index
represents a theoretical estimate of biomechanical susceptibility to
injury, rather than a clinically validated prediction of injury risk. The
index was derived analytically using a multiple linear regression model
in which Stability Score and Foot Measurement were entered as pre-
dictor variables. Importantly, the actual occurrence of injury was not
quantified in this study. Thus, the Injury Risk Index is a hypothetical
measure of relative risk that is a product of biomechanical factors;
however, it is not a clinically reliable predictor of injury. Higher index
values indicate greater theoretical susceptibility. The Injury Risk Index
is used only for statistical analyses, such as between-group comparisons
(ANOVA), correlation analysis, and regression modelling. It also helped
in categorising athletes into risk groups to make comparisons. For
descriptive interpretation purposes, Injury Risk Index scores were cat-
egorised into three levels based on their distribution within the regres-
sion model. As the index was centred at zero, values below 0 were
classified as “low”, scores between 0 and 5 as “moderate”, and values
above 5 as “high”. These thresholds were established using standardised
distribution-based criteria to facilitate interpretation and do not repre-
sent clinically validated cut-off points. No claims of real-world injury
prediction or diagnostic utility are made.

Statistical analysis

Data were analysed using IBM SPSS Statistics (Version 27). The
Shapiro-Wilk test and review of Q-Q plots were used to assess normality
of the continuous variables, enabling the selection of appropriate cor-
relation and group comparison procedures. All variables of the perfor-
mance and foot measurement were subjected to descriptive statistics
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(mean and standard deviation). A post hoc power analysis was con-
ducted using G*Power 3.1 based on the primary between-group com-
parisons (one-way ANOVA), assuming a medium effect size (f = 0.30),
an alpha level of 0.05, and a total sample size of N = 62. The achieved
statistical power (1—p) was 0.75, indicating moderate statistical sensi-
tivity to detect medium-sized effects. The relationships between foot
measurements, shooting accuracy and maximal kicking distance were
investigated by Pearson correlation coefficients. One-way ANOVA was
used to compare the performance and injury risk of the different foot
types (flat foot, neutral foot and high arch). When the ANOVA was
significant, Scheffe post-hoc tests were applied to identify pairwise dif-
ferences. The analysis was conducted using multiple linear regression to
determine the extent to which the Stability Score and Foot Measurement
predicted Injury Risk. The regression coefficients are given with signif-
icance values, and the model fit index (R, R?, adjusted RZ, F-statistic) are
reported. Effect sizes were calculated for the main analyses: Pearson r
(correlations), partial eta-squared (nz) (ANOVA), and 2 (Cohen)
(regression model). The set level of statistical significance was p < .05
(two-tailed).

Result
Descriptive statistics

Table 1 shows the descriptive statistics of the structural and perfor-
mance variables in the three groups of foot types. The primary analysis
of the data showed that there was a clear morphological difference be-
tween flat-footed, neutral-footed, and high-arched athletes, with the
existence of a significant disparity in performance and neuromuscular
indicators.

The scores in Table 1 provide a comprehensive outline of structural
gradient by the type of foot. The flat-footed athletes recorded the highest
mean foot length (45.32 / 3.4 cm) and high arched athletes recorded the
lowest (32.48 / 2.9 cm). The difference in the performance results was
based on these structural differences: neutral-footed athletes had the
highest mean kicking distance (50.45 + 8.5 m) and accuracy scores
(28.90 =+ 5.1 units) which suggests a higher biomechanical efficiency. In
contrast, the performance values of flat-footed athletes were signifi-
cantly lower, with the mean distance of (38.10+7.2 m) and the accuracy
of (22.25 + 4.3) units, and the high-arched athletes demonstrated in-
termediate performance scores.

The groups were also differentiated by stability and injury risk pat-
terns. The most favourable neuromuscular profile was found in neutral-
footed athletes, whose stability score was 9.1, and risk of injury was the
lowest (2.3). Flat-footed athletes demonstrated the lowest stability (4.2)
and the highest risk of being injured (8.1) which is in line with excessive
pronation and a lack of structural support. High-arched participants
showed moderate stability (5.3) and high risk of injury (7.2), as a result
of reduced shock-absorption capacity of cavus foot morphology.

The aggregate sample means of foot measurement (38.05 8.32 cm),
distance (44.63 9.99 m), and accuracy (26.13 5.63 units) place the
group-specific patterns into a larger performance framework. These
results overall indicate a clear structural-functional gradient in the
sample, in which female football players in neutral foot posture have
more efficient biomechanics, and those with flat-footed or high-arched
foot morphology have quantifiable drawbacks in their performance

Table 1
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and injury patterns. Such descriptive tendencies give a definite
structural-functional correlation, which forms the basis of the inferential
analyses in the following sections.

Differences in injury risk across foot types

One-way ANOVA was conducted to identify significant differences in
the risk of injuries between the three groups of feet (flat foot, neutral
foot and high arch). As demonstrated in Table 2, the effect of foot type
on injury risk was statistically significant, which means that differences
in the morphology of feet are associated with significant differences in
the theoretical injury-related index.

It was found that the Injury Risk Index scores differed significantly
among the groups (F = 39.73, p < .001). Post-hoc Scheffe comparisons
revealed that neutral-footed athletes had a much lower risk of injury
compared to both flat-footed (p < .001) and high-arched athletes (p <
.01). Also, High-arched athletes demonstrated a lower injury risk than
flat-footed athletes; however, their risk remained substantially elevated
compared with neutral-footed players, and this difference was statisti-
cally significant (p < .05). All of these findings indicate that there is a
definite gradient of injury risk, with the neutral-footed athletes showing
the most favourable profile and the flat-footed ones showing the highest
susceptibility. The relevance of foot morphology as a predictor of Injury
Risk Index values is highlighted by these patterns and gives ground to
future correlation and predictive modelling studies.

Correlation analysis

The correlation coefficients between the foot measurements, kicking
accuracy and kicking distance were calculated using Pearson correlation
coefficients to test the association between them. The findings showed
that all variables had strong positive correlations, which showed that
structural foot characteristics have strong ties with performance out-
comes. Table 3 shows these correlations

The correlation coefficients between the foot measurements, kicking
accuracy and kicking distance were calculated using Pearson correlation
coefficients to test the association between them. The findings showed
that all variables had strong positive correlations, which showed that
structural foot characteristics have strong ties with performance out-
comes. Table 3 shows these correlations. Foot measurements and ac-
curacy had a very strong correlation (r = 0.95), meaning that the larger
or more structurally efficient the feet, the greater the kicking precision.
Similarly high correlation was also observed between foot measures and
distance (r = 0.96), which indicates that foot structure has a significant
contribution to the production of higher kicking power. Moreover,

Table 2

One-Way ANOVA for injury risk across foot types.
Source SS df MS F p
Between Groups 162.87 2 81.44 39.73 < 0.001
Within Groups 120.80 59 2.05 - -
Total 283.67 61 - - -

Note. SS = Sum of Squares; df = Degrees of Freedom; MS = Mean Square; F =
ANOVA F-value; p = Significance level. Injury risk compared across three foot-
type groups (flat, neutral, high arch). Statistical significance set at p < .05.

Descriptive and foot-type specific characteristics for structural and performance variables.

Foot Type N Foot Measurement (cm) Distance (m) Accuracy (units) Stability (1-10) Injury Risk (1-10)
Flat Foot 20 45.32 £ 3.4 38.10 £ 7.2 22.25+ 4.3 4.2 8.1
Neutral Foot 22 38.25 + 2.6 50.45 + 8.5 28.90 + 5.1 9.1 2.3
High Arch 20 32.48 + 2.9 41.20 + 8.1 24.18 + 4.9 5.3 7.2

Note: Values are presented as mean =+ standard deviation. Stability and injury risk are scored on a 1-10 scale. Foot types include flat, neutral, and high arch clas-

sifications based on structural assessment.
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Table 3

Pearson correlation matrix for structural and performance variables.
Variable Foot Measurements Accuracy Distance
Foot Measurements 1 0.95 0.96
Accuracy 0.95 1 0.93
Distance 0.96 0.93 1

Note: All correlations significant at p < .01.

accuracy and distance had a high correlation (r = 0.93), and this in-
dicates the presence of common neuromuscular and biomechanical
factors that define the two dimensions of performance. Taken together,
the results underscore the interdependence of structural and functional
variables in football performance. These associations are strong and thus
should be further investigated using predictive modelling, as discussed
in the next section.

Regression analysis of the injury risk index

A multiple linear regression model was performed to examine the
combined associations of neuromuscular stability and foot measure-
ments with the regression-derived Injury Risk Index. The purpose of this
analysis was to determine whether these two factors, which were earlier
identified as structurally and functionally relevant, demonstrated a
strong statistical association with Injury Risk Index scores among the
athletes. The overall fit of the model was good and is summarised in
Table 4.

The model was significant with a predictive power of 69% (R? =
0.69) explaining the variance in injury risk. Stability score became a
major negative predictor (p = -0.68), which proved that the greater the
neuromuscular stability, the lower the Injury Risk Index score. Foot
measurement was also a strong predictor (B = +0.15), where bigger or
structurally different feet were observed to be associated with higher
Injury Risk Index values. The combination of the predictors also
demonstrated an interaction between the structural and neuromuscular
factors in injury risk determination. These findings uphold the catego-
rization of athletes into risk groups in practice, which is discussed later
in the next section.

Injury risk classification based on predicted scores

In order to convert the results of the regression model into a practical
framework, the results were converted into a practical risk classification
by using the anticipated risk scores of injury on athletes. With the help of
this categorisation, the level of individual risk can be more clearly
interpreted as the stability and foot measure values. The following
classification represents a model-based interpretation of predicted
Injury Risk Index scores (Table 5).

According to these thresholds, athletes who had predicted scores >5
were included in the high-risk category, which is a combination of
reduced neuromuscular stability and increased or morphologically
different foot size. The range of scores (0 to 5) had the moderate risk,
negative scores represented low risk and more favourable structural-
functional profiles. This classification framework provides a structured
interpretation of model-derived Injury Risk Index scores, identifying
athletes with elevated index values who may require further

Table 4

Regression coefficients for predictors of injury risk.
Predictor B SE t p
Constant 12.45 1.04 12.03 < 0.001
Stability Score -0.68 0.09 -7.56 < 0.001
Foot Measurement +0.15 0.06 2.50 0.016

Note: B = Standardized regression coefficient; SE = Standard Error. Model
summary: R = 0.83, R? = 0.69, Adjusted R? = 0.67, F(2, 59) = 65.29, p < .001.

Table 5
Classification of predicted injury risk levels.
Predicted score Risk Interpretation
range category
>5 High Risk Elevated theoretical Injury Risk Index score; May
warrant further evaluation in future prospective
research
0to5 Moderate Manageable risk; periodic evaluation advised
Risk
<0 Low Risk Minimal risk; maintain current training condition

Note: Categories derived from regression-predicted values based on stability and
foot measurement inputs.

investigation in prospective longitudinal research.
Discussion
Foot arch & performance

Our results showed that athletes with more desirable foot structures
always ranked higher in the performance categories, and those with less
desirable foot structures were found to fall in the lower performance
categories in our sample. This pattern is supported by the literature
where the structurally efficient foot characteristics like normal medial
arches, increased foot length and breadth, and increased plantar
musculature are repeatedly linked to better athletic performance.?>?>
Athletes whose foot morphology has been well developed normally
exhibit high stability, agility and power, which are key components of
effective performance and injury resistance in sport.”*> > Past research
also indicates that bigger or stronger feet are linked to higher ankle
muscle power and better performance in exercises that demand explo-
sive power and dynamic control like jumping and dynamism maneu-
vers.”>?” Conversely, less ideal foot anatomy including pes planus or
pes cavus have been linked to impaired power, impaired balance, and
injury vulnerability.”® °° All these lead to poor performance ranking.
Accordingly, the available evidence supports the perception that Vari-
ations in foot morphology were significantly associated with differences
in functional performance outcomes among the athletes. These struc-
tural vulnerabilities may be further amplified in women football players,
who often exhibit greater joint laxity and altered lower-limb alignment
patterns, making them more sensitive to variations in arch posture and
foot mechanics.

This paper has also demonstrated that foot measurements and gen-
eral structural efficiency were strongly related to enhanced kicking ac-
curacy and greater kicking distance in players. This trend is in line with
the available literature, which has shown that athletes that have bigger
or more biomechanically efficient feet are more likely to produce higher
foot velocities during the kicking action and thus have a higher ball
speed and increased kicking distance.?’>*> Research also reports that
higher ankle rigidity and enhanced structural support on the foot lead to
better impact mechanics and better transfer of forces at ball contact and
therefore adds to support the performance benefits of good foot
morphology.®>*® Also, there is prior evidence that relative lean mass in
the kicking leg, which is strongly related to structural efficiency, is
positively correlated with kicking accuracy, implying that the structure
of the foot, as well as the morphology of the lower limbs can determine
the results of technical performance.®*>>! However, although the foot
characteristics are evident biomechanical advantages, the literature
highlights that the performance of kicking is multifactorial and no less
depends on motor control, muscular strength, coordination, and the
ability to perform the technical skills.*>*® Foot morphology is therefore
to be considered as one of the determinants of successful kicking but not
exclusive.
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Foot arch and theoretical injury risk

Foot morphology

This research study has pointed out that differences in foot structure
and foot measurements were significantly associated with variation in
the regression-derived Injury Risk Index, and particular structural pat-
terns were associated with elevated Injury Risk Index scores. While
previous studies have documented associations between foot
morphology and actual injury incidence, the present findings refer
specifically to variation in a regression-derived Injury Risk Index and do
not represent clinically validated injury prediction or recorded injury
occurrence. The current literature confirms the relationship between
foot morphology and biomechanical functioning, which means that the
variation in the foot structure is a significant factor in terms of load
distribution during locomotion. Players with pes planus are over-
represented with such pathologies as plantar fasciitis and medial tibial
stress syndrome, which is explained by overpronation and weakened
medial support of the arch.?”>*® Conversely, people with pes cavus have
reduced shock absorption, further increasing the kinetic transmission
through the lower extremity and increasing the rate of stress fracture
and tendinopathy development.®”*>%" Moreover, imbalances in foot
mobility, as observed in the differences in navicular drop between limbs,
have been found to be strong predictors of injury.*! The musculoskeletal
injury rates in athletes with such asymmetries are significantly higher as
compared to athletes with neutral or symmetrical foot profiles.

In addition, an aberrant distribution of plantar pressures, namely,
elevated loads on the lateral heel and on the metatarsal heads have been
linked to an increased occurrence of foot ankle injuries in physically
demanding sporting environments e.g. soccer.>”** These biomechanical
pathologies support the over-strain of soft-tissues, shock-absorption, and
joint-mechanics, and thus lead to both overuse and acute injury phe-
nomena.’®* In turn, individual assessment of foot structure and
implementation of specific intervention strategies, including strength-
ening of intrinsic foot musculature, corrective exercise programs, and
orthotic insoles wusage, are major components of effective
injury-prevention models in sporting communities.

Neuromuscular stability as a protective factor

The results also revealed that the strongest negative association with
Injury Risk Index scores is the neuromuscular stability. Athletes with
higher stability scores demonstrated lower Injury Risk Index values. This
observation is substantially justified by the ample studies that found that
neuromuscular stability, which includes proprioception, core strength,
balance, and coordinated muscle action, is central to preventing injuries
in sports. Notably, these results are particularly attributed to the
biomechanical and neuromuscular peculiarities of women football
players, whose joint laxity patterns, neuromuscular patterns, and injury
risks are unique to them in comparison with male athletes.”> Women
generally  show  increased  generalized ligament laxity,
muscle-recruitment mechanisms, and increased dependence on
quadriceps-dominated movement patterns which could increase the
importance of stability in reducing the risk of injury.***> Neuromus-
cular training (NMT) programs that are used to improve these elements
have continually shown a decrease in injury rates in different athletic
groups.***> The meta-analytical data indicate that NMT has the poten-
tial to substantially lower the incidence of lower-extremity injuries in
youth and adolescent athletes, and the importance of neuromuscular
control in preserving joint integrity during dynamic movements is crit-
ical.*® It is especially the core and trunk neuromuscular control which
leads to a reduction of knee, hamstring and ankle injuries, which en-
hances greater postural stability and dynamic alignment during
sport-specific movements.*®*” Athletes that exhibit a better neuromus-
cular stability also have a more effective pattern of muscle activation
and better dynamic balance which leads to a decreased risk of muscu-
loskeletal strain.*®*° Additionally, data on the female athletic pop-
ulations suggests that an improvement in neuromuscular control
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dramatically reduces the occurrence of anterior cruciate ligament (ACL)
injuries.\r’o’51 This relationship is particularly important in women ath-
letes, who often rely more heavily on proximal stability mechanisms to
maintain lower-limb alignment during dynamic movements. Together,
these results underscore the importance of neuromuscular stability in
diminishing injury risk and the significance of neuromuscular stability
in athlete conditioning programs.

Training implications

Foot morphology and neuromuscular stability assessment provides
strong multidimensional associative explanatory capacity for Injury Risk
Index scores and explaining skill performance among football players.
This is further supported by the current literature in sports science which
points out the multifactorial nature of risk of injury, caused by the
interaction of the structural, functional, and neuromuscular de-
terminants, but not by univariate predictors.”>>> Foot being the major
point of contact with the ground defines the efficiency of the move-
ments, the transmission of the force, and biomechanical positioning, and
neuromuscular stability controls the positioning of the posture as well as
the preservation of the dynamic joints.”’ Our analysis shows that the
combination of these qualities can provide a complete idea of the vari-
ability of variability in performance and variation in Injury Risk Index
scores, which is why it is necessary to include assessment procedures.
These implications are especially relevant for women football players,
whose increased joint laxity, altered lower-limb alignment tendencies,
and sex-specific neuromuscular characteristics may heighten sensitivity
to foot-structure deviations and stability deficits. The practical impli-
cations of this model may inform future screening research of the foot
morphology, the identification of deficits in stability, as well as the study
of the movement patterns to offer individual training and areas for
further prospective investigation and prevention measures. Orthotic
support, along with specific neuromuscular and balance training, and
custom footwear have been shown to be evidence-based interventions
that maximise the biomechanical efficiency, and potentially influences
injury-related outcomes. These multidimensional strategies can subse-
quently be incorporated in football training programmes to not only
improve performance outcomes but also the health of the athletes in the
long run. However, as the Injury Risk Index is a theoretical, unvalidated
model, these implications should be interpreted cautiously and
confirmed through longitudinal injury surveillance studies.

Limitations and future directions

Despite providing novel insights into the relationship between foot
morphology, neuromuscular stability, performance, and injury-related
outcomes in football players, several limitations should be acknowl-
edged. To begin with, the sample size is rather small, which can affect
the external validity of the results. External validity would be enhanced
by future research using larger, more diverse groups at various levels of
competition. Second, the cross-sectional design limits causal inference,
as measurements were recorded at only a single time point. There is a
need for longitudinal, prospective cohort studies with repeated mea-
sures during a competitive season, and for systematic injury monitoring,
to clarify the relationships over time between foot morphology, neuro-
muscular stability, performance outcomes, and injury-related outcomes.
Notably, injury occurrence was not rigorously recorded in the current
study. The Injury Risk Index used in this study is a theoretical value
derived from a regression model, but it is based on biomechanical var-
iables rather than recorded injury data. Hence, it cannot be understood
as a validated clinical prediction instrument. Prospective research with
systematic injury surveillance is required to estimate its predictive val-
idity and practical use. Moreover, the foot structure was evaluated pri-
marily based on static measurements, which did not provide a complete
picture of dynamic foot behaviour during sport-specific movements.
Three-dimensional motion analysis, in-shoe plantar pressure
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measurements, or wearable sensors are dynamic biomechanical mea-
sures that may be beneficial for future research. In spite of the fact that
the Y-Balance Test offers a validated assessment of dynamic balance and
neuromuscular control, it does not isolate the intrinsic foot function, and
additional foot-specific testing might give additional evidence. Exam-
ples include ankle dorsiflexion range of motion (knee-to-wall test) or
windlass mechanism test (Hubscher test), to further specify foot-specific
contributions. Moreover, the measured performance variables were
limited to controlled kicking measures, which may not reflect the
multidimensional physical requirements of competitive football. There
is the possibility that the incorporation of match-based measures like the
high-speed running distance, sprint frequency, accelerations and de-
celerations measured using GPS technology may enhance ecological
validity. Lastly, a number of extrinsic and contextual variables, such as
training load, fatigue, history of injury, footwear properties, stud for-
mation, playing surface and playing position were not incorporated into
the current analysis. Future studies can be improved by adding these
variables, which can also increase the specificity of the application and
the ecological validity of the suggested multidimensional framework.

Conclusion

This study examined the associations between foot morphology,
neuromuscular stability, performance outcomes, and a regression-
derived Injury Risk Index in football players, and the findings all high-
light the value of considering the two variables in the assessment of
athletes. Foot morphology and strong stability pattern of players were
associated with better kicking performance and lower Injury Risk Index
scores; thus the foot was identified as a biomechanical base that is
necessary to transmit forces efficiently, maintain balance and control
movement. Specifically, neuromuscular stability demonstrated a strong
negative association with Injury Risk Index scores, which helps athletes
when quick directional shifts, deceleration needs, and dynamic move-
ments that are inherent to football occur. Notably, the overlap of foot
structure measurement and stability measures enabled a more holistic
comprehension of the variability in performance and Injury Risk Index
scores than either of the two variables alone. This integrated method-
ology is consistent with the current views in sports science that support
multifactorial screening models that can be used to define the complex
inter-relationships between structural, functional and neuromuscular
determinants of athletic performance. These conclusions hold particular
relevance for women football players, whose sex-specific ligament
laxity, neuromuscular recruitment patterns, and elevated risk of non-
contact lower-limb injuries make foot morphology and stability espe-
cially critical components of performance and injury screening.
Although periodic screening of biomechanical characteristics and tar-
geted interventions have been discussed in the literature as potential
strategies for optimising performance and addressing injury-related
factors, the present findings relate solely to variation in a regression-
derived Injury Risk Index. Therefore, any practical applications
remain exploratory and require confirmation through prospective
studies incorporating documented injury surveillance before clinical or
performance-based implementation. Future research involving larger
and more diverse cohorts, longitudinal designs, and objective injury
surveillance is required to determine whether these model-derived as-
sociations translate into clinically meaningful injury outcomes.
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