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Assessment of static foot posture as an indicator
of biomechanical adaptation in American football players
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Purpose: Increased physical load on the body of American football players, especially in the lower limbs, may be associated with in-
creased risk of foot deformities and injuries, potentially influencing players’ overall fitness and performance. The aim of the study was to
assess the relationship between American football training, training duration and anthropometric features, and foot posture in Polish players.
Methods: 70 athletes training American football in Poland and 35 non-training. The study used a questionnaire and the Foot Posture Index – 6
to assess foot shape. An analysis of the relationship between age, Body Mass Index and training experience with foot posture was conducted.
Results: The average BMI value between the studied groups of athletes and non-training was significantly different ( p < 0.01). The athletes and
non-training participants showed good foot posture according to the total Foot Posture Index – 6, but a statistically significant difference
between the groups was found in all partial values of the Foot Posture Index measurements 1–6, except for Foot Posture Index 2, left foot. In
the group of athletes, no statistically significant relationship was found between anthropometric parameters and Body Mass Index and Foot
Posture Index – 6. In the non-training participants, a significant relationship ( p < 0.02) was found between the shape of the left foot and BMI.
Conclusions: Monitoring foot posture and BMI in athletes practicing American football may be beneficial. Based on the observed tendency
toward foot pronation, football players may benefit from individually selected footwear, including anti-pronation options when indicated.
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1. Introduction

American football is a demanding team game.
Training in American football increases physical fitness,
endurance and body efficiency. The players’ muscle
training, motor coordination and overall body fitness
increase [36]. This is a very positive phenomenon, but
participating in regular and laborious training requires
players to devote time and a lot of physical and mental
commitment. Poor individual preparation of the player,
poorly selected training, ruthless and hard physical work
can quickly affect the athlete’s health. As a result, it can
lead to injuries and diseases. With the increase in the
number of years of training, the frequency of dizziness
attacks increases in players who have had head injuries

[24]. An increase in the athlete’s body weight is char-
acteristic of this discipline, and overweight or obesity
is associated with the risk of many overload diseases,
including those in the feet [15]. American football play-
ers have an increased mortality rate, a higher risk of
cardiovascular and neurodegenerative diseases. The high
frequency of injuries and overloads carries the risk of
permanent disability and elimination from the game
[33], [38], [48].

In order to prevent forced breaks in sports due to
health reasons, physiotherapists and coaches create in-
jury monitoring databases, implement prophylaxis and
conduct preventive tests. One of the topics important for
this group of athletes is the examination of foot shape,
and, consequently, the appropriate selection of footwear
for the foot. Footwear is to ensure foot stability and
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mobility, protect against injury and promote the safety
of the athlete and other players, e.g., by eliminating the
risk of slipping. It has been confirmed that the interac-
tion in the kinematic chain and the cooperation of the
muscles and joints of the lower limbs depend to a large
extent on the selected footwear [6], [17], [44]. Reports
suggest that appropriately good footwear properly po-
sitions the foot and is one of the most important meth-
ods of injury prevention [6], [17], [44], [49]. There is
a relationship between the kinematics of the knee and
ankle joints and the type of sports footwear used, and
the reaction of ground forces [6]. It has been confirmed
that the range of dorsal flexion of the first metatarso-
phalangeal joint (1 MTP) depends on the flexibility of
the shoe sole in the forefoot area [17]. Rotational move-
ment of the ankle joints is related to the rotational stiff-
ness of the shoe [11], [39]. Poorly selected footwear
can disturb the function of the Achilles tendon and lead
to its damage. Achilles tendinopathy affects the function
of the peroneus longus, gastrocnemius and gluteal mus-
cles. [42].

Foot function disorders in athletes may be caused by
its incorrect shape as a result of muscle strength imbal-
ance in the lower limb, muscle failure. Factors influenc-
ing foot structure deformation include: overweight,
weakening of the musculoskeletal system, chronic over-
load, excessive loads, maintaining a long-term incorrect
position, e.g., while standing or running, inappropriate or
hard surfaces, poorly selected footwear, previous inju-
ries, individual predispositions. As a result of foot de-
formations, there is often a loss of correct foot function
and pain [5]. A pronated foot can lead to internal ro-
tation of the tibia, and, as a result, to disorders of the
gastrocnemius muscle and axial movement in the knee
joint (valgus), Achilles tendon contracture [19], [21].
Biomechanically, the function of a flat foot is dysfunc-
tional, and there is excessive mobility between the fore-
foot, midfoot, and rearfoot during walking [8], [9], [19],
[26]. Such a situation may predispose to an increased
number of ankle sprains and dislocations, perhaps also
in American football players.

The position of the foot affects the development and
efficiency of the quadriceps femoris muscle. A pronated
foot causes weakness of the rectus femoris muscle and
the medial head of the quadriceps femoris muscle [3]. On
the other hand, a clubfoot promotes lateral ankle sprains
[37]. It has been confirmed that in athletes, a supinated
foot can cause knee joint pain [18] and greater activation
of the biceps femoris muscle [32]. The mechanical stiff-
ness of a clubfoot foot exposes athletes more often to
ankle and foot injuries than a normal foot [12].

Various characteristics of American football can af-
fect foot posture. Specific ground reaction forces on the

foot may result from dynamic play, sudden accelera-
tions or stops, abrupt changes in direction and contact
with other players in the form of physical combat [43],
[44], [49]. In addition, repetitive overloads can lead to
adaptive changes in the structure and function of the
foot. Furthermore, it should be taken into account that
most American football players are characterized by
high body weight, which can also disrupt the biome-
chanics of the foot. On the other hand, playing on artifi-
cial surfaces and wearing cleats limits the natural move-
ments of the foot, which can lead to compensatory
changes during foot support [17], [39], [44], [49]. The
frequent occurrence of microtraumas and overloading
of the ligaments and musculofascial structures of the
foot can, over time, lead to weakened arch stabilization
and the development of abnormal foot alignment pat-
terns, such as excessive pronation. American football
players differ in body weight, tasks on the field, move-
ment patterns and intensity of effort, which may influ-
ence the development of different foot posture patterns
[22], [43]. Despite these important biomechanical fac-
tors, there is still a lack of research analyzing foot pos-
ture in American football players, especially using stan-
dardized clinical tools such as the FPI-6.

Other previous studies have analyzed the relationship
between practicing a specific sport and foot posture, but
they mainly focused on athletes training in badminton,
volleyball, basketball, swimming, soccer, running, hand-
ball and futsal [2], [12]–[14], [16], [20], [27], [30], [31].
Among young, non-professional soccer players, no rela-
tionship was found between FPI foot posture variables
and the analysis of movement quality measured by FMS
[2]. In futsal players, a higher risk of ankle injury asso-
ciated with foot morphology disorders was confirmed
[12]. A study by Windsor et al. [47] investigated the
association between foot biomechanics and self-reported
history of musculoskeletal pain or injury in American
football players at the United States Naval Academy
[47]. In another study, Taylor et al. [44] examined the
relationship between the type of footwear (cleats, turf)
and the distribution of loads in the foot in American
football players, which allows for the assessment of
the risk of foot injury.

The relationship between abnormal foot posture and
the impact of American football training remains un-
clear. Furthermore, the extent of the relationship
between foot posture (pronation or supination) and age,
BMI, and training time has not yet been fully estab-
lished. This study addresses the niche topic of foot pos-
ture assessment (FPI-6) in American football players,
comparing them to a control group of non-athletes.

American football, as a demanding sport with high
physical load, is associated with many health challenges,
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especially in the context of the musculoskeletal sys-
tem [48], [49]. Increased load on the body during play,
especially in the lower limbs, creates a risk of foot
deformities, which can affect the overall fitness and
performance of players. In addition, improper selection
of sports footwear, neglect of injury prevention and in-
correct foot shape can lead to permanent injuries and
dysfunctions that negatively affect the athlete’s per-
formance in the future [12], [43], [44], [48], [49]. In the
context of athletes’ health, it is particularly important to
monitor these problems, because early detection of ab-
normalities in foot structure can prevent more serious
injuries and improve the comfort of training and re-
sults on the pitch.

The aim of the study was to assess the relationship
between foot posture and American football training,
its duration, and selected anthropometric characteristics
in Polish male players, and to compare these findings
with those to an age matched non-athletic group.

2. Materials and methods

Study population

The study included a total of 105 people, from whom
two groups were distinguished: a sports group practicing
American football (SG) and a control group (CG).

The SG group consisted of 70 male athletes, with an
average age of 22.6 ± 4.1 years, an average body weight
of 91.8 ± 19.6 kg and an average height of 184 ± 7.1 cm,
who regularly trained American football at the Kraków
Football Kings Club. SG recruitment took place by in-
viting the Club's players to the study; the players were
provided with an online schedule of applications with
various dates for stationary tests and at the same time
were provided with information about the study.

The inclusion criteria for the study were: consent of
the subject or parent/guardian to participate in the study,
male gender, age between 16 and 35 years, being cur-
rently able to perform functional tests, no current in-
jury, playing American football professionally. Exclu-
sion criteria: practicing another sport regularly.

The CG group consisted of 35 male students of the
Faculty of Health Sciences of the Jagiellonian Univer-
sity Medical College, with an average age of 21.5
± 3.3 years, an average body weight of 72.8 ± 10.8 kg
and an average height of 179.8 ± 4.7 cm, who did not
regularly practice American football or any other high-
-intensity sport, for 3 hours a week or more.

Recruitment to the control group was conducted in
person and included in the study were students who
expressed their willingness and consent to participate

in the study after obtaining prior information about it.
All participants were informed about the potential risks
and benefits of the study and signed an informed con-
sent (or parental consent has been given). Between SG
and CG for the average age of the subjects p = 0.15,
and for body height and body weight p < 0.01.

The power estimate was performed using G Power
3.1 software, assuming a Cohen’s effect size of d = 0.5,
a significance level of  = 0.05, and a statistical power
of 0.8. Although the control group consisted of only
35 participants and the soccer group of 70, the unequal
size of these groups slightly reduces the overall statis-
tical power, which was estimated at approximately 0.73
for the t-test for two independent samples. Neverthe-
less, the larger size of the soccer player group partially
compensates for the smaller control group. Therefore,
the total sample size is considered sufficient to detect
medium or larger effects.

The study was conducted under standard conditions,
in accordance with the procedures applicable in scien-
tific research. Ethical approval to conduct the study
was obtained from the appropriate Bioethics Committee
(nr 1072.6120.129.2018). This was a cross-sectional
observational study.

Methods

In order to determine the reliability and repeatability
of measurements for the study groups, the same research
protocol was used, in the same way, in the same place
(isolated room) and at a constant room temperature.

Survey – characteristics of the study group

At the beginning of the study, basic data on anthro-
pometric characteristics were collected, i.e., age, height,
body mass. The Body Mass Index (BMI) was calculated
and the period of training experience, training frequency
and additional activities were recorded. In the absence
of knowledge of the subject regarding body mass and
to confirm the data, the ADE BE1510 scale (ADE
GmbH & Co. KG, Hamburg, Germany) with a meas-
uring range up to 180 kg and an accuracy of 0.1 kg
was used to measure.

Foot Posture Index (FPI-6)

In the next stage of the study, the Foot Posture In-
dex (FPI-6) was used for a multi-plane, manual-visual
assessment of the shape of the subjects’ feet. The in-
dex assessed the feet based on six components: palpa-
tion assessment of the head of the talus (FPI 1), ob-
servation of the curvatures below and above the lateral
malleolus (FPI 2) and assessment of valgus or varus of
the calcaneus (FPI 3), convexity of the talo-navicular
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joint area (FPI 4), medial longitudinal arch of the foot
(FPI 5), adduction/abduction of the forefoot in relation
to the calcaneus (FPI 6). Each of the 6 test points is
assessed on a scale of –2, –1, 0, +1, +2. The total FPI-6
score ranges from –12 to +12 (Table 1) [1], [14].

During the study, participants were in a standing
position with both feet, barefoot, and their upper limbs
were placed along their torso. Immediately before the
assessment, they were asked to take a few steps in place
and remain in a relaxed standing position without cor-
recting their feet.

The detailed criteria for assessing foot posture ac-
cording to the FPI-6 were based on the guidelines pre-
sented in scientific articles from previous years [14],
[29], [41]. All FPI-6 assessments were conducted by
a single experienced physiotherapist, who followed the
standardized procedure described by Redmond et al.
[41]. The second researcher recorded the data provided.
This approach ensured consistency across all assess-
ments.

Table 1. Classification of foot formation
based on the value of the FPI-6 [26]

Total sum of FPI-6 points Direction of foot posture

From –12 to –5 foot in increased supination

From –4 to –1 foot in slight supination

From 0 to +5 neutral foot

From +6 to +9 foot in slight pronation

From +10 to +12 foot in increased pronation

Methods of assessing the relationship
between foot posture (FPI-6) and:
age, BMI and training experience

In order to assess the relationship between FPI-6
and the studied variables, age categories were created
(up to 25 years – most of the respondents were stu-
dents; over 25 years – most of the respondents were
employed), BMI categories (BMI < 25 kg/m2 – normal
body weight, 25 ≤ BMI [kg/m2] <30 – overweight and
BMI ≥ 30 kg/m² – obesity) and the training time cate-
gories used in the survey were used (less than 1 year,
1–3 years, 4–6 years, 7–9 years, over 9 years).

Statistical analysis

The results were developed using the Statistica 13 PL
statistical program. The following tests were used: Sha-
piro–Wilk test to examine the normality of distribution,
Mann–Whitney U-test to compare variables and to check
statistical significance, and the probability level ( p) was
determined using the 2 test.

The data were entered into the program and grouped
according to research group affiliation. Specifically, the

data analysis consisted of comparing two independent
groups: American football players (n = 70) and a con-
trol group (n = 35) in relation to selected variables. In
the first step, the Shapiro–Wilk test was used to assess
the normality of the distribution of each variable. Ad-
ditionally, in order to assess the symmetry of the distri-
bution, the skewness of the tested variables was deter-
mined. Homogeneity of variance (homoscedasticity) was
not tested directly, as non-parametric tests were used due
to the violation of the normality assumption. The as-
sumption of independence of observations was met
thanks to the study design, as each person was measured
only once and the groups were independent of each other.
Due to the violation of the assumption of normality of
the BMI variable distribution (assessed by the Sha-
piro–Wilk test), the Mann–Whitney U-test was used for
intergroup comparison. The Foot Posture Index results
were divided into foot posture categories (supination,
neutral posture, pronation). Therefore, this variable was
categorical, and the chi-squared (2) independence test
was used to compare the distribution of these catego-
ries between groups. The level of statistical signifi-
cance was assumed at  = 0.05.

3. Results

3.1. BMI

The average BMI value in SG was 27 kg/m2 (SD =
4.68), which indicates overweight. CG was character-
ized by a BMI within the norm, with an average value

Fig. 1. The distribution of BMI in SG and CG
(Mann–Whitney U-test)
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of 22.47 kg/m2 (SD = 2.8). A significant difference in
values was demonstrated between the studied groups
( p < 0.01) (Fig. 1).

3.2. FPI-6

Analysis of foot shape – partial assessment
of FPI-6 components

In the SG and CG groups, a statistically significant
difference was found in all measurement values, except
for FPI 2, of the left foot (Table 2).

Total assessment of the obtained FPI-6 values

Significant intergroup differences were demonstrated
between the FPI-6 index values, both for the right and
left foot ( p < 0.01) (Table 3).

Analysis of the FPI-6 index results, presented in
Table 4, shows that the majority of the subjects had
a neutral foot position. A correctly shaped foot was pres-
ent in 59 (84.3%) athletes and 30 (85.7%) people from the
CG group in the left lower limb, and in the right lower
limb, respectively: 57 (81.4%) and 28 (80%) (Table 3).

In the SG group, the positioning of the left and right
feet towards pronation was more frequent than the posi-

Table 2. Component values of the FPI-6 Index in SG and CG

SG CG
No. FPI FPI scale

N % N %
p

–1 5 7.14 3 8.57
0 31 44.29 25 71.43FPI 1 L
1 34 48.57 7 20

0.02

–1 6 5.87 3 8.57
0 28 40 25 71.43FPI 1P
1 36 51.43 7 20

<0.01

–2 1 1.43 1 2.86
–1 6 8.57 1 2.86
0 33 47.14 18 51.43
1 28 40 15 42.86

FPI 2 L

2 2 2.86 – –

0.64

–2 – – 1 2.86
–1 6 8.57 1 2.86
0 45 64.29 15 42.86
1 16 22.86 18 51.43

FPI 2 P

2 3 4.29 – –

0.01

–1 3 4.29 1 2.86
0 26 37.14 31 88.57
1 35 50 2 5.71

FPI 3 L

2 6 8.57 1 2.86

<0.01

–1 1 1.43 5 14.29
0 16 22.86 24 68.57
1 44 62.86 5 14.29

FPI 3 P

2 9 12.86 1 2.86

<0.01

–1 1 1.43 3 8.57
0 44 62.86 28 80
1 24 34.29 4 11.43

FPI 4 L

2 1 1.43 – –

0.03

–1 2 2.86 3 8.57
0 37 52.86 28 80
1 29 41.43 4 11.43

FPI 4 P

2 2 2.86 – –

<0.01

–1 2 2.86 9 25.71
0 29 41.43 15 42.86
1 34 48.57 11 31.43

FPI 5 L

2 5 7.14 – –

<0.01

–1 2 2.86 10 28.57
0 20 28.57 15 42.86
1 39 55.71 9 25.71

FPI 5 P

2 9 12.86 1 2.86

<0.01
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tioning in supination, compared to CG. In SG, a pro-
nation position was observed in slightly over 11% of
the left foot and in almost 16% of the right foot. In CG,
however, pronation of the left foot occurred in almost 3%,
and of the right foot in 6%, and occurred less frequently
than supination (Table 3).

3.3. Relationship between foot posture
(FPI-6) and: age,

BMI and training time

In the SG group, the shape of the left and right foot
is not related to BMI ( p = 0.36 left, p = 0.18 right),
age ( p = 0.64 left, p = 0.23 right) and training time
( p = 0.72 left, p = 0.26 right). However, in the CG,
a significant relationship ( p < 0.02) was demonstrated
between the shape of the left foot and BMI (Table 4).

Relationship between FPI-6 and BMI
– detailed results

The mutual relationships between FPI-6 and BMI
values were analyzed. The obtained values do not indi-
cate a relationship between them in the studied SG group
(Table 5).

Table 4. The relationship between FPI-6 and the categories:
BMI, age, and training experience in SG and CG

FPI-6 Group Variable p

BMI 0.36

age 0.64SG
training experience 0.72

BMI 0.02
L

CG
age 0.08

BMI 0.18

age 0.23SG
training experience 0.26

BMI 0.27
R

CG
age 0.29

FPI-6 Index – Foot Posture Index-6, p < 0.05 – probability value
(test Chi2), L – left lower leg, R – right lower leg, SG – sports
group, CG – control group, BMI – Body Mass Index.

In SG with a correct left foot position, 39% had a BMI
within the norm, 27.1% were obese, and almost 34%
were overweight. The shape of the left foot in slight
pronation was shown by almost 63% of athletes with
a BMI within the norm and 37.5% of overweight. The
left foot in a supinated position was shown by almost
67% of athletes with a BMI within the norm and slightly
over 33% of overweight (Table 5).

Table 2 continued

–1 – – 3 8.57
0 40 57.14 26 74.29
1 28 40 4 11.43

FPI 6 L

2 2 2.86 2 5.71

<0.01

–1 – – 6 17.14
0 35 50 19 54.29
1 29 41.43 7 20

FPI 6 P

2 6 8.57 3 8.57

<0.01

Table 3. Summary of the FPI-6 values in SG and CG

SG CG
Lower limb FPI-6 classification

N % N %
p

foot in increased supination – – – –

foot in slight supination 3 4.29 4 11.42

neutral foot 59 84.28 30 85.71

foot in slight pronation 8 11.42 1 2.86
L

foot in increased pronation – – – –

<0.01

foot in increased supination – – – –

foot in slight supination 2 2.86 5 14.29

neutral foot 57 81.43 28 80

foot in slight pronation 11 15.71 2 5.71
R

foot in increased pronation – – – –

<0.01

FPI-6 – Foot Posture Index-6, SG – sports group, CG – control group, N – number of subjects,
p < 0.05 – probability value (test Chi2), L – left lower leg, R – right lower leg.
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Among athletes with a neutral right foot position,
almost 44% had BMI values within the norm, slightly
over 26% with obese BMI, and 30% with overweight
BMI. The right foot shape in slight pronation was ob-
served in 45.5% of athletes with normal BMI and almost
55% of those with overweight BMI. The right foot in
supination was observed in 50% of obese players and
50% of overweight players (Table 5).

In CG, a significant relationship between FPI-6 and
BMI was found only in the left foot ( p = 0.02). The
majority of people (90%) with normal BMI had both
feet shaped correctly. Feet with slight supination were
also observed in people with normal BMI values. On
the other hand, feet with slight pronation were observed
in slightly over 83% of overweight people (left and right
lower limb) and in 50% of people with normal BMI
(right lower limb) (Table 5).

4. Discussion

The relationship between sport, age and BMI
on foot posture

The study assessed the relationship between Ameri-
can football training and foot shape using the FPI-6
index. In the study groups, the occurrence of foot types
was determined according to the FPI-6 classification:
normal, with slight pronation and pronation, with slight
supination and supination. It was observed that the total
FPI-6 results for the left and right foot were statistically
significantly different between SG and CG.

In our own studies, no significant disorders in the
total shape of the FPI-6 feet in SG were demonstrated.

The majority of athletes practicing American football
(81.4% lower limb right, 84.3% lower limb left) and
non-training participants with CG (80% lower limb right,
85.7% lower limb left) showed normal feet. However,
differences were observed between SG and CG, indi-
cating a more frequent occurrence of pronation in foot-
ball players, almost three times more often in the right
foot (15.7%:5.7%) and four times more often in the
left foot (11.4%:2.9%).

Similar results were presented by Kuo et al. [30],
who examined students of both sexes, practicing strenu-
ous sports: badminton, volleyball, basketball (n = 30)
and leading a sedentary lifestyle (n = 30). The authors
also showed that the majority (80%) of student athletes
and non-training students (86.7%) had correct foot pos-
ture according to the range from 0 to +5 FPI-6 points.
Pronated feet were demonstrated in 20% of athletes
and 6.7% of non-training students, according to the range
from +6 to +9 FPI-6. The above pronation changes in
foot shape between groups were statistically significant
and amounted to p = 0.022 [30]. In our own studies,
pronated feet (FPI-6) were shown by slightly over 27%
of football players and almost 9% of non-training par-
ticipants. Similarly, pronated foot changes were signifi-
cant between SG and CG (p < 0.01).

In the group of student-athletes studied by Kuo et al.
[30], no supinated foot shape was found, while in the
control group it was 6.7%. In this study, however, the
SG group showed a supinated position of the left foot in
4.3% and the right foot in 2.9%. However, a similar
tendency of foot supination was observed as in the above
studies. In CG, the supinated position of the right foot
(14.3%) and left foot (11.4%) occurred much more often
than in SG, which is consistent with the above results.

Table 5. The relationship between foot formation according to FPI-6 and BMI in SG and CG

Slight pronation Neutral Slight supination
Lower limb Group BMI

N % N % N %
p

norm 5 62.5 23 38.98 2 66.67

overweight 3 37.5 20 33.9 1 33.33SG

obesity – – 16 27.12 – –

0.36

norm – – 27 90 4 100

overweight 1 33.33 2 6.67 – –

L

CG

obesity – – 1 3.33 – –

0.02

norm 5 45.45 25 43.86 – –

overweight 6 54.55 17 29.82 1 50SG

obesity – – 15 26.32 1 50

0.18

norm 1 50 25 89.29 5 100

overweight 1 50 2 7.1 – –

R

CG

obesity – – 1 3.6 – –

0.27

FPI-6 – Foot Posture Index-6, BMI – Body Mass Index, N – number of subjects, p < 0.05 – probability value (test Chi2), L – left
lower leg, R – right lower leg, SG – sports group, CG – control group.
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Lopezosa-Reca et al. [31] assessed the FPI-6 in men
practicing two different sports disciplines, i.e., 72 swim-
mers and 78 soccer players, with an average age of
17 years, regularly training for the last 6 years. No
significant changes in foot posture were found in soc-
cer players, and the average FPI-6 score was 2.2 ± 1.7.
A higher average FPI-6 score (6.5 ± 2) was observed
in the swimmers group, indicating a tendency to shape
the foot in the pronation direction, as well as signifi-
cant concomitant valgus of the knee joints [31]. Other
reports suggest that running training loads may also
deepen the pronation posture of the foot [16], [20].
Escamilla-Martínez et al. [20] assessed the feet of long-
distance runners (n = 30) using the FPI-6. The athletes
were examined immediately before and after an hour-
long run, performed at a moderate speed of 3.3 m/s.
The second measurement showed an increase in the
FPI-6 score by 2 points, which indicated a tendency to
increase foot pronation after running effort [20]. Cowley
and Marsden [16] examined runners taking part in a half
marathon. The first FPI-6 test was conducted a week
earlier and resulted in +3 points, and the second one
was conducted immediately after finishing the run. The
increased positive FPI-6 values obtained in the re-
peated assessment confirmed the influence of running
load on the tendency to increase pronation: significantly
in the left foot by an average of 1.7 points and insignifi-
cantly in the right foot by an average of 0.3 points. In
these studies, the authors emphasize that the differ-
ence between the limbs may result from lower muscle
fatigue of the dominant lower limb – the right one [16].
In our own studies, athletes were examined before
a demanding American football training, never after
the training, and most of them obtained values in the
range of 0 to +5 FPI-6 points, thus indicating a normal
foot. However, SG players tended to pronate their feet
more often than to supinate (within the study group)
and in comparison to the control group.

The study of differences in foot posture of handball
players, basketball players and runners was conducted
by Martínez-Nova et al. [34]. The partial assessment
and the total sum of FPI-6 were determined in each of
the above-mentioned groups, consisting of 30 partici-
pants. The obtained mean FPI-6 results were within
the norm in basketball players (3.9 ± 4.1) and runners
(2.9 ± 2.8). However, in handball players, the frequent
occurrence of supinated feet (–0.4 ± 6.9) was found.
The FPI-6 results were significant between all three
groups. The FPI1 components concerning the position
of the head of the talus and the FPI4 components as-
sessing the convexity in the region of the talonavicular
joint were found to be particularly different between the
athletes [34]. In our own studies, the difference between

the groups was significant in all the FPI-6 compo-
nents, except for the FPI2 of the left foot – assessing
the curvature below and above the lateral malleolus.

Researchers determined in their studies whether there
is a relationship between FPI-6 and lower limb injuries.
In the study by Cherati et al. [13], indoor soccer players
were examined at a 6-month interval, before and after
the season. In 68 male and female futsal players, no
relationship between FPI-6 and the occurrence of ankle
sprains was confirmed. Also, exposure to ankle injuries
was not associated with: BMI, age, body mass, height,
gender, training time and dominant limb. It was con-
firmed that a previous ankle injury is a significant risk
factor for recurrent injury [13]. Studies of over 100 play-
ers: basketball players and soccer players, also did not
show a relationship between the occurrence of lateral
ankle sprains (LAS) and foot posture according to FPI-6,
regardless of whether or not an ankle injury was re-
ported [27]. However, a relationship was confirmed
between limited plantar flexion of the foot, weakness
and laxity of the lateral ankle joint ligaments, and im-
paired balance in the Single Leg Balance (SLB) test,
and more frequent, acute, or recurrent LAS injury [27].

Based on the results presented above, the authors
indicate different development of lower limb muscle
activity, and consequently foot posture, depending on the
given sports discipline, environment, and type of exer-
cise [31]. These data can be considered consistent when
comparing the FPI-6 results of this study with the above
studies. Football players show mainly correct foot pos-
ture in the overall FPI-6 result. However, when looking at
individual FPI-6 components, they differ mostly from
the control group, which may indicate a tendency for the
feet to shape towards pronation specific to American
football.

Relationship between foot shape
and individual characteristics

A number of studies present the relationship between
static foot posture and gender, age, muscle tissue content
and BMI [1], [10], [25]. In our own studies, a group of
only men was deliberately included to exclude the in-
fluence of gender on the results.

In the examined SG, it was shown that the feet were
most often within the norm or to a lesser extent in slight
pronation, least often in supination. Age or BMI in SG
were not found to affect foot posture according to FPI-6
(summed score).

Redmond et al. [40] demonstrated in their studies
a relationship between FPI-6 and age. In children, ado-
lescents and the elderly, the occurrence of a foot with
a tendency to be set in pronation was found [40], [46].
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In school-age children (6–9 years), a higher FPI-6 score
corresponded with lower values of the Clark angle
typical of flat feet [23]. Similarly, a lower Clark angle
value was observed in the group of adolescents (n = 148)
aged 11–13 years with increased fat tissue content [50].
The observations of Villarroy et al. [46] confirm that
excessive body weight, high fat tissue content, in chil-
dren and adolescents aged 9 to 16.5 years, promotes
longitudinal flat feet.

It was found that overweight/obesity in children may
remain unchanged or intensify in adulthood, thus caus-
ing excessive musculoskeletal overload of the feet. [50]
Gonçalves et al. [25] noticed a negative correlation for
BMI with FPI-6, indicating that the more the BMI
increased in adolescents (10–14 years), the lower the
FPI-6 result. Despite the correlation between BMI and
FPI-6, the authors did not confirm that the BMI index
is significantly associated with the position of the foot
in pronation [25]. Different results were presented by
Aurichio et al. [4] and Butterworth et al. [10], who
observed a deepening of flat feet (especially in women)
and pronated foot posture (especially in men) in obese
adults (average age 52 years) and older subjects. Jan-
kowicz-Szymańska et al. [28] noted significant corre-
lations between the pronated position of the head of the
talus (FPI1) and a reduced height of the medial longi-
tudinal arch (FPI5) and an increase in BMI in 20-year-
-old male and female students. However, the authors
did not demonstrate a correlation between the total FPI-6
score and BMI [28], similarly to the results of the SG in
their own studies. On the other hand, one component of
the assessment – FPI1, was significantly different de-
pending on the sex of the students (R = 0.38). In young
men, the head of the talus was more medially rotated, in
the direction of pronation [28]. In our own studies, SG
players were overweight, and the FPI1 component was
also clearly more frequent in the pronation direction
than in CG. A significant relationship between FPI-6
and BMI was demonstrated only in non-training indi-
viduals (CG) and only for the left foot. The obtained
result may indicate that BMI values have a lesser ef-
fect on athletes, and more pronounced on non-training
individuals. Perhaps overweight in non-training indi-
viduals is associated with a higher content of adipose
tissue, and in SG players with additionally developed
muscle mass, and its effect on foot posture is compen-
sated by training-related exercise.

It should be noted that almost 63% of SG players
with a normal BMI had their left foot in pronation, and
their right foot over 45%. This may suggest that indi-
vidual characteristics, e.g., gender or lower limb inju-
ries, or specific American football training in the SG
group, influence the FPI-6 of the left foot in the direc-

tion of pronation more than BMI. The relationship be-
tween gender and foot laterality and FPI-6 was also
confirmed in the above-described studies by Gonçalves
et al. [25], which could be consistent with the above-
mentioned suggestions. However, this thesis should be
tested in future studies to be certain about the reasons
for more frequent pronation in the left foot in Ameri-
can football in players with a normal BMI. On the other
hand, in players with a BMI indicating overweight,
54.5% had their right foot in pronation, and 37.5% of the
left foot. This means that in football players, 92% of
feet in pronation are related to excessive body weight,
which affects one of the feet more. Moreover, practi-
cally about 30% of American football players who are
overweight or obese showed correct foot posture ac-
cording to FPI-6. It should be emphasized that no
significant relationships were found between BMI and
foot shape in the study group.

Analyzing the research, in students and adults
practicing various sports, i.e., recreational running,
half marathons, swimming, football, basketball, volley-
ball, badminton, the influence of sport on the formation of
the pronation posture of the foot was observed [20], [30],
[31]. In our own studies, it was found that American
football affects FPI components 1–6, showing a greater
tendency to pronation of the feet of athletes than in non-
training subjects. However, the overall FPI-6 result
did not indicate that the majority of American foot-
ball SG players had pronated feet, but correct ones,
comparable to the control. The relationship between
age, BMI and FPI-6 was not confirmed in our own
studies either. However, it was shown that the pro-
nated foot posture occurred more often in the SG
subjects than in the CG, regardless of age, BMI and
training time.

On the one hand, it was found that the American
football players and the control group had mostly normal
feet. On the other hand, however, the total result of the
foot shape according to FPI-6 differed statistically sig-
nificantly between the SG and CG groups, indicating
more frequent foot pronation in American football play-
ers. The pronated position for both feet together con-
cerned 27.1% of SG players and 8.6% of non-training
players. Comparing the feet individually, the American
football players had the right foot in pronation more
often than the left. Foot supination occurred much more
often in the CG than in the tested athletes. Practicing
the sport was associated with differences in foot pos-
ture, which may affect the values of foot loads.

It seems essential in the future to assess the feet of
team sport athletes in relation to specific positions on the
field. Players in different positions perform differently in
matches compared to their opponents. To meet the par-
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ticular physical demands of matches, players should
undergo comprehensive testing [35].

Training experience

Properly shaped feet allow for the proper distribu-
tion of transferred loads [7], and sports training is often
associated with the development of a pronated foot pos-
ture [20], [30], [31]. It was found that regular practice of
a sports discipline for 6 years is a sufficient period to
demonstrate the effect of sports on the player’s feet
[45]. In our own studies, only about 16% of players
trained American football for more than 6 years. The
largest number of people, almost 39%, trained for 1 to
3 years, and almost 26% for less than a year. This is
related to the fact that American football is a relatively
young discipline in Poland. In turn, longer playing
experience, 4 to 6 years, was demonstrated by 20% of
players. The number of years of training is probably
important for determining changes in foot posture in
American football players. Perhaps too few players
training for more than 6 years did not allow for full
identification of players with a changed foot shape and
exposed to injuries. Future studies should examine the
relationship between training experience and FPI-6 (total
score) in a larger population of SG players who have
been training for over 6 years.

Despite the lack of a statistically significant rela-
tionship between the shape of the left and right foot and
body mass index (BMI), age, and training duration
( p > 0.05), the results obtained have some practical
significance. The lack of detected correlations may
indicate that the foot posture in the studied popula-
tion of American football players is not significantly
modified by basic anthropometric characteristics or
training duration. This suggests a relative stability of
foot structure characteristics, which may be determined
to a greater extent by, for example, individual biome-
chanical patterns and specific training, also due to the
positions of players on the field. Raymond et al. [40]
confirmed in their studies that people under the age of
18 and over the age of 60 tend to have a more pro-
nated foot position.

Perhaps studies conducted exclusively on young soc-
cer players under the age of 18 or exclusively on older
players over the age of 60 would show a correlation
between age and foot shape, but this needs to be veri-
fied. From a clinical and sports practice perspective,
the results obtained may provide a basis for individu-
alized assessment and planning of physiotherapy inter-
ventions – without assuming that players with a higher
BMI, middle age, or longer training experience will
have a specific foot type. Additionally, the lack of
a relationship between the analyzed variables may

suggest that structural adaptations within the foot may
occur independently of these parameters and require
analysis of other potential factors, such as overload,
muscle endurance and strength, joint mobility, func-
tional asymmetries, and external factors (previous
collisions, falls, combat sports, footwear, etc.).

The results obtained are partially consistent with
some of the earlier reports mentioned above, which also
did not show clear correlations between foot shape and
demographic and anthropometric characteristics. How-
ever, this requires further research involving larger and
more diverse samples, taking into account additional
functional, dynamic or positional variables.

It is possible that the level of athletic experience
and number of years of training may differentiate the
results within a group of athletes in a homogeneously
selected group with longer training experience. Perhaps
studies in a group of American football players who
have been training for over 6 years, constituting nearly
100% of the study participants, would show different
results than those obtained. The regularity or intensity
of training may also affect adaptations in the musculo-
skeletal system in the long term. In addition, the indi-
vidual characteristics of players in different positions
may be relevant here. In future studies, it is worth
considering these variables as control factors.

Limitations

American football is still a young discipline when
comparing to the experience of this game in Poland
and the United States, therefore, taking into account the
stage of development of this sport in Poland, we be-
lieve that the studied group, although relatively small,
retains some representative features. It is also a statis-
tically quite large group of feet examined directly in the
player-researcher contact, which is a plus of the research.
The homogeneity of the group is also a positive aspect
here, because the difference in the influence of gender
is excluded here. Due to the cross-sectional nature of
the study, causal relationships cannot be established.

To sum up, the FPI-6 index is a quick, cost-effective
diagnostic tool used directly to assess foot posture and
indirectly to examine associations between training and
foot posture. Additionally, it provides information about
areas of overload in the feet and the risk of foot injury,
highlighting the need for preventive measures [34]. Pre-
ventive research and interventions aimed at reducing foot
injuries are particularly important in sports associated
with pronated foot positioning [33], including American
football. In future research, it is worth considering a more
detailed analysis of training intensity and the specificity
of the discipline or position on the pitch, which could
provide different conclusions.
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5. Conclusions

Playing American football is associated with differ-
ences in foot shape compared to non-training individuals.
Athletes were shown to have more frequent foot prona-
tion than supination compared to the control group.

No significant association was found between train-
ing duration and foot posture in the studied group of
American football players.

Practical implications

These findings highlight the importance of monitor-
ing foot posture and BMI in athletes practicing Ameri-
can football. Given the higher prevalence of pronated
foot posture in athletes, individualized footwear assess-
ment may be beneficial.

Competing interests

The authors declares that they have no competing interests.

References

[1] ALAHMARI K.A., KAKARAPARTHI V.N., REDDY R.S., SAMUEL P.S.,
TEDLA J.S., RENGARAMANUJAM K., AHMAD I., SANGADALA D.R.,
MUKHERJEE D., Foot Posture Index Reference Values among
Young Adults in Saudi Arabia and Their Association with Anthro-
pometric Determinants, Balance, Functional Mobility, and Hy-
permobility, Biomed. Res. Int., 2021, 8844356, DOI: 10.1155/
2021/8844356.

[2] ALGABA-DEL-CASTILLO J., CASTRO-MÉNDEZ A., PÉREZ-
-BELLOSO A.J., GARRIDO-BARRAGÁN J.G., AGUILAR SÁNCHEZ A.,
COHEÑA-JIMÉNEZ M., Pilot Study: The Relationship between
Foot Posture and Movement Quality in Non-Professional Male
Football Players, Life (Basel), 2023, 13 (7), 1574, DOI: 10.3390/
life13071574.

[3] ASHNAGAR Z., HADIAN M.R., OLYAEI G., TALEBIAN S.,
REZASOLTANI A., SAEEDI H., YEKANINEJAD M.S., MAHMOODI R.,
Ultrasound evaluation of the quadriceps muscles in pronated
foot posture, Foot (Edinb), 2019, 38, 86–90, DOI: 10.1016/
j.foot.2019.01.003.

[4] AURICHIO T.R., REBELATTO J.R., DE CASTRO A.P., The rela-
tionship between the body mass index (BMI) and foot posture
in elderly people, Arch. Gerontol. Geriatr., 2011, 52 (2), e89–92,
DOI: 10.1016/j.archger.2010.06.014.

[5] BABU D., BORDONI B., Anatomy, Bony Pelvis and Lower Limb:
Medial Longitudinal Arch of the Foot, 2024. In: StatPearls
[Internet]. Treasure Island (FL): StatPearls Publishing, 2025,
32965960.

[6] BROCK E., ZHANG S., MILNER C., LIU X., BROSNAN J.T.,
SOROCHAN J.C., Effects of two football stud configurations on
biomechanical characteristics of single-leg landing and cutting
movements on infilled synthetic turf, Sports Biomech., 2014, 13
(4), 362–379, DOI: 10.1080/14763141.2014.965727.

[7] BULDT A.K., FORGHANY S., LANDORF K.B., LEVINGER P.,
MURLEY G.S., MENZ H.B., Foot posture is associated with plan-
tar pressure during gait: A comparison of normal, planus and
cavus feet, Gait Posture, 2018, 62, 235–240, DOI: 10.1016/
j.gaitpost.2018.03.005.

[8] BULDT A.K., FORGHANY S., LANDORF K.B., MURLEY G.S.,
LEVINGER P., MENZ H.B., Centre of pressure characteristics
in normal, planus and cavus feet, J. Foot Ankle Res., 2018,
11, 3, DOI: 10.1186/s13047-018-0245-6.

[9] BULDT A.K., MURLEY G.S., BUTTERWORTH P., LEVINGER P.,
MENZ H.B., LANDORF K.B., The relationship between foot pos-
ture and lower limb kinematics during walking: A systematic re-
view, Gait Posture, 2013, 38 (3), 363–372, DOI: 10.1016/
j.gaitpost.2013.01.010.

[10] BUTTERWORTH P.A., URQUHART D.M., LANDORF K.B.,
WLUKA A.E., CICUTTINI F.M., MENZ H.B., Foot posture, range
of motion and plantar pressure characteristics in obese and
non-obese individuals, Gait Posture, 2015, 41 (2), 465–469,
DOI: 10.1016/j.gaitpost.2014.11.010.

[11] BUTTON K.D., BRAMAN J.E., DAVISON M.A., WEI F.,
SCHAEFFER M.C., HAUT R.C., Rotational stiffness of American
football shoes affects ankle biomechanics and injury severity,
J. Biomech. Eng., 2015, 137 (6), 061004, DOI: 10.1115/
1.4029979.

[12] CAIN L.E., NICHOLSON L.L., ADAMS R.D., BURNS J., Foot mor-
phology and foot/ankle injury in indoor football, J. Sci. Med.
Sport., 2007, 10 (5), 311–319, DOI: 10.1016/j.jsams.2006.07.012.

[13] CHERATI A.S., DOUSTI M., YOUNESPOUR S., Association
between Foot Posture Index and Ankle Sprain in Indoor
Football Players, Glob. J. Health Sci., 2016, 8 (10), 51426,
DOI: 10.5539/gjhs.v8n10p160.

[14] CHO Y., PARK J.W., NAM K., The relationship between foot
posture index and resting calcaneal stance position in ele-
mentary school students, Gait Posture., 2019, 74, 142–147,
DOI: 10.1016/j.gaitpost.2019.09.003.

[15] CHURCHILL T.W., KRISHNAN S., WEISSKOPF M., YATES B.A.,
SPEIZER F.E., KIM J.H., NADLER L.E., PASCUAL-LEONE A.,
ZAFONTE R., BAGGISH A.L., Weight Gain and Health Affliction
Among Former National Football League Players, Am. J. Med.,
2018, 131 (12), 1491–1498, DOI: 10.1016/j.amjmed.2018.07.042.

[16] COWLEY E., MARSDEN J., The effects of prolonged running on
foot posture: a repeated measures study of half marathon run-
ners using the foot posture index and navicular height, J. Foot
Ankle Res., 2013, 6, 20, DOI: 10.1186/1757-1146-6-20.

[17] CRANDALL J., FREDERICK E.C., KENT R., LESSLEY D.J.,
SHERWOOD C., Forefoot bending stiffness of cleated American
football shoes, Footwear Scie., 2015, 7 (3), 1–10, DOI: 10.1080/
19424280.2015.1058427.

[18] DAHLE L.K., MUELLER M.J., DELITTO A., DIAMOND J.E.,
Visual assessment of foot type and relationship of foot type to
lower extremity injury, J. Orthop. Sports Phys. Ther., 1991,
14 (2), 70–74, DOI: 10.2519/jospt.1991.14.2.70.

[19] DUBIN J.C., COMEAU D., MCCLELLAND R.I., DUBIN R.A.,
FERREL E., Lateral and syndesmotic ankle sprain injuries: a nar-
rative literature review, J. Chiropr. Med., 2011, 10 (3), 204–219,
DOI: 10.1016/j.jcm.2011.02.001.

[20] ESCAMILLA-MARTÍNEZ E., MARTÍNEZ-NOVA A., GÓMEZ-MARTÍN B.,
SÁNCHEZ-RODRÍGUEZ R., FERNÁNDEZ-SEGUÍN L.M., The effect
of moderate running on foot posture index and plantar pressure
distribution in male recreational runners, J. Am. Podiatr. Med.
Assoc., 2013, 103 (2), 121–125, DOI: 10.7547/1030121.

[21] FLORES D.V., MEJÍA GÓMEZ C., FERNÁNDEZ HERNANDO M.,
DAVIS M.A., PATHRIA M.N., Adult Acquired Flatfoot Deform-



E. WODKA-NATKANIEC, J. ZYZNAWSKA184

ity: Anatomy, Biomechanics, Staging, and Imaging Findings,
Radiographics, 2019, 39 (5), 1437–1460, DOI: 10.1148/
rg.2019190046.

[22] FULLAGAR H.H.K., MCCUNN R., MURRAY A., Updated Review
of the Applied Physiology of American College Football: Physi-
cal Demands, Strength and Conditioning, Nutrition, and Injury
Characteristics of America’s Favorite Game, Int. J. Sports
Physiol. Perform., 2017, 12 (10), 1396–1403, DOI: 10.1123/
ijspp.2016-0783.

[23] GIJON-NOGUERON G., MARCHENA-RODRIGUEZ A., MONTES-
-ALGUACIL J., EVANS A.M., Evaluation of the paediatric foot
using footprints and foot posture index: A cross-sectional
study, J. Paediatr Child Health., 2020, 56 (2), 201–206, DOI:
10.1111/jpc.14558.

[24] GÖKLER O., KOÇAK İ., AYDOĞAN E., KARANFIL I., BAŞ C.,
Evaluation of Benign Paroxysmal Positional Vertigo in Ameri-
can Football Players, J. Int. Adv. Otol., 2018, 14 (2), 295–298,
DOI: 10.5152/iao.2018.4384.

[25] GONÇALVES DE CARVALHO B.K., PENHA P.J., RAMOS N.L.J.P.,
ANDRADE R.M., RIBEIRO A.P., JOÃO S.M.A., Age, Sex, Body
Mass Index, and Laterality in the Foot Posture of Adolescents:
A Cross Sectional Study, J. Manipulative Physiol. Ther., 2020,
43 (7), 744–752, DOI: 10.1016/j.jmpt.2018.11.035.

[26] HAGEDORN T.J., DUFOUR A.B., RISKOWSKI J.L., HILLSTROM H.J.,
MENZ H.B., CASEY V.A., HANNAN M.T., Foot disorders, foot
posture, and foot function: the Framingham foot study, PLoS
One, 2013, 8 (9), e74364, DOI: 10.1371/journal.pone.0074364.

[27] HALABCHI F., ANGOORANI H., MIRSHAHI M., POURGHARIB

SHAHI M.H., MANSOURNIA M.A., The Prevalence of Selected In-
trinsic Risk Factors for Ankle Sprain Among Elite Football and
Basketball Players, Asian J. Sports Med., 2016, 7 (3), e35287,
DOI: 10.5812/asjsm.35287.

[28] JANKOWICZ-SZYMAŃSKA A., ROJEK R., KOŁPA M.,
MIKOŁAJCZYK E., Zależności pomiędzy budową somatyczną a
ukształtowaniem stóp młodych osób dorosłych. (ang. Relation-
ship between body building and foot architecture in young
adults), Probl. Hig. Epidemiol., 2013, 94 (4), 734–739.

[29] JURECKA A., KASPERCZYK B., WODKA-NATKANIEC E.,
GAŹDZIK T.S., NIEDŹWIEDZKI Ł., NIEDŹWIEDZKI T., Evalua-
tion of selected lower limbs biomechanical parameters in
patients with knee osteoarthritis, [In:] J. Jaworek, T.S. Gaździk
(Eds.), Physiotherapy in the prevention and treatment of lifestyle
diseases [Fizjoterapia w profilaktyce chorób cywilizacyjnych
i ich leczeniu], J., Wydawnictwo Uniwersytetu Jagiellońskiego,
Kraków, 2014, 25–53.

[30] KUO Y.L., LIU Y.S.F., The foot posture index between elite ath-
letic and sedentary college students, Kinesiology, 2017, 49 (2),
202–207, DOI: 10.26582/k.49.2.6.

[31] LOPEZOSA-RECA E., GIJON-NOGUERON G., GARCIA-PAYA I.,
ORTEGA-AVILA A.B., Does the type of sport practised influence
foot posture and knee angle? Differences between footballers
and swimmers, Res. Sports Med., 2018, 26 (3), 345–353, DOI:
10.1080/15438627.2018.1447470.

[32] LYNN S.K., COSTIGAN P.A., Changes in the medial-lateral
hamstring activation ratio with foot rotation during lower limb
exercise, J. Electromyogr. Kinesiol., 2009, 19 (3), e197–205,
DOI: 10.1016/j.jelekin.2008.01.007.

[33] MANLEY G., GARDNER A.J., SCHNEIDER K.J., GUSKIEWICZ K.M.,
BAILES J., CANTU R.C., CASTELLANI R.J., TURNER M., JORDAN B.D.,
RANDOLPH C., DVOŘÁK J., HAYDEN K.A., TATOR C.H.,
MCCRORY P., IVERSON G.L., A systematic review of potential
long-term effects of sport-related concussion, Br. J. Sports Med.,
2017, 51 (12), 969–977, DOI: 10.1136/bjsports-2017-097791.

[34] MARTÍNEZ-NOVA A., GÓMEZ-BLÁZQUEZ E., ESCAMILLA-
MARTÍNEZ E., PÉREZ-SORIANO P., GIJON-NOGUERON G.,
FERNÁNDEZ-SEGUÍN L.M., The foot posture index in men prac-
ticing three sports different in their biomechanical gestures, J.
Am. Podiatr. Med. Assoc., 2014, 104 (2), 154–158, DOI:
10.7547/0003-0538-104.2.154.

[35] MORGANS R., DI MICHELE R., CEYLAN I.H., RYAN B.,
HASLAM C., KING M., ZMIJEWSKI P., OLIVEIRA R., Physical
match performance of elite soccer players from the English
Championship League and the English Premier League:
The effects of opponent ranking and positional differences,
Biol. Sport., 2025, 42 (1), 29–38, DOI: 10.5114/biolsport.
2025.139079.

[36] MORRIS T.P., MCCRACKEN C., BAGGISH A., WEISSKOPF M.,
ZAFONTE R., TAYLOR H.A., NADLER L.M., SPEIZER F.E.,
PASCUAL-LEONE A., Multisystem afflictions in former Na-
tional Football League players, Am. J. Ind. Med., 2019, 62
(8), 655–662, DOI: 10.1002/ajim.22992.

[37] MORRISON K.E., KAMINSKI T.W., Foot characteristics in
association with inversion ankle injury, J. Athl. Train., 2007,
42 (1), 135–142.

[38] NGUYEN V.T., ZAFONTE R.D., CHEN J.T., KPONEE-SHOVEIN K.Z.,
PAGANONI S., PASCUAL-LEONE A., SPEIZER F.E., BAGGISH A.L.,
TAYLOR H.A., Jr., NADLER L.M., COURTNEY T.K., CONNOR A.,
WEISSKOPF M.G., Mortality Among Professional American-Style
Football Players and Professional American Baseball Players,
JAMA Netw Open., 2019, 2 (5), e194223, DOI: 10.1001/
jamanetworkopen.2019.4223.

[39] PIZAC D.A., SWANIK C.B., GLUTTING J.J., KAMINSKI T.W.,
Evaluating Postural Control and Ankle Laxity Between
Taping and High-Top Cleats in High School Football Play-
ers, J. Sport Rehabil., 2018, 27 (2), 111–117, DOI: 10.1123/
jsr.2016-0084.

[40] REDMOND A.C., CRANE Y.Z., MENZ H.B., Normative values for
the Foot Posture Index, J. Foot Ankle Res., 2008, 1 (1), 6, DOI:
10.1186/1757-1146-1-6.

[41] REDMOND A.C., CROSBIE J., OUVRIER R.A., Development
and validation of a novel rating system for scoring standing
foot posture: the Foot Posture Index, Clin. Biomech. (Bris-
tol), 2006, 21 (1), 89–98, DOI: 10.1016/j.clinbiomech.2005.
08.002.

[42] SANCHO I., MALLIARAS P., BARTON C., WILLY R.W.,
MORRISSEY D., Biomechanical alterations in individuals with
Achilles tendinopathy during running and hopping: A systematic
review with meta-analysis, Gait Posture., 2019, 73, 189–201,
DOI: 10.1016/j.gaitpost.2019.07.121.

[43] SPAŁEK A., TRYBULEC B., WODKA-NATKANIEC E., BARŁOWSKA-
-TRYBULEC M., Causes and differentiation of injuries depending
on the positions taken on the pitch among American Football
players in Poland, J. Sports Med. Phys. Fitness., 2021, 61 (12),
1636–1643, DOI:10.23736/S0022-4707.21.11925-5.

[44] TAYLOR J.B., NGUYEN A.D., GRIFFIN J.R., FORD K.R., Effects of
turf and cleat footwear on plantar load distributions in adoles-
cent American football players during resisted pushing, Sports
Biomech., 2018, 17 (2), 227–237, DOI: 10.1080/14763141.
2016.1271448.

[45] UZEL M., CETINUS E., EKERBICER H.C., KARAOGUZ A., The
influence of athletic activity on the plantar fascia in healthy
young adults, J. Clin. Ultrasound., 2006, 34 (1), 17–21, DOI:
10.1002/jcu.20178.

[46] VILLARROYA M.A., ESQUIVEL J.M., TOMÁS C., MORENO L.A.,
BUENAFÉ A., BUENO G., Assessment of the medial longitudinal
arch in children and adolescents with obesity: footprints and



Assessment of static foot posture as an indicator of biomechanical adaptation in American football players 185

radiographic study, Eur. J. Pediatr., 2009, 168 (5), 559–567,
DOI: 10.1007/s00431-008-0789-8.

[47] WINDSOR J., JEFFRIES J., SORENSEN J., BACH K., BENEDEK E.,
BICHER J., PASQUINA P., A Retrospective Study of Foot Biome-
chanics and Injury History in Varsity Football Athletes at the
U.S. Naval Academy, Mil. Med., 2022, 187 (5–6), 684–689,
DOI: 10.1093/milmed/usab370.

[48] WODKA-NATKANIEC E., NIEDŹWIEDZKI Ł., GAŹDZIK T.,
NOWOBILSKI R., Lower limb injuries in American football play-
ers in Poland, J. Sports Med. Phys. Fitness., 2024, 64 (10), 1079
–1086, DOI: 10.23736/S0022-4707.24.15974-9.

[49] WODKA-NATKANIEC E., NIEDŹWIEDZKI Ł., PAWŁOWSKA J.,
ZYZNAWSKA J., ŚWITOŃ A., Current reports on foot and
ankle injuries of American football players, Medycyna
Sport., 2021, 37 (4), 207–216, DOI: 10.5604/01.3001.0015.
6269.

[50] WYSZYŃSKA J., LESZCZAK J., PODGÓRSKA-BEDNARZ J., CZENCZEK-
-LEWANDOWSKA E., RACHWAŁ M., DEREŃ K., BARAN J.,
DRZAŁ-GRABIEC J. Body Fat and Muscle Mass in Association
with Foot Structure in Adolescents: A Cross-Sectional Study,
Int. J. Environ. Res. Public Health., 2020, 17 (3), 811, DOI:
10.3390/ijerph17030811.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


