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Abstract: Soccer (football) practice can induce a limitation of ankle range of motion (ROM) that is a
possible risk factor for injury and other negative consequences over time. The main objective of this
research was to investigate the effects of soccer practice on ankle ROM throughout the entire period of
a sports career of soccer players (SP). Furthermore, the relationship between ankle ROM and muscle
strength in SP of different ages was studied. A total of 204 SP (range 6.7–45.1 years) and 87 controls
(range: 7.5–45.2 years) matched for age, body mass index (BMI), and gender, were assessed. Ankle
ROM in both plantar flexion (APF) and dorsiflexion (ADF) in addition to handgrip strength (HGS)
were evaluated using an inclinometer and the Jamar hydraulic hand dynamometer, respectively.
The comparison between SP and control groups showed a significant reduction in ankle ROM of
both APF (26.3 ± 7.2◦ vs. 32.6 ± 7.4◦; d = −0.90; p < 0.001) and ADF (95.5 ± 15.6◦ vs. 105.5 ± 15.8◦;
d = −0.66; p < 0.001). In SP, the results of the ANOVAs test indicate that age had a significant effect
on ADF (F = 4.352, p = 0.038, partial eta-squared (ηp

2) = 0.015) but not on APF (F = 0.430, p = 0.746,
ηp

2 = 0.001). Moreover, considering only the SP, a weak inverse correlation between ADF and HGS
group ADF was found (rs = −0.27; p < 0.001). Factors such as the non-linear trend of growth in young
SP could hinder the definition of the relationship between ankle ROM, age, and muscle strength.
However, the appropriate consideration of age and muscle strength could facilitate the management
of ankle ROM in PF of different ages.

Keywords: footballers; flexibility; sport practice; muscle strength; hand grip; injuries

1. Introduction

Soccer (football) is one of the most practiced team sports in many countries worldwide.
In particular, the majority of young people as well as a large number of adults who
participate in amateur leagues choose to play soccer [1,2].

The very widespread practice of soccer entails the necessity of studying its effects on
soccer players. Playing soccer is important because it is a significant source of physical
activity and can have many positive health effects on both young people and adults [3,4].
However, practicing soccer continuously has also been associated with some negative
consequences [3,5] such as those affecting the ankle (talocrural) joint [6–8].

Among them, several studies published over the last 50 years suggest that soccer
players (SP) may show an alteration of ankle range of motion (ROM) [9–12]. A deficit of
ankle ROM can cause several negative consequences. In this sense, it is known that a limited
ankle ROM could represent a risk factor and be a predictor [13,14] of injuries such as ankle
sprains [7,15,16] and overuse condition [17–19]. These negative consequences may be due to
the adverse effects that a limited ankle ROM may have on the biomechanics of movements
such as: walking, running, and jumping [16,20–23]. In addition, it has been suggested
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that static-dynamic balance [8,24,25] as well as posture [26–29] may also be negatively
affected by the presence of limited ankle ROM. Consequently, the study of such alterations
is recommended in order to provide appropriate prevention and treatment [14,15,26,30].

The causes of reduced ankle ROM in SP are still partially unknown. However, an
important role has been attributed to repeated injuries of the joint [7,15,20]. All ankle
ligaments and joint capsule in addition to other periarticular structures can be subjected to
injuries and alterations due to sport practice [6,7,31]. In particular, injuries of the ankle in SP
can be either traumatic or resulting from repeated sports-specific microtrauma. The role of
repeated microtrauma is considered important because it is common among SP and it can
lead to a condition of overuse of the joint and periarticular structures [7,14,24,31]. In this
sense, it is known that physical contact between players and the repeatedly kicking a soccer
ball can cause micro-trauma [8,32,33]. Moreover, sport specific and high intensity movements
such as jumping or running with frequent and rapid changes of speed and direction which
generate torque forces may lead to non-contact ankle ligament injury [6,8,32]. These types of
injuries can result in a partial deafferentation from articular and periarticular structures with
possible negative consequences for the balance, posture, and movements of SP [8,28,29,34,35].

Analysis of the causal factors and consequences of limited ankle ROM in SP indicate
how complex vicious cycles might develop in these players. Vicious cycles can also be
supported by alterations in muscle activity that SP can often have. As such, since early
studies regarding the relationship between soccer practice and ankle ROM, it has been
hypothesized that muscle activity may also play a role in limiting ankle joint ROM. In
particular, some authors have hypothesized that SP can instinctively seek greater ankle
joint stability in order to protect the ankle from continuous micro-traumatic or traumatic
events [10,32,36]. This stability of the ankle could be ensured by an increased co-contraction
of the agonist and antagonist muscles involved in joint movements [37–39]. In this sense,
the muscle strength level and tightness of the leg muscles can affect this sport-specific
adaptation and ankle ROM [13,15,40]. Moreover, over time the practice of soccer can cause
an important increase in the stiffness of the periarticular soft tissues and muscle-tendon
structures [7,32,37,41]. This adaptation can also play a role in increasing the stability of the
ankle and in reducing ankle ROM. All of this highlights the typical role of muscle activity
for the movement of the ankle in SP. In particular, muscle activity is important both to
ensure sport specific movement and to protect the ankle joint itself. Consequently, the
study of the relationship between ankle ROM and hand grip strength (HGS) is important
in order to better understand the causes of the limited ankle ROM itself. Moreover, it is
also important to consider the result of a muscle tendon imbalance caused by rapid growth
or changes in training level [41,42].

This is very interesting considering that limited ankle ROM, in addition to being
very evident in adults, can also be present in young SP with a short history of sports
practice [11,12,32,43]. Regarding the assessment of muscle strength, it is known that the
HGS test provides a well-established and objective score to the point that it is considered
important for following subjects throughout their growth [44,45]. Moreover, the HGS
test is easily and quickly available, including in a sports environment, it is indicative for
generalized muscle strength and allows a comparison with reference values [46–49]. In this
sense, the study of the relationship between ankle ROM and HGS is important in order to
better understand the causes of the limited ankle ROM itself.

The stiffness of the ankle joint in SP would paradoxically be at the same time, first
a preventive factor for ankle injuries and then a risk factor for the same injuries. All this
indicates that analyzing the effects of practicing soccer on ankle ROM and its relationship
with muscle strength could provide useful information on actions aimed at the prevention
of ankle ROM alterations and its possible immediate or long-term negative consequences.
The main objective of this research was to investigate the effects of soccer practice on ankle
ROM throughout the entire period of a sports career of SP. Furthermore, the relationship
between ankle ROM and muscle strength in SP of different ages was studied.
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2. Methods

A total of 291 subjects, 204 soccer players (SP) [range: 6.7–45.1 years] and 87 controls
[range: 7.5–45.2 years] matched for age, gender, and BMI were evaluated in this study
(Table 1). Ankle (or talocrural) ROM in both plantar and dorsiflexion in addition to hand
grip strength were examined. Detailed characteristics of the study participants are shown
in Table 1.

Table 1. Main characteristic, ankle range of motion, and muscle strength of all soccer players
and controls.

All SP (n = 204) All Controls (n = 87) p Value Cohen’s d

Age (years) 15.5 ± 7.5 15.9 ± 9.9 0.962 * −0.06

BMI (kg/m2) 19.9 ± 2.9 20.1 ± 3.7 0.427 * −0.16

HGS (kg) 27.8 ± 12.9 27.9 ± 11.4 0.182 * −0.10

APF (degrees) 26.3 ± 7.2 32.6 ± 7.4 <0.001 −0.90

ADF (degrees) 95.5 ± 15.6 105.5 ± 15.8 <0.001 * −0.66

ATOT (degrees) 121.8 ± 18.0 138.1 ± 19.2 <0.001 * −0.92

∆ R-L (degrees) 5.3 ± 4.6 5.6 ± 5.0 0.655 * −0.08
Note: Values are mean ± SD. Comparisons among groups were performed using t-test for independent samples
or Mann–Whitney (*) test. Abbreviations: APF: ankle plantar flexion; ADF: ankle dorsiflexion; ATOT: total ankle
range of motion; BMI: body mass index; SP: soccer players; HGS: handgrip strength; ∆: difference; R-L: right-left.

The control group consisted of sedentary subjects or subjects who practiced sports
for which no significant effects on ankle ROM are known such as basketball, volleyball,
athletics [9,50,51]. Regarding adult, we decided to evaluate two senior male soccer teams
because they represent the large part of SP [1,2]. For an appropriate analysis of the effects
of growth on ankle ROM, SP and controls were assigned to two different groups: young
(<16 years) and adult (>16 years). The age of 16 was chosen because previous studies
showed that in adolescence ankle ROM can decrease significantly [32]. Two subjects aged
15.9 and 15.7 were included in the adult group because they trained and played with a
team participating in the under 17 championship (Figure 1).
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In order to better study the effect of growth on ankle ROM, the group of SP adults
was also divided into adults A SP (under 17 teams) and adults B SP (non-under 17 teams;
Figure 1). Participants’ age, height, weight, the dominant leg used for kicking, the sport
performed, the number of weekly training sessions, and the years of sport practice were
recorded. Moreover, the type of footwear used, the playing surface where the training
sessions took place, the duration of the training sessions, the injuries suffered in addition
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to the job activity of SP were considered [12,15]. Body mass index (BMI) was calculated as
the ratio between body weight in kilograms and height in squared meters (kg/m2).

The physical examination included foot inspection for the presence of deformity,
injuries, and traumas that might affect ankle ROM. Exclusion criteria were: age less than
6 years or greater than 50, presence of diabetes, other diseases, as well as orthopedic and/or
surgical complications at baseline that can affect ankle ROM, and for the soccer players,
soccer practice for less than 6 months continuously. The measurements were taken at least
one month after the start of the championship and immediately before the first weekly
training session. All participants, parents or legal guardians were informed of the purpose
of the study and its experimental procedures before obtaining their written informed
consent and the enrolment in the study. The study protocol and the consent forms were
approved by the Pediatrics Ethics Committee of Meyer Children’s Hospital in Florence
(protocol number: 161/2016 on 29 September 2016) and by Ethics Committee of University
of Urbino Carlo Bo (cod. CESU20221118VER37 November 2020). The study was carried
out according to the principles expressed in the Declaration of Helsinki.

2.1. Determination of Joint Range of Motion

Ankle (or talocrural) joint ROM was assessed as described in previous studies [12,50,52].
Briefly, an inclinometer was used to measure the active ROM of the ankle joint in plantar
flexion (APF) and dorsiflexion (ADF), see Figure 2 for a visual representation.
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Players were instructed to lie supine on a fixed treatment table with their feet crossed
and ankles resting in line with the edge. The ipsilateral knee was placed on a rigid support
that was 5 cm high.

After marking the fifth metatarsal bone with a dermographic pen, the inclinometer
(Fabrication Enterprises Inc., White Plains, New York, USA) was placed along the diaphysis
of the bone, with one extremity on the distal condyle. The ankle joint was in its natural
resting position on the sagittal plane, with the subtalar joint in a neutral position. The
maximal active APF and ADF angles were measured and reported as the means of three
consecutive readings. The total ankle ROM (ATOT) was the sum of APF and ADF. This
method yields a limited mean standard deviation (SD) of three consecutive readings of the
ankle ROM (1.1 ± 0.9 degrees of plantar flexion and 1.4 ± 1.1 degrees of dorsiflexion) [53].
The same operator, who had more than 10 years of experience, measured ankle ROM. The
dominant lower limb was identified by asking the players which lower limb they preferred
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to use to kick a ball with. The operator who assessed ankle ROM was not aware of the
participants’ dominant limb [54].

Ankle joint active range of motion was measured as the changes in the ankle angle
from the starting resting position (set at 0◦ in the inclinometer) to the maximal active plantar
flexion and dorsiflexion positions (the total range of motion was the sum of plantar flexion
and dorsiflexion). The ankle joint position on the sagittal plane was measured as the angle
with the vertex at the center of the lateral malleolus (O) and straight lines passing through
the head of the fifth metatarsal bone (A) and the second through the center of the head of
the fibula (B).

2.2. Determination of Hand Grip Strength

Hand grip strength was assessed using a Jamar hydraulic hand dynamometer (model
5030J1). The dominant upper limb was determined by asking the players which hand
they used to write with [45]. The examiner provided standardized explanations and
demonstrated the posture to be maintained, how to hold the dynamometer, and how to
perform the test before its beginning. Specifically, participants’ hand grip strength was
tested in the standing position, with the arms by the side of the body, shoulder adducted
in a neutral position, and elbow flexed at 90◦ with the forearm parallel to the ground and
pronated to maintain the display of the dynamometer on the frontal plane [55]. Only the
dominant hand was tested. Participants performed a trial to become familiar with the
device. Then, the participants were instructed to maintain the same posture and grip on
the dynamometer handle and to squeeze the dynamometer as hard as possible for three
seconds without moving the rest of their body three times. The highest force applied was
automatically recorded by the peak-hold needle. The test was interrupted if there was any
pain present while it was being performed. During the test, no verbal encouragement was
given and the examiner counted the seconds and provided the signal to stop. Three tests
were performed consecutively with a scheduled 15-sec rest period between the trials. The
average value of the three attempts was reported [45,48]. The adjustable dynamometer
handle was placed in the second grip position (i.e., 4.76 cm), while for younger subjects,
it could be moved, if needed, to the first position (i.e., 3.5 cm) to allow them to properly
handle the device with adequate provision for the fingers. The device calibration was
assured by using a new tool and verifying that, in the absence of load, the needle position
was “zero”. Additionally, the device was placed on a rigid surface, and the accuracy
of the measurements provided by the device’s needle at different loads was verified by
applying 10 kg and 20 kg weights. The Jamar hydraulic hand dynamometer, which is
widely used in clinical practice, has been used in this research since it is a well-validated
tool for measuring the maximum isometric muscle strength of the hand. Additionally, this
dynamometer has high reproducibility and test-retest and inter-rater reliability in children
and adults [44,55–58].

2.3. Statistical Analysis

Data were reported as mean ± SD. Range of motion values was expressed in de-
grees (◦). Three separate two-way ANOVAs were performed to assess the effects of age and
group on ADF, APF, and ATOT. Cohen’s d was also computed and considered small (d = 0.2),
medium (d = 0.5), and large (d = 0.8) effect sizes based on the benchmarks suggested by
Cohen (1988) [59]. A statistical normality test was performed using Shapiro–Wilk tests. The
comparisons between the two groups were carried out using the independent t-test or the
nonparametric test: (*) Mann–Whitney. The association between the ankle ROM and AGE,
BMI, and hand strength was also evaluated in controls and separately in young and adult
SP as well as considering all subjects assessed using Pearson or Spearman’s correlation
coefficients. Since age, body mass index, and muscle strength had a role in the reduction of
ankle ROM, multiple linear regression analysis was carried out considering ADF, APF, and
ATOT (expressed in degrees) as dependent variables and age, BMI, and hand strength as
independent variables in adult SP or in young SP. Additional models were also evaluated



Sports 2023, 11, 12 6 of 13

using a backward elimination procedure in order to maximize the prediction ability of the
models. The analyses were performed using Stata (StataCorp, v.13, StataCorp, College
Station, TX, USA) and SPSS Statistics (IBM, v.25, IBM Corp, Armonk, NY, USA) software.
The α level of statistical significance was set at 0.05.

3. Results

Soccer player and control groups had a similar distribution among young and adults
(data not shown). The groups of volleyball and basketball players have instead shown an
ankle ROM in line with what has been reported in large-size samples studies that show
how ankle ROM in plantar and dorsiflexion is about 70◦ [51,60–62]. Regarding the two-way
factorial ANOVAs test, the assumption of equality of variance (Levene’s test) of ADF and
ATOT across groups was not met. For this reason, ADF and ATOT values were transformed
using a base-10 logarithm before performing the test. For SP, the results of the ANOVAs
indicate that age had a significant effect on ADF (F = 4.352, p = 0.038, partial eta-squared
(ηp

2) = 0.015) but not in APF (F = 0.430, p = 0.746, ηp
2 = 0.001) and ATOT (F = 0.264, p = 0.095,

ηp
2 = 0.009). The comparison between the groups showed a significant reduction in ankle

range of motion of both APF and ADF in soccer players compared to controls (p < 0.001;
Table 1). A similar result was obtained by considering young and adult soccer players and
controls separately (Table 2).

Table 2. Main characteristic, ankle range of motion and muscle strength of young and adult soccer
players and controls.

Adult SP (n = 61) Adult Controls
(n = 23) p Value Cohen’s d Young SP

(n = 143)

Young
Controls
(n = 64)

p Value Cohen’s d

Age (years) 25.2 ± 6.9 28.0 ± 8.7 0.204 * −0.39 11.3 ± 1.9 11.6 ± 1.8 0.594 * 0.17

BMI (kg/m2) 22.5 ± 2.1 23.4 ± 2.3 0.108 −0.41 18.6 ± 2.4 19.3 ± 3.6 0.380 * 0.26

HGS (kg) 44.2 ± 7.5 47.5 ± 8.8 0.125 −0.43 20.7 ± 6.7 23.8 ± 7.3 0.005 * 0.46

APF (degrees) 26.0 ± 5.7 33.5 ± 7.0 <0.001 −1.23 26.4 ± 7.8 32.5 ± 7.7 <0.001 0.79

ADF (degrees) 89.0 ± 10.5 ˆ 104.2 ± 13.1 <0.001 −1.36 98.3 ± 16.6 ˆ 106.4 ± 16.5 0.003 * 0.49

ATOT (degrees) 115.0 ± 12.9 ˆ 137.8 ± 13.9 <0.001 * −1.73 124.7 ± 19.1 ˆ 138.9 ± 20.5 <0.001 * 0.73

∆ R-L (degrees) 4.4 ± 3.5 5.4 ± 5.2 0.252 * −0.41 5.7 ± 4.9 5.6 ± 5.0 0.789 * −0.03

Note: Values are mean ± SD. Comparisons among groups were performed using t-test for independent samples
or Mann-Whitney (*) test; ˆ, significant difference (p < 0.001) between adult and young SP groups. Abbreviations:
APF: ankle plantar flexion; ADF: ankle dorsiflexion; ATOT: total ankle range of motion; BMI: body mass index; SP:
soccer players; HGS: handgrip strength; ∆: difference; R-L: right-left.

From the comparison between the adult and young groups, ankle ROM was signif-
icantly higher in young SP compared to the adult SP (p < 0.001; Table 2). Conversely,
ankle ROM was similar in adult controls compared to young controls (138.9 ± 20.5◦

vs. 137.8 ± 13.9◦; Table 2). Regarding the group of adult SP, from the comparison of the
under 17 teams (adults APF) with those of the senior soccer division (adults BSP) only the
ADF was significantly lower in adults BSP (p < 0.006; Table 3; Figure 1).

Considering all SP investigated (Table 3), ATOT and ADF were weakly inversely
correlated with Age (rs = −0.17; p = 0.015; rs = −0.20; p < 0.005; respectively) and HGS
(rs = −0.22; p = 0.002; rs = −0.27; p < 0.001; respectively; Table 4).
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Table 3. Main characteristic, ankle range of motion and muscle strength of adult APF (under 17 teams)
and adult BSP (non-under 17 teams) groups.

Adult APF (n = 19) (Under 17 Teams) Adult BSP (n = 42) (Non-Under 17 Teams) p-Value Cohen’s d

Age (years) 16.6 ± 0.4 29.0 ± 4.5 -

BMI (kg/m2) 21.2 ± 1.5 23.1 ± 2.0 <0.001 −0.99

HGS (kg) 42.9 ± 5.9 44.7 ± 8.1 0.381 −0.24

APF (degrees) 27.1 ± 6.3 25.5 ± 5.5 0.322 0.28

ADF (degrees) 83.6 ± 9.0 91.4 ± 10.3 0.006 −0.79

ATOT (degrees) 110.7 ± 12.6 116.9 ± 12.7 0.131 * 0.49

Note: Values are mean ± SD. Comparisons among groups were performed using t-test for independent samples
or Mann–Whitney (*) test. Abbreviations: APF: ankle plantar flexion; ADF: ankle dorsiflexion; ATOT: total ankle
range of motion; BMI: body mass index; HGS: handgrip strength.

Table 4. Correlation matrix for soccer players and controls between ankle plantar flexion, ankle
dorsiflexion, total ankle range of motion and age, BMI, and HGS.

. APF ADF ATOT

rs p-Value rs p-Value rs p-Value

SP (204)

Age 0.03 0.674 −0.20 0.005 −0.17 0.015

BMI −0.16 0.029 −0.29 <0.001 −0.30 <0.001

HGS 0.05 0.452 −0.27 <0.001 −0.22 0.002

Controls (87)

Age −0.11 0.328 −0.12 0.282 −0.16 0.129

BMI −0.11 0.333 −0.18 0.100 −0.22 0.039

HGS −0.05 0.667 −0.12 0.282 −0.15 0.196
Note: Comparisons were performed using Spearman’s rho test (rs). Abbreviations: APF: ankle plantar flexion;
ADF: ankle dorsiflexion; ATOT: total ankle range of motion; BMI: body mass index; SP: soccer players; HGS:
handgrip strength.

The multiple linear regression analysis performed did not show any significant effects
of age, BMI, and hand grip strength on ankle ROM (Table 5).

Table 5. Multiple linear regression analysis considering ankle dorsiflexion (ADF), ankle plantar
flexion (APF), and total ankle range of motion (ATOT) (expressed as degrees) as dependent variables
and age, body mass index (BMI), and hand strength (HGS) as independent variables in adult or in
young soccer players (SP).

Adult SP (61) Young SP (143)

ß-Reg. Coef. p-Value p-Model ß-Reg. Coef. p-Value p-Model

APF

0.312 0.266

Intercept 36.383 <0.001 34.326 <0.001

BMI −0.585 0.162 −0.558 0.091

AGE −0.074 0.523 −0.076 0.903

HGS 0.103 0.332 0.170 0.288
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Table 5. Cont.

Adult SP (61) Young SP (143)

ß-Reg. Coef. p-Value p-Model ß-Reg. Coef. p-Value p-Model

ADF

0.102 0.469

Intercept 72.649 <0.001 115.736 <0.0001

BMI −0.126 0.864 −0.974 0.131

AGE 0.427 0.042 −0.138 0.910

HGS 0.197 0.296 0.150 0.631

ATOT

0.348 0.158

Intercept 109.032 <0.001 150.062 <0.0001

BMI −0.712 0.451 −1.531 0.034

AGE 0.352 0.184 −0.215 0.875

HGS 0.300 0.215 0.320 0.360
Note: ß-Reg. Coef.: unstandardized coefficients.

4. Discussion

The trend of the ankle joint range of motion of soccer players for the whole sport lifes-
pan, from children up to adults, was investigated in this study. Moreover, the relationship
between ankle ROM and muscle strength was considered. The comparison between SP and
controls shows how the practice of soccer induces a significant reduction in ankle ROM
(Table 1). This difference was also confirmed by considering young subjects and adults
separately (Table 2). The presence of a limited ankle range of motion in soccer players (SP)
seems paradoxical considering that soccer requires the best possible ability to control the
ball with the feet while a limited ankle ROM may adversely affect this capacity [26,32,63].
In particular, results from ANOVAs test confirmed how age has a significant effect on ankle
dorsiflexion but not on plantar flexion. The marked reduction of ankle plantar flexion al-
ready detected in young SP when compared with young controls (Table 2) could anticipate
and hide the effect of age on ankle plantar flexion itself.

In order to better investigate the effect of the age on ankle ROM, further analyses were
carried out considering young people (<16 years) and adults (over 16 years) separately. In
particular, the comparisons between adult and young groups highlighted how the ankle
ROM was significantly higher in young SP compared to the adult SP. Similar values of
ankle ROM were instead found considering young and adult control groups (Table 2).
Further analyses were performed by investigating the effect of the age on ankle ROM of
SP, comparisons were carried out by dividing adult SP group into under 17 teams (adults
APF) and non-under 17 teams (adults BSP; Table 3; Figure 1). Interestingly, this comparison
highlighted how the ankle ROM is already strongly reduced in the SP of the under 17 teams
and the ankle dorsiflexion was lower than that of the adult BSP group (Table 3). However,
in the interpretation of this result it is important to consider how the players of the under
17 team trained one more time a week than adult SP of the senior soccer division (3 vs. 2)
and used a different playing field (grass vs. synthetic). These factors could justify, at least
in part, the ankle ROM values found in the adult APF and adults BSP groups. As a whole,
these results indicate how the effects of soccer practice on ankle ROM occur precociously
in children and they are almost fully present in late adolescence.

The analysis of the relationship between ankle ROM (dorsiflexion and plantarflexion)
and the age or muscle strength of the PF showed only weak correlations. This result
could be, at least in part, due to the non-linear trend of the ankle ROM reduction in SP.
Among the causes of this non-linear trend, the changes related to the development of
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young SP and in particular the somatic and physiological ones could play an important
role. In this sense, it is known that the growth of young SP and in particular puberty,
may result in evident effects on the musculotendinous structures. In addition, it may be
important to consider how the trend of development of muscle strength is not fully super-
imposable to that of bone tissue and height [41,64,65]. While children show a tendentially
linear growth of muscle strength at the onset of pubertal growth spurt, approximately at
11–12 years for boys, [66–68] the skeletal growth typically occurs before musculotendinous
growth [41,64]. In fact, the peak height velocity is about a year before peak growth velocity
of body mass [41,65]. This time lag can determine a period in which the same muscle
strength, and in particular the leg muscles, may be less effective in stabilizing the ankle
while promoting its ROM in SP. Subsequently, the increased muscle strength may lead to
an increased stabilizing action capacity although it can negatively affect the ankle ROM. In
this sense, it is known that the increase in muscle-tendon stiffness reaches adult levels by
late adolescence (16–18 years old) [64,69,70]. In fact, starting from 13–14 years of age, there
is an acceleration of the pace with which muscle strength increases with an evident spurt
during adolescence [41,67,70–72].

Overall, the results of this study suggest the usefulness of considering both the age
and the muscle strength trend in monitoring the ankle ROM of SP. However, these results
are only partially in agreement with those reported in some previous studies. As for senior
male SP, almost forty years ago, Hattori and Ohta (1987) measured the range of motion of
the ankle joint in 68 male soccer players (18–22 years) and in 66 non-athletic male student
controls. The results of the study showed a significant difference in ankle ROM between
the two groups. This difference was about 20 degrees considering plantar and dorsiflexion
together [32]. This difference is similar to that found in our study (Table 1). Regarding the
effect of growth on ankle ROM, in 2019 Cejudo et al. evaluated ankle dorsiflexion ROM
in 72 young SP of 8–19 years. In particular, it was reported that despite having found
higher mean values in younger subjects (under 10 years), no fully significant differences
were found among SP of different ages. However, the ankle ROM showed a lower value
passing from the under 10 players to the under 12 players, re-increasing in the under 14 SP
and then decreasing again in the under 19 players [73]. The results for a larger sample
of soccer players were published even more recently by the same authors. In this study,
Robles-Palazón and colleagues (2022) studied the joint range of motion of the ankle and
other joints of the lower limb in 286 male soccer players (age range: 10–19 years). The
study results showed no significant changes in ankle ROM in players of different ages [43].
This result appears in contrast to those of our study. However, regarding the studies of
Cejudo and Robles-Palazón it is important to consider that only dorsiflexion of the ankle
was considered. This may, at least in part, explain the differences in the results obtained.

This study has limitations to consider. The study was carried out considering a sample of
male subjects only without considering professional soccer players and the players positions.
Furthermore, increasing the number of subjects investigated both for adult SP and for young
SP could favor the description of the relationship between ankle ROM and soccer practice in
footballers of different ages. Even if the BMI was assessed, the study did not consider the
level of development of the subjects investigated. The use of an upper extremity test such as
the HGS test can be considered a limit with respect to the study of the relationship between
ankle ROM and muscle strength in SP. However, it is important to consider that HGS test is
indicative of generalized muscle strength and it can be performed easily and quickly even in a
sports environment [46–49]. Furthermore, this test is widely used in sports and clinical settings,
provides a well-established and objective score [44–46,74]. All this can contribute to favoring
the use of the HGS test for the evaluation of the SP and its relationship with the ankle ROM.

The results of this study relating to the significant reduction of ankle ROM, the ankle
ROM values in SP of different ages, and the relationship between ankle ROM and muscle
strength, suggest the need to organize activities aimed at the appropriate management of the
ankle ROM in SP. This could have a positive effect on the prevention of injuries and other acute
and chronic consequences associated with the presence of reduced ankle ROM. At the same
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time, further studies aimed at better describing the relationship between ankle ROM and age
or muscle strength in SP and involving a larger number of subjects appear necessary.

5. Conclusions

With this study, data relating to ankle ROM were obtained for the entire period of a
soccer career. In particular, the results achieved highlighted how male soccer players (SP)
may show a significant reduction in ankle joint range of motion. This alteration may also
be present in children from the first years of sport activity. Although the reduction in ankle
ROM is already significant in young SP, ankle stiffness worsens significantly in adult SP. In
apparent contrast to that statement, the ankle joint range of motion values measured in the
SP of the under 17 teams were similar or lower than those of the SP of amateur leagues.
Factors such as the non-linear trend of somatic growth could explain some of this apparent
discrepancy. In particular, during puberty ankle ROM could be less affected by the practice
of soccer as a consequence of the effects of the same puberty on the somatic growth. At
the end of this period, ankle ROM could rapidly deteriorate as a result of the maturation
of the musculotendinous and joint structures. This condition could also explain the weak
correlation found between ankle ROM and age of muscle strength of SP. Furthermore, this
relationship could also be affected by the marked early effect of soccer on the ankle plantar
flexion. This condition could anticipate and hide the effect of age on the ankle plantar
flexion itself. The need to prevent injuries and maximize the positive health effects of sports
practice raises the importance of studying the relationship between ankle ROM and muscle
strength in SP of different ages. In this sense, further studies involving a greater number of
subjects appear necessary to better describe this relationship.
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