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Abstract: In soccer, injury epidemiology differs between males and females. It is clinically useful
to know whether there are between-sex differences in selected characteristics relevant to primary
injury risk and injury prevention practices. The purpose of this study was to explore between-sex
differences in anthropometric, balance, and range-of-motion characteristics in Spanish elite male
and female youth soccer players. This was a pre-season cross-sectional study. Sixty-nine males (age
16.8 + 0.9 yr; height 175.9 & 6.8 cm; mass 67.9 + 6.3 kg) and thirty-seven females (age 17.2 £ 1.7 yr;
height 164.0 &= 6.3 cm; mass 59.0 £ 5.8 kg) participated. Anthropometrics (standing/sitting height,
bodymass, right/left leg length) and right/left anterior reach test (ART), hip internal/external
active range of motion, active knee extension (AKE), and weightbearing lunge test (WBLT) were
measured. Between-sex differences were assessed with Bonferroni-corrected Mann—-Whitney U tests
and Cliff’s delta (d). Between-sex significant differences (p < 0.003, d > 0.50) were observed for
anthropometric data and for hip internal rotation. No between-sex significant differences were
observed for ART/AKE/WBLT measures. Between-sex significant differences with large effect sizes
were identified for anthropometric data and right/left hip internal rotation. The present study adds
new data to the literature for young Spanish male and female soccer players. The present findings
will help inform clinical reasoning processes and future injury prevention research for elite male and
female youth soccer players.
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1. Introduction

Soccer is one of the most popular sports in the world, with more than 270 million
participants globally [1] and greater than 3.9 million children and adolescents playing
annually [2]. Soccer is classed as a contact sport [3,4], within which players are required
to perform physical tasks with high biomechanical impulses including sudden changes of
direction, jumps, kicks, tackles, headers, and rapid accelerations and decelerations [5,6].
Because of the multi-directional and high biomechanical impulse nature of soccer, there
is a substantial risk and high rate of lower-limb injuries across all competitive and age
levels [7-9]. Youth soccer injury rates, specifically, have increased considerably in re-
cent years [10,11]. In male and female youth soccer players, lower-limb injury rates of
5.70/1000 h of exposure and 6.77/1000 h of exposure, respectively, have been reported [12].
The thigh is most commonly injured in male youth soccer players whereas the knee is
most commonly injured in female youth soccer players [12]. Specifically, males experience
more frequent hamstring muscle strains than females (males 0.58/1000 athlete exposures;
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females 0.37/1000 athlete exposures) [13], whilst females experience more frequent ante-
rior cruciate ligament (ACL) sprains than males (males 4.35/100,000 athlete exposures;
females 13.23/100,000 athlete exposures) [14]. In general, females sustain more than twice
the proportion of lower-limb joint injuries than males [12]. For male and female youth
athletes, injuries result in profound consequences including physical disability [15,16],
substantial health care costs [16], “negative psychological responses” [15], and academic
study issues [15]. Therefore, because of the between-sex differences in injury frequency
and the profound personal and socioeconomic consequences of injury, injury prevention
interventions are needed to help mitigate the burden of injury for youth soccer players,
their families, and wider society. Knowledge and understanding of between-sex differences
in factors associated with injury risk are, subsequently, useful when considering the design
of present-day or future generic and sex-specific lower-limb injury prevention interventions
for youth soccer players.

Injury prevention programs aim to improve athletes’ risk factor profiles in order
to reduce risk of injury [17-19]. Risk factors are characteristics that potentially increase
the likelihood of sustaining an injury [20]. Modifiable risk factors (e.g., body mass) and
nonmodifiable risk factors (e.g., height) can and cannot be altered with conservative in-
terventions, respectively. Even though nonmodifiable risk factors cannot be altered with
conservative interventions, it is useful to have knowledge and understanding of the pres-
ence and extent of nonmodifiable risk factors because they can affect the associations
between, and interventions for, the remaining modifiable risk factors [21]. For example, in
some youth soccer research, taller players have been reported to experience injury more
frequently than their shorter peers [22] and heavier players have been observed to sustain
injury more often than their lighter teammates [23]. Heavier limb segments and bodies
generate higher forces and angular momentum [24,25]. Other work has reported that
tibia length contributes to kinetics associated with noncontact knee injury [26]. Thus, in
the context of noncontact injuries where there is no collision with an opponent [27], for
players that are taller and heavier, interventions to modify body mass or the ability to better
control body mass and biomechanical impulse may require emphasis given height and
leg length (LL) cannot be altered. Further, in the context of contact injuries where there is
collision with an opponent [27], such concepts extend to the design and implementation of
youth mixed-sex training sessions and matches, which now occur frequently in soccer [28],
because a mismatch between larger males and smaller females or smaller males and larger
females may create a context in which contact injury risk is increased [29].

Anthropometrics including height [22,30] and body mass [23,31], dynamic balance
performance [30-32], and lower-limb joint range-of-motion capability [31,33,34] have been
reported as risk factors predisposing soccer players to lower-limb injury. Further, across
a range of team sports, anthropometrics such as body mass have been associated with
patellar tendinopathy [35] and plantar fasciitis [36], balance performance deficits have
been associated with ankle sprains [37,38] as well as knee sprains and patellar tendinopa-
thy [39], and range-of-motion deficits have been associated with injuries such as hamstring
strain [40,41], ACL injury [42], and patellar tendinopathy [43]. Use of previous literature
from a variety of study designs such as that just described can guide the design of preseason
injury prevention screening procedures for agility-sport athletes [44]. Additionally, for
valid clinical judgements to exist in injury prevention, exploratory research is also needed
to understand biological phenomena and provide reference data from uninjured individu-
als [20]. Collectively, such research provides data to help reason whether injury prevention
programs may need different components for male and female youth soccer players.

Exploratory research that provides reference data for uninjured youths should be
culturally specific [45] and population specific [20]. Such reference data are important for
informing current practice, building a foundation for the planning of future larger-scale
projects, plotting a direction for new basic and applied research questions, and for cross-
validating the data used in statistical analyses of future larger prospective studies [20]. To
date, there is little exploratory research on anthropometric, dynamic balance, and range-of-
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motion characteristics for Spanish elite male and female youth soccer players. Therefore,
the purpose of this study was to explore between-sex differences in anthropometric, dy-
namic balance, and range-of-motion characteristics in elite male and female youth soccer
players in Spain using previously published injury prevention profiling procedures. It was
hypothesized that there would be statistically significant between-sex differences for all
characteristics. This exploratory analysis is original and practically significant because it
provides new reference data that will inform present-day clinical reasoning and support
the design and direction of future larger-scale primary studies examining lower-limb injury
prevention in Spanish elite male and female youth soccer players.

2. Materials and Methods
2.1. Study Design and Setting

This was a cross-sectional study undertaken during the pre-season period. Data were
collected in the first week prior to the 20212022 season. This study was part of a larger
collaboration between the research team and local Spanish elite youth soccer clubs whose
coaching and medical staff wished to engage in injury prevention screening for the welfare
of their players; ‘elite’ players were defined as those playing at the highest Spanish football
division accordingly to player’s age. Data were collected at the clubs’ training facilities
in one session for each club. Because the clubs enrolled a set number of players for each
season and wanted all players to be offered the opportunity to undertake injury prevention
screening, a power analysis was redundant [46].

2.2. Ethical Approval, Participant Recruitment, Informed Consent

Ethical approval was obtained from the Institution Ethics Committee (CBAS-2021-06).
Participants were recruited using flyers posted on noticeboards in open plan areas at club
training facilities [46]. Participants aged >18 years signed an informed consent before
participating in the injury prevention screening process and then agreeing to the use of
their data for this study. For those aged under 18 years, informed assent was obtained
along with informed consent from parents or legal guardians.

2.3. Participants

Inclusion criteria were: (1) to be a member of the Spanish Soccer Association,
(2) to be an elite player (as defined above) and (3) to participate in at least four train-
ing and/or match sessions per week. Exclusion criteria were: (1) current time-loss injury in
the previous two months before data collection, (2) to have trained within the two days
before data collection, (3) to have had pain in any part of the lower limb at the time of
data collection, and (4) any history of lower-limb surgery. One hundred and twelve soccer
players volunteered to participate in this study, of which 106 (69 males, 37 females) met the
eligibility criteria (Table 1). Finally, sixty-nine males (age from 15 to 19 yr; 51 players U18)
and thirty-seven female (age from 15 to 20 yr, 25 players U18) youth soccer players from
two clubs participated in this study.

2.4. Instrumentation

Standing and sitting height were measured with a conventional stadiometer (SECA,
Barcelona, Spain). Body mass was measured with a conventional weighing scale (Bosch,
Madrid, Spain). Leg length was measured with a conventional tape measure (TK Gruppe,
Berlin, Germany). Hip rotation range of motion, hamstring flexibility, and ankle dorsiflexion
range of motion were measured with a digital inclinometer (Fabrication Enterprises Inc.,
New York, NY, USA).

2.5. Procedures

Data collection was performed the day before pre-season training started. Data
collection occurred at clubs’ medical services facilities. Players were instructed to avoid
any fatiguing exercise or soccer training for 48 h beforehand.
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Data collection procedures included, in order, dominant limb, height (standing, sitting),
body mass, LL, the anterior reach test (ART), hip internal and external rotation range of
motion, the active knee extension (AKE) test, and the weightbearing lunge test (WBLT).
The order was chosen to minimize the effects of one procedure on the results of the next
procedure. For LL, the ART, hip range of motion, the AKE test, and the WBLT, limb order
was right then left.

Table 1. Anthropometric Data.

Variable Sex Mean SD Median TOR ES

Age L R A B
Standing Height (cm) 1\12[ }Zig 22 117 (? AfO* 170. (? 0.7
Sitting Height (cm) 1\12[ S;g gg 113 25;.)0* gg 0.8
Body Mass (kg) 1\}? gg(g) gg 6’;.63* gg 07
Right Leg Length (cm) 1\12[ Zég Zg 957"10* Z(l) 0.5
Left Leg Length (cm) 1\12[ Zég ig 9817.(.)0* gg 05

SD standard deviation; IQR interquartile range; ES effect size; M males; F females; * significant between-sex
difference, p < 0.003.

2.5.1. Dominant Limb
The dominant limb was defined as the self-reported preferred kicking limb [47].

2.5.2. Height and Body Mass

Standing height was measured in centimeters (cm) to the nearest full cm using routine
procedures [48]. For sitting height, also measured in cm, a 45 cm chair was used and
participants were asked to stick the bottom to the end of the chair and keep the trunk
upright [49,50]. Body mass was measured in kilograms (kg) using a conventional weighing
scale [48]. Participants wore training clothes (shorts and short t-shirt) at the time of
measurement. Standing and sitting height and body mass were performed barefoot.

2.5.3. Leg Length

Participants were asked to lie in supine position on a stretcher. The measurement was
taken in millimeters (mm) from the anterior superior iliac spine to the lower edge of the me-
dial malleolus of the ankle [51]. Leg length assessment was performed barefoot. Reliability
for this procedure has been reported (intraclass correlation coefficient (ICC) = 0.99) [51].

2.5.4. Anterior Reach Test

Dynamic balance was measured using the ART [52]. In order to perform the ART, an
inverted letter T was drawn on the ground. The roof of the letter T was considered to be
the starting line. Participants were asked to stand on the test-leg with the tip of the first
toe touching the posterior edge of the starting line. Participant’s hands had to be on the
iliac crests during the procedure. They were asked to reach forward with the opposite
foot and to touch the ground with the first toe as far as possible without lifting the heel of
the supporting leg. The distance between the posterior edge of the starting line and the
touching point was measured in cm to the nearest full cm using a traditional measuring
tape. Participants were asked to perform three practice trials to neutralize acute learning
effects and stabilize tissue hysteresis that could affect test values [53]. Subsequently, three
measurements were performed and the maximum distance were used for statistical analysis.
Participants performed all trials barefoot. Losing balance, removing the hands from the
iliac crests, lifting the heel of the supporting leg, or not returning to the initial position
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invalidated the test. Reliability for this procedure has been reported (ICC = 0.95, standard
error measurement (SEM) = 1.77 cm) [52].

2.5.5. Hip Rotation Active Range of Motion

To assess hip rotation active range of motion, participants were asked to lie in prone
position on a stretcher. In this position, the hip was maintained at 0° of extension and
20-30° of abduction as determined by researcher observation. The knee was flexed 90°.
The pelvis was locked against the stretcher by means of a strap. From this position,
participants were asked to rotate the hip as much as possible towards internal and external
direction. The angle between the vertical and the tibia was measured in degrees (°) to the
nearest full degree with the inclinometer. The inclinometer was placed on the distal part
of the tibia; medial aspect 2 cm above medial malleollus for internal rotation and lateral
aspect 2 cm above lateral maleollus for external rotation. A researcher monitored sacral
tilt. Five external and internal hip rotations were performed to neutralize acute learning
effects and stabilize tissue hysteresis that could affect test values [53]. Subsequently, three
measurements were performed to evaluate internal hip rotation and three measurements
to evaluate external hip rotation. The maximum angle between three tests were used for
the statistical analysis. Participants performed all trials barefoot.

2.5.6. Active Knee Extension Test

To assess hamstring flexibility, the AKE test was used [54]. Participants were asked
to lie in supine position on the stretcher. A wooden box was used to maintain 90° of hip
flexion during the procedure. The opposite limb was fixed against the stretcher by means
of a strap. From this position, participants were asked to extend the knee as much as
possible (maintaining the contact with the wooden box in order to maintain 90° of hip
flexion). The angle between the vertical and the tibia was measured in degrees (°) to the
nearest full degree using the inclinometer. Five maximal knee extensions were performed
to neutralize acute learning effects and stabilize tissue hysteresis that could affect test
values [53]. Subsequently, three measurements were performed and the maximal value
was used for the statistical analysis. The inclinometer was placed on the tibial tuberosity
for all the measurements. Participants performed all trials barefoot. The procedure was
performed for both legs. Reliability for this procedure has been reported (ICC = 0.93;
SEM = 4°) [54].

2.5.7. Weightbearing Lunge Test

To assess ankle dorsiflexion range of motion, participants performed the WBLT [55].
The test consists of the patient standing in a tandem position and performing a forward
stride. During this task, the foot involved remains firmly planted on the ground while the
tibia advances over the talus to maximum ankle dorsiflexion. The angle between vertical
and tibia was measured in degrees (°) to the nearest full degree using the inclinometer. The
inclinometer was placed on the tibial tuberosity of the tested leg. Three maximal ankle
dorsiflexion movements were performed to neutralize acute learning effects and stabilize
tissue hysteresis that could affect test values [53]. Subsequently, three measurements were
performed and the maximal angle used for the statistical analysis. Participants performed
all trials barefoot. The procedure was performed for both legs. Reliability for this procedure
has been reported (ICC = 0.96; SEM = 1.4°) [55].

2.6. Statistical Analysis

There were no missing data. Leg length measurements were converted from mm to
cm to one decimal point. All ART trials were normalized by LL following Clark et al. [56]:
percent leg length (%LL) = (reach distance (cm)/leg length (cm)) x 100. Both normalized
and non-normalized ART scores were used for statistical analysis. All statistical analysis
were performed using the Jamovi program (Jamovi software, Sydney, Australia) [57]. De-
scriptive statistics were calculated. Normality of data was assessed using visual inspection
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of histograms and Shapiro-Wilk tests. Alpha level was set a priori at 0.05. More than
half of variables were not normally distributed and, therefore, nonparametric methods
were used for all between-group comparisons. Differences between sexes were tested
with the Mann-Whitney U test. Alpha level was again set a priori at 0.05 and Bonferroni
correction was used for multiple comparisons (0.05/17) [20]. No sensitivity analyses were
performed. Cliff’s delta was used for effect size estimates [58]; values of 0.14, 0.33 and 0.47
were interpreted as small, medium and large, respectively [58,59].

3. Results

Descriptive statistics are presented in Tables 1 and 2. Eighty-four percent of the sample
were right legged and 16% were left legged. No participant experienced pain during data
collection. There were no adverse events.

Table 2. Balance and range-of-motion data.

Variable Sex Mean SD Median IQR ES
RgARTEn) o gh L @e gy 02
RGMULLART L 2 ) o e O
LART@m)  F Go g s a4 03
LRULLART % & ap gq O
Right HIR () P w97 w0 1m0 0
RGMHERC) R g0 i @o w0 O
Left HIR () P a1 e smo0 w00 08
Left HER () P ea 15 o s O
Right AKE test (°) 1\1_:[ ;2; Zg ;gg 188 0.1
LftAKERt () % pn gy x0 10 O

Right Dorsiflexion (°) 1}/[ ggg gg 43138 ;g 0.2
Left Dorsiflexion (°) 1\12[ g;g Zg ggg 28 0.1

SD standard deviation; IQR interquartile range; ES effect size; ART anterior reach test; %LL percentage of leg
length; HIR hip internal rotation; HER hip external rotation; AKE active knee extension; M males; F females;
* significant between-sex difference, p < 0.003.

Significant between-sex differences (p < 0.003) were found for all anthropometric data
(Table 1). Large effect sizes were evident for standing and sitting height, body mass, and
both left and right LL (Table 1). Anterior reach test data alone and normalized by LL
showed no significant between-sex differences for the right or left limb (Table 2). Hip
internal rotation was significantly different between sexes (p < 0.003) for both right and left
limbs with large effect sizes evident (Table 2). However, this difference was not found for
hip external rotation (Table 2). No significant between-sex differences were found for the
AKE test or WBLT for either limb (Table 2).
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4. Discussion

This study analyzed between-sex differences in anthropometric, balance, and range-
of-motion characteristics in elite male and female youth soccer players in Spain. It was
hypothesized that there would be statistically significant between-sex differences for all
characteristics. Between-sex significant differences were only identified for anthropometric
and hip internal rotation range-of-motion data.

Sex differences in height and body mass are negligible prior to puberty and the
adolescent growth spurt [60]. Generally, standing height and body mass show between-
sex divergence in the early teenage years although the velocity of growth and change
in each begins to accelerate prior to age 13 years [60]. Girls tend to show acceleration
in growth prior to boys at around age 10 years; after which, girls’ and boys’ standing
heights tend to peak at approximately age 16 and 19 years, respectively [60]. Both girls’
and boys” body mass can tend to increase into early adulthood and beyond [60]. Our
findings demonstrate significant between-sex differences with large effect sizes for all
anthropometric measures (Table 1). These findings are not surprising and are consistent
with what would be expected for male and female soccer players of the mean and median
ages observed in this study [60-62]. Few authors, however, have reported the mean or
median LL in male and female adolescents and young adults [63,64]. The present study
adds new data to the literature regarding mean and median LL specifically in young male
and female soccer players. Observation and understanding of between-sex differences in
anthropometry are important for normalization of data in studies that perform between-sex
comparisons in physical ability [65], estimate injury risk [66] or conduct bio-banding in
sport [67]. Data on between-sex differences in anthropometry are, therefore, important for
informing reasoning and decision making across multiple aspects of soccer participation
with young male and female players. For example, for those involved in reasoning a club’s
programming strategies or decision making for a club’s operational policies, between-sex
differences in body mass can be influential for informing the design and implementation of
mixed-sex training sessions and matches [29].

There were no between-sex significant differences either for ART distance or ART
normalized by LL (Table 2). These findings are consistent with previous work which also
reported no between-sex differences for ART performance [68-70]. A recent systematic
review and meta-analysis also concluded there were generally no between-sex differences
for ART performance [71]. In contrast, other studies with similar sample characteristics
to the current work report significant between-sex differences for the ART were present
for soccer players [72] and basketball, volleyball, and tennis players [73]. Thus, more
studies with larger samples are needed to draw firm conclusions about whether between-
sex differences exist for dynamic balance defined by the ART. Given ART performance is
associated prospectively with lower-limb injury risk [74], further data on the presence or
absence of between-sex differences in dynamic balance would inform whether dynamic
balance interventions should be considered for injury prevention programs with youth
male or female soccer players, or both.

We found between-sex significant differences in hip maximum internal rotation but not
in hip maximum external rotation (Table 2). Maximum external rotation was higher than
internal rotation in both males and females (Table 2). Other studies also report between-sex
significant differences with greater internal rotation but not external rotation range of
motion for females compared to males in young soccer players [75], tennis players [76],
and university multi-sport athletes [77]. The differences between males and females
for hip internal rotation are likely multi-factorial. One factor is that females consistently
demonstrate greater hip anteversion than males across the lifespan [78-80], which manifests
clinically as greater hip maximum internal rotation range of motion [79]. Another factor is
that bone strain due to hip muscle activity is thought to influence femoral modeling [81].
Given that males are consistently stronger in the hip muscles than females [82,83], it may
be that between-sex differences in hip muscle activation and strength influence femoral and
hip joint bone modeling in a way that then influences hip internal rotation range of motion.
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Therefore, between-sex differences in hip internal range of motion should be interpreted
with care given female players likely possess different hip joint bony and capsular anatomy
to males. Such interpretations will inform clinical reasoning with regard to whether an
individual male or female player can be deemed to have a ‘stiff” or ‘loose” hip joint; this will
then, in turn, inform clinical decision making for whether an individual player undertakes
joint ‘mobility” or ‘stability” exercises as part of a pre-season injury prevention program [46],
or whether no intervention is required at all.

Regarding hamstring flexibility, this study did not observe between-sex significant dif-
ferences (Table 2). Other studies have measured hamstring flexibility using AKE test
with mean values ranging from 19.9 to 38.0° for males [84-88] and 16.8 to 31.0° for
females [84-86,88]. Our findings (Table 2), subsequently, appear consistent with the range
of values reported in the literature and indicate between-sex differences in hamstring
flexibility defined by the AKE test do not generally exist. One study, however, observed
between-sex significant differences with males extending less than females [89]; the expla-
nation for the different findings between their study and ours may lie in the characteristics
of the sample, as Schulze et al. carried out the study on a sample of fitness athletes. There-
fore, more research is necessary to confirm whether between-sex differences for hamstring
flexibility measured by AKE test do exist specifically in elite youth soccer players.

In elite adult soccer players, ankle dorsiflexion range of motion is of interest from
primary and secondary injury prevention and performance optimization perspectives [46].
We did not observe between-sex significant differences for maximum ankle dorsiflexion
as represented by the WBLT in the present sample of elite youth soccer players (Table 2).
Onate et al. [90] found between-sex differences for ankle dorsiflexion range of motion but
grouped left and right limbs together for analysis and measured the ankle dorsiflexion
capability in centimeters versus degrees. Consistent with our findings, Miler et al. [91] did
not identify between-sex significant differences for ankle dorsiflexion range of motion in
gymnasts. Other studies [92-94] have found mean weightbearing ankle dorsiflexion values
higher than ours, ranging from 45.1° to 50.4° without comparing by sex. However, none
of the studies employed a soccer player sample suggesting that soccer players could have
lower weightbearing ankle dorsiflexion compared to other sports. Limited ankle dorsiflex-
ion range of motion is associated with dynamic knee valgus, anterior knee pain, patellar
tendinopathy, chronic ankle instability, Achilles’ tendinopathy, and metatarsal stress frac-
tures [95]. Taking into account results from this study and previous literature, male and
female elite youth soccer players may need to consider improving ankle dorsiflexion range
of motion to decrease the risk for a variety of knee, ankle, and foot injuries.

Some potential limitations of this study include not performing an a priori power
analysis and that approximately twice as many males were recruited compared to females.
This was because the present study engaged with only two clubs with each club enrolling
a set number of male and female players each season from whom participants could be
recruited. In such a context, a priori power analyses are redundant [46] and between-group
comparisons using variables with different distributions and variances can be performed
using nonparametric statistics and effect size estimates [20,68]. Potential limitations also
include performing right versus left leg analyses rather than dominant versus nondominant
leg analyses. We did not undertake dominant versus nondominant leg analyses because
dominance changes according to the nature of the task [96]. Accordingly, it is unclear
precisely why some individuals choose one limb to perform a task and other individuals
choose the opposite limb to perform the same task [97], and because task-specific side
preference in unilaterally oriented sports may not yield anatomical and motor performance
adaptations that are consistent with said side preference [56]. Therefore, right versus left leg
analysis rather than dominant versus nondominant leg analysis is an acceptable procedure
in studies including side-to-side comparisons [46,56,68]. Potential limitations further
include performing hip internal and external rotation range-of-motion measurements
in 20° versus 0° hip abduction. A starting position of 20° hip abduction was used to
increase congruence of the hip articular surfaces and reduce ‘starting’” tension in the hip
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capsule and ligaments [98]. The starting position, however, was a limitation because the
reliability and validity of such a procedure has not yet been established and because most
previous research employs 0° abduction which affects the ability to compare and contrast
our findings with that of others.

This study’s findings are only generalizable to similar samples of elite youth soccer
players. Future research should compare male and female groups of similar sizes from a
larger number of teams. Future research may also consider contrasting the findings of right
versus left leg analyses with dominant versus nondominant leg analyses to determine if
such different analyses actually yield different findings. Future research should further
establish the reliability and validity of new clinical methods to assess hip internal and
external range of motion. Researchers can use the findings of this study for plotting new
directions for future basic and applied research questions and for cross-validating the data
used in statistical analyses of future prospective studies in lower-limb injury prevention in
elite male and female youth soccer players.

5. Conclusions

The data collection methods used in this study were safely employed with elite male
and female youth soccer players. Between-sex significant differences with large effect
sizes were identified for all anthropometric data and right and left hip maximum internal
rotation. The present study adds new data to the literature regarding mean and median
LL specifically in young male and female soccer players. No significant between-sex
differences were identified for dynamic balance, hamstring flexibility, or ankle dorsiflexion
range of motion as represented by the ART, AKE test, and WBLT, respectively. Between-sex
differences in hip internal range of motion should be interpreted with care given female
players likely possess different hip joint bony and capsular anatomy to males. When
comparing the findings of this study to previous literature, male and female elite youth
soccer players may need to consider improving ankle dorsiflexion range of motion to
decrease the risk for a variety of knee, ankle, and foot injuries. The findings from this study
will help inform present-day clinical reasoning and support the design and direction of
future larger-scale primary studies examining lower-limb injury prevention in Spanish elite
male and female youth soccer players.

Author Contributions: Conceptualization, L.L.-A., JM. and N.C.C.; Data curation, L.L.-A., AP-B,,
N.L.-L. and C.L.-d.-C.; Formal analysis, L.L.-A. and C.L.-d.-C.; Investigation, L.L.-A., N.L.-L. and
N.C.C.; Methodology, L.L.-A., ].M. and N.C.C.; Project administration, A.P.-B. and N.C.C.; Supervi-
sion, A.P.-B., ].M. and N.C.C.; Writing—original draft, L.L.-A. and N.C.C.; Writing—review & editing,
L.L-A,AP-B,N.L-L, CL.-d-C,J.M. and N.C.C. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Ethical approval was obtained from the Universitat Interna-
cional de Catalunya Ethics Committee (CBAS-2021-06).

Informed Consent Statement: Informed consent was obtained from all subjects involved in this study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

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

1.  Owoeye, O.B.A.; VanderWey, M ].; Pike, I. Reducing Injuries in Soccer (Football): An Umbrella Review of Best Evidence Across
the Epidemiological Framework for Prevention. Sport. Med.-Open 2020, 6, 46. [CrossRef] [PubMed]

2. Watson, A.; Mjaanes, ].M. Soccer Injuries in Children and Adolescents. Pediatrics 2019, 144, €20192759. [CrossRef] [PubMed]

3. Montalvo, A.M.; Schneider, D.K.; Webster, K.E.; Yut, L.; Galloway, M.T.; Heidt, R.S.; Kaeding, C.C.; Kremcheck, T.E.; Magnussen,
R.A,; Parikh, S.N.; et al. Anterior Cruciate Ligament Injury Risk in Sport: A Systematic Review and Meta-Analysis of Injury
Incidence by Sex and Sport Classification. J. Athl. Train. 2019, 54, 472-482. [CrossRef] [PubMed]


http://doi.org/10.1186/s40798-020-00274-7
http://www.ncbi.nlm.nih.gov/pubmed/32955626
http://doi.org/10.1542/peds.2019-2759
http://www.ncbi.nlm.nih.gov/pubmed/31659001
http://doi.org/10.4085/1062-6050-407-16
http://www.ncbi.nlm.nih.gov/pubmed/31009238

Healthcare 2022, 10, 819 10 of 13

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

PFSA: Is Football a Contact Sport? Available online: https://thepfsa.co.uk/is-football-a-contact-sport/#:~{}:text=Football
(accessed on 26 January 2022).

Pons, E.; Garcia-Calvo, T.; Resta, R.; Blanco, H.; Lépez del Campo, R.; Diaz Garcia, J.; Pulido, J.J. A comparison of a GPS device
and a multi-camera video technology during official soccer matches: Agreement between systems. PLoS ONE 2019, 14, e0220729.
[CrossRef]

Newans, T.; Bellinger, P; Dodd, K.; Minahan, C. Modelling the Acceleration and Deceleration Profile of Elite-level Soccer Players.
Int. ]. Sports Med. 2019, 40, 331-335. [CrossRef] [PubMed]

Ekstrand, J.; Spreco, A.; Bengtsson, H.; Bahr, R. Injury rates decreased in men’s professional football: An 18-year prospective
cohort study of almost 12 000 injuries sustained during 1.8 million hours of play. Br. ]. Sports Med. 2021, 55, 1084-1091. [CrossRef]
Szymski, D.; Krutsch, V.; Achenbach, L.; Gerling, S.; Pfeifer, C.; Alt, V.; Krutsch, W.; Loose, O. Epidemiological analysis of injury
occurrence and current prevention strategies on international amateur football level during the UEFA Regions Cup 2019. Arch.
Orthop. Trauma Surg. 2021, 142, 271-280. [CrossRef]

Pfirrmann, D.; Herbst, M.; Ingelfinger, P.; Simon, P.; Tug, S. Analysis of Injury Incidences in Male Professional Adult and Elite
Youth Soccer Players: A Systematic Review. J. Athl. Train. 2016, 51, 410-424. [CrossRef]

Esquivel, A.O.; Bruder, A.; Ratkowiak, K.; Lemos, S.E. Soccer-Related Injuries in Children and Adults Aged 5 to 49 Years in US
Emergency Departments From 2000 to 2012. Sport. Health A Multidiscip. Approach 2015, 7, 366-370. [CrossRef]

Smith, N.A.; Chounthirath, T.; Xiang, H. Soccer-Related Injuries Treated in Emergency Departments: 1990-2014. Pediatrics 2016,
138, €20160346. [CrossRef]

Robles-Palazon, EJ.; Lopez-Valenciano, A.; Croix, M.D.S.; Oliver, ].L.; Garcia-Gomez, A.; de Baranda, P.S.; Ayala, F. Epidemiology
of injuries in male and female youth football players: A systematic review and meta-analysis. J. Sport Health Sci. 2021. [CrossRef]
[PubMed]

Cross, KM.; Gurka, K.K,; Saliba, S.; Conaway, M.; Hertel, J]. Comparison of Hamstring Strain Injury Rates Between Male and
Female Intercollegiate Soccer Athletes. Am. J. Sports Med. 2013, 41, 742-748. [CrossRef]

Gupta, A.S.; Pierpoint, L.A.; Comstock, R.D.; Saper, M.G. Sex-Based Differences in Anterior Cruciate Ligament Injuries Among
United States High School Soccer Players: An Epidemiological Study. Orthop. J. Sports Med. 2020, 8, 232596712091917. [CrossRef]
[PubMed]

Von Rosen, P; Kottorp, A.; Fridén, C.; Frohm, A.; Heijne, A. Young, talented and injured: Injury perceptions, experiences and
consequences in adolescent elite athletes. Eur. J. Sport Sci. 2018, 18, 731-740. [CrossRef] [PubMed]

Finch, C.; Cassell, E. The public health impact of injury during sport and active recreation. J. Sci. Med. Sport 2006, 9, 490-497.
[CrossRef] [PubMed]

Silvers-Granelli, H.; Mandelbaum, B.; Adeniji, O.; Insler, S.; Bizzini, M.; Pohlig, R.; Junge, A.; Snyder-Mackler, L.; Dvorak, J.
Efficacy of the FIFA 11+ Injury Prevention Program in the Collegiate Male Soccer Player. Am. . Sports Med. 2015, 43, 2628-2637.
[CrossRef]

Grimm, N.L.; Jacobs, ].C.; Kim, ].; Denney, B.S.; Shea, K.G. Anterior Cruciate Ligament and Knee Injury Prevention Programs for
Soccer Players. Am. J. Sports Med. 2015, 43, 2049-2056. [CrossRef]

Al Attar, W.S.A.; Alshehri, M.A. A meta-analysis of meta-analyses of the effectiveness of FIFA injury prevention programs in
soccer. Scand. J. Med. Sci. Sports 2019, 29, 1846-1855. [CrossRef]

Portney, L.; Watkins, M. Foundations of Clinical Research: Applications to Practice, 3rd ed.; F.A. Davis Company: Philadelphia, PA,
USA, 2015.

Emery, C.A. Risk Factors for Injury in Child and Adolescent Sport: A Systematic Review of the Literature. Clin. J. Sport Med. 2003,
13, 256-268. [CrossRef]

Backous, D.D. Soccer Injuries and Their Relation to Physical Maturity. Arch. Pediatr. Adolesc. Med. 1988, 142, 839. [CrossRef]
Goldberg, B.; Rosenthal, P; Robertson, L.; Nicholas, J. Injuries in youth football. Pediatrics 1988, 81, 255-261. [PubMed]

Hall, S.J. Basic Biomechanics, 8th ed.; McGraw-Hill Education: New York, NY, USA, 2019; ISBN 978-1-259-91387-7.

Emer, C.A. Injury Prevention and Future Research. In Epidemiology of Pediatric Sports Injuries; KARGER: Basel, Switzerland, 2005;
pp- 179-200.

Myer, G.D.; Ford, K.R.; Khoury, J.; Succop, P.; Hewett, T.E. Biomechanics laboratory-based prediction algorithm to identify female
athletes with high knee loads that increase risk of ACL injury. Br. J. Sports Med. 2011, 45, 245-252. [CrossRef] [PubMed]
Marshall, S.; Padua, D.; McGrath, M.; Hewett, T.; Shultz, S.; Griffin, L. Incidence of ACL injury. In Understanding and Preventing
Noncontact ACL Injuries; Human Kinetics: Champaign, IL, USA, 2007; pp. 5-29.

Mixed-Gender Soccer: What Level Should Boys and Girls Play Separately? Available online: https://content.thecoachingmanual.
com/blog/mixed-gender-soccer-boys-and-girls (accessed on 2 February 2022).

Caine, D.; Maffulli, N.; Caine, C. Epidemiology of Injury in Child and Adolescent Sports: Injury Rates, Risk Factors, and
Prevention. Clin. Sports Med. 2008, 27, 19-50. [CrossRef] [PubMed]

Fousekis, K.; Tsepis, E.; Poulmedis, P.; Athanasopoulos, S.; Vagenas, G. Intrinsic risk factors of non-contact quadriceps and
hamstring strains in soccer: A prospective study of 100 professional players. Br. J. Sports Med. 2011, 45, 709-714. [CrossRef]
Manoel, L.S.; Xixirry, M.G.; Soeira, T.P.; Saad, M.C.; Riberto, M. Identification of Ankle Injury Risk Factors in Professional Soccer
Players Through a Preseason Functional Assessment. Orthop. ]. Sports Med. 2020, 8, 232596712092843. [CrossRef]


https://thepfsa.co.uk/is-football-a-contact-sport/#:~{}:text=Football
http://doi.org/10.1371/journal.pone.0220729
http://doi.org/10.1055/a-0853-7676
http://www.ncbi.nlm.nih.gov/pubmed/30887482
http://doi.org/10.1136/bjsports-2020-103159
http://doi.org/10.1007/s00402-021-03861-9
http://doi.org/10.4085/1062-6050-51.6.03
http://doi.org/10.1177/1941738115579854
http://doi.org/10.1542/peds.2016-0346
http://doi.org/10.1016/j.jshs.2021.10.002
http://www.ncbi.nlm.nih.gov/pubmed/34700052
http://doi.org/10.1177/0363546513475342
http://doi.org/10.1177/2325967120919178
http://www.ncbi.nlm.nih.gov/pubmed/32528989
http://doi.org/10.1080/17461391.2018.1440009
http://www.ncbi.nlm.nih.gov/pubmed/29504456
http://doi.org/10.1016/j.jsams.2006.03.002
http://www.ncbi.nlm.nih.gov/pubmed/16616615
http://doi.org/10.1177/0363546515602009
http://doi.org/10.1177/0363546514556737
http://doi.org/10.1111/sms.13535
http://doi.org/10.1097/00042752-200307000-00011
http://doi.org/10.1001/archpedi.1988.02150080045019
http://www.ncbi.nlm.nih.gov/pubmed/3340475
http://doi.org/10.1136/bjsm.2009.069351
http://www.ncbi.nlm.nih.gov/pubmed/20558526
https://content.thecoachingmanual.com/blog/mixed-gender-soccer-boys-and-girls
https://content.thecoachingmanual.com/blog/mixed-gender-soccer-boys-and-girls
http://doi.org/10.1016/j.csm.2007.10.008
http://www.ncbi.nlm.nih.gov/pubmed/18206567
http://doi.org/10.1136/bjsm.2010.077560
http://doi.org/10.1177/2325967120928434

Healthcare 2022, 10, 819 11 of 13

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.
58.

Gonell, A.C.; Romero, J.A.P; Soler, L.M. Relationship between the Y balance test scores and soft tissue injury incidence in a soccer
team. Int. J. Sports Phys. Ther. 2015, 10, 955-966.

van Dyk, N.; Farooq, A.; Bahr, R.; Witvrouw, E. Hamstring and Ankle Flexibility Deficits Are Weak Risk Factors for Hamstring
Injury in Professional Soccer Players: A Prospective Cohort Study of 438 Players Including 78 Injuries. Am. J. Sports Med. 2018, 46,
2203-2210. [CrossRef]

Saita, Y.; Nagao, M.; Kawasaki, T.; Kobayashi, Y.; Kobayashi, K.; Nakajima, H.; Takazawa, Y.; Kaneko, K.; Ikeda, H. Range
limitation in hip internal rotation and fifth metatarsal stress fractures (Jones fracture) in professional football players. Knee Surg.
Sports Traumatol. Arthrosc. 2018, 26, 1943-1949. [CrossRef]

van der Worp, H.; van Ark, M.; Roerink, S.; Pepping, G.-J.; van den Akker-Scheek, I.; Zwerver, ]J. Risk factors for patellar
tendinopathy: A systematic review of the literature. Br. J. Sports Med. 2011, 45, 446—452. [CrossRef]

Hamstra-Wright, K.L.; Huxel Bliven, K.C.; Bay, R.C.; Aydemir, B. Risk Factors for Plantar Fasciitis in Physically Active Individuals:
A Systematic Review and Meta-analysis. Sports Health Multidiscip. Approach 2021, 13, 296-303. [CrossRef]

Willems, T.M.; Witvrouw, E.; Delbaere, K.; Mahieu, N.; De Bourdeaudhuij, L.; De Clercq, D. Intrinsic Risk Factors for Inversion
Ankle Sprains in Male Subjects: A Prospective Study. Am. |. Sports Med. 2005, 33, 415-423. [CrossRef] [PubMed]

Hrysomallis, C.; McLaughlin, P.; Goodman, C. Balance and Injury in Elite Australian Footballers. Int. J. Sports Med. 2007, 28,
844-847. [CrossRef] [PubMed]

Plisky, PJ.; Rauh, M.]J.; Kaminski, T.W.; Underwood, EB. Star Excursion Balance Test as a Predictor of Lower Extremity Injury in
High School Basketball Players. J. Orthop. Sports Phys. Ther. 2006, 36, 911-919. [CrossRef]

Witvrouw, E.; Danneels, L.; Asselman, P.; D'Have, T.; Cambier, D. Muscle Flexibility as a Risk Factor for Developing Muscle
Injuries in Male Professional Soccer Players. Am. J. Sports Med. 2003, 31, 41-46. [CrossRef] [PubMed]

Ribeiro-Alvares, J.B.; Dornelles, M.P; Fritsch, C.G.; de Lima-e-Silva, FX.; Medeiros, T.M.; Severo-Silveira, L.; Marques, V.B.;
Baroni, B.M. Prevalence of Hamstring Strain Injury Risk Factors in Professional and Under-20 Male Football (Soccer) Players. J.
Sport Rehabil. 2019, 29, 339-345. [CrossRef]

Bedi, A.; Warren, R.E; Wojtys, EM.; Oh, Y.K.; Ashton-Miller, J.A.; Oltean, H.; Kelly, B.T. Restriction in hip internal rotation is
associated with an increased risk of ACL injury. Knee Surg. Sports Traumatol. Arthrosc. 2016, 24, 2024-2031. [CrossRef]

Backman, L.J.; Danielson, P. Low Range of Ankle Dorsiflexion Predisposes for Patellar Tendinopathy in Junior Elite Basketball
Players. Am. ]. Sports Med. 2011, 39, 2626-2633. [CrossRef]

Clark, N.C. Noncontact Knee Ligament Injury Prevention Screening in Netball: A Clinical Commentary with Clinical Practice
Suggestions for Community-Level Players. Int. . Sports Phys. Ther. 2021, 16, 911. [CrossRef]

Kroll, T.; Neri, M. Designs for Mixed Methods Research. In Mixed Methods Research for Nursing and the Health Sciences; Wiley-
Blackwell: Oxford, UK, 2009; pp. 31-45.

Clark, N.C.; Campbell, S.D. Preseason weight-bearing ankle dorsiflexion in male professional football players with and without a
history of severe ankle injury: A novel analysis in an English Premier League club. Phys. Ther. Sport 2021, 52, 21-29. [CrossRef]

Dos’Santos, T.; Bishop, C.; Thomas, C.; Comfort, P.; Jones, P.A. The effect of limb dominance on change of direction biomechanics:
A systematic review of its importance for injury risk. Phys. Ther. Sport 2019, 37, 179-189. [CrossRef]

Lohman, T.G. Anthropometric Standarization Reference Manual; Human Kinetics Publishers Inc.: Champaign, IL, USA, 1991;
ISBN 0873223314.

University of Saskatchewan Prediction of Age of Peak Height Velocity. Available online: https://wwwapps.usask.ca/kin-
growthutility /phv_ui.php#reference-1 (accessed on 11 February 2022).

Mirwald, R.L.; Baxter-Jones, A.D.G.; Bailey, D.A.; Beunen, G.P. An assessment of maturity from anthropometric measurements.
Med. Sci. Sports Exerc. 2002, 34, 689-694. [CrossRef] [PubMed]

Gogia, PP.; Braatz, ].H. Validity and reliability of leg length measurements. ]. Orthop. Sports Phys. Ther. 1986, 8, 185-188.
[CrossRef] [PubMed]

Hertel, J.; Miller, S.J.; Denegar, C.R. Intratester and intertester reliability during the star excursion balance tests. ]. Sport Rehabil.
2000, 9, 104-116. [CrossRef]

Clark, N.C.; Akins, ].S.; Heebner, N.R,; Sell, T.C.; Abt, ].P.; Lovalekar, M.; Lephart, S.M. Reliability and measurement precision of
concentric-to-isometric and eccentric-to-isometric knee active joint position sense tests in uninjured physically active adults. Phys.
Ther. Sport 2016, 18, 38—45. [CrossRef]

Gabbe, B.J.; Bennell, K.L.; Wajswelner, H.; Finch, C.E. Reliability of common lower extremity musculoskeletal screening tests.
Phys. Ther. Sport 2004, 5, 90-97. [CrossRef]

Konor, M.M.; Morton, S.; Eckerson, ].M.; Grindstaff, T.L. Reliability of three measures of ankle dorsiflexion range of motion. Int. J.
Sports Phys. Ther. 2012, 7, 279-287.

Clark, N.C.; Clacher, L.H. Lower-limb motor-performance asymmetries in English community-level female field hockey players:
Implications for knee and ankle injury prevention. Phys. Ther. Sport 2020, 43, 43-51. [CrossRef] [PubMed]

Jamovi The Jamovi Project 2021. Available online: https:/ /www.jamovi.org/ (accessed on 11 February 2022).

Mackbeth, G.; Razumiejczyk, E.; Ledesma, R.D. Cliff’s Delta Calculator: A non-parametric effect size program for two groups of
observations. Univ. Psychol. 2011, 10, 545-555. [CrossRef]


http://doi.org/10.1177/0363546518773057
http://doi.org/10.1007/s00167-017-4552-4
http://doi.org/10.1136/bjsm.2011.084079
http://doi.org/10.1177/1941738120970976
http://doi.org/10.1177/0363546504268137
http://www.ncbi.nlm.nih.gov/pubmed/15716258
http://doi.org/10.1055/s-2007-964897
http://www.ncbi.nlm.nih.gov/pubmed/17373597
http://doi.org/10.2519/jospt.2006.2244
http://doi.org/10.1177/03635465030310011801
http://www.ncbi.nlm.nih.gov/pubmed/12531755
http://doi.org/10.1123/jsr.2018-0084
http://doi.org/10.1007/s00167-014-3299-4
http://doi.org/10.1177/0363546511420552
http://doi.org/10.26603/001c.23553
http://doi.org/10.1016/j.ptsp.2021.07.006
http://doi.org/10.1016/j.ptsp.2019.04.005
https://wwwapps.usask.ca/kin-growthutility/phv_ui.php#reference-1
https://wwwapps.usask.ca/kin-growthutility/phv_ui.php#reference-1
http://doi.org/10.1097/00005768-200204000-00020
http://www.ncbi.nlm.nih.gov/pubmed/11932580
http://doi.org/10.2519/jospt.1986.8.4.185
http://www.ncbi.nlm.nih.gov/pubmed/18802226
http://doi.org/10.1123/jsr.9.2.104
http://doi.org/10.1016/j.ptsp.2015.06.005
http://doi.org/10.1016/S1466-853X(04)00022-7
http://doi.org/10.1016/j.ptsp.2020.02.001
http://www.ncbi.nlm.nih.gov/pubmed/32066108
https://www.jamovi.org/
http://doi.org/10.11144/Javeriana.upsy10-2.cdcp

Healthcare 2022, 10, 819 12 of 13

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.
80.

81.

82.

83.

84.

85.

86.

87.

Romano, J.; Kromrey, J.; Coraggio, J.; Skowronek, J.; Devine, L. Exploring methods for evaluating group differences on the NSSE
and other surveys: Are the t-test and Cohen’s d indices the most appropriate choices? In Proceedings of the Annual Meeting of
the Southern Association for Institutional Research, Arlington, VA, USA, 14-17 October 2006; pp. 1-51.

Malina, R.M.; Bouchard, C.; Bar-Or, O. Growth, Maturation, and Physical Activity; Human Kinetics Publishers Inc.: Champaign, IL,
USA, 2003.

Malina, R.M.; Reyes, M.E.P,; Eisenmann, ]J.C.; Horta, L.; Rodrigues, ]J.; Miller, R. Height, mass and skeletal maturity of elite
Portuguese soccer players aged 11-16 years. J. Sports Sci. 2000, 18, 685-693. [CrossRef]

Emmonds, S.; Till, K.; Redgrave, J.; Murray, E.; Turner, L.; Robinson, C.; Jones, B. Influence of age on the anthropometric and
performance characteristics of high-level youth female soccer players. Int. J. Sports Sci. Coach. 2018, 13, 779-786. [CrossRef]
Mansson, O.; Sernert, N.; Rostgard-Christensen, L.; Kartus, J.J.; Mansson, O.; Sernert, N.; Rostgard-Christensen, L.; Kartus, J.J.
Long-term clinical and radiographic results after delayed anterior cruciate ligament reconstruction in adolescents. Am. J. Sports
Med. 2015, 43, 138-145. [CrossRef] [PubMed]

Malina, R.M.; Pefia Reyes, M.E.; Tan, S.K.; Buschang, P.H.; Little, B.B.; Koziel, S. Secular change in height, sitting height and leg
length in rural Oaxaca, southern Mexico: 1968-2000. Ann. Hum. Biol. 2004, 31, 615-633. [CrossRef] [PubMed]

Cug, M.; Wikstrom, E.A.; Golshaei, B.; Kirazci, S. The Effects of Sex, Limb Dominance, and Soccer Participation on Knee
Proprioception and Dynamic Postural Control. J. Sport Rehabil. 2016, 25, 31-39. [CrossRef] [PubMed]

Ko, J.; Rosen, A.B.; Brown, C.N. Functional performance tests identify lateral ankle sprain risk: A prospective pilot study in
adolescent soccer players. Scand. |. Med. Sci. Sports 2018, 28, 2611-2616. [CrossRef] [PubMed]

Malina, R.M.; Cumming, S.P.; Rogol, A.D.; Coelho-e-Silva, M.].; Figueiredo, A.J.; Konarski, ].M.; Koziel, S.M. Bio-Banding in
Youth Sports: Background, Concept, and Application. Sports Med. 2019, 49, 1671-1685. [CrossRef]

Clark, N.; Davies, S.; Reilly, L. Sex differences in lower limb motor performance relevant to knee injury control. Br. J. Sports Med.
2018, 51, A5-A6. [CrossRef]

Chimera, N.J.; Smith, C.A.; Warren, M. Injury History, Sex, and Performance on the Functional Movement Screen and Y Balance
Test. J. Athl. Train. 2015, 50, 475-485. [CrossRef]

Sabin, M.].; Ebersole, K.T.; Martindale, A.R.; Price, ].W.; Broglio, S.P. Balance Performance in Male and Female Collegiate
Basketball Athletes: Influence of Testing Surface. J. Strength Cond. Res. 2010, 24, 2073-2078. [CrossRef]

Plisky, P.; Schwartkopf-Phifer, K.; Huebner, B.; Garner, M.B.; Bullock, G. Systematic review and meta-analysis of the y-balance test
lower quarter: Reliability, discriminant validity, and predictive validity. Int. ]. Sports Phys. Ther. 2021, 16, 1190-1209. [CrossRef]
Stiffler, M.R,; Sanfilippo, ].L.; Brooks, M.A.; Heiderscheit, B.C. Star Excursion Balance Test Performance Varies by Sport in Healthy
Division I Collegiate Athletes. J. Orthop. Sports Phys. Ther. 2015, 45, 772-780. [CrossRef]

Miller, M.M.; Trapp, J.L.; Post, E.G.; Trigsted, S.M.; McGuine, T.A.; Brooks, M.A_; Bell, D.R. The Effects of Specialization and Sex
on Anterior Y-Balance Performance in High School Athletes. Sports Health 2017, 9, 375-382. [CrossRef] [PubMed]

Smith, C.A.; Chimera, N.J.; Warren, M. Association of Y Balance Test Reach Asymmetry and Injury in Division I Athletes. Med.
Sci. Sports Exerc. 2014, 47, 136-141. [CrossRef] [PubMed]

Brophy, R.H.; Chiaia, T.A.; Maschi, R.; Dodson, C.C.; Oh, L.S.; Lyman, S.; Allen, A.A.; Williams, R.J. The Core and Hip in Soccer
Athletes Compared by Gender. Int. . Sports Med. 2009, 30, 663—-667. [CrossRef] [PubMed]

Moreno-Pérez, V.; Ayala, E; Fernandez-Fernandez, ].; Vera-Garcia, E]. Descriptive profile of hip range of motion in elite tennis
players. Phys. Ther. Sport 2016, 19, 43—48. [CrossRef]

Mitani, Y. Gender-related differences in lower limb alignment, range of joint motion, and the incidence of sports injuries in
Japanese university athletes. J. Phys. Ther. Sci. 2017, 29, 12-15. [CrossRef]

Reikerals, O.; Bjerkreim, I.; Kolbenstvedt, A. Anteversion of the Acetabulum and Femoral Neck in Normals and in Patients with
Osteoarthritis of the Hip. Acta Orthop. Scand. 1983, 54, 18-23. [CrossRef]

Braten, M.; Terjesen, T.; Rossvoll, I. Femoral anteversion in normal adults. Acta Orthop. Scand. 1992, 63, 29-32. [CrossRef]
Nguyen, A.-D.; Shultz, S.J. Sex Differences in Clinical Measures of Lower Extremity Alignment. J. Orthop. Sports Phys. Ther. 2007,
37,389-398. [CrossRef]

Prasad, R.; Vettivel, S.; Isaac, B.; Jeyaseelan, L.; Chandi, G. Angle of torsion of the femur and its correlates. Clin. Anat. 1996, 9,
109-117. [CrossRef]

Hedt, C.A,; Pearson, ].M.; Lambert, B.S.; McCulloch, P.C.; Harris, ].D. Sex-Related Hip Strength Measures Among Professional
Soccer Players. J. Strength Cond. Res. 2019, 35, 1992-1999. [CrossRef]

Leetun, D.; Ireland, M.; Willson, J.; Ballantyne, B.; Davis, I. Core Stability Measures as Risk Factors for Lower Extremity Injury in
Athletes. Med. Sci. Sport. Exerc. 2004, 36, 926-934. [CrossRef] [PubMed]

Malliaropoulos, N. Active knee range of motion assessment in elite track and field athletes: Normative values. Muscles. Ligaments
Tendons J. 2015, 5, 203-207. [CrossRef] [PubMed]

Olivencia, O.; Godinez, G.M.; Dages, ].; Duda, C.; Kaplan, K.; Kolber, M.].; Kaplan; Kolber. The Reliability and Minimal Detectable
Change of the Ely and Active Knee Extension Tests. Int. ]. Sports Phys. Ther. 2020, 15, 776-782. [CrossRef] [PubMed]

Hamid, M.S.A.; Ali, M.R.M.; Yusof, A. Interrater and Intrarater Reliability of the Active Knee Extension (AKE) Test among
Healthy Adults. J. Phys. Ther. Sci. 2013, 25, 957-961. [CrossRef]

Miller, D.K,; Kieffer, H.S.; Kemp, H.E.; Torres, S.E. Off-Season Physiological Profiles of Elite National Collegiate Athletic
Association Division IIT Male Soccer Players. J. Strength Cond. Res. 2011, 25, 1508-1513. [CrossRef]


http://doi.org/10.1080/02640410050120069
http://doi.org/10.1177/1747954118757437
http://doi.org/10.1177/0363546514555673
http://www.ncbi.nlm.nih.gov/pubmed/25384503
http://doi.org/10.1080/03014460400018077
http://www.ncbi.nlm.nih.gov/pubmed/15799230
http://doi.org/10.1123/jsr.2014-0250
http://www.ncbi.nlm.nih.gov/pubmed/26355541
http://doi.org/10.1111/sms.13279
http://www.ncbi.nlm.nih.gov/pubmed/30120831
http://doi.org/10.1007/s40279-019-01166-x
http://doi.org/10.1136/bjsports-2017-098966.14
http://doi.org/10.4085/1062-6050-49.6.02
http://doi.org/10.1519/JSC.0b013e3181ddae13
http://doi.org/10.26603/001c.27634
http://doi.org/10.2519/jospt.2015.5777
http://doi.org/10.1177/1941738117703400
http://www.ncbi.nlm.nih.gov/pubmed/28447871
http://doi.org/10.1249/MSS.0000000000000380
http://www.ncbi.nlm.nih.gov/pubmed/24870573
http://doi.org/10.1055/s-0029-1225328
http://www.ncbi.nlm.nih.gov/pubmed/19585403
http://doi.org/10.1016/j.ptsp.2015.10.005
http://doi.org/10.1589/jpts.29.12
http://doi.org/10.3109/17453678308992864
http://doi.org/10.3109/17453679209154844
http://doi.org/10.2519/jospt.2007.2487
http://doi.org/10.1002/(SICI)1098-2353(1996)9:2&lt;109::AID-CA3&gt;3.0.CO;2-C
http://doi.org/10.1519/JSC.0000000000003003
http://doi.org/10.1249/01.MSS.0000128145.75199.C3
http://www.ncbi.nlm.nih.gov/pubmed/15179160
http://doi.org/10.32098/mltj.03.2015.11
http://www.ncbi.nlm.nih.gov/pubmed/26605196
http://doi.org/10.26603/ijspt20200776
http://www.ncbi.nlm.nih.gov/pubmed/33110697
http://doi.org/10.1589/jpts.25.957
http://doi.org/10.1519/JSC.0b013e3181dba3df

Healthcare 2022, 10, 819 13 of 13

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.
98.

Hahn, T.; Foldspang, A.; Vestergaard, E.; Ingemann-Hansen, T. Active knee joint flexibility and sports activity. Scand. . Med. Sci.
Sports 2007, 9, 74-80. [CrossRef]

Schulze, A.; Bohme, D.; Weiss, C.; Schmittner, M. Aktive Muskeldehntestung der ischiocruralen Muskulatur: Referenzwerte und
Einflussfaktoren. Sport. Sport. 2013, 27, 156-161. [CrossRef]

Onate, J.A.; Starkel, C.; Clifton, D.R.; Best, T.M.; Borchers, J.; Chaudhari, A.; Dawn Comstock, R.; Cortes, N.; Grooms, D.R.;
Hertel, J.; et al. Normative functional performance values in high school athletes: The functional pre-participation evaluation
project. J. Athl. Train. 2018, 53, 35-42. [CrossRef] [PubMed]

Miller, H.; Fawcett, L.; Rushton, A. Does gender and ankle injury history affect weightbearing dorsiflexion in elite artistic
gymnasts? Phys. Ther. Sport 2020, 42, 46-52. [CrossRef] [PubMed]

Cejudo, A.; Sainz de Baranda, P.; Ayala, F; Santonja, F. A simplified version of the weight-bearing ankle lunge test: Description
and test—retest reliability. Man. Ther. 2014, 19, 355-359. [CrossRef]

Kang, M.-H.; Lee, D.-K; Park, K.-H.; Oh, J.-S. Association of Ankle Kinematics and Performance on the Y-Balance Test With
Inclinometer Measurements on the Weight-Bearing-Lunge Test. . Sport Rehabil. 2015, 24, 62-67. [CrossRef] [PubMed]

Bennell, K,; Talbot, R.; Wajswelner, H.; Techovanich, W.; Kelly, D. Intra-rater and inter-rater reliability of a weight-bearing lunge
measure of ankle dorsiflexion. Aust. J. Physiother. 1998, 44, 175-180. [CrossRef]

Lima, Y.L.; Ferreira, VM.L.M.; de Paula Lima, P.O.; Bezerra, M.A.; de Oliveira, R.R.; Almeida, G.P.L. The association of ankle
dorsiflexion and dynamic knee valgus: A systematic review and meta-analysis. Phys. Ther. Sport 2018, 29, 61-69. [CrossRef]
[PubMed]

McGrath, TM.; Waddington, G.; Scarvell, ]. M.; Ball, N.B.; Creer, R.; Woods, K.; Smith, D. The effect of limb dominance on lower
limb functional performance — a systematic review. J. Sports Sci. 2016, 34, 289-302. [CrossRef] [PubMed]

Gentry, V.; Gabbard, C. Foot-Preference Behavior: A Developmental Perspective. J. Gen. Psychol. 1995, 122, 37-45. [CrossRef]
Kapandji, I. The Physiology of the Joints. Lower Limb, 5th ed.; Churchill Livingstone: Edinburgh, Germany, 1987.


http://doi.org/10.1111/j.1600-0838.1999.tb00212.x
http://doi.org/10.1055/s-0033-1335783
http://doi.org/10.4085/1062-6050-458.16
http://www.ncbi.nlm.nih.gov/pubmed/29314871
http://doi.org/10.1016/j.ptsp.2019.12.003
http://www.ncbi.nlm.nih.gov/pubmed/31884244
http://doi.org/10.1016/j.math.2014.03.008
http://doi.org/10.1123/jsr.2013-0117
http://www.ncbi.nlm.nih.gov/pubmed/24458334
http://doi.org/10.1016/S0004-9514(14)60377-9
http://doi.org/10.1016/j.ptsp.2017.07.003
http://www.ncbi.nlm.nih.gov/pubmed/28974358
http://doi.org/10.1080/02640414.2015.1050601
http://www.ncbi.nlm.nih.gov/pubmed/26055387
http://doi.org/10.1080/00221309.1995.9921220

	Introduction 
	Materials and Methods 
	Study Design and Setting 
	Ethical Approval, Participant Recruitment, Informed Consent 
	Participants 
	Instrumentation 
	Procedures 
	Dominant Limb 
	Height and Body Mass 
	Leg Length 
	Anterior Reach Test 
	Hip Rotation Active Range of Motion 
	Active Knee Extension Test 
	Weightbearing Lunge Test 

	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

