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Abstract: Sports injuries can affect the performance of athletes. For this reason, functional tests
are used for injury assessment and prevention, analyzing physical or physiological imbalances and
detecting asymmetries. The main aim of this study was to detect the asymmetries in the upper limbs
(right and left arms) in athletes, using the OctoBalance Test (OB), depending on the stage of the season.
Two hundred and fifty-two participants (age: 23.33 ± 8.96 years old; height: 178.63 ± 11.12 cm;
body mass: 80.28 ± 17.61 kg; body mass index: 24.88 ± 4.58; sports experience: 12.52 ± 6.28 years),
practicing different sports (rugby, athletics, football, swimming, handball, triathlon, basketball,
hockey, badminton and volleyball), assessed with the OB in medial, superolateral, and inferolateral
directions in both arms, in four moments of the season (May 2017, September 2017, February 2018
and May 2018). ANOVA test was used with repeated measures with a p ≤ 0.05, for the analysis of the
different studied variances. Significant differences were found (p = 0.021) in the medial direction of
the left arm, between the first (May 2017) and fourth stages (May 2018), with values of 71.02 ± 7.15 cm
and 65.03 ± 7.66 cm. From the detection of asymmetries, using the OB to measure, in the medial,
superolateral and inferolateral directions, mobility and balance can be assessed. In addition, it is
possible to observe functional imbalances, as a risk factor for injury, in each of the stages into which
the season is divided, which will help in the prevention of injuries and in the individualization
of training.

Keywords: functional tests; injury prevention; functional assessment; asymmetries

1. Introduction

Recovery and sports injuries can affect the performance of athletes. For this reason,
studies and research must be carried out to prevent injuries in sport and improve the
performance of athletes, thus contributing new knowledge to science. In addition, materials
and methods must be used that allow the correct monitoring and quantification of the load,
as well as the study of functional asymmetries.

The study of asymmetries aims to provide information on the presence or absence of
imbalances among different body segments at certain times of the season and to establish
the most appropriate action protocol for each case.
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Functional tests are used for the assessment and prevention of injuries, as they assess
the mobility and balance to describe asymmetries or functional imbalance, as injury risk
factors [1].

For this reason, it is of great importance to classify high risk factors and the most
common and severe injuries, giving priority to sports presenting higher injury risk in
respect of frequency and severity [2]. Therefore, some sport modalities are associated with
different varieties of injuries. In addition, other possible parameters such as gender, age
and activity (practice/competition) are taken into account and will influence the prevalence
of injuries [3].

The above-mentioned risk factors can be separated into two groups: modifiable and
non-modifiable. Although non-modifiable (gender and age) are of interest, it is similarly
significant to study the parameters which are potentially modifiable with daily practice
(strength, balance or flexibility) [3].

In the same way, in the context of physical activity and sports, it is essential to carry
out an assessment of the athletes, analyzing their evolution or progress on practices, with
the aim of reducing the risk of injury [3]. In addition, it is necessary to study the risk of
injury of the athletes throughout the season, due to the fact that the training load and
physical condition of the athletes is different, and also to carry out an individual control of
the athlete, in each of the moments into which the season is divided. To this end, through
this research, we have sought to carry out individualized physical monitoring throughout
a sports season, carrying out frequent tasks to record information, which will allow us to
establish the risk of injury of the athletes analyzed in different periods of the sports season.
This is because due to the effects of training, their state will vary throughout the training
sessions carried out.

To this end, the articular evaluation Range of Motion (ROM) is used to observe
imbalance or asymmetries as risk factors for injury [4,5]. For the development of scientific
research, different functional assessment tests can be identified, such as Star Excursion
Balance Test (SEBT) [6], and Y-Balance Test (YBT) [7] for the lower body and Upper Quarter
Y-Balance Test (UQYBT) [8] and modified-Upper Quarter Y-Balance Test (mUQYBT) [9] for
the upper body.

One of the main objectives of the use of these tests is the study of physical or physio-
logical imbalances between different body segments, which can have a negative influence
on the athlete’s performance or increase the risk of suffering an injury [5]. These physical
or physiological mismatches are called asymmetries [10].

Therefore, it is necessary to achieve a correct balance between the different structures,
as well as a reduction in asymmetries [10], using different methods of functional assess-
ment [5] to determine the degree of functional balance between the musculature, as well as
an individual approach to data analysis [10].

Given these circumstances, it is necessary to verify the assessment tools, mainly in
the upper limbs. One of the tests used for this purpose is the OctoBalance Test (OB) [1]. It
includes an octagonal platform device and two measurement systems, which evaluate the
mobility in three directions (medial, superolateral and inferolateral), and which could be
used by sports scientists to assess injuries and observe asymmetries [11].

The OB Test has been shown previously to be a valid and reliable tool for measuring
ROM [11], which allows us to assess mobility and balance, as well as to detect asymmetries
or functional imbalances, as an injury risk factor [1].

To date, to the authors’ knowledge, no research or scientific evidence has been found
using the OB test for the detection of upper limb asymmetries in different sports, depending
on the time of the season.

For this reason, the main objective of this research was to detect asymmetries in the
upper limbs (right and left arms) in athletes, using the OB test (direct medial, superolateral
and inferolateral), at different times of the sports season.
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2. Materials and Methods

This research had an experimental design with 252 participants. The OB was utilized
as the evaluation tool. The assessment protocol described different movements with the
right arm and left arm on the OB platform, analyzing the lengths reached afterward. The
evaluation was developed at the laboratory of the European University of the Atlantic,
Santander (Spain).

2.1. Participants

Two hundred and fifty-two participants: age: 23.33± 8.96 years old; height: 178.63± 11.12 cm;
body mass: 80.28 ± 17.61 kg; body mass index (BMI): 24.88 ± 4.58, and with an experience
in sport of 12.52 ± 6.28 years (Table 1), took part in this investigation.

Table 1. Characteristics of the participants in the study.

n Mean Standard Deviation

Age
(years) 252 23.33 8.96

Height (cm) 252 178.63 11.12
Body mass (kg) 252 80.28 17.61

BMI 252 24.88 4.58
Experience in sport (years) 252 12.52 6.28

Before the study, all athletes signed their reported consent. This document was
compulsory for every athlete and had to be filled out and signed before testing. Inclusion
criteria considered that the participants were completely healthy and suitably fit for the
test. On contrary, exclusion criteria were: having taken any type of medication; suffering
an upper or lower body injury; having practiced any type of training before the test; and
suffering any type of illness that would not allow the evaluation protocol to be carried
out correctly.

Additionally, the study was evaluated by the Research Ethics Committee of the Eu-
ropean Atlantic University, Santander, Spain (code: ID16-IN-022) based on the Helsinki
Statement of 2008, updated in Fortaleza, October 2013.

2.2. Material

The OB was used as an assessment device (Check your Motion®, Albacete, Spain),
which involves an octagonal platform and two different measurement systems both effec-
tive and scientifically valid [1,11], to assess the functional capacities, identify weaknesses
and asymmetries and provide feedback during the practice of the appropriate exercises.

The OB test has been described as a valid, reliable and reproducible device [11], for the
measurement of ROM in the upper limb. To the authors’ knowledge, no previous scientific
studies have been found using OB testing for the detection of upper limb asymmetries, in
different sports, at different times of the sport season.

Finally, for data collection, a record sheet was designed to store the personal data of
the athletes, as well as to record each of the measurements obtained in the evaluation.

2.3. Protocol

With the aim of evaluating the asymmetries in athletes in the different stages of the
season, the OB test was used as an assessment tool, effective and scientifically validated [1,11]
to evaluate the functional capacities of athletes, to detect weaknesses and asymmetries and
to offer continuous feedback during the practice about correct exercises. For the evaluation,
the protocol utilized [11] the validity, reliability and reproducibility of the OB was followed.

The assessment process included the fulfilment of different movements in different
directions, medial (Med), superolateral (Sup) and inferolateral (Inf), in both arms, right (R)
and left arm (L), platform [11], measuring the length reached afterward, in different stages
of the season, May 2017, September 2017, February 2018, and May 2018.
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The athletes were familiarized with OB, and had to fill in a form with their personal
information: name, surname, age gender, body mass, height, sport practiced, previous
injuries and sport experience.

Before evaluation, a standard warm-up was performed, consisting of 3 series of
10 repetitions of squats without external load, push-ups (arms) without load and lunges
without load, all of them with a 60” break between series. Additionally, all participants
were up to date with the necessity of avoiding compensations and flexions of the elbow by
using correct technique.

The evaluation was carried out with the participants barefoot, in order to guarantee
correct test reliability and performance. Three attempts were completed for each direction,
medial, superolateral and inferolateral, with each arm having a 10 s passive recovery rest
between attempts [1].

It is important to note that attempts were not measured as valid if the mobility or
balance failed, lower limbs moved, movements were not performed in the same correct
direction and arm movements were not achieved according to the established protocol [9,11].
Finally, when athletes performed a repetition considered null, the test was repeated one
more time, until it was completed properly.

2.4. Statistical Analysis

Data are shown as a mean (±) standard deviation (SD). Firstly, an analysis was made
to check the normal distribution of the data. The Kolmogorov–Smirnov test (>50) was
applied to confirm the normality. All variables presented a normal distribution, we decided
to use a parametric formula. We set our significance level α at 0.05, with 95% confidence
intervals (CI) in all measures.

The Levene statistic was used to test the homogeneity of the variances. In order to
estimate the presence of significant differences, an analysis of variance (ANOVA) with
repeated measurements was carried out with a p ≤ 0.05, for the analysis of the different
variables studied of the OB (medial, superolateral and inferolateral direction in both arms)
at four moments of the season (May 2017, September 2017, February 2018, and May 2018).

Subsequently, one of the post-hoc tests offering variance analysis was used. In particu-
lar, the Scheffé test. The Scheffé test performs multiple joint pair comparisons for all pairs
of possible mean combinations, using the F sample distribution. In addition, it can be used
to examine all linear combinations of possible mean groups, not just pair comparisons. The
Scheffé test was utilized because of its more conservative nature and the characteristics
of the sample. Version 25 of Statistics Software packageR (SPSS® Inc., Chicago, IL, USA),
was used.

3. Results

A total of 252 participants took part in the study. Among the 252 participants, 65 were
younger than 18 years old, 173 between 18 and 35, and 4 older than 35 years. Related
to gender, 210 were men and 42 women. Moreover, 10 different sports were identified;
91 rugby players, 22 athletes, 48 football players, 8 swimmers, 39 handball players, 4 triath-
letes, 10 basketball players, 9 hockey players, 7 badminton players and 14 volleyball
players. Finally, 34 participants were identified as belonging to an endurance sport and
218 participants belonging to a sport of intermittent nature (Table 2).

For the detection of asymmetries, the average of the scores of each of the measures
taken at the different moments of the sports season was taken into account. Different
variables of the OB were considered: the medial (Med), superolateral (Sup) and inferolateral
(Inf) direction of the right arm (R) and left arm (L), in May 2017 (M17), September 2017
(S17), February 2018 (F18) and May 2018 (M18), with the aim of identifying the existence
of significant differences with respect to the scores of these variables and the stage of
the season.
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Table 2. Age of participants, gender of participants, sport and type of sport.

Age n Percent

Younger than 18 65 25.8
18–35 173 68.7

Older than 35 14 5.6
Total 252 100.0

Gender n Percent

Men 210 83.3
Women 42 16.7

Total 252 100.0

Sport n Percent

Rugby 91 36.1
Athletics 22 8.7
Football 48 19.0

Swimming 8 3.2
Handball 39 15.5
Triathlon 4 1.6
Baskeball 10 4.0
Hockey 9 3.6

Badminton 7 2.8
Volleyball 14 5.6

Total 252 100.0

Sport n Percent

Rugby 91 36.1
Athletics 22 8.7
Football 48 19.0

Swimming 8 3.2
Handball 39 15.5
Triathlon 4 1.6
Baskeball 10 4.0
Hockey 9 3.6

Badminton 7 2.8
Volleyball 14 5.6

Total 252 100.0

Type of sport n Percent

Endurance 34 13.5
Intermittent 218 86.5

Total 252 100.0

Significant differences were found (p = 0.012), within the analysis of variance (p ≤ 0.05), in
the medial direction of the left arm. Likewise, significant differences were found (p = 0.021)
between the first period (May 2017) and the fourth period (May 2018) (Table 3).

Table 3. OB values in the medial direction of the left arm.

Mean Std. Deviation F Sig

OB Med L M17 (cm) 71.02 7.15

5.820 0.012
OB Med L S17 (cm) 68.49 9.15
OB Med L F18 (cm) 69.50 8.66
OB Med L M18 (cm) 65.03 7.66

OB: OctoBalance test; Med: Medial; L: left arm; M17: May 2017; S17: September 2017; F18: February 2018;
M18: May 2018.

No significant differences were observed (p = 0.137), within the analysis of variance
(p ≤ 0.05), in the medial direction of the right arm, in the different moments of the season
(Table 4).
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Table 4. OB values in the medial direction of the right arm.

Mean Std. Deviation F Sig

OB Med R M17 (cm) 71.19 8.07

2.273 0.137
OB Med R S17 (cm) 69.80 10.38
OB Med R F18 (cm) 69.83 8.78
OB Med R M18 (cm) 66.03 9.55

OB: OctoBalance test; Med: Medial; R: right arm; M17: May 2017; S17: September 2017; F18: February 2018;
M18: May 2018.

The different variables of the OB did not show any significant effect (p = 0.117), within
the analysis of variance (p ≤ 0.05), in the superolateral direction of the right arm, in the
different stages of the season (Table 5).

Table 5. OB values in the superolateral direction of the right arm.

Mean Std. Deviation F Sig

OB Sup R M17 (cm) 37.27 7.93

2.416 0.117
OB Sup R S17 (cm) 32.86 9.40
OB Sup R F18 (cm) 54.24 85.77
OB Sup R M18 (cm) 38.60 10.69

OB: OctoBalance test; Sup: Superolateral; R: right arm; M17: May 2017; S17: September 2017; F18: February 2018;
M18: May 2018.

No significant differences were observed (p = 0.077), within the assessment of variance
(p ≤ 0.05), in the superolateral direction of the left arm, in the different stages of the season
(Table 6).

Table 6. OB values in the superolateral direction of the left arm.

Mean Std. Deviation F Sig

Ob Sup L M17 (cm) 35.27 7.09

2.999 0.077
Ob Sup L S17 (cm) 33.29 8.41
Ob Sup L F18 (cm) 32.40 7.80
Ob Sup L M18 (cm) 39.63 12.06

OB: OctoBalance test; Sup: Superolateral; L: left arm; M17: May 2017; S17: September 2017; F18: February 2018;
M18: May 2018.

The different variables of the OB did not show any significant effect (p = 0.160), within
the assessment of variance (p ≤ 0.05), in the inferolateral direction of the right arm, in the
different stages of the season (Table 7).

Table 7. OB values in the inferolateral direction of the right arm.

Mean Std. Deviation F Sig

Ob Inf R M17 (cm) 39.86 9.52

2.051 0.160
Ob Inf R S17 (cm) 47.41 10.96
Ob Inf R F18 (cm) 44.42 8.92
Ob Inf R M18 (cm) 43.41 6.07

OB: OctoBalance test; Inf: Inferolateral; R: right arm; M17: May 2017; S17: September 2017; F18: February 2018;
M18: May 2018.

No significant differences were observed (p = 0.347), within the assessment of variance
(p ≤ 0.05), in the inferolateral direction of the left arm, in the different stages of the season
(Table 8).
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Table 8. OB values in the inferolateral direction of the left arm.

Mean Std. Deviation F Sig

Ob Inf L M17 (cm) 45.30 6.31

1.224 0.347
Ob Inf L S17 (cm) 44.45 8.51
Ob Inf L F18 (cm) 41.50 9.09
Ob Inf L M18 (cm) 43.82 7.85

OB: OctoBalance test; Inf: Inferolateral; L: left arm; M17: May 2017; S17: September 2017; F18: February 2018;
M18: May 2018.

4. Discussion

The main aim of this study was to detect asymmetries in the upper limbs in athletes,
depending on the stage of the season.

Through the statistical analyses carried out, significant differences were found (p = 0.012),
using the analysis of variance (p ≤ 0.05), in the medial direction of the left arm. Likewise,
significant differences (p = 0.021) were found between the first period (May 2017) and the
fourth period (May 2018), with values of 71.02 ± 7.15 cm and 65.03 ± 7.66 cm respectively.
The presence of significant differences in the medial direction of the left arm show the
usefulness of functional tests for the assessment of injuries, evaluating imbalances and joint
mobility in order to allow us to determine which one can negatively influence the athlete’s
performance or increase the risk of injury [1]. No significant differences were observed in
the medial direction of the right arm (p = 0.137), in the superolateral direction of the right
arm (p = 0.117) and of the left arm (p = 0.077), nor in the inferolateral direction of the right
arm (p = 0.160) and the left arm (p = 0.347).

Related to the observed asymmetry, the presence of significant differences (p = 0.021),
between the first period (May 2017) and the fourth period (May 2018), with values of
71.02 ± 7.15 cm and 65.03 ± 7.66 cm, respectively, allows us to identify the changes caused
at different times of the season in a limb of the human body. Thus, the results show a
decrease in asymmetries in the medial direction of the left arm, in the same period of
different seasons (May 2017 and May 2018), as being essential to monitor the athletes,
knowing their evolution or progress in training and to decrease injury risk [3].

Therefore, the findings show great objective information that can help prevent the
likelihood of injury [5], allow comparison of different stages of the season (May 2017,
September 2017, February 2018 and May 2018), as well as to observe asymmetries between
limbs, and is necessary for a longitudinal follow-up such as the one carried out [10].

These results, reveal the efficiency of the evaluation the Range of Motion (ROM) in the
superolateral, inferolateral and medial direction with OB [11], in order to observe imbalance
or asymmetries as a possible risk factor for injury [4,5]. It also shows the importance of using
these tests of functional evaluation [1] in different sports, such as rugby, for identifying
the asymmetries through the differences in limbs [12]; in football, for identifying the risk
factors through the analysis of movement patterns in the preseason [5]; or basketball, as
a predictor of lower extremity injury [13], for observing the asymmetries with different
functional tests, compared to other tests of performance [1], and to prevent the risk of injury
in basketball players [14] by identifying the most common and serious injuries and the
main risk factors [3].

This way, the assessment of different types of sports, endurance (34 participants)
and sports of intermittent nature (218 participants) shows the necessity of classifying the
risk of injury of each sport, as the asymmetries seem to reflect the requirements of each
sport [1,5,12]. This risk of injury will not only be defined by the sport or the environmental
factor but also the individual characteristics of each participant could influence, in a decisive
way [10] the possibility of suffering an injury. Therefore, different sports modalities are
related to different types of injuries [3].

Moreover, age (23.33 ± 8.961 years), gender (210 men and 42 women), body mass
(80.28 ± 17.61 kg), body mass index (24.88 ± 4.58), experience in the sport (12.52 ± 6.285 years)
and type of activity (practice/competition) are parameters which are going to influence the
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prevalence of injuries [3]. Although non-modifiable risk factors, such as gender and age [14],
are of interest, the presence of asymmetries (p = 0.021), with values of 71.02 ± 7.15 cm and
65.03 ± 7.66 cm, between different periods (May 2017 and May 2018) show the necessity to
analyze potential modifiable parameters related to physical training (strength, balance or
flexibility) [3].

Therefore, it can be determined that sport success is based on many and different
parameters. Among them, the early identification of the injury and post-interventions that
are based on scientific evidence [15,16], are key factors in the prevention and treatment of
sports injuries, but always with a reliable and valid assessment, such as that used here.

In addition, optimal recovery after sport or a match is a key factor for sports per-
formance. For proper recovery, the training load should be properly monitored [17] and
different recovery protocols and strategies should be used [18,19]. In addition, individual
biomarkers should be taken into account to improve health, performance and recovery [20],
individual parameters such as sleepiness, recovery profile, stress, soreness and fatigue.
Evidence-based recovery will optimize the care and monitoring of athletes [21].

Together with these factors, the identification of asymmetries [10] can have a direct
effect on the economic expense which predicts the treatment of the different pathologies
derived from the participation in different sports. This way, Junior et al. [16] highlight the
direct and proportional relation between the severity of the injury and the medical expense
associated to it. Although the economic expenses derived from a sports injury are not the
only ones to be taken into account [16], they are the main ones at the time to assess the
process injury-recovery purely in an economic way. Therefore, it is necessary to point out
that there should be a significant investment in the prevention of these situations, with this
type of evaluation.

Therefore, it is necessary to achieve a correct balance between the different structures,
as well as a reduction in asymmetries, using different methods of functional assessment
to determine the degree of functional balance between the musculature, as well as an
individual approach to data analysis [10].

Some potential limitations such as sample, age, gender, type of sport through the
season frequently happens in these studies. On the other hand, it provided a heterogenic
population, including men and women of a variety of modalities.

Furthermore, it should be pointed out that the main results described have been
carried out based on the results obtained and selected, under our own eligibility criteria,
using valid and reliable tools to classify the different potential risk injury factors.

5. Conclusions

From the detection of asymmetries, using the OB to measure, in the medial, superolat-
eral and inferolateral directions, mobility and balance can be assessed, allowing physical or
physiological misalignments between different body segments to be observed, which can
negatively influence the athlete’s performance or increase the risk of injury.

Likewise, OB is shown as an assessment tool which allows detection of asymmetries in
the upper limb, being necessary on the part of the athletes, of a neuromuscular work, espe-
cially in the upper body, with a specific training which allows the reduction in asymmetries
and the improvement of mobility and balance.

The results obtained in this project, highlighted the importance of a personal and
individual assessment of the athlete, in each of the stages in which the season is divided,
which will help in the prevention of injuries and in the individualization of training.



Int. J. Environ. Res. Public Health 2022, 19, 849 9 of 10

Author Contributions: Conceptualization, Á.V.-S., A.B.-C., J.C.-G. and M.M.-C.; methodology, Á.V.-
S., A.B.-C., J.C.-G. and M.M.-C.; software, A.B.-C. and M.M.-C.; validation, Á.V.-S., A.B.-C., J.C.-G. and
M.M.-C.; formal analysis, Á.V.-S., A.B.-C., J.C.-G., S.A.-O. and M.M.-C.; investigation, Á.V.-S., A.B.-C.,
J.C.-G. and M.M.-C.; resources, A.B.-C. and M.M.-C.; data curation, Á.V.-S., A.B.-C., and M.M.-C.;
writing—original draft preparation, Á.V.-S. and J.C.-G.; writing—review and editing, Á.V.-S., M.M.-C.
and J.C.-G.; visualization, Á.V.-S., A.B.-C. and M.M.-C.; supervision, S.A.-O. and M.B.-F.; project
administration, Á.V.-S., M.M.-C. and A.B.-C. All authors have read and agreed to the published
version of the manuscript.

Funding: The APC was funded by Universidad Europea del Atlántico.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Ethics Committee of European Atlantic University,
Santander, Spain (code: ID16-IN-022 approved: 28 June 2017).

Informed Consent Statement: Informed consent was obtained from all participants included in
this investigation.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to privacy.

Acknowledgments: The authors would like to thank all the participants of this study.

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

References
1. Gonzalo-Skok, O.; Serna, J.; Rhea, M.R.; Marín, P.J. Relationships between functional movement tests and performance tests in

young elite male basketball players. Int. J. Sports Phys. Ther. 2015, 10, 628. [PubMed]
2. Åman, M.; Forssblad, M.; Henriksson-Larsén, K. Incidence and severity of reported acute sports injuries in 35 sports using

insurance registry data. Scand. J. Med. Sci. Sports 2016, 26, 451–462. [CrossRef] [PubMed]
3. Bahr, R.; Holme, I. Risk factors for sports injuries—A methodological approach. Br. J. Sports Med. 2003, 37, 384–392. [CrossRef]

[PubMed]
4. Afonso, J.; Ramirez-Campillo, R.; Moscão, J.; Rocha, T.; Zacca, R.; Martins, A.; Milheiro, A.A.; Ferreira, J.; Sarmento, H.; Clemente,

F.M. Strength Training versus Stretching for Improving Range of Motion: A Systematic Review and Meta-Analysis. Healthcare
2021, 9, 427. [CrossRef] [PubMed]

5. Raya-González, J.; Clemente, F.M.; Castillo, D. Analyzing the Magnitude of Interlimb Asymmetries in Young Female Soccer
Players: A Preliminary Study. Int. J. Environ. Res. Public Health 2021, 18, 475. [CrossRef] [PubMed]

6. Gribble, P.A.; Kelly, S.E.; Refshauge, K.M.; Hiller, C.E. Interrater Reliability of the Star Excursion Balance Test. J. Athl. Train. 2013,
48, 621–626. [CrossRef] [PubMed]

7. Plisky, P.J.; Gorman, P.P.; Butler, R.J.; Kiesel, K.B.; Underwood, F.B.; Elkins, B. The reliability of an instrumented device for
measuring components of the star excursion balance test. N. Am. J. Sports Phys. Ther. NAJSPT 2009, 4, 92–99. [PubMed]

8. Gorman, P.P.; Butler, R.J.; Plisky, P.J.; Kiesel, K.B. Upper Quarter Y Balance Test: Reliability and performance comparison between
genders in active adults. J. Strength Cond. Res. 2012, 26, 3043–3048. [CrossRef] [PubMed]

9. Cramer, J.; Quintero, M.; Rhinehart, A.; Rutherford, C.; Nasypany, A.; May, J.; Baker, R.T. Exploration of score agreement on a
modified upper quarter y-balance test kit as compared to the upper quarter y-balance test. Int. J. Sports Phys. Ther. 2017, 12, 117.
[PubMed]

10. Bishop, C.; Lake, J.; Loturco, I.; Papadopoulos, K.; Turner, A.; Read, P. Interlimb asymmetries: The need for an individual
approach to data analysis. J. Strength Cond. Res. 2021, 35, 695–701. [CrossRef] [PubMed]

11. Velarde-Sotres, Á.; Bores-Cerezal, A.; Mecías-Calvo, M.; Carvajal-Altamiranda, S.; Calleja-González, J. Validity, Reliability and
Reproducibility of OctoBalance Test as Tool to Measure the Upper Limb Compared to Modified-Upper Quarter Y-Balance Test.
Int. J. Environ. Res. Public Health 2021, 18, 5057. [CrossRef] [PubMed]

12. Hickey, K.C.; Quatman, C.E.; Myer, G.D.; Ford, K.R.; Brosky, J.A.; Hewett, T.E. Methodological report: Dynamic field tests used in
an NFL combine setting to identify lower extremity functional asymmetries. J. Strength Cond. Res. Strength Cond. Assoc. 2009, 23,
2500–2506. [CrossRef] [PubMed]

13. Plisky, P.J.; Rauh, M.J.; Kaminski, T.W.; Underwood, F.B. Star Excursion Balance Test as a predictor of lower extremity injury in
high school basketball players. J. Orthop. Sport Phys. Ther. 2006, 36, 911–919. [CrossRef] [PubMed]

14. Gonzalo-Skok, O.; Serna, J.; Rhea, M.R.; Marín, P.J. Age differences in measures of functional movement and performance in
highly young basketball players. Int. J. Sports Phys. Ther. 2017, 12, 812–821. [CrossRef] [PubMed]

15. EuroSafe. Injuries in the European Union, Report on Injury Statistics 2008–2010; European Association for Injury Prevention and
Safety Promotion: Amsterdam, The Netherlands, 2013; pp. 1–40.

16. Junior, H.; Luiz, C.; Barboza, S.D.; Van Mechelen, W.; Verhagen, E. Measuring sports injuries on the pitch: A guide to use in
practice. Braz. J. Phys. Ther. 2015, 19, 369–380. [CrossRef]

http://www.ncbi.nlm.nih.gov/pubmed/26491613
http://doi.org/10.1111/sms.12462
http://www.ncbi.nlm.nih.gov/pubmed/25850826
http://doi.org/10.1136/bjsm.37.5.384
http://www.ncbi.nlm.nih.gov/pubmed/14514527
http://doi.org/10.3390/healthcare9040427
http://www.ncbi.nlm.nih.gov/pubmed/33917036
http://doi.org/10.3390/ijerph18020475
http://www.ncbi.nlm.nih.gov/pubmed/33435559
http://doi.org/10.4085/1062-6050-48.3.03
http://www.ncbi.nlm.nih.gov/pubmed/24067151
http://www.ncbi.nlm.nih.gov/pubmed/21509114
http://doi.org/10.1519/JSC.0b013e3182472fdb
http://www.ncbi.nlm.nih.gov/pubmed/22228174
http://www.ncbi.nlm.nih.gov/pubmed/28217422
http://doi.org/10.1519/JSC.0000000000002729
http://www.ncbi.nlm.nih.gov/pubmed/33587548
http://doi.org/10.3390/ijerph18105057
http://www.ncbi.nlm.nih.gov/pubmed/34064693
http://doi.org/10.1519/JSC.0b013e3181b1f77b
http://www.ncbi.nlm.nih.gov/pubmed/19910824
http://doi.org/10.2519/jospt.2006.2244
http://www.ncbi.nlm.nih.gov/pubmed/17193868
http://doi.org/10.26603/ijspt20170812
http://www.ncbi.nlm.nih.gov/pubmed/29181258
http://doi.org/10.1590/bjpt-rbf.2014.0110


Int. J. Environ. Res. Public Health 2022, 19, 849 10 of 10

17. Chena, M.; Morcillo, J.A.; Rodríguez-Hernández, M.L.; Zapardiel, J.C.; Owen, A.; Lozano, D. The Effect of Weekly Training Load
across a Competitive Microcycle on Contextual Variables in Professional Soccer. Int. J. Environ. Res. Public Health 2021, 18, 5091.
[CrossRef]

18. Delextrat, A.; Calleja-González, J.; Hippocrate, A.; Clarke, N.D. Effects of sports massage and intermittent cold-water immersion
on recovery from matches by basketball players. Sports Sci. 2013, 31, 11–19. [CrossRef]

19. Marqués-Jiménez, D.; Calleja-González, J.; Arratibel, I.; Delextrat, A.; Terrados, N. Are compression garments effective for
the recovery of exercise-induced muscle damage? A systematic review with meta-analysis. Physiol. Behav. 2016, 153, 133–148.
[CrossRef] [PubMed]

20. Lee, E.C.; Fragala, M.S.; Kavouras, S.A.; Queen, R.M.; Pryor, J.L.; Casa, D.J. Biomarkers in sports and exercise: Tracking health,
performance, and recovery in athletes. J. Strength Cond. Res. 2017, 31, 2920. [CrossRef] [PubMed]

21. Calleja-González, J.; Mielgo-Ayuso, J.; Sampaio, J.; Delextrat, A.; Ostojic, S.M.; Marques-Jiménez, D.; Arratibel, I.; Sánchez-Ureña,
B.; Dupont, G.; Schelling, X.; et al. Brief ideas about evidence-based recovery in team sports. J. Exerc. Rehabil. 2018, 14, 545.
[CrossRef] [PubMed]

http://doi.org/10.3390/ijerph18105091
http://doi.org/10.1080/02640414.2012.719241
http://doi.org/10.1016/j.physbeh.2015.10.027
http://www.ncbi.nlm.nih.gov/pubmed/26522739
http://doi.org/10.1519/JSC.0000000000002122
http://www.ncbi.nlm.nih.gov/pubmed/28737585
http://doi.org/10.12965/jer.1836244.122
http://www.ncbi.nlm.nih.gov/pubmed/30276172

	Introduction 
	Materials and Methods 
	Participants 
	Material 
	Protocol 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

