
Citation: Arboix-Alió, J.; Trabal, G.;

Buscà, B.; Moreno-Galcerán, D.;

de Pablo, B.; Sarmento, H.; Vaz, V.

Influence of the Stick Grasping in

Sprint and Change of Direction

Performance in Elite Youth Rink

Hockey Players. Biomechanics 2024, 4,

144–152. https://doi.org/10.3390/

biomechanics4010009

Academic Editor: Ka-Chun

(Joseph) Siu

Received: 12 January 2024

Revised: 26 February 2024

Accepted: 27 February 2024

Published: 1 March 2024

Copyright: © 2024 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

Article

Influence of the Stick Grasping in Sprint and Change of
Direction Performance in Elite Youth Rink Hockey Players
Jordi Arboix-Alió 1,2,3,* , Guillem Trabal 4,5 , Bernat Buscà 1 , Dani Moreno-Galcerán 4,5 , Bernat de Pablo 6,
Hugo Sarmento 7 and Vasco Vaz 7

1 Department of Sports Science, Ramon Llull University, FPCEE Blanquerna, 08022 Barcelona, Spain;
bernatbs@blanquerna.url.edu

2 School of Health Sciences, Ramon Llull University, FCS Blanquerna, 08022 Barcelona, Spain
3 FC Barcelona, Sport Performance Area, 08970 Barcelona, Spain
4 Department of Physical Activity Sciences, University of Vic—Central University of Catalonia,

08500 Vic, Spain; guillem.trabal@uvic.cat (G.T.); daniel.moreno@uvic.cat (D.M.-G.)
5 Sport, Exercise, and Human Movement (SEaHM) Research Group, University of Vic—Central University of

Catalonia, 08500 Vic, Spain
6 Real Federación Española de Patinaje, 28037 Madrid, Spain; bernatdepablo@gmail.com
7 University of Coimbra, Research Unit for Sport and Physical Activity (CIDAF), Faculty of Sport Sciences and

Physical Education, 3004-504 Coimbra, Portugal; vascovaz@fcdef.uc.pt (V.V.)
* Correspondence: jordiaa1@blanquerna.url.edu

Abstract: This study aimed to investigate the influence of stick grasping on the performance
of elite youth rink hockey players in 10 m linear sprints and 180◦ change of direction (COD)
tasks. Forty-nine rink hockey players (age = 18.40 ± 2.12 year; body mass = 73.52 ± 6.02 kg;
height = 1.82 ± 0.07 m; BMI = 23.61 ± 1.69; sports experience = 6.42 ± 1.41 years; 4.89 ± 0.68 years’
post-peak height velocity) participated in this cross-sectional study. Measurements included 10 m
sprint time and COD 180◦ performance with and without stick grasping. Results revealed non-
significant differences when carrying a stick in the 10 m linear sprint (1.90 s ± 0.08 with stick vs.
1.89 s ± 0.08 without stick; p = 0.71; d = 0.05), neither did COD 180◦ for the left limb (2.75s ± 0.11
with stick vs. 2.76 s ± 0.11 without stick; p = 0.91; d = 0.02). However, for the right limb, significantly
better performance in COD 180◦ was found when players held the stick (2.72 s ± 0.11 with stick vs.
2.75 s ± 0.09 without stick; p = 0.03; d = 0.32). These findings imply that the distinctive biomechanics
and requirements of rink hockey, especially the lateral movements inherent in skating, might alleviate
the negative impacts associated with implement grasping observed in other sports. This study
highlights that stick grasping did not hinder COD ability and may even have a facilitating effect on
certain movements, emphasizing the importance of considering sport-specific biomechanics in rink
hockey performance analysis.

Keywords: roller hockey; biomechanics; performance enhancement; training specificity

1. Introduction

Rink hockey, alternatively referred to as roller hockey, quad hockey, or hardball hockey,
is a team sport played by two teams, each composed of five players (four players and
one goalkeeper). The game unfolds on a rectangular rink measuring 40 m in length and
20 m in width, enclosed by a one-meter high barrier. Participants navigate the playing
surface on classic skates equipped with two pairs of parallel wheels, wielding a stick
to manipulate a solid, round ball. The physical demands of rink hockey are distinctive,
characterized by an intermittent nature featuring brief bursts of high-intensity acceleration
and speed. These dynamic sequences typically endure for less than 10 s and involve
various unilateral high-intensity actions, including accelerations, tackles, shots, or sudden
braking [1].

Biomechanics 2024, 4, 144–152. https://doi.org/10.3390/biomechanics4010009 https://www.mdpi.com/journal/biomechanics

https://doi.org/10.3390/biomechanics4010009
https://doi.org/10.3390/biomechanics4010009
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/biomechanics
https://www.mdpi.com
https://orcid.org/0000-0002-7295-5864
https://orcid.org/0000-0002-6059-5339
https://orcid.org/0000-0002-4831-8224
https://orcid.org/0000-0002-2787-0036
https://orcid.org/0000-0001-8681-0642
https://orcid.org/0000-0001-7922-1540
https://doi.org/10.3390/biomechanics4010009
https://www.mdpi.com/journal/biomechanics
https://www.mdpi.com/article/10.3390/biomechanics4010009?type=check_update&version=1


Biomechanics 2024, 4 145

Among the essential skills in this sport, sprinting and change of direction (COD) ability
play a pivotal role in determining an athlete’s performance outcomes [2]. These attributes
are especially crucial in sports conducted within confined spaces like rink hockey, where
rapid accelerations and swift changes of direction can mean the difference between success
and a missed opportunity. Moreover, rink hockey players have the added particularity of
having to perform these tasks with skates. In this vein, from a biomechanical perspective,
rink hockey skating can be dissected into two distinct phases: propulsion and recovery.
In the propulsion phase, players generate the force required to move themselves forward
by executing a swift and forceful knee extension. This extension propels their forward
motion. Simultaneously, during the recovery phase, players retract their legs backward in
preparation for the subsequent stride. It is crucial in this phase to keep the leg as close to
the ground as possible to minimize any loss of momentum in the skating motion. Moreover,
players must execute a knee flexion movement to ready themselves for the impending
stride [3]. In the initial strides from a static position, players utilize the front part of the
skate (the toe stop) to perform rapid, small steps at a high frequency. This initial burst
of activity is succeeded by utilizing the generated momentum to continue gliding on the
wheels. As players accumulate momentum and persist in generating strides with the
wheels, they integrate frontal and lateral force vectors [3].

In contrast to speed skating, where biomechanics encompass arm positioning (extend-
ing arms forward for enhanced aerodynamics and momentum, and maintaining an upright
torso for stability and control) [4], rink hockey involves less upper limb movement due
to the constraint of the stick grasping [3]. Similar to other hockey modalities and various
team sports, such as rugby, lacrosse, or cricket, participants in these sports are obliged to
carry essential, yet restrictive, pieces of equipment (e.g., a ball or stick) while executing the
sport’s task objectives [5]. This aspect can negatively influence players’ displacement since
the introduction of weights to the body has been documented to influence performance
and induce adaptations in sprint technique [6]. For instance, some studies have shown
that carrying a rugby ball during a 30 m sprint run can negatively impact the time taken to
cover the distance compared to a sprint run performed without the ball [7,8]. In cricket,
Callaghan et al. [9] reported that the act of carrying a bat has implications for both arm and
leg kinematics during a 17.68 m sprint. This influence can ultimately lead to a reduction in
step length and an increase in the time taken when the sprint is initiated from a static start.
Similarly, Watkins et al. [10] demonstrated that stick carry led to slower sprint times over
20 m, including the 0–5 m, 5–10 m, 10–15 m, and 15–20 m intervals, in both male and female
lacrosse players. These shared biomechanical challenges, such as altered kinematics and
increased resistance during sprints, provide a plausible connection between the influences
of equipment in the aforementioned sports, and the potential impact of stick grasping in
rink hockey.

In this context, despite the recent increase in rink hockey investigations [11,12], the re-
lationship between these factors remains largely unexplored and to the authors’ knowledge,
no studies analyzing the influence of stick grasping in rink hockey players displacement
exist to date. Unlike sports, where athletes may use their hands freely, rink hockey players
are constrained by the stick, which introduces a distinctive biomechanical element. Un-
derstanding how stick grasping affects sprinting and COD tasks is crucial for optimizing
performance strategies specific to rink hockey. Therefore, the main objective of this study
was to determine the differences in linear sprint and COD tasks executed with and without
stick and study their relationship.

2. Materials and Methods

This study employed a cross-sectional design to assess the differences in sprinting
and COD velocity according to the stick grasping in a group of elite youth rink hockey
players. To determine the COD and sprint velocity, the 180◦ COD test and 10 m sprint test
were assessed.
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2.1. Participants

Forty-nine young elite male rink hockey players were recruited through convenience
sampling to participate in this research. The participants in this study were currently part
of the pre-selection process for the U-19 national team and were acknowledged as the
top-performing players in their league. Table 1 provides an overview of the participants’
demographic information, encompassing details such as age, height, mass, body mass
index (BMI), sports experience, and years post-peak height velocity. Biological maturation
was determined using a non-invasive approach, utilizing a regression equation from
Mirwald et al. [13] that incorporated age, body mass, standing height, and sitting height
measures. All participants in the study maintained a minimum training frequency of four
sessions per week, equivalent to approximately 8 to 12 h weekly, spanning 8–9 months
each year. Moreover, they actively engaged in at least one game every weekend throughout
the entire season. It is noteworthy that during each training session, players dedicated
approximately one hour to specific strength training in the gym with athletic shoes, followed
by an hour and a half of on-field practice. This comprehensive training regimen covered
both general physical preparation and specific on-field skills, contributing to their athletic
development and technical proficiency throughout the season. Exclusion criteria for athletes
encompassed the presence of any injury (acute or chronic) or illness during the test period
that hindered maximal effort. All sports-related injuries incurred during both matches
and training sessions were meticulously documented and tracked using the Osics coding
system [14]. Moreover, the goalkeepers were excluded from the analyses because their
game performance is not dictated by this type of skating ability. Prior to study participation,
written informed consent was secured from all participants. The research design adhered
to the guidelines of the Declaration of Helsinki (revised in Fortaleza, Brazil, 2013) and
received approval from the local university ethics board (ref. no. 1819005D). Additionally,
consent for the study was obtained from the technical departments of the clubs involved.

Table 1. Participants characteristics.

Mean SD

Age (years) 18.40 2.12
Height (m) 1.82 0.07
Body mass (kg) 73.52 6.02
BMI (kg·m2) 23.61 2.12
Sports experience (years) 6.42 1.41
Years’ post-peak height velocity (years) 4.89 0.68

Key: BMI = body mass index; SD = standard deviation.

2.2. Procedures

One week before the data collection, participants were extensively introduced to all
tests and procedures. On the testing day, a standardized warm-up protocol was methodi-
cally applied to adequately prepare the participants for subsequent assessments. Initially,
all subjects participated in a 15 min warm-up routine wearing sneakers, including contin-
uous moderate-intensity running, joint mobility exercises targeting the trunk, shoulders,
and wrists, as well as movements at various speeds on the track and progressive speed
changes up to maximum intensity. Following the sneaker warm-up, participants dedicated
10 min to maximal, progressively intense specific activities with skates, involving sprints,
directional changes, and acceleration/deceleration. To familiarize the participants with the
tests, three practice trials were conducted, each executed at perceived effort levels of 70%,
85%, and 100% of their maximal capacity. A two-minute rest period was allowed between
the final practice trial and the initiation of the first test. Both the test order and participant
sequence were randomized using a “true random number generator” program to eliminate
potential biases.
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2.2.1. 180◦ Change of Direction Speed Test (COD Test)

The evaluation of COD time performance was conducted using timing gates (Witty,
Microgate, Bolzano, Italy), positioned at a height of 1.3 m from the ground. This elevation
is recommended to minimize the influence of arm movements on the measurements [15].
To replicate specific rink hockey change of direction scenarios [16], the test was carried
out while wearing skates. In this assessment, participants were directed to skate forward
for a distance of five meters and swiftly return to the starting point, covering a total of
ten meters. To execute the test, players were instructed to perform a braking maneuver
on one side and then alternate by using the other leg for two separate attempts. A trial
was deemed successful if the participant crossed the line with the skate during the COD.
In total, each player performed eight attempts: two with a stick and two without for the
right leg, and similarly, two with a stick and two without for the left leg. A two-minute
rest interval was provided between each attempt. The order of the tests and the sequence
of participants were randomized using a “true random number generator” program to
mitigate potential biases. For additional analysis, the fastest time recorded from the two
attempts for each condition was chosen as the representative measure for each player.

2.2.2. 10 m Linear Sprint

Sprint speed was evaluated using a 10 m sprint test. The start and finish lines were
clearly marked with cones. To ensure consistency, the front foot of each player was posi-
tioned 0.5 m before the first timing gate. Two sprints were performed by each participant,
with a three-minute rest period between each attempt. The total time for each sprint was
recorded using photoelectric cells (Witty, Microgate, Bolzano, Italy). The timing gates were
situated at a height of 1.3 m from the ground, spaced 1.5 m apart. This specific height was
chosen to minimize any interference from arm actions during the measurements, following
the recommendations by Yeadon et al. [14]. Each player conducted a total of four attempts,
comprising two with a stick and two without. For further analysis, the fastest time ob-
tained from the two sprints was selected as the representative measure of sprint speed for
each player.

2.3. Statistical Analysis

Statistical analyses were conducted using JAMOVI® v.2.3.24 software. The data for all
variables were presented in terms of mean and standard deviation (SD). The Shapiro–Wilk
test was employed to assess the normality of the variables. Additionally, within-session
reliability of test measures was evaluated using a two-way random intraclass correlation co-
efficient (ICC) with absolute agreement (95% confidence intervals). Interpretations for ICC
values were categorized as follows: >0.9 = excellent, 0.75–0.9 = good, 0.5–0.75 = moderate,
and <0.5 = poor [17]. Additionally, the coefficient of variation (CV) was calculated, and a
value of <10% was considered acceptable [18]. The t-Student for related samples test was
employed to assess the variations in test performance based on stick grasping. A signifi-
cance level of p < 0.05 was predetermined for all statistical analyses. Additionally, Cohen’s
d effect sizes (ES) with 95% confidence intervals were computed [19], with the magnitude
interpreted as follows: <0.2 = trivial; 0.2–0.6 = small; 0.6–1.2 = moderate; 1.2–2.0 = large;
>2.0 = very large [20]. Pearson’s correlations were employed to assess the relationship
between each test result when performed with and without a stick. Statistical signifi-
cance was set at p ≤ 0.05. The magnitudes of correlations were evaluated using Hopkins’
scale and interpreted as follows: trivial (0.00–0.09), small (0.10–0.29), moderate (0.30–0.49),
large (0.50–0.69), very large (0.70–0.89), nearly perfect (0.90–0.99), and perfect (1.00) [20].

3. Results

Descriptive statistics and reliability measures for all tests are shown in Table 2. All
the tests showed good within-session ICC values (≥0.9) and had acceptable consistency
with CV values <10%. Results of the paired t-tests (Figures 1 and 2) showed a significantly
better performance in the COD 180◦ for the right leg when players grasp the stick (p = 0.03;
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d = 0.32). There were no significant differences between the stick conditions for the COD
180◦ for the left leg (p = 0.91; d = 0.02). There was also no difference in performing the
10 m-sprint test without or with a stick (p = 0.71; d = 0.71).

Table 2. Mean test scores and within-session reliability data.

Mean ± SD ICC 95% CI CV (%) p Value ES

10 m sprint with stick (s) 1.90 ± 0.08 0.93 0.86–0.95 1.33
0.71

0.05
(−0.23–0.34)10 m sprint without stick (s) 1.89 ± 0.08 0.91 0.85–0.95 1.14

COD 180◦ with stick (RL) (s) 2.72 ± 0.11 0.85 0.74–0.92 4.42
0.03

0.32
(0.03–0.61)COD 180◦ without stick (RL) (s) 2.75 ± 0.09 0.86 0.76–0.93 4.85

COD 180◦ with stick (LL) (s) 2.75 ± 0.11 0.86 0.76–0.93 4.93
0.91

0.02
(−0.30–0.27)COD 180◦ without stick (LL) (s) 2.76 ± 0.11 0.89 0.81–0.94 4.89

Key: ICC = intraclass correlation coefficient; CI = confidence intervals; CV = coefficient of variation; ES = Cohen’s
d effect size; COD = Change direction capacity; RL = Right Limb; LL = Left Limb.
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Figure 3 shows the matrix correlation between test performance with players grasp-
ing the stick and without. The results showed significant positive correlations for each
test when performed with and without stick (r = 0.58 (0.39–1.00); p < 0.01 for 10 m
sprint; r = 0.62 (0.45–1.00); p < 0.01 for COD 180◦ with the RL; r = 0.55 (0.36–1.00); p < 0.01
for COD 180◦ with the LL).

Finally, Table 3 displays the correlation matrix between the 10 m sprint and COD 180◦

times according to the grasping stick constraint. The 10 m sprint without stick correlated
with all COD 180◦ times, while the 10 m sprint with stick only correlated with COD 180◦.

Table 3. Pearson’s r correlations (r) between the linear sprint and COD tasks.

10 m Sprint with Stick 10 m Sprint without Stick

COD 180◦ with stick (RL) 0.40 * 0.40 **
COD 180◦ with stick (LL) 0.17 0.41 **
COD 180◦ without stick (RL) 0.24 0.60 **
COD 180◦ without stick (LL) 0.28 0.48 **

Key: * (p < 0.05); ** (p < 0.01); The bold shows the significant correlations.
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4. Discussion

This study aimed to assess and identify differences in 10 m linear sprint and COD
180◦ performance with and without the constraint of carrying a rink hockey stick. The key
findings indicate non-significant differences in the 10 m linear sprint and COD 180◦ for the
left limb. However, significant differences in COD 180◦ for the right limb were observed,
demonstrating improved performance when players executed the test with the stick.

The study sample size was drawn from a very specific context, which limits the
generalizability of the results. Nonetheless, there are still some notable findings. Firstly,
this study provided descriptive data for elite youth rink hockey players, which is limited in
the scientific literature. Comparing the present results with scientific literature, Arboix-Alió
et al. [21] reported 2.83 s ± 0.20 and 2.77 s ± 0.06 [22] for the COD 180◦ in a sample of
non-professional players.

The analysis of COD indicated a noteworthy enhancement with a small effect size
(d = 0.32) in the performance of COD 180◦ for the right limb when players held the stick,
while no significant differences were observed for the COD 180◦ performance for the left
limb. This discovery implies that grasping the stick did not adversely impact COD ability
and, in fact, might have a facilitating effect on specific COD movements. The possible
explanation for the stick not adversely impacting COD ability and even facilitating certain
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movements could be attributed to the specific biomechanics of rink hockey [23]. The sport
requires rapid and precise changes in direction, and players executing these movements on
skates might integrate the stick more seamlessly into their motor patterns [24]. The lateral
nature of displacement in rink hockey, as opposed to the primarily frontal displacement in
running, may allow players to use the stick effectively in COD tasks without compromising
performance. Furthermore, carrying a stick showed non-significant differences for the 10 m
sprint time with a trivial effect size (d = 0.05).

Although no data on rink hockey sport has been found, our results are in contrast with
Lockie et al. [25], who reported significant differences between the 0–10 m sprint interval
without a stick compared to with a stick (p = 0.02; but this had a small effect (d = 0.25) in
collegiate female lacrosse players. Similarly, Watkins et al. [10], observed that carrying
a stick led to a slower 20 m sprint performance among both male and female collegiate
lacrosse players. Callaghan et al. [9] also reported analogous findings in male cricketers,
noting that carrying a cricket bat in the dominant hand during sprinting led to a reduction
in shoulder and elbow range of motion. Consequently, this limitation in motion contributed
to decreased hip flexion and, subsequently, a diminished step length within the initial 5 m
of a 17.68 m sprint [9].

The lack of significant differences in the 10 m sprint time when carrying a stick among
rink hockey players could be attributed to the specific biomechanics and demands unique
to rink hockey compared to the aforementioned sports. This is primarily due to the mode of
displacement on skates. In contrast to running, where the predominant movement is frontal,
skating in rink hockey introduces lateral movements as players glide on the wheels of their
skates [3]. This lateral displacement requires a different set of motor patterns and muscle
activations compared to running. The biomechanics of stick-carrying during sprinting on
skates might be more seamlessly integrated into the players’ movement patterns due to
the inherent lateral nature of their displacement [3]. Additionally, the weight distribution
and design of the hockey stick used in rink hockey may be optimized for performance on
skates. Players may have learned to handle the stick in a way that minimizes interference
with their skating mechanics, ensuring efficient propulsion and agility. These sport-specific
factors likely contribute to the contrasting results observed in rink hockey compared to
lacrosse and cricket studies, emphasizing the importance of considering the biomechanics
associated with the mode of displacement in each sport.

Finally, the significant positive correlations between test performances with and with-
out the stick suggest a consistent individual influence of stick grasping on both sprint and
COD abilities. Interestingly, while the 10 m sprint without a stick correlated with all COD
180◦ times, the 10 m sprint with stick only correlated with COD 180◦, indicating a more
specific relationship between stick usage and COD performance.

While providing valuable insights, it is important to acknowledge certain limitations
in this study. Firstly, the restricted sample size may limit the representativeness of the
findings and the extent to which they can be extrapolated to broader player demographics
or varying skill levels. Elite youth male players constitute a specific subset of the rink
hockey population, and their characteristics and performance may differ from those of
female players, adult players, or players at different skill levels. Moreover, the impact of
sample size on the study’s statistical power and interpretability of the results should be
emphasized. Consequently, the observed influence of stick grasping should be interpreted
with caution, and future studies with larger sample sizes can provide a more robust
assessment of these associations. Secondly, the cross-sectional design used hinders the
establishment of causal relationships, and measurements were confined to a specific point
in time (end-season). Given the potential influence of season timing [26,27], particularly
in youth athletes [28], longitudinal studies would be beneficial. Furthermore, this study
exclusively evaluated timing in COD and linear sprint performance, overlooking other
influential factors like players’ skating technique or biomechanics. More comprehensive
investigations that encompass a broader range of variables would contribute to a more
holistic understanding of sprint and COD performance in rink hockey players.
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5. Conclusions

In conclusion, this study shed light on the influence of stick grasping on linear sprint
and COD 180◦ performance in elite youth rink hockey players and provided descriptive
data for these abilities’ performance. The results revealed significant improvements in
COD 180◦ for the right limb when players held the stick, suggesting a potential facilitating
effect on specific COD movements. The use of task- and sport-specific sprint drills, such as
performing sprint protocols while carrying a hockey stick, may improve the specificity of
training in field sports by allowing an explicit replication of the mechanical demands of the
skills underpinning superior performance within the sport.
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