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ABSTRACT

Purpose. The study was intended to describe the correlations between speed performance (11 m, 22 m, and 33 m) and
agility testin skates with determinants of muscular power (squat jump, countermovement jump) in young Portuguese roller
hockey athletes involved in a regional selection.

Methods. A cross-sectional study was conducted among 10 male roller hockey players with mean (+ SD) age of 14.20 (0.57)
years, involved in the Portuguese national competition of under-15, making part of the final Oporto district selection of players
to participate in inter-regional selections competition. Their mean (+ SD) weight, height, body mass index, and sum of the
skinfolds were 58.62 (8.78) kg, 165.72 (8.45) cm, 21.26 (1.52) kg/m?, 51.80 (14.91) mm, respectively. Furthermore, it strength
was measured with squat jump and countermovement jump; sprinting time at 11 m, 22 m, and 33 m was determined, as well
as time in an agility ¢-test, conducted in roller skating. Spearman correlation coefficients were calculated to test the associations.
Results. Significant inverse correlations between vertical jumps, a practical method of power training monitoring, and
linear velocity in skating (countermovement jump vs. speed, -0.78) were found. Despite the increasing complexity of the
agility test, a moderate inverse correlation with strength was observed, too (-0.48).

Conclusions. Lower limbs explosive strength turned out a strong predictor of skating linear speed and agility among young
roller hockey players, providing a simple evaluation tool of important determinants of performance.
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Introduction Presumably, it seems evident that young people

who have superior technical ability prevail and are

The multidimensionality of sports performance
and the variability of the skills needed to be an elite
athlete purport that the number of variables able to fit
an explanatory model of future performance is large
[1]. Thus, the identification of predictors of success is
an essential process for the selection and recruitment
of promising young athletes to compete at the highest
level [2]. A multidisciplinary approach is recommend-
ed for the identification of young talents, including
physiological, psychological, sociological, anthropo-
metric, physical fitness and technical factors [3].

assigned to become elite athletes [4], and, usually, when
they are above average for their age regarding the pos-
itive determinants at the anthropometric level, they
tend to be advanced at biological maturity, leading to
an obvious interest into the pattern of sports perfor-
mance. Still in the multifactorial model mentioned
above, the relevant measures include stamina, speed,
muscular strength, power, flexibility, agility, body com-
position, and somatotype [3].

In a sport such as roller hockey, which is character-
ized physiologically by its intermittent nature, alter-
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nating the effort intensities between the aerobic and
anaerobic regimes [5] with a predominance of short
actions of maximum intensity makes it clear that pow-
er and speed are physical qualities of extreme relevance
for the physical performance of the players, similarly
to ice hockey [6]. It is important to mention that when
we speak of young athletes, we refer to growing indi-
viduals at different stages of physiological develop-
ment, which are closely associated with faster or slower
improvements in the above described abilities [2].

Speed can be defined by the ability to move the body
in the desired direction as quickly as possible [7]. It
depends on muscle strength and neuromuscular co-
ordination; however, the intensity with which these
factors manifest in speed is not yet consensual [8].

The characteristic of speed [9] is highly relevant
for the hockey player, namely because of the constant
challenge of achieving positional advantages [10]. With
pronounced accelerations and decelerations, athletes
are required to have very high levels of muscular
power to modify the inertia of their body mass, so
when talking about speed in roller hockey, its strong
association with muscular power should not be ne-
glected [9].

In addition, power is defined by the product of the
force produced by the velocity in a given movement [11].
In this mode of intermittent regimen, characterized by
a glycolytic metabolism, the type of muscle fibres pre-
dominant in athletes is IIb [12], hence the training of
this ability assumes a great importance in the moni-
toring of the athletes’ sports training, with special
emphasis among youth athletes, where all movement
patterns will be built.

Agility does not currently have a common defini-
tion in the literature, and the notion has undergone a
lot of definition changes throughout time [13]. One of
the most common determines this as a rapid movement
of the whole body, with change of speed or direction
in response to a stimulus [14]. This lack of definition
is bound with the fact that agility is associated with
more than one variable. Consequently, Young et al. [15]
divides it into two components: the changes of direc-
tion, and the decision-making related to decision fac-
tors, with a further division into subcomponents [16].

There is a lack of scientific research about roller
hockey, namely focusing on determinants of sports
performance that allow, in a practical way, to monitor
the training, enhance the work of the coach, and, con-
sequently, improve the athletic performance of the young
athletes. Thus, the present study intended to verify
the correlation between speed performance in skates
(11 m, 22 m, and 33 m) and determinants of muscu-

lar power (squat jump [SJ], countermovement jump
[CMJ]) in young Portuguese hockey athletes.

Material and methods
Participants

A cross-sectional study was conducted among 10
male roller hockey players with mean (+ SD) age of
14.20 (0.57) years, involved in the Portuguese na-
tional competition of under-15/-17 (U15 and U17),
making part of the final Oporto district selection of
players to participate in inter-regional selections com-
petition in Portugal, March 2018. The study partici-
pants were evaluated in training conditions by trained
sports science coaches.

At the time of the evaluations, the athletes were in
the maintenance phase of the U15 and U17 national
championship. These groups of athletes have an aver-
age of 6 hours per week of deliberate practice at the
clubs that they represent. Table 1 describes the demo-
graphic and anthropometric characteristics.

Table 1. Demographic and anthropometric descriptive
statistics of the study participants

Subjects (n = 10),

Characteristics mean (SD)

Age (years) 14.20 (0.57)
Weight (kg) 58.62 (8.78)
Height (cm) 165.72 (8.45)
BMI (kg/m?) 21.26 (1.52)
¥ 6SKF (mm) 51.80 (14.91)

BMI - body mass index, £ 6SKF - sum of 6 skinfolds
Anthropometrics

The tests were conducted in an appropriate room
before the participants’ first training. All subjects
wore light clothing and stood barefoot. Their height
was measured to the nearest 0.1 cm with a portable
stadiometer (Seca 217, Hamburg, Germany). Weight
was assessed to the nearest 0.1 kg with a Tanita BC-601
instrument. All procedures followed the guidelines
of the International Society for the Advancement of
Kinanthopometry [17].

Body composition
Eight skinfolds (triceps, subscapular, biceps, suprail-
iac, abdominal, supraspinal, thigh, and calf) were as-

sessed twice (at 0.1 mm) with a Harpenden caliper
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(British Indicators, Ltd., London, UK). The procedure
was performed by a certified tester, following the In-
ternational Society for the Advancement of Kinan-
thropometry recommendations [17].

The mean value of the two measurements was con-
sidered and the sum of 6 (triceps, subscapular, abdom-
inal, supraspinal, thigh, and calf) skinfolds (X 6SKF)
calculated.

Vertical jumps

All jumps were performed by each participant at
the same time of the day, with sports shoes. The sub-
jects implemented a standardized warm-up period of
5 minutes. Then they performed 3 repetitions of SJ.
For that, they flexed the knees to 90°, held the posi-
tion with the arms by their waist, and after a signal,
without any countermovement, performed the jump.

After all subjects had performed the SJ, they pro-
ceed to do 3 repetitions of CMJ. In this jump, they
began in the upright position with the arms on the
waist all throughout the jump. Upon hearing a signal,
they flexed the knees and jumped as high as possible
in a single movement, with legs totally straight, ob-
serving plantar flexion. In both types of jump, the
subjects were required to land in the same departure
point and rebound with straight legs when landing in
order to avoid knee bending and alteration of mea-
surements.

For the CMJ and SJ tests, each subject was given
a minimum of 60 s for rest in-between jumps [18].
All the trials were performed by athletes positioned on
a contact platform (Chronojump) attached to hardware
(Chronopic 3, Chronojump Boscosystem, Spain). The
hardware was connected to a computer which displayed
the vertical jump values (cm) from a free software
(Chronojump Boscosystem Software, Spain). The best
of the 3 trials was recorded to the nearest 0.1 cm.

Speed

The speed test was conducted in an indoor gym of
collective sports with specific conditions for hockey
practice, adjusted to the regulations described by Fé-
dération Internationale Roller Sports (FIRS) [19]. Four
lights with sensors were placed in a straight line at
the 11-m, 22-m, and 33-m mark (Figure 1), dividing
the field (44 m) into 3 parts.

The lights and the software used for the test were
products from the FitLight Sports Corp. Ontario, Can-
ada. A commercially available product FitLight Train-
er comes as a wireless system unit comprising eight
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Figure 1. Schematic representation of the speed test
and the T-test

LED powered lights controlled by a tablet. The lights
have an inbuilt sensor which reacts to proximity or touch
and deactivates the light. The system may be pro-
grammed for specific sequences of light activation and
responds to the deactivation of the lights, while the
timing is recorded by the controller (Figure 1).

After a standard warm-up, the players were placed
behind the first mark. Then, one by one, at the control-
ler signal, they started a sprint to the last mark at full
speed. The results were then recorded. Each player did
only one repetition.

Agility

The agility test was conducted in a standard roller
hockey gym. The evaluation was performed through
the T-test, validated by Pauole et al. [20], with an altera-
tion because all the athletes performed the test with
roller skating. The T-shaped test measures the strength
and agility of the lower limbs, an important factor to
meet the constant changes of direction. The test con-
sists in covering a T-shaped path, in the shortest time
possible by the athlete, with the registration of time
at the control points through the photoelectric cells
[16, 20]. As shown in Figure 1, the athletes began the
test in the start line, speeded up to B (9.14 m), then
went to C (4.57 m), turned around to D (9.14 m), from
there directed back to B (4.57 m) and then to the fin-
ish line (9.14 m). In addition, the athletes enrolled in
the test were to answer external stimuli as pass and
reception.

Statistical analysis

A descriptive analysis, mean and standard devia-
tion, was performed regarding the anthropometric
and fitness characteristics. Spearman’s correlation
coefficients were calculated to describe the relation-
ship between power, based on vertical jumps (CMJ),
agility (T-test), and speed (11 m, 22 m, and 33 m).
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All statistical analysis was computed with the Sta-
tistical Package for Social Sciences (SPSS, version 23.0;
IBM Corporation, New York, USA).

Ethical approval

The research related to human use has been com-
plied with all the relevant national regulations and
institutional policies, has followed the tenets of the
Declaration of Helsinki, and has been approved by
the authors’ institutional review board or an equivalent
committee.

Informed consent
Informed consent has been obtained from the legal
guardians of all individuals included in this study.

Results

Table 2 presents the average results obtained in
the power (8J and CMJ), speed (11 m, 22 m, and 33
m) and agility (T-test) physical conditions among the
young athletes. In both tests of vertical jumps, the mean
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Table 2. Strength, power, speed, and agility
descriptive statistics

Physical condition Test Mean (SD)
Power SJ (cm) 27.44 (4.64)
owe CMJ (cm) 30.47 (4.44)
11-m (s) 2.22 (0.17)
Speed 22-m (s) 3.36 (0.18)
33-m (s) 4.44 (0.20)
Agility T-test (s) 7.36 (0.36)

SJ - squat jump, CMJ - countermovement jump,
11-m - 11-m linear speed, 22-m - 22-m linear speed,
33-m - 33-m linear speed

range of variation was between 27.44 and 30.47 cm,
for the SJ and CMJ, respectively. Agility was measured
in roller skates and the mean time of the T-shaped test
of 7.36 s was observed.

Figure 2 shows the linear relationship between CMJ,
as a field shoes method of power estimation, and the
speed test performed on roller skating. Strong inverse
linear associations were observed between CMJ and
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CMJ — countermovement jump
Figure 2. Correlations for speed — 11 m (A), 22 m (B),
and 33 m (C) - and power (CMJ) performance
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Table 3. Spearman correlation coefficients among
anthropometric and physical fitness conditions

Spearman’stho Power  Speed  Agility X 6SKF

Power 1 -0.62 -0.48 -0.75
Speed -0.62 1 0.41 -0.09
Agility -0.48 0.041 1 0.41
¥ 6SKF -0.75 -0.09 0.41 1

2 6SKF - sum of 6 skinfolds
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Figure 3. Correlations for agility and power (CMJ)
performance

linear speed, in different dimensions of the field (11 m,
22 m, and 33 m), demonstrating a clear pattern of linear
association. The higher the jumps, the less time in 11 m,
22 m, and 33 m of the performance test, with Spearman
correlations of -0.75, -0.77, and —-0.78 (data not shown).

In addition to the pattern illustrated above, strong
correlations were maintained among the non-specific
roller hockey test as CMJ and multidirectional test,
with technical performance in the skating T-shaped
circuit: -0.48 (Table 3).

In addition, Figure 3 illustrates a moderate in-
verse linear relationship between CMJ and agility. It
should be noted that both tests stimulate the same
energy pathway, but the agility test was performed in
roller skates.

Discussion

As a simple field method of evaluating power, ver-
tical jumps proved to be a strong predictor of linear
speed in skating among young elite athletes, with
a range of significant inverse correlations: SJ vs. speed
(-0.55); CMJ vs. speed (-0.78), and squats vs. speed

28

(-0.54). In the association between vertical jumps and
speed, acceleration in sprint seems to have great in-
fluence on CMJ performance [21-25].

In a cross-sectional study with 167 Portuguese soc-
cer players assessed, CMJ was compared to the linear
speed in 10 m (V10), 20 m (V20), and 30 m (V30). The
data showed moderate correlations in the comparisons
mentioned above: r = 0.29, 0.39, and 0.44, respectively.
In another soccer study, where 17 elite players were
evaluated, higher correlations were found among ver-
tical jump and V10 (r = 0.72) and V30 (r = 0.60). This
same study also reported that half-squatting increased
sprint and jumping performance in soccer players [26].
Thus, several studies have shown that vertical jumping
tests are an important motor skill assessment tool
among different sports. Despite roller hockey game does
not require the motor ability of jumping in the differ-
ent moments of the game, jumping tests consistently
showed to be associated with the ability to skate faster
[10, 21-24].

The jump test is not specific for roller hockey; how-
ever, it assumes a strong correlation of dependence with
speed tests on skates, where the stimulated capacity is
the same. Roller skating speed can be influenced by
other factors that possibly bias the correlations with
power, namely the technical approach of skating. How-
ever, one of the advantages in our study is that the im-
pact of skating proficiency on speed is minimized owing
to the homogeneity of the quality of the athletes, mak-
ing all of them part of selection among the best regional
roller hockey players in Portugal, with high ability in
the technical skating approach.

As mentioned above, despite the low specificity of
both jump tests with this sport, they were associated
with linear velocity performed by skates. Our data allow
the classification of the athletes according to a simple
physical condition determinant of performance — power.

Power depends on strength and speed, therefore
optimal levels of maximum strength are required for
its development. Regarding the maximum strength,
this can be understood as the highest value that the
neuromuscular system is able to produce [11]. In a sport
where all actions are performed through short and
maximum intensity shifts, power training becomes
crucial and must be increased in order to empower
young athletes.

In addition to the linear speed, the test of agility
that was carried out seems to be more representative
of the global actions of the young players in this sport.
This physical condition is defined as a rapid move-
ment of the whole body, with change of speed or direc-
tion in response to a stimulus [14]. This has two im-

Human Movement, Vol. 20, No 1, 2019
humanmovement.pl



HUMAN MOVEMENT

A. Ferreira et al., Power condition, agility, and speed in young athletes

portant components that are associated with the game:
the changes of direction, and the decision making that
is related to the decision factors [14, 16]. Furthermore,
it requires a reaction to external stimuli (reception/
pass), approaching significantly the performance to
be monitored in training/play. To help develop agility,
physical qualities such as strength, speed, flexibility,
and coordination are required [27].

Understanding the role of agility in similar sports,
such as futsal, with the same number of players and
with sports shoes, this physical condition is one of the
most important factors described, namely because of
the comprehensive relation with changes of direction
[28], very similar to the conditions required among the
roller hockey players. The same was observed in ice
hockey, sport in which the agility determinant seems
to be more important than the maximum speed [29].

Also in football literature it is clear in pointing out
that the ability of players to produce high-speed ac-
tions has a great impact on collective performance,
actions that can be categorized into those requiring
acceleration, maximum speed, or agility [30]. By ex-
trapolating to roller hockey, where the playing field is
reduced and the means of locomotion are sliding, the
number of high-speed actions increases considerably.

Some authors also performed a factorial analysis
of several fitness test results and found that speed and
agility had little in common statistically, which led them
to conclude that they were relatively independent [31].

Conclusions

In this study, it was possible to describe inverse cor-
relations between vertical jumps and linear velocity.
The same type of correlation seems to exist in the CMJ
and T-shape tests, showing that athletes who jump
higher seem to have better patterns of agility. Despite
the low specificity of the vertical jump tests among roll-
er hockey players, these results suggest that jumps are
an easy and good prediction sports training tool of linear
speed and agility in skating among talented young
roller hockey players.
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