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ABSTRACT ARTICLE HISTORY
This study aimed to investigate the training load through external Received 6 October 2023
and internal load dynamics across the preparation and competition Accepted 24 January 2024
of a top-level national team during a Rink Hockey European KEYWORDS
Championship. A non-experimental descriptive method was devel- Indoor team sports;
oped. A two-way mixed design ANOVA and a Spearman correlation performance; load

test were used to compare and understand the relationship monitoring; local position
between players’ external and internal load across microcycles system; fatigue

during training sessions and competitive matches. Results revealed

significantly higher values between training match day -3 to train-

ing match day —1 for player load (p < 0.05), distance covered, and

high-speed skating (p < 0.001). Competition weeks exposed signifi-

cantly higher values in comparison with training weeks.

Interestingly, during competition, high impacts (p < 0.001, r=0.64)

and decelerations (p <0.001, r=0.43) had a greater influence on

players’ session RPE than in training weeks. Different external and

internal load dynamics were observed in the competition and

training weeks, with high impacts and decelerations appearing to

create a physiological impact on players, but the same does not

occur in the training sessions. Results highlight the need to under-

stand the competitive dynamics of each sport and the use of the

most appropriate metrics to monitor the preparation process.

1. Introduction

In team sports such as rink hockey, monitoring athletes’ training load (TL) and
competition load (CL) is important for understanding whether they are adapting
to training programmes as well as to determine their responses to competition
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(Halson, 2014; Rago et al., 2020). Therefore, it is important to monitor TL to
appropriately adjust between stress and recovery during training microcycles
(Rago et al., 2021) and minimise the risk of developing non-functional overreach-
ing (Halson, 2014).

In TL, the external load (EL) is the work accomplished by the players to achieve
a certain goal (i.e. distance, accelerations, decelerations, change of directions, or sprints,
among others) during the training or competitive contexts (Fernandez et al., 2021; Rago
et al., 2021), the internal load (IL) represents the physiological stress imposed by the
stimulus for training/competition-induced adaptation. Accordingly, EL may be classified
into three main categories: (1) Kinematics, which quantifies overall movement during
exercise; (2) Mechanical, which describes the player’s overall load during exercise; and (3)
Metabolic, which quantifies overall movement energy expenditure during exercise
(Impellizzeri et al., 2019). The internal load is usually measured through direct measures
such as heart rate (HR) or indirectly through the rating of perceived exertion (RPE)
(Rossi et al., 2018). In order to manage athlete fatigue and ensure peak performance
during short concentrated competitions, it is crucial to assertively adjust the microcycles
and modify the dynamics of training load to promote optimal responses to specific
stimuli (Halson, 2014). In that sense, analysing the relationship between EL and IL is
key for monitoring player fatigue and readiness for competition (Halson, 2014). Thus,
further research is expected to identify the variables that better characterise the dynamics
of training weeks and competitive weeks and the specific strategy of tapering before the
competition.

Rink hockey is a team sport that is played by four field players and one goalkeeper, and
official games have two periods of 25 min each (Hoppe et al., 2015). The game is
performed on a court like futsal and handball, but with railings around the rink perimeter
(Yagtie et al, 2013), promoting fewer interruptions compared to other indoor team
sports (Fernandez et al., 2021). Additionally, the use of quad roller skates facilitates the
movement of the players on the court, making it easier to cover large distances. It is, in
fact, a high-intensity intermittent sport in which non-continuous actions of different
speed levels are followed by incomplete recovery periods, requiring a well-developed
metabolism for short and long-duration efforts (Vona, 2009). It is also characterised by
high-intensity actions such as accelerations, decelerations, sprints, and changes of direc-
tion (Fernandez et al., 2021). Additionally, intra- and inter-muscular and neuromuscular
coordination are determinants for skating, ball mastery, and control using the stick
(Ferraz et al., 2020). Despite rink-hockey popularity, research is still scarce; however,
in the last years, some studies have been conducted related to elite players, such as the
analysis of the goalkeeper activity (Sousa et al., 2018), body composition and conditional
profile (Ferraz et al., 2022), training, and competition demands (Fernandez et al., 2021)

The availability of tracking technology provides an opportunity to increase the under-
standing of game and player demands in indoor sports such as rink hockey. To date, only
four studies have been conducted regarding the characterisation of physical demands in
elite rink hockey (Ferndndez et al., 2020, 2021, 2023) Notwithstanding such studies, no
research has been conducted to investigate the relationship between the impact of EL
variables on the IL of players in a short and concentrated international competition such
as the rink hockey European Championship. That is, what is the relationship between the
structure of the training and the competition regarding the type of work developed (EL



INTERNATIONAL JOURNAL OF PERFORMANCE ANALYSIS IN SPORT . 3

variables) and the stress imposed on the players (IL) in a short, concentrated competition
such as the rink hockey European Championship? Is there any relationship between EL
and IL between training and competition weeks, suggesting that the training process
represents the competition’s demands?

Therefore, the aim of this research was to understand the dynamics of external and
internal load across the training sessions of the 2 weeks of preparations and the competi-
tion week of the European Championship (three matches in a row). Consequently, we
defined two specific goals: (1) to understand the dynamics and compare the EL and IL of
training sessions and the competition weeks; (2) to understand the relationship between
EL and IL in training sessions and competition matches EL.

2. Material and methods
2.1. Ethics statement

Data collections were carried out according to the international ethical standards with
humans based on the Declaration of Helsinki (Harriss et al., 2019) after approval by the
Ethics committee of the University of Beira Interior (CE-UBI-Pj-2019-053:ID1519). All
participants were informed about the aims, the protocol and the procedure, and provided
signed written informed consent. Participation was voluntary, and each participant could
withdraw at any time. To ensure player confidentiality, all data were anonymised prior to
the analysis.

2.2. Participants

A total of nine top-level Portuguese male rink hockey players (five defenseman/mid-
fielder and four forwards; age =29.89 £ 3.41 years old, height =175.7 + 4.21 cm, body
mass = 80.03 + 8.33 kg, BMI = 25.94 + 2.64 kg/m”) competing at the 2021 Rink Hockey
European Championship participated voluntarily in the study. These world-class athletes
compete in the main teams of the most prestigious rink hockey leagues (Arboix-Ali6
et al., 2021). Goalkeepers were not included. The inclusion criteria for participants in the
study were as follows: (1) the player had no injury or limitation during the period of
analysis; (2) the player had completed the entire training session or game; and (3) the
player participated in the competitive games at the 2021 Rink Hockey European
Championship.

2.3. Study design

An observational study was carried out during the preparation and competition
phases at the 2021 Rink Hockey European Championship from the 1**' until the
20™ of November 2021 (Figure 1). A non-experimental descriptive method was
used to characterise the training sessions and training matches during the two (2)
concentrated pre-season weeks (TW-2 - two training weeks preceding the compe-
tition and TW-1 - one week before the competition) and the competitive games of
the competition week (CW). Each preparation week included two cycles of three
training sessions (TMD-3, TMD-2, TMD-1) followed by one training match
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Figure 1. Flow chart of training sessions and official match days of the reported weeks.

(TMD). In total, the players participated in 12 rink training sessions, 4 training
matches, and 3 international competitive games during the 3 weeks of the study.
To monitor players’ load in their training context, no information was given
about the research design to the technical staff throughout the data collection
period.

2.4. External Load variables (EL)

Data collection related to player’s activity during in-court sessions with skates was carried
out with Inertial Movement Units (IMUs) using an ultra-wideband (UWB) local posi-
tioning system (LPS) technology from WIMU PRO™ (Realtrack Systems SL, Almeria,
Spain) and downloaded using its corresponding software (SPRO™, Realtrack Systems
SL, version 986). The WIMU PRO™ is equipped with four 3D accelerometers (full-scale
out output ranges are 16 g, +16 g, £32 g and 400 g; 100 Hz sample frequency), three
gyroscopes (8000°/s full-scale out output range; 100 Hz sample frequency), a 3D mag-
netometer (100 Hz sample frequency), a Global Positioning System (GPS; 10 Hz sample
frequency), and a UWB (18 Hz sample frequency) (Ferndndez et al., 2021; Impellizzeri
et al., 2004). The devices were turned on 10-15 min before the warm-up began and
placed in the upper part of the athlete’s back, in a tight-fitting harness. Six antennas with
UWB technology were fixed +5 m to the court. The LPS system operates using triangula-
tions between the antennas and the LPS unit devices and derives the unit’s position (X
and Y coordinates) using one of the antennas as a reference. Although training sessions
and official games occurred in two different courts, to decrease possible technical
differences, WIMU devices were calibrated according to the specific court design and
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Table 1. EL variables recorded in this study.

Type Variable Sub-variable Unit Description
Kinematics  Distance covered DT (m) Total distance skated in meters
Moderate-Speed (12.1-12 km/h) MSS  Total distance skated between 12.1
Skating (m) and 18 km/h
High-Speed (18.1-30 km/h) HSS  Total distance skated between 18.1
Skating (m) and 30 km/h
Mechanicals High-intensity Total Himpt (n) Total number of impacts recorded
Impacts between 8 and 10 g
Player Load Total PL (a.u.) Accumulated accelerometer load in
the three axes of movement
Accelerations Total ACC/[3 10]m/s® (n)  Total number of positive
speed changes
Decelerations Total DEC/[-10-3]m/s* (n) Total number of negative speed
changes

antenna positions. The accuracy and reliability of the WIMU devices have been pre-
viously reported and validated (Bastida-Castillo et al., 2019).

From the collected positional data, the following variables were calculated in absolute
terms to describe EL (Table 1): distance travelled (DT; m); medium speed skating (MSS
(12.1-18 km/h);/m); high-speed skating (HSS (18.1-30 km/h);/m); number of high-
intensity impacts (HImpt (8-100 G); n); number of high-intensity accelerations (ACC
[3 10] m/s%); n); number of high-intensity decelerations (DEC [-3-10]m/s?); n); and
Player Load (PL; au). High-intensity impacts were included in line with previous research
in rink hockey (Yagiie et al., 2013). Training sessions and official game data were
expressed in absolute values (load) - to translate and compare the demands of the official
match sessions total load and the training routines.

2.5. Internal Load variables (IL)

Individual players' rating of perceived exertion (RPE) was collected using a visual Borg
category (0-10) scale, obtained approximately 30 min after each in-court training and
official game session, ensuring that the perceived effort reflected the whole session and
not the most intense exercise (Impellizzeri et al., 2004). The overall TL was described by
the session-RPE, which was calculated by multiplying the RPE score (0-10 AU) by the
individual session’s duration (in minutes, excluding game warm-up) (Foster et al., 2001)
in line with previous research on elite male Rink Hockey athletes (Fernandez et al., 2021).

2.6. Statistical analysis

All statistical analyses were conducted using IBM SPSS Statistics for Windows (Version
20.0. Armonk, NY: IBM Corp.) Descriptive statistics (range, mean, standard error of the
mean and standard deviation) were calculated for the overall sample. Training and games
were grouped by weeks (microcycles) according to previous descriptions (TW-2; TW-1
and CW). Also, training sessions were grouped according to the days distancing the
training matches during the TW-2 and the TW-1 (e.g. TMD-3; TMD-2; TMD-1, and
TMD). Data normality was tested by the Shapiro-Wilk test. To compare the differences
between EL and IL across the weeks and the training days, a two-way mixed design
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analysis of variance (ANOVA) was conducted. The Bonferroni method was used for
multiple pairwise comparisons. The Kruskal-Wallis test was performed for variables with
non-normally distributed data. Additionally, Cohen’s d effect size analysis was used to
determine the magnitude of effect, whenever the ANOVA test was used and was inter-
preted based on the following criteria: 0-0.20, trivial; 0.21-0.60, small; 0.61-1.20 mod-
erate; 1.21-2.00, large; >2.00, very large (Hopkins et al., 2009). In cases where the
Kruskal-Wallis test was used, > was obtained and the interpretation of the effect size
was based on the following criteria: <0.01 no effect, <0.0-0.05 small effect, 0.06-0.13
moderate effect, and 20.14 large effect (Fritz et al., 2012). In the presented results, the
effect size was reported only where significant (p < 0.05) differences were found. Finally,
to understand the relationship between players’ EL and IL during training sessions and
competitive matches, a Spearman correlation test was performed.

3. Results

The analysis of training weeks revealed a general decrease in all the variables from TMD-
3 to TMD-1. Significant differences (p < 0.05) were also observed between TMD-3 and
TMD-2 in comparison with TMD-1 for PL. Further, significant differences (p <0.05)
were observed between TMD-3 and TMD-1 for DT and HSS (Table 2).

The comparison between training matches (TMD) and training sessions (TMD-3 to
TMD-1) during the weeks TW-2 and TW-1 revealed that the total duration of the session
(DS) and all EL and IL variables of TMD were significantly (p <0.05) higher than in
TMD-3, TMD-2 and TMD-1 (Table 2).

The analysis between training (TW-2 and TW-1) and competition (CW) weeks
revealed significant differences (p <0.05) in all metrics with higher values for CW
when compared to both TW-2 and TW-1. TW-2 revealed higher significant values
(p <0.05) in IL metrics RPE and s-RPE and in the EL metric (DT) in comparison with
the TW-1 (Table 3). In opposition, TW-1 revealed higher significant values (p < 0.05) in
EL metric ACC in comparison with the TW-2 (Table 3). No other differences were
observed in EL variables between TW-2 and TW-1.

The analysis of the correlations between EL and IL variables (Table 4) revealed
different relations for TW-2 and TW-1 in comparison with CW. While TW-2 and
TW-1 revealed significant correlations between all EL variables and the IL (s_RPE), the
CW only revealed significant correlations between HImpt and DEC (Table 4).
Additionally, HImpt demonstrated lower correlations with s-RPE in TW-2 and TW-1
when compared to CW. Interestingly, CW also revealed a tendency to have negative
correlations (p = 0.05) between DT, MSS, HSS, and s-RPE.

4. Discussion

The present study aimed to understand the dynamics of external and internal load across
the training sessions of the 2 weeks of preparations and the competition week of the male
2021 Rink Hockey European Championship. According to our expectations, during the
training weeks, the management of the training load was developed with reference to the
TMD, both in TW-2 and TW-1, with a wavy dynamic. Also, while TW-2 was charac-
terised by high levels of RPE, s-RPE, and DT, TW-1 was characterised by high levels of
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Table 4. Spearman correlation matrix between EL and IL metrics from TW-2 until CW.

TW-2 TW-1 w
s_RPE s_RPE s_RPE
r[95% C.I] r[95% C.I] r[95% C.I]

DT (m) 0.69** [0.53-0.80] 0.67** [0.52-0.78] —0.10 [-0.47-0.30]
MSS (m) 0.57** [0.37-0.71] 0.46** [0.26-0.62] —0.20 [-0.55-0.21]
HSS (m) 0.49** [0.28-0.66] 0.63** [0.47-0.75] —-0.23 [-0.57-0.18]
Himpt (n) 0.35** [0.11-0.55] 0.32**[0.10-0.51] 0.64** [0.33-0.83]
PL (a.u.) 0.69** [0.53-0.80] 0.65** [0.50-0.76] 0.08 [-0.33-0.46]
ACC (n) 0.72** [0.57-0.82] 0.52** [0.34-0.67] 0.39 [-0.01-0.68]
DEC (n) 0.71** [0.56-0.81] 0.60** [0.43-0.73] 0.43* [0.04-0.70]

*p < 0.05; **p < 0.001.

DT, Distance travelled; MSS, Moderate-speed skating; HSS, High-speed skating; Himpt, Number of high-
impacts; PL, Player Load; ACC, High-intense accelerations; DEC, High-intense decelerations; RPE, Declared
rate of perceived exertions; s-RPE, Rate of perceived exertion x total duration of the session; TW, Training
week; CW, Competition week.

ACC. In opposition, a different relationship was observed between EL and IL both in
TW-2 and TW-1 when compared to CW, revealing that the training process seems to not
sample the demands of the competitive matches. Thus, results generally support the idea
that the competition week was not only more demanding but also promoted unexpect-
edly different kinematic and mechanical stress with impact on IL in relation to competi-
tion demands, suggesting that training also did not fully replicate the demands of
competitive matches by missing specific metrics such DEC and HImpt.

In line with previous research in an elite rink hockey club (Ferndndez et al,,
2021), results revealed that DT, PL, and HSS were higher in TMD-3 in comparison
with TMD-2 and TMD-1. As observed in other sports (soccer and futsal), this
decrease in kinematics (DT and HSS) and mechanical (PL) metrics before the TMD
suggests a tapering strategy in which EL metrics tend to decrease as a match day
approaches (Illa et al., 2020; Martin-Garcia et al., 2018). Regarding the load
dynamics of an elite rink hockey team that competes regularly, Ferndndez et al.
(2021) have reported an inverted “U-shape” with higher EL and IL values on MD-3
and MD-2 during each microcycle. In this sense, and regardless of the tapering
strategy, our results describe a different load dynamic than previously reported by
Fernandez et al. (2021). We believe that this may be related to the different
structures of each championship and the strategy used to improve athletes’ physio-
logical adaptation, as suggested by Tarragé et al. (2019). Accordingly, the number of
matches per week, the days between matches, and the physical condition of the
team may impact the structure of the microcycle throughout a specific season
(Tarragd et al., 2019).

In other indoor team sports, such as futsal (Illa et al., 2020) and soccer (Martin-Garcia
et al., 2018), MD-3 and MD-2 seem to establish a parallelism with the match day, by
following the demands of training to those of the competition. Although in our study
TMD-3 present higher values when compared to TMD-2 and TMD-1, they were never-
theless lower when compared to TMD values. The lack of information regarding match
demands in rink hockey may contribute to such differences.
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According to Halson (2014), training loads may be adjusted for each training cycle to
either increase or decrease fatigue levels corresponding to a specific phase of training,
such as baseline or competition. In our results, EL variables and DS presented higher
values in TW-2 than in TW-1, associated with higher IL values of RPE and s-RPE,
possibly revealing an attempt of tapering in the week before the competition (Fernandez
et al., 2021). To optimise training and competition adaptations, it is important to ensure
the delay of the onset of acute and chronic fatigue development. Consequently, large
dissociations between EL and IL may reveal an athlete's state of fatigue (Halson, 2014). As
such, since we did not observe significant differences in EL metrics between TW-2 and
TW-1, we believe that the higher values of RPE and s-RPE observed in TW-2 when
compared to TW-1 and CW may have been influenced by the DS and not so much by EL
variations. Moreover, we may infer that, at this stage of preparation, the volume of the
training session has a higher impact on IL metrics than does intensity. With the exception
of ACC, which was greater in TW-1 when compared to TW-2, statistical differences
between TW-2 and TW-1 were not observed with other kinematic and mechanical
metrics. Thus, it means that the possible attempt of tapering was promoted particularly
based on the decrease in DS (Halson, 2014) and maintaining the intensity and structure
of the training process.

As expected, CW EL and IL were significantly higher than in both TW-2 and TW-
1. Once training is concerned with the planning, design, execution and control of the
tasks (Tarrago et al.,, 2019), these results may suggest the need for training optimisa-
tion by adapting tasks to be performed in an environment that requires similar
kinematics and mechanics demands as occurs in the game. There is a need to further
understand the dynamics between exercises, allowing to reach high kinematic and
mechanic game demands, while promoting at the same time readiness for the com-
petition at the right time.

An additional critical finding of this study is the characterisation of demanding
metrics related to an official international rink hockey match. It has been already
reported that HSS, ACC, and DEC are the EL variables that better characterise the
most demanding efforts in this sport (Fernandez et al., 2021). Our results are aligned
with that. However, it seems that PL is much higher in our study than in previous studies
(Fernandez et al., 2021), which may be explained by the playing time of each player, with
fewer player interchange rotations than in a team that competes regularly. Thus, further
research regarding this relationship may bring new insights concerning the impact of the
number of player interchange rotations and playing time on athletes’ fatigue develop-
ment and, consequently, their performance.

One of the major findings in our study was the analysis of the relationship between EL
and IL variables between training and competition weeks. Results revealed that, in
opposition to the training weeks, in competitive matches, the number of HImpt pre-
sented a high value of correlation with s-RPE. To the best of our knowledge, there are no
other studies that analysed HImpt in rink hockey games. This new information possibly
supports the idea that the training drills used and the structure of the training sessions do
not fully represent the game demands (Fernandez et al., 2021). This fact corroborates the
need to understand the game demands seeking to create adjusted cycles of load
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modification, particularly increased frequency, duration and intensity, as reported by
Halson (2014). Additionally, it may also be important to understand how training drills
are characterised in order to understand which drills may replicate the competition
environment.

Finally, the impact of training sessions and competition matches on the EL and IL
of players was analysed. Results highlighted that while in training sessions, all external
load variables were related to the s-RPE, in the competition, only the number of
HImpt [8-10g] and the number of DEC were related to the s-RPE. Such differences
between training and competition cycles distinguish the metrics that may be analysed
to enhance players’ performance. The impact of HImpt and DEC on s-RPE allows us
to characterise rink hockey as a sport with high neuromuscular demand, as previously
observed (Fernandez et al., 2021). The influence of DEC and HImpt (>3 g) has been
previously reported in a collision team sport (Australian Football) as strong predic-
tors of post-match creatine kinase (CK) levels and consequently as strong indicators
of muscle damage (Gastin et al., 2019). Thus, such variables can be used as good
metrics to monitor the tapering process followed, particularly on the day before the
competition. However, in this work, the fact that HImpt and DEC were not highly
represented during the training process may induce in athletes additional efforts
related to the neuromuscular system for this fast and explosive action (Andersen &
Aagaard, 2010). This mechanical variation has already been suggested as a factor of
athletes’ emotional exhaustion, constraining the conventional model of training load
monitoring mainly because of the game’s unpredictability (Coyne et al., 2018).
Consequently, it is legitim to suggest that these results may open a new perspective
on the monitoring of training loads (TL). It has already been suggested that there is
a need to understand the EL variables that impact athletes under training and
competition constraints in order to develop a more accurate strategy to better
comprehend how physiological adaptations can be promoted during training based
on competition demands (Ferraz et al., 2023). According to some authors, biomecha-
nical adaptations occur in musculoskeletal tissues due to mechanical stress (Coyne
et al., 2018; Vanrenterghem et al., 2017). Therefore, as a result of the influence of
HImpt on rink hockey players’ IL (s_RPE) during the competition, we may consider
HImpt to be a (Bio)mechanical EL variable (Coyne et al., 2018) that led to
a perception of how difficult a training/competition session is. Finally, based on our
findings and this monitoring approach, we can suggest that RPE likely reflects both
types of IL (physiological and biomechanical stress) and should be monitored in an
integrative way, defining the metrics (EL and IL) that best translate the physiological
and biomechanical efforts. Notwithstanding the importance of understanding how EL
and IL fluctuate and contrast across training microcycles and competitions, we
acknowledge the potential limitations of the present investigation related to the
sample size of players and the number of matches, which should be larger to increase
the power of the results (Lupo & Tessitore, 2016). Therefore, further research should
be developed considering different teams and their specific competitive context. Also,
clustering EL demands per minute in training, while categorising specific rink hockey
drills and comparing them to competition, could further improve the knowledge of
rink hockey training actions/density and how it impacts official matches.
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5. Conclusions

In this study, different load dynamics were reported during the preparation of an
elite male rink hockey for an international championship, which is in accordance
with tapering strategies. However, training sessions do not translate the game
demands, and HImpt followed by DEC has a greater influence on s-RPE during
competition. Yet, these findings offer a novel perspective on the tracking of training
loads (TL).

5.1. Practical applications

The transfer of this evidence to the training process is significant; in so far as
knowing the intensity of the match and which variables best characterise it, coaches
can concretely manipulate and adjust the physical requirements of practice tasks
during the microcycle to match demands to optimise players’ performance and
reduce the risk of injury. Also, our findings can underpin considerations to identify
the best variables that characterise rink hockey demands for the definition of dedi-
cated monitoring tools, as well as for strategies of benchmarking between teams of
different competitive levels. Finally, if the goal is to replicate the mechanical demands
of competition, rink hockey training should be reviewed, and coaches should pre-
scribe drills that contain a greater number of HImpt and DEC efforts. These changes
may be necessary in order to better prepare athletes to deal with match-play
challenges.
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