1' frontiers
in Physiology

ORIGINAL RESEARCH
published: 29 June 2021
doi: 10.3389/fphys.2021.698463

OPEN ACCESS

Edited by:
Alessio Rossi,
University of Pisa, Italy

Reviewed by:

Raul Martinez-Santos,
University of the Basque
Country, Spain

Joéo Paulo Brito,
Polytechnic Institute of
Santarém, Portugal

*Correspondence:

Daniel Fernandez
daniel.fernandez@fcbarcelona.cat
Joan A. Cadefau
Jcadefau@gencat.cat

Specialty section:

This article was submitted to
Exercise Physiology,

a section of the journal
Frontiers in Physiology

Received: 21 April 2021
Accepted: 31 May 2021
Published: 29 June 2021

Citation:

Fernandez D, Moya D, Cadefau JA
and Carmona G (2021) Integrating
External and Internal Load for
Monitoring Fitness and Fatigue Status
in Standard Microcycles in Elite Rink
Hockey. Front. Physiol. 12:698463.
doi: 10.3389/fphys.2021.698463

Check for
updates

Integrating External and Internal
Load for Monitoring Fithess and
Fatigue Status in Standard
Microcycles in Elite Rink Hockey

Daniel Fernandez %%, David Moya "2, Joan A. Cadefau®* and Gerard Carmona*

" Sports Performance Area, Futbol Club Barcelona, Barcelona, Spain, ? Barca Innovation Hub, Futbol Club Barcelona,
Barcelona, Spain, ° Institut Nacional d’Educacio Fisica de Catalunya (INEFC), Universitat de Barcelona (UB), Barcelona,
Spain, * Escola Superior de Ciéncies de la Salut, Universitat Pompeu Fabra (UPF), Matard, Spain

The aims of this study were 3-fold: firstly, to present an integrative approach to
external and internal load dynamics for monitoring fitness and fatigue status of specific
in-court rink hockey training sessions in a standard microcycle; secondly, to assess the
differences between training sessions and matches; the third and final aim was to assess
the association between external and internal load metrics. The external load, using a
local positioning system, and internal load, using the declared rate of perceived exertion,
were measured during 23 in-season microcycles for nine top-level players. Training load
data were analysed with regard to the number of days before or after a match [match
day (MD) minus or plus]. In relation to the first aim, internal and external load metrics
merged into a single integrated system using pooled data z-scores provided an invisible
monitoring tool that places the players in the fitness-fatigue continuum throughout the
different microcycle sessions. In this regard, MD-4 and MD-1 sessions tend to place, with
alow dispersion, the players in a “low external and internal load” zone. On the contrary, in
MD-3 and MD-2 sessions, as well as in MD, in which higher loads were recorded, most of
the players were within a “high external and internal load” zone with a tendency towards
dispersion towards the fitness or fatigue zones. Finally, and with regard to the second
and third aims, an inverted “U-shape” load dynamic related to the specific goals of each
training session was the main finding in terms of comparison between MD; a load peak
between MD-3 and MD-2 sessions and a significant decrease in all the load variables in
MD-1 sessions were found; and high-to-low correlations were found between external
and internal load metrics. This study presents an integrative approach to the external
and internal load of players for monitoring fitness and fatigue status during a standard
microcycle in rink hockey that might provide team sport staff members with a deeper
understanding of load distribution in the microcycle in relation to the match.
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INTRODUCTION

Workload in the context of sports training has been defined as
the input variable which, assuming a certain level of stress, is
manipulated to obtain a desired response (Impellizzeri et al.,
2019). While training load is totally manipulable, competition
load, due to its intrinsic characteristics such as results, place in
the league table, stage of the season or type of league, is much less
so and is limited to the possibility of regulating player exposure
to it (minutes of play). Load can be described as internal or
external (Impellizzeri et al., 2019). External load (EL) is the work
completed by the player independently of his or her internal
characteristics; for example, it is described in terms of distance,
accelerations, decelerations, or sprints, among others (Varley
and Aughey, 2013). The resulting physiological, psychological,
and biomechanical stress imposed, described as internal load
(IL), drives player adaptation response (Vanrenterghem et al.,
2017). The outcome of any training intervention is therefore
the consequence of both EL and IL, hence reliable monitoring
tools are crucial to the optimisation of athletic performance
(Impellizzeri et al, 2019) and to a better understanding of
the factors affecting sport performance and recovery, since
the uncoupling or divergence of EL and IL may differentiate
between a non—fatigued and a fatigued athlete (Thorpe et al,,
2017). Current models of the fitness—fatigue relationship use the
association between EL and IL (Delaney et al., 2018), considering
“fatigue” as the ability to complete a task or training session with
an altered IL response which recent had been achievable with a
lower IL response and “fitness state” as the opposite, the ability to
accumulate a given EL with a lower IL response.

Thanks to tracking technology, athletes, coaches and sport
scientists, can easily compile EL parameters to help practitioners
and coaches to plan, evaluate, structure and optimise their
training methodology (Borresen and Lambert, 2009). The use
of electronic performance and tracking systems has helped to
compare competition demands to training session drills and
consequently modulate the intensity and volume of these training
sessions according to the match day (Buchheit et al, 2014).
Moreover, the use of subjective scales to record the declared
exertion also makes it possible to obtain information about IL
(Foster et al., 2001).

The organisation of training loads can be divided into
macrocycles, mesocycles and microcycles (Naclerio et al., 2013).
These divisions make it possible to organise the load from
very large time cycles (for example macrocycles that encompass
two seasons), through mesocycles that group several weeks or
months of training, up to weekly microcycles. The most recent
research in team sports is beginning to identify the microcycle
as the most important planning unit in this type of sport
in this specific case, understanding the microcycle not as the
training week, but as the time that passes between one game

Abbreviations: EL, external load; IL, internal load; declared RPE, declared rate
of perceived exertion; s-RPE, session rate of perceived exertion; MD, match day;
MD-x, match day [MD] minus X days; DT, distance travelled; HSS, high-speed
skating; ACC, high-intensity accelerations; DEC, high-intensity decelerations; ES,
effect size.

and another (Tarrago et al., 2019). Indeed, many studies have
provided comprehensive information about EL of outdoor elite
team sports during matches, and some studies have furnished
the same information about indoor elite team sports (Vazquez-
Guerrero et al., 2019; Gémez-Carmona et al., 2020; Ribeiro et al.,
2020), including high-intensity actions and metabolic variables.
Research relating elite teams’ in-season microcycles in outdoor
sports is on the increase (Akenhead et al., 2016; Martin-Garcia
et al,, 2018; Oliveira et al., 2019) but is virtually non-existent in
indoor sports (Illa et al., 2020).

Being an indoor sport, rink hockey is a team sport involving
skates and a stick and is characterised by high-intensity actions
such as accelerations, decelerations, sprints, and changes of
direction (Ferndndez et al., 2020b). Rink hockey is played in
a 40 x 20m court like futsal or handball, but with fences, a
structural difference that means that there are fewer interruptions
than in these other sports. It is played by two teams of
four players and a goalkeeper, and official matches have two
halves of 25min; the number of players and the court size
make rink hockey more similar to futsal than to basketball
and handball in terms of density of players. Finally, the use
of roller skates makes the movement of the players on the
court much easier; they are able to cover large distances,
sometimes without effort. Finally, decelerations and accelerations
are the key actions in this sport (Ferndndez et al., 2020b).
While the use of technology in certain team sports modalities
has increased in the last decade, research into conditional
demands is scant. Some research has addressed official matches
(Merino Tantifa et al., 2014; Fernandez et al., 2020b) and the
most demanding passages in certain drills (Fernandez et al,
2020a), although microcycle training load dynamics has never
been described.

Accordingly, this research pursued three aims: (i) to
present an integrative approach to EL and IL dynamics for
monitoring the fitness and fatigue status in the specific in-
court training sessions of an elite rink hockey team for a
standard one-match-per-week microcycle; (ii) to evaluate the
differences in EL and IL metrics between training sessions
and match; and (iii) to assess the association between EL and
IL metrics.

MATERIALS AND METHODS

Participants

Elite professional rink hockey players (n = 9, age: 29.8 +
5.77 years, weight: 79.5 £ 5.50kg, height 180.4 + 4.03cm,
all measurements mean =+ standard deviation) participated
voluntarily in the study, whereas the goalkeepers were not
included. In the two seasons analysed, the team won the Spanish
First Division championship and seven of the nine players
of the sample played for their respective national teams in
official tournaments. The data analysed came from daily player
monitoring, in which player activities were routinely measured
throughout the season. The experimental procedures used in
this study were approved by the local Ethics and Scientific
Committee and all the players signed an informed consent form
before participating.
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Methodology

A retrospective observational study was carried out during the
2018-2019 and 2019-2020 competitive seasons (in the latter
only until March 2020 due to COVID-19). A non-experimental
descriptive method was used to identify the demands of
rink hockey microcycle training sessions and matches and to
evaluate the differences between days. A correlation analysis
was conducted to describe the relationship between EL and IL
metrics. The training load data were analysed with regard to the
number of days before the match [match day (MD) minus X
days] (Akenhead et al., 2016).

As it has been noted in the introduction, the microcycle it is
the most important programming unit in team sports training.
Tarrag6 et al. (2019) defined a microcycle as the time that
elapses between competitive matches, and stated that its goal
is to achieve the best training possible and consider the loads
of the competitive matches within the dynamic of the weekly
load, considering them the most important factor that affects
the other sessions. The number of competition matches per
week, days between matches and the physical condition of the
players and the team, among other conditioning factors, affected
the structure of each microcycle throughout the season. Due
to all these variations, the inclusion criteria for the standard
microcycles analysed were: (1) microcycles with only one match
per week, (2) microcycles with four training sessions before the
match, (3) microcycles with 1 day of rest after the previous match,
and (4) microcycles in which the matches were official. Once the
microcycles had been chosen, the inclusion criteria for the players
analysed in each session were: (1) the player had to complete
the entire session and (2) the player had to be available for the
match. With these criteria, a total of 23 in-season microcycles
were chosen out of a total of 75, with 20 MD-4 sessions, 23 MD-3
sessions, 20 MD-2 sessions, 11 MD-1 sessions, and 8 MD official
matches. The mean durations (and standard deviations) of the
sessions were, 62.3 &= 4.26 min for the MD-4, 85.4 & 4.91 min for
MD-3, 76.5 & 8.46 min for MD-2, 56.1 =+ 3.24 min for MD-1, and
90.4 =+ 4.99 min for MD. The missing session data (for example,
only 11 MD-1 sessions of the 23 microcycles were analysed) were
due to factors beyond the researcher’s control (e.g., technical
issues with equipment) or because training sessions had been
arranged on other training courts and facilities for logistical and
schedule reasons. The matches and specific in-court training
sessions analysed were always played on the same court (always
at home), ensuring the same environmental conditions.

The training sessions of the microcyles analysed in this
research were always comprised of an integrated content (i.e.,
tactical, technical, and physical factors were amalgamated) and
in line with the structured training and structured microcycle
methodology (Tarrago et al.,, 2019). The main goals and drills
used in each training session are provided in Figure 1.

Procedures

Data logging to evaluate EL was performed with a local
positioning system (WIMU PRO™, Realtrack Systems SL) and
its corresponding software (SPRO™, Realtrack Systems SL,
version 962). The devices were fitted to the upper back using tight
harnesses. The WIMU PRO™ features four 3D accelerometers

(full-scale out output ranges are + 16g, + 16g, + 32g, £
400g, 100 Hz sample frequency), three gyroscopes (8,000°/s
full-scale out output range, 100 Hz sample frequency), a 3D
magnetometer (100 Hz sample frequency), a GPS (10 Hz sample
frequency), and ultra-wideband (18 Hz sample frequency). The
ultra-wideband system was installed on the court as follows:
six antennae with ultra-wideband technology were placed 5m
away from the perimeter line of the field. The WIMU PRO
system presented a high intra-class correlation coefficient value
for the x-coordinate (0.65), a very high value for the y-coordinate
(0.85) and a good % technical error of measurement: two
(Bastida Castillo et al., 2019).

The following variables were calculated in absolute terms to
describe EL: distance travelled in metres (DT; m); high-speed
skating, distance covered above 18 km/h in metres (HSS >18
km-h™!; m); player load, vector magnitude, expressed as the
square root of the sum of the squared instantaneous rates of
change in acceleration in each one of the three planes divided
by 100 in arbitrary units (PL; AU); number of high-intensity
accelerations (ACC; >2 m-s~%; n) and number of high-intensity
decelerations (DEC; >2 m-s~2; n). All of these variables were
selected because they were the most commonly used ones in
other competition load descriptive studies and the thresholds
used were the ones emphasised most in indoor sport research and
previously described in rink hockey (Fernandez et al., 2020D).

Each player’s declared rate of perceived exertion (declared
RPE) was collected ~30 min after each specific in-court training
session or match using the 0-10 point Borg’s rate of perceived
exertion scale modified by Foster et al. (2001), with its
respective verbal anchors, in order to collect subjective IL
estimations. All the players were familiar with the use of the
scale. A smartphone app was used to avoid bias and maintain
subjectivity in player response. Subsequently, specific in-court
session declared RPE (s-RPE) was calculated by multiplying
the specific session (or game) duration in minutes by the
individual declared RPE scores for the training (or game) and
was presented in arbitrary units (a.u.) (Foster et al, 2001).
s-RPE has been proposed as a cost-effective alternative to heart
rate-based methods as a global measure of training intensity
that may more accurately quantify IL in intermittent sports
(Impellizzeri et al., 2004; Paulson et al., 2015). Both declared
RPE (0-10 point scale) and s-RPE (a.u.) results were used for
further analyses.

Statistical Analysis

All statistical analyses were conducted with RStudio version
1.3.1093 (RStudio, Inc.) and “readxls;” “tidyr;” “dplyr,” “ggridges,”
“plyr;” “ggplot2,” “scales;,” “viridis,” “pipeR,” “effsize,” “bootES,”
“officer;” and “rvg” packages. Descriptive results were reported as
mean = standard deviation and a z-score analysis was conducted
with the pooled s-RPE data and the mean of all z-score EL
variable pooled data. The data failed all the tests for homogeneity
of variance (Levene’s test) and most of the variables and MD for
normality (Shapiro-Wilk test). A bootstrap confidence interval
(CI) approach was used to perform the hypothesis test to assess
the differences between MDs because the assumptions of this
method were aligned with our data (Tian, 2010). A residual
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FIGURE 1 | Integrative approach overview of a standard microcycle. (A) Main goals, characteristics, and training drills used in each session. (B) Mean, standard
deviation and data distribution of each session expressed as a percentage of match values. (C) Distribution of the mean of the EL metrics z-scores (EL metrics
z-scores) and the IL s-RPE z-scores of pooled data from all sessions. DT, Distance travelled; HSS, High-speed skating; PL, Player Load; ACC, High-intensity
accelerations; DEC, High-intensity decelerations; RPE, Declared rate of perceived exertion; s-RPE, Rate of perceived exertion x total duration of session; MD,
Match Day.

resampling model with 10,000 bootstrap samples and 95% bias-
corrected and accelerated method (BCa 95% CI) was used to
calculate the CI of F-values of repeated-measures ANOVA for
each variable and established that the null hypothesis, that there
were no differences, was true if one fell within the CI limits
(Plonsky, 2015). The same bootstrap CI approach with a simple
resampling model was used to evaluate the post hoc pairwise
comparisons. The mean difference and effect size value was
computed and presented as pairwise change. Thresholds for
effect size (ES) statistics were (ES < 0.20), trivial; (0.20 < ES
< 0.59), small; (0.60 < ES < 1.19), moderate; (1.20 < ES <
1.99), large; and (ES > 2.0), very large (Hopkins et al., 2009).
Finally, a bootstrapped Pearson correlation test was conducted to
quantify the correlation between s-RPE and all the EL variables.
The magnitude of correlation coefficients, according to Hopkins
(2016), was considered trivial (r < 0.1), small (0.1 < r < 0.3),
moderate (0.3 < r < 0.5), large (0.5 < r < 0.7), very large (0.7
< r < 0.9), almost perfect (r > 0.9), or perfect (r = 1). All the
reported P-values were the likelihoods of the absolute effect sizes
being observed if the null hypothesis of zero difference was true
(Plonsky, 2015).

RESULTS

The EL and IL descriptive results are represented in Figure 1
and in Table 1. The MD-3 training sessions were the ones with
the highest values (except the HSS variable, where the MD
is the session with the highest values). In addition, Figure 1
presents an overview of all the microcycle mean values, with
descriptive results relative to match values and z-score values of
EL (presented as the mean of all z-score EL variables) and s-RPE
metric for each training session; MD-1 sessions were the ones
with the lowest relative load values and the lowest EL and IL
demands measured in z-score values.

The ANOVA results of all the variables studied are presented
in Table 2, there being significant differences in all the metrics
analysed. Finally, the change of each variable in each pairwise
comparison between the different MD is represented in Table 3
in the form of absolute changes (in the respective units) and effect
size changes (in Cohen D units). MD-3 were the training sessions
most similar to the match, except in DT, ACC, and declared RPE,
in which it surpassed the match values; on the other hand, MD-
1 were the training sessions with the most significantly lowest
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TABLE 1 | Descriptive statistics (mean + standard deviation) for all variables each match day.

Variables MD-4 MD-3 MD-2 MD-1 MD

DT (m) 5,289 £ 466 7,035 £+ 754 6,463 + 1,014 4,324 + 379 5,568 £+ 750
HSS (m) 560 £ 212 727 + 225 683 + 245 256 + 103 739 £ 209
PL (a.u.) 26.9 + 2.70 34.8 + 4.15 31.6 + 4.85 21.8+ 210 34.0 + 4.54
ACC (n) 122 £22.0 172 £ 33.7 149 £ 31.9 82.4+17.6 160 £ 26.6
DEC (n) 99.9 £ 21.7 143 + 31.9 121 + 301 64.4 +18.3 143 + 25.8
Declared RPE (0-10 scale) 571 +1.64 6.16 +1.78 5.80 + 1.87 2.43 +£0.90 529 + 1.45
s-RPE (a.u.) 356 £ 107 501 £ 153 454 + 158 126 £ 47.3 474 £ 129

DT, Distance travelled; HSS, High-speed skating; PL, Player Load; ACC, High-intensity accelerations; DEC, High-intensity decelerations; RPE, Rate of perceived exertion; s-RPE, Rate

of perceived exertion x total duration of session; MD, Match day.

TABLE 2 | Bootstrap ANOVA results for each variable.

Variable F Bootstrap*
Bias  Std. Error BCa 95%Cl BCa 95%ClI

Lower Upper

DT (m) 242 244 25.7 185 266.3

HSS (m) 92.4 9.52 12.0 65.1 106.0

PL (a.u.) 229 229 23.7 172 251

ACC (n) 224 220 23.0 167 245

DEC (n) 261 25383 26.6 199 286

Declared RPE  70.5 10.2 10.9 45.4 81.1

(0-10 scale)

s-RPE (a.u.) 111 158 15.1 80.5 124

DT, Distance travelled; HSS, High-speed skating; PL, Player Load; ACC, High-intensity
accelerations; DEC, High intensity-decelerations; RPE, Rate of perceived exertion; s-
RPE, Rate of perceived exertion x total duration of session. The null hypothesis was
rejected if 1 did not fall within BCa 95% Cl limits. *Bootstrap results are based on 10,000
bootstrap samples.

values in all the metrics studied compared to the other training
sessions and the match.

The correlation data analysed between EL and IL (s-RPE) are
shown in Figure 2. There was a large positive correlation with
DT and PL variables, moderate with ACC and DEC variables and
a small positive correlation with the HSS metric.

DISCUSSION

The aims of this research were (i) to present an integrative
approach to the EL and IL dynamics for monitoring the fitness
and fatigue status of specific in-court training sessions of an
elite rink hockey team for a standard microcycle, (ii) to evaluate
the EL and IL differences between all the training sessions and
matches, and (iii) to assess the correlation between EL and IL
metrics. To the best of our knowledge, this is the first study to
carefully describe the EL and IL dynamics of a microcycle of
an elite rink hockey team. In this regard, our results revealed
an inverted “U-shape” load dynamics in which MD-3 and MD-
2 were the two training sessions with the greatest EL and IL of
the microcycle in comparison with the other sessions and slightly

above the match. Finally, and with regard to the association
between EL and IL metrics, large and moderate correlations
were found between volume-related variables and s-RPE and low
correlations were found between high-intensity-related variables
and s-RPE.

Integrative Approach to Training Loads

One of the novelties presented by this study was the
determination of the EL and IL dynamics during a standard
microcycle comprised of two consecutive seasons. Figure 1
provides a visual overview of a standard microcycle content
(Figure 1A), training load dynamics (Figure1B) and an
integrative approach of EL and IL for player fitness and fatigue
status monitoring based on the proposals by Gabbett et al. (2017)
and Delaney et al. (2018) (Figure 1C).

With regard to load dynamics, our monitoring approach
showed that both EL and IL represented an inverted “U-
shape” curve throughout a standard microcycle (Figure 1B).
Regarding EL, the inverted “U-shape” presented is like other EL
dynamics described elsewhere in other team sport microcycles,
such as soccer (Akenhead et al., 2016; Los Arcos et al., 2017;
Owen et al., 2017; Martin-Garcia et al., 2018). Other research
in soccer showed a decrease from MD-4 sessions to MD
(Stevens et al., 2017), and finally, Malone et al. (2014), also in
soccer, found no differences between MD-4, MD-3, and MD-
2 training sessions. This inverted “U-shape” curve seems to
correspond to a tapering strategy (Martin-Garcia et al., 2018)
in which EL decreases as match day approaches. Interestingly,
the most notable characteristic of IL dynamics in our study
was the difference between the inverted “U-shape” of the s-
RPE metric (following the same pattern as EL metrics) versus
the flat shape described by the declared RPE (0-10 point scale)
variable throughout MD-4, MD-3, and MD-2 training sessions
(Figure 1B). This declared RPE (0-10 point scale) dynamic
might be explained by the fact that this variable is a nominal
score given by the player that mainly describes mean training
intensity (Haddad et al,, 2017), while the s-RPE metric takes
not only the intensity but also the duration of the session into
consideration (Foster et al., 2001). Excepting MD-1, MD-4 is the
shortest of the other three types of training days; this is why, when
multiplying the declared RPE by time, the s-RPE was lowest in
MD-4 training sessions.

Frontiers in Physiology | www.frontiersin.org

June 2021 | Volume 12 | Article 698463


https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org
https://www.frontiersin.org/journals/physiology#articles

Fernandez et al.

Microcycle Load in Rink Hockey

TABLE 3 | 95% Confidence interval of absolute change and effect size change between match days.

Pairwise DT (m) HSS (m) PL (a.u.) ACC (n) DEC (n) Declared RPE s-RPE (a.u.)
(0-10 scale)

95CI 95CI 95ClI 95CI 95CI 95CI 95CI 95CI 95CI 95CI 95CI 95CI 95CI 95CI

Iwr. upr. wr. upr. Iwr. upr. Iwr. upr. Iwr. upr. Iwr. upr. Iwr. upr.

MD-MD-4  Abs. A  74.6 488 118 246 5.93 8.47 29.9 45.5 35.9 50.9 —0.91 0.09 78.9 158
ES A 0.12 0.85 0.54 1.14 1.73 2.49 1.23 1.93 1.53 221 058 0.05 0.68 1.35

MD-MD-3  Abs. A —-1,687 —-1,241 484 775 211 060 —-205 -3.38 —8.01 873 -1.33 -0.36 —68.0 171
ESA -228 -157 -0.23 0.35 —-0.50 013 -0.65 -0.10 -0.27 0.27 -0.82 -0.21 —0.48 0.11
MD - MD-2  Abs. A —-1,141 —634 —6.35 127 0.97 3.80 1.91 19.1 13.4 30.2 —1.04 0.03 —25.5 65.6
ESA -123 -066 —0.04 0.52 0.19 0.79 0.06 0.62 0.45 1.03 -0.60 0.01 -0.18 0.44

MD-MD-1  Abs.A 1,035 1,457 429 546 10.9 13.5 69.7 85.5 70.9 86.6 242 3.35 313 386
ES A 1.68 2.66 2.52 3.53 2.89 4.14 2.79 4.11 2.89 4.10 1.86 2.68 2.81 3.86

MD-4 - MD-3 Abs. A -1,878 -1,606 —217 -117 -8.71 -7.14 -56.2 -43.5 -494 -3741 —0.89 0.01 -179 =111
ESA -3.05 -241 -098 -053 -248 -192 -196 -146 -1.79 -131 -052 0.00 -1.36 -0.81
MD-4 - MD-2 Abs. A -1,356 —989 -175 -68.0 -5.72 -3.92 -335 -20.6 -27.7 -154 -0.58 0.39 -136 -61.8
ESA -175 -121 -076 -030 -145 -098 -122 -074 -1.06 -0.57 -0.33 0.24 -1.01 -0.46

MD-4 - MD-1 Abs. A 838 1,071 262 346 4.31 5.68 34.5 45.3 29.9 40.9 2.86 3.71 205 256
ES A 1.79 2.57 1.41 1.92 1.64 2.29 1.54 2.29 1.36 2.06 1.86 2.60 2.10 2.81
MD-3 - MD-2 Abs. A 362 769 —9.03 97.7 2.12 4.12 15.3 29.8 14.6 28.3 -0.13 0.83 4.78 85.9
ES A 0.41 0.88 —0.04 0.42 0.45 0.94 0.45 0.91 0.46 092 —0.07 0.46 0.03 0.57

MD-3-MD-1 Abs. A 2,556 2,843 430 512 121 13.7 82.9 96.0 721 84.9 3.30 4.14 343 404
ES A 3.61 4.54 2.13 2.66 3.14 3.91 2.64 3.37 2.42 3.10 1.97 2.63 2.45 3.10

MD-2 - MD-1 Abs. A 1,954 2,328 380 474 8.89 10.7 60.4 73.6 50.6 63.5 2.91 3.84 294 363
ES A 217 2.85 1.78 2.32 2.08 2.66 2.05 2.74 1.81 2.45 1.73 2.34 2.13 2.72

The confidence intervals are based on the BCa method and 10,000 bootstrap samples. Significant differences (p < 0.05) are displayed in bold.
DT, Distance travelled; HSS, High-speed skating; PL, Player Load; ACC, High-intensity accelerations; DEC, High-intensity decelerations; RPE, Rate of perceived exertion; s-RPE, Rate
of perceived exertion x total duration of session; MD, Match Day; CI, Confidence interval; ES, Effect Size; lwr, lower; upr, upper.

Finally, Figure 1C presents the IL and EL metrics merged
into an integrated system using pooled data z-scores; this type
of load monitoring approach, based on Gabbett et al. (2017) and
Delaney et al. (2018), provides a monitoring tool that places the
players in the fitness-fatigue continuum throughout the different
microcycle sessions without using tests. This approach uses the
relationship between IL and EL metrics in attempt to detect
uncoupling between metrics, in other words, attempt to detect
when a given EL had a lower (fitness) or greater (fatigue) IL
response. Moreover, the use of pooled data helps the observer to
see the type of training session and its dispersion with respect
to the others, and the quadrant in which it is located intra and
inter sessions. In this regard, Figure 1C shows that MD-4 and
MD-1 sessions tend to place, with low dispersion, the players in a
“low EL and IL” zone, guaranteeing a recovery process, especially
if combined with an optimal well-being status (Gabbett et al.,
2017). On the contrary, in MD-3 and MD-2 sessions, as well as
in MD, in which higher loads were recorded, most of the players
were placed in a “high EL and IL” zone with a tendency towards
dispersion towards the fitness or fatigue zones. This indicates that
when players are exposed to high loads, and although most of
them will exhibit an expected outcome response (“high El and
IL”), the chances of having an unexpected response that would
represent an improved fitness status or a fatigue process might
be increased. Although this is beyond the scope of this study,
such individual unexpected responses (fitness and fatigue) merit

further attention in order to individualise the training process
better by adjusting training loads and modifying training content.

Differences Between Sessions in the

Microcycle

The second aim of this study allowed us to compare training
sessions and match EL and IL. One of the main findings was
that in the MD-4 training sessions, all EL variables and s-
RPE were below the match and MD-3 and MD-2 training
sessions, but declared RPE was not different from the match
and MD-3 and MD-2 training sessions. The differences in IL
metrics (s-RPE vs. declared RPE), as previously stated, can
be explained by the difference in definition of the metrics: a
nominal intensity score reported by declared RPE versus the
inclusion of the duration of the session in s-RPE. Moreover,
this specific difference in MD-4 sessions and the rest of the
sessions might also be accounted for by the fact that the
players were exposed to the longest weekly (45 min) coadjuvant
strength training (Gomez et al, 2019) at the gym followed
by in-court sessions focusing on SSG (Figure 1A). Therefore,
coadjuvant strength training in the gym just before the beginning
of the specific training session could have had an impact on
the declared RPE measured. This content training arrangement
has been defined as concurrent training (Fyfe et al, 2014),
which might have an effect on EL variables of the specific in-
court part of the session (lowering the load) and an effect
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FIGURE 2 | Correlation between EL metrics and session RPE (s-RPE). (A) s-RPE and distance travelled. (B) s-RPE and high-speed skating distance. (C) s-RPE and
Player Load. (D) s-RPE and number of high-intensity accelerations. (E) s-RPE and number of high-intensity decelerations. DT, Distance travelled; HSS, High-speed
skating; PL, Player Load; ACC, High-intensity accelerations; DEC, High-intensity decelerations; s-RPE, Rate of perceived exertion x total duration of session.

on the declared RPE (increasing the load), but not on the s-
RPE because of the shortert in-court training time. In line
with our results, Enright (2014) showed that in soccer, when
resistance training was performed before specific soccer training,
the specific training declared RPE was significantly higher than
the inverse training sequence. Although several mechanisms may
account for the difference between IL variables, none of them
alone can definitely justify the results. However, knowing the
reality of IL and EL dynamics can help staff members to take
decisions to optimise MD-4 sessions loads, for example in this
specific scenario, separating the strength session from the in-
court session (into morning—afternoon sessions) would allow
for a greater recovery between sessions that would mean that the

perception of effort of the first session did not excessively affect
the second one.

Another relevant finding regarding MD comparison was
that MD-3 and MD-2 training sessions presented the greatest
load demands compared to MD. MD-3 training sessions were
superior in DT, ACC, and declared RPE, although no significant
differences were found between HSS, PL, DEC, and s-RPE
compared to MD; MD-2 sessions were significantly superior in
DT; equal in HSS, declared RPE and s-RPE and significantly
lower in PL, ACC, and DEC with regard to MD (Table 3). These
results were similar to those reported by Illa et al. (2020) in futsal,
where EL was equal to or greater than MD in the central part
of the microcycle but different to outdoor team sports, such as
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soccer (Stevens et al., 2017; Martin-Garcia et al., 2018), where it
proved impossible to reach MD levels in the training sessions and
especially in MD-2 training sessions. Unlike indoor team sports,
more time may be required to recover from intense pre-match
training sessions in outdoor team sports, and for this reason
most of the training load was prescribed between MD-4 and
MD-3 sessions. The training contents prescribed in MD-3 and
MD-2 training sessions described in Figure 1A could explain the
greater load demands in EL and IL (in some metrics); in line with
this, some research in basketball (Vazquez Guerrero et al., 2018)
suggests that the bigger the space used in specific in-court drills
the greater the EL imposed upon the players. The use of roller
skates in rink hockey makes it easy to move around the court
and more difficult to remain motionless in one place, and this
could be a reason for the higher absolute values of distance, and
high-speed distance than in other indoor sports (Fernandez et al.,
2020Db). Another interesting point is that DEC is a variable that is
always lower on training days than on the match days (or at most
equal). The main point is that, as mentioned in the introduction,
DEC in rink hockey may be the variable that makes a difference;
for example, when a player returns from an attacking phase to
a defensive phase an intense and short deceleration may make
the difference between a good defensive transition (timely, fast,
and effective) and a bad one (late and tactically un—successful).
Finally, as described in Figure 1C, all EL and IL metrics (based
on the s-RPE metric) presented a major dispersion in MD-3 and
MD-2 sessions, albeit with a tendency to be in the “high EL and
high IL” quadrant, particularly MD-3 sessions.

Finally, with regard to MD comparison, it is also interesting to
emphasise that there was a decrease in all the variables studied as
match day approached (MD-1 sessions). The consistent finding
of a reduction in MD-1 training sessions of EL and IL denotes
a tapering strategy to guarantee freshness before competition.
Many studies in team sports have demonstrated that this strategy
is effective in ensuring that players will be totally competition-fit
(Akenhead et al., 2016; Los Arcos et al., 2017; Owen et al., 2017;
Martin-Garcia et al., 2018; Illa et al., 2020). More specifically, if
we examine competitive match loads in the weekly load dynamic,
considering them as an important factor that conditions the
other training sessions (Tarragé et al., 2019); then the MD-1
sessions tapering strategy in team sports consists of lowering
EL and IL, ensuring recovery and guaranteeing players’ match
readiness (Svilar et al., 2019). In summary, and as described in
Figure 1C, MD-1 presented a “low EL and low IL” profile with a
low data dispersion, ensuring a consistent tapering strategy in the
team analysed.

Correlation Between EL and IL

The third and final objective of this research was to examine the
correlations between EL and IL. The analysis of the relationship
between the EL variables studied and the s-RPE IL metric is
presented in the Figure 2. The correlations studied in the team
analysed ranged from high to low in all the metrics selected;
DT and PL were the two variables with the highest values of
correlation with s-RPE with high values; HSS was the lowest
correlated variable with s-RPE with low results. The volume
metrics (DT and PL) findings are in line with those of Scanlan

et al. (2014) in basketball, who found that the relationship
between accelerometer training load data (similar to PL metric)
and s-RPE was very similar to the correlation of our research. In
contrast, field-based team sports presented stronger relationships
between volume EL metrics and IL (Burgess et al., 2006; Scott
et al., 2013) than indoor team sports. On the other hand, high-
intensity metrics such as HSS presented the lowest correlation
with IL, suggesting, on the one hand, and in line with Fernandez
et al. (2020b), that high-speed movement may be maintained
through the use of inertia from a previous effort and not
through the player’s continual effort, whereby the HSS metric
does not account for the players’ entire internal response; and
on the other hand, in line with Scott et al. (2013), that as
the speed of EL criterion increases (the HSS threshold was 18
km-h™!), the strength of its relationship with s-RPE becomes
weaker. Modern rink hockey is based on a very high pace
of skating and of ball possession (Perez, 2017). In addition,
professional teams seek faster offensive and defensive transitions,
which probably increases the HSS volume per match as in
soccer, where high—speed running distances have increased in
recent years (Bush et al., 2015). This suggests the need for
more research into HSS and its degree of correlation with
IL and also, into absolute and relative thresholds in HSS.
Finally, the results of the correlation analysed suggest that
not only do EL variables affect IL response, but also that
individual characteristics, psychological status, health, nutrition
and the environment, among other intrinsic and extrinsic
factors, could affect this response (Impellizzeri et al., 2019).
Therefore, taking the different degree of association between
EL and IL metrics (ranging from high-to-moderate for volume
EL metrics and s-RPE and moderate-to-low for intensity EL
metrics and s-RPE) into account, both variables should be
measured, since they offer complementary information about
conditional demands and elite rink hockey players’ response to
these demands, respectively.

CONCLUSIONS

This research, the first of its kind with an elite rink hockey team,
presents an integrative approach to the EL and IL of players
for monitoring fitness and fatigue status during a standard
microcycle. As a skating sport, DEC in rink hockey could
be the variable that make a difference in match situations,
possibly being this the reason why DEC was the only (along
with HSS) EL variable that did not surpass the match volume
during a standard microcycle. An inverted “U-shape” load
dynamics with a load peak between MD-3 and MD-2 sessions,
a mismatch between declared RPE and s-RPE metric in MD-
4 sessions and a high correlation between volume EL variables
and IL (s-RPE) were the most important findings in this
team’s microcycle. This could provide team sport staff members
(coaches, strength and conditioning coaches, and physicians)
with a deeper understanding of load distribution throughout
the microcycle. The use of z-scores analyses integrating EL and
IL builds up an objective decision-support tool for changing
and adapting training loads and content. This study is based
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on a single elite rink hockey team with international top-level
players, and the findings provide a basis for the quantification
of a standard microcycle, constituting a point of departure for
other research into EL and IL in this sport as well as in other
team sports.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The studies involving human participants were reviewed
and approved by the ethics committee for clinical research
of the Catalan Sports Council 29/CEICGC/2020. The
patients/participants provided their written informed consent to
participate in this study.

AUTHOR CONTRIBUTIONS

DF participated in the design of the study, contributed to
data collection, reduction, analysis, interpretation of results,

REFERENCES

Akenhead, R., Harley, J. A, and Tweddle, S. P. (2016). Examining the
external training load of an english premier league football team with
special reference to acceleration. J. Strength Condition. Res. 30, 2424-2432.
doi: 10.1519/JSC.0000000000001343

Bastida Castillo, A., Gomez Carmona, C., De la Cruz Sdnchez, E., Reche Royo,
X., Ibanez, S., and Pino Ortega, J. (2019). Accuracy and inter-unit reliability
of ultra-wide-band tracking system in indoor exercise. Appl Sci. 9:939.
doi: 10.3390/app9050939

Borresen, J., and Lambert, M. L. (2009). The quantification of training load, the
training response and the effect on performance. Sports Med. 39, 779-795.
doi: 10.2165/11317780-000000000-00000

Buchheit, M., Allen, A., Poon, T. K., Modonutti, M., Gregson, W., and Salvo, V.
D. (2014). Integrating different tracking systems in football: multiple camera
semi-automatic system, local position measurement and GPS technologies. J.
Sports Sci. 32, 1844-1857. doi: 10.1080/02640414.2014.942687

Burgess, D. J., Naughton, G., and Norton, K. I. (2006). Profile of movement
demands of national football players in Australia. J. Sci. Med. Sport 9, 334-341.
doi: 10.1016/j.jsams.2006.01.005

Bush, M., Barnes, C., Archer, D. T., Hogg, B., and Bradley, P. S. (2015). Evolution
of match performance parameters for various playing positions in the English
Premier League. Hum. Mov. Sci. 39, 1-11. doi: 10.1016/j.humov.2014.10.003

Delaney, J. A., Duthie, G. M., Thornton, H. R, and Pyne, D. B. (2018).
Quantifying the relationship between internal and external work in team sports:
development of a novel training efficiency index. Sci. Med. Football 2, 149-156.
doi: 10.1080/24733938.2018.1432885

Enright, K. (2014). The Impact of Concurrent-Training on the Physiological
Adaptations to Sport Specific Exercise in Elite Footballers. (Doctoral). Liverpool
John Moores University, Liverpool. United Kingdom.

Fernandez, D., Novelles, A., Tarragd, R., and Reche, X. (2020a). Comparing
the most demanding passages of official matches and training drills
in elite roller hockey. Apunts Educacion Fisica y Deportes 140, 77-80.
doi: 10.5672/apunts.2014-0983.es.(2020/2).140.11

Fernéndez, D., Varo, F., Carmona, G., and Reche, X. (2020b). Quantification of
external load of elite rink hockey players in official matches. J. Sports Med. Phys.
Fitness 60, 1520-1525. doi: 10.23736/S0022-4707.20.11097-1

and contributed to the manuscript writing. DM participated
in the interpretation of results and contributed to the
manuscript writing. JC contributed to the manuscript writing.
GC participated in the design of the study, contributed to
interpretation of results, and manuscript writing. All authors
have read and approved the final version of the manuscript and
agree with the order of presentation of the authors.

FUNDING

This study was supported by the Institut Nacional d’Educacié
Fisica de Catalunya (INEFC).

ACKNOWLEDGMENTS

The authors gratefully acknowledge to all elite players who
participated in the study. The authors gratefully acknowledge the
Institut Nacional d’Educaci6 Fisica de Catalunya (INEFC) for
their collaboration in this study. The authors also would like to
thank all the members of the Sports Performance Area of FC
Barcelona for their valuable contribution to this study, as well as
the support of the Bar¢a Innovation Hub.

Foster, C., Florhaug, J. A., Franklin, J., Gottschall, L., Hrovatin, L. A., Parker,
S., et al. (2001). A new approach to monitoring exercise training. J. Strength
Condition. Res. 15, 109-115. doi: 10.1519/00124278-200102000-00019

Fyfe, J. J., Bishop, D. J., and Stepto, N. K. (2014). Interference between concurrent
resistance and endurance exercise: molecular bases and the role of individual
training variables. Sports Med. 44, 743-762. doi: 10.1007/s40279-014-0162-1

Gabbett, T. J., Nassis, G. P., Oetter, E., Pretorius, J., Johnston, N., Medina, D.,
et al. (2017). The athlete monitoring cycle: a practical guide to interpreting
and applying training monitoring data. Br. J. Sports Med. 51, 1451-1452.
doi: 10.1136/bjsports-2016-097298

Gomez, A., Roqueta, E., Tarragd, J. R, Seirullo, F., and Cos, F.
(2019). Entrenamiento en deportes de equipo: El entrenamiento
coadyuvante en el FCB. Apunts Educacion Fisica y Deportes 138, 13-25.
doi: 10.5672/apunts.2014-0983.es.(2019/4).138.01

Gomez-Carmona, C. D., Bastida-Castillo, A., Ibafiez, S. J., and Pino-Ortega,
J. (2020). Accelerometry as a method for external workload monitoring
in invasion team sports. A systematic review. PLoS ONE 15:e0236643.
doi: 10.1371/journal.pone.0236643

Haddad, M., Stylianides, G., Djaoui, L., Dellal, A., and Chamari, K. (2017). Session-
RPE method for training load monitoring: validity, ecological usefulness, and
influencing factors. Front. Neurosci. 11:612. doi: 10.3389/fnins.2017.00612

Hopkins, W. G. (2016). A New View of Statistics: Home Page. Available online
at: https://www.sportsci.org/resource/stats/newview.html (accessed March 16,
2021).

Hopkins, W. G., Marshall, S. W., Batterham, A. M., and Hanin, J. (2009).
Progressive statistics for studies in sports medicine and exercise science. Med.
Sci. Sports Exerc. 41, 3-13. doi: 10.1249/MSS.0b013e31818cb278

Illa, J., Ferndndez, D., Reche, X., Carmona, G., and Tarragé, J. R. (2020).
Quantification of an elite futsal team’s microcycle external load by using
the repetition of high and very high demanding scenarios. Front. Psychol.
11:577624. doi: 10.3389/fpsyg.2020.577624

Impellizzeri, F. M., Marcora, S. M., and Coutts, A. J. (2019). Internal and
external training load: 15 years on. Int. J. Sports Physiol. Perform. 14, 270-273.
doi: 10.1123/ijspp.2018-0935

Impellizzeri, F. M., Rampinini, E., Coutts, A. J., Sassi, A., and Marcora, S. M. (2004).
Use of RPE-based training load in soccer. Med. Sci. Sports Exerc. 36, 1042-1047.
doi: 10.1249/01.MSS.0000128199.23901.2F

Frontiers in Physiology | www.frontiersin.org

June 2021 | Volume 12 | Article 698463


https://doi.org/10.1519/JSC.0000000000001343
https://doi.org/10.3390/app9050939
https://doi.org/10.2165/11317780-000000000-00000
https://doi.org/10.1080/02640414.2014.942687
https://doi.org/10.1016/j.jsams.2006.01.005
https://doi.org/10.1016/j.humov.2014.10.003
https://doi.org/10.1080/24733938.2018.1432885
https://doi.org/10.5672/apunts.2014-0983.es.(2020/2).140.11
https://doi.org/10.23736/S0022-4707.20.11097-1
https://doi.org/10.1519/00124278-200102000-00019
https://doi.org/10.1007/s40279-014-0162-1
https://doi.org/10.1136/bjsports-2016-097298
https://doi.org/10.5672/apunts.2014-0983.es.(2019/4).138.01
https://doi.org/10.1371/journal.pone.0236643
https://doi.org/10.3389/fnins.2017.00612
https://www.sportsci.org/resource/stats/newview.html
https://doi.org/10.1249/MSS.0b013e31818cb278
https://doi.org/10.3389/fpsyg.2020.577624
https://doi.org/10.1123/ijspp.2018-0935
https://doi.org/10.1249/01.MSS.0000128199.23901.2F
https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org
https://www.frontiersin.org/journals/physiology#articles

Fernandez et al.

Microcycle Load in Rink Hockey

Los Arcos, A., Mendez-Villanueva, A., and Martinez-Santos, R. (2017). In-season
training periodization of professional soccer players. Biol. Sport 34, 149-155.
doi: 10.5114/biolsport.2017.64588

Malone, J., j, Michele, R, Di Morgans, R., Burgess, D., Morton, J. P., and
Drust, B. (2014). Seasonal training load quantification in elite english
premier league soccer players. Int. J. Sports Physiol. Perform. 2014:352.
doi: 10.1123/ijspp.2014-0352

Martin-Garcia, A., Gomez Diaz, A., Bradley, P. S., Morera, F., and Casamichana,
D. (2018). Quantification of a professional football team’s external load
using a microcycle structure. J. Strength Condition. Res. 32, 3511-3518.
doi: 10.1519/JSC.0000000000002816

Merino Tantifia, J., Baiget Vidal, E., and Pefa Lopez, J. (2014). Andlisis
de la actividad competitiva en jugadores profesionales de hockey
sobre patines. Kronos 13. Available online at: https://www.researchgate.
net/publication/271438730_Analisis_de_la_Actividad_Competitiva_en_
Jugadores_Profesionales_de_Hockey_Sobre_Patines

Naclerio, F., Moody, J., and Chapman, M. (2013). Applied periodization:
a methodological approach. J. Hum. Sport 8, 350-366.
doi: 10.4100/jhse.2012.82.04

Oliveira, R., Brito, J., Martins, A., Mendes, B., Calvete, F., Carrico, S., et al. (2019).
In-season training load quantification of one-, two- and three-game week
schedules in a top European professional soccer team. Physiol. Behav. 201,
146-156. doi: 10.1016/j.physbeh.2018.11.036

Owen, A. L, Djaoui, L., Newton, M., Malone, S, and Mendes, B.
(2017). A contemporary multi-modal mechanical approach to training
monitoring in elite professional soccer. Sci. Med. Football 1, 216-221.
doi: 10.1080/24733938.2017.1334958

Paulson, T. A. W., Mason, B., Rhodes, J., and Goosey-Tolfrey, V. L. (2015).
Individualized internal and external training load relationships in elite
wheelchair rugby players. Front. Physiol. 6:388. doi: 10.3389/fphys.2015.00388

Perez, G. (2017). Tdctica II1. La periodizacion tdctica en el hockey patines. Mataré
(Non-pusblished material). Madrid: Real Federacion Espafiola de Patinaje.

Plonsky, L. (2015). Advancing Quantitative Methods in Second Language Research.
New York, NY: Routledge. doi: 10.4324/9781315870908

Ribeiro, J. N., Gongalves, B., Coutinho, D., Brito, J., Sampaio, J., and Travassos, B.
(2020). Activity profile and physical performance of match play in elite futsal
players. Front. Psychol. 11:1709. doi: 10.3389/fpsyg.2020.01709

Scanlan, A. T., Wen, N., Tucker, P. S., and Dalbo, V. J. (2014). The relationships
between internal and external training load models during basketball training.
J. Strength Condition. Res. 28, 2397-2405. doi: 10.1519/JSC.0000000000000458

Scott, B. R., Lockie, R. G., Knight, T. J., Clark, A. C., and Janse de Jonge, X.
A. K. (2013). A comparison of methods to quantify the in-season training
load of professional soccer players. Int. J. Sports Physiol. Perform. 8, 195-202.
doi: 10.1123/ijspp.8.2.195

Exerc.

Stevens, T. G. A., Ruiter, C. J., de Twisk, J. W. R, Savelsbergh, G. J. P., and Beek,
P.J. (2017). Quantification of in-season training load relative to match load in
professional Dutch Eredivisie football players. Sci. Med. Football 1, 117-125.
doi: 10.1080/24733938.2017.1282163

Svilar, L., Castellano, J., Juki¢, I., and Bok, D. (2019). Short-term tapering prior
to the match: external and internal load quantification in top-level basketball.
Archiv. Med. Deporte 36, 288-295.

Tarrag6, J. R., Massafret-Marimén, M., Seirullo, F., and Cos, F. (2019).
Entrenamiento en deportes de equipo: El entrenamiento estructurado
en el FCB. Apunts Educacion Fisica y Deportes 137, 103-114.
doi: 10.5672/apunts.2014-0983.es.(2019/3).137.08

Thorpe, R., Atkinson, G., Drust, B., and Gregson, W. (2017). Monitoring fatigue
status in elite team sport athletes: implications for practice. Int. J. Sports Physiol.
Perform. 12, 1-25. doi: 10.1123/ijspp.2016-0434

Tian, T. S. (2010). WILCOX, R. R. (2010) fundamentals of modern statistical
methods: substantially improving power and accuracy, 2nd edition.
Psychometrika 76, 153-154. doi: 10.1007/s11336-010-9187-z

Vanrenterghem, J., Nedergaard, N. J., Robinson, M. A., and Drust, B. (2017).
Training load monitoring in team sports: a novel framework separating
physiological and biomechanical load-adaptation pathways. Sports Med. 47,
2135-2142. doi: 10.1007/s40279-017-0714-2

Varley, M. C., and Aughey, R. J. (2013). Acceleration profiles in elite
Australian soccer. Int. ]J. Sports Med. 34, 34-39. doi: 10.1055/s-0032-
1316315

Vazquez Guerrero, J., Reche Royo, X., Cos, F., Casamichana Gomez, D., and
Sampaio, J. (2018). Changes in external load when modifying rules of 5-
on-5 scrimmage situations in elite basketball. J. Strength Condition. Res. 34,
3217-3224. doi: 10.1519/JSC.0000000000002761

Vazquez-Guerrero, J., Fernindez-Valdés, B., Jones, B., Moras, G., Reche, X,
and Sampaio, J. (2019). Changes in physical demands between game
quarters of Ul8 elite official basketball games. PLoS ONE 14:e0221818.
doi: 10.1371/journal.pone.0221818

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Ferndndez, Moya, Cadefau and Carmona. This is an open-access
article distributed under the terms of the Creative Commons Attribution License (CC
BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with these
terms.

Frontiers in Physiology | www.frontiersin.org

10

June 2021 | Volume 12 | Article 698463


https://doi.org/10.5114/biolsport.2017.64588
https://doi.org/10.1123/ijspp.2014-0352
https://doi.org/10.1519/JSC.0000000000002816
https://www.researchgate.net/publication/271438730_Analisis_de_la_Actividad_Competitiva_en_Jugadores_Profesionales_de_Hockey_Sobre_Patines
https://www.researchgate.net/publication/271438730_Analisis_de_la_Actividad_Competitiva_en_Jugadores_Profesionales_de_Hockey_Sobre_Patines
https://www.researchgate.net/publication/271438730_Analisis_de_la_Actividad_Competitiva_en_Jugadores_Profesionales_de_Hockey_Sobre_Patines
https://doi.org/10.4100/jhse.2012.82.04
https://doi.org/10.1016/j.physbeh.2018.11.036
https://doi.org/10.1080/24733938.2017.1334958
https://doi.org/10.3389/fphys.2015.00388
https://doi.org/10.4324/9781315870908
https://doi.org/10.3389/fpsyg.2020.01709
https://doi.org/10.1519/JSC.0000000000000458
https://doi.org/10.1123/ijspp.8.2.195
https://doi.org/10.1080/24733938.2017.1282163
https://doi.org/10.5672/apunts.2014-0983.es.(2019/3).137.08
https://doi.org/10.1123/ijspp.2016-0434
https://doi.org/10.1007/s11336-010-9187-z
https://doi.org/10.1007/s40279-017-0714-2
https://doi.org/10.1055/s-0032-1316315
https://doi.org/10.1519/JSC.0000000000002761
https://doi.org/10.1371/journal.pone.0221818
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org
https://www.frontiersin.org/journals/physiology#articles

	Integrating External and Internal Load for Monitoring Fitness and Fatigue Status in Standard Microcycles in Elite Rink Hockey
	Introduction
	Materials and Methods
	Participants
	Methodology
	Procedures
	Statistical Analysis

	Results
	Discussion
	Integrative Approach to Training Loads
	Differences Between Sessions in the Microcycle
	Correlation Between EL and IL

	Conclusions
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	References


