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Abstract

Supplementary high-intensity interval training (HIIT) programs,
focusing on different aspects of fitness, are commonly used in
soccer practice. This study examined the impact of two different
HIIT formats applied during the competitive season on aerobic
and neuromuscular performance. Twenty-six young players from
two youth amateur soccer teams (aged 18.1 + 0.7 and 18.7 + 1.1
years) participated. In a randomized design, Team A served as an
experimental group, performing either a 10s/10s linear running
HIIT or a 15s/15s HIIT with changes of direction, both at 100%
of maximum aerobic speed, twice per week for six weeks. In that
period, team B acted as a control group, maintaining their usual
training soccer regimen. Following two weeks of lower volume
and frequency training, team B added the two HIIT formats in
their training for six weeks, while team A acted as control. Before
and after each 6-weeks period, aerobic fitness and neuromuscular
performance was evaluated by the countermovement jump
(CMJ). The 3-way ANOVA showed that both HIIT formats sig-
nificantly enhanced Yo-Yo Intermittent Recovery Test Level 1
(Yo-YO IR1) performance compared to the respective control pe-
riods. However, the main finding was that the 10s/10s compared
with the 15s/15s HIIT format induced 45 - 50% greater improve-
ments in Yo-YO IR1 (total distance: 18.5+11.7% vs. 9.0 + 8.5%,
VO2max: 5.6 £ 3.2% vs. 3.0 £ 2.7%, and vVOzmax: (3.3 + 1.9%
vs. 1.8 £ 1.7%, all p = 0.39, d = 0.85). Countermovement jump
performance remained unchanged across both groups (p > 0.68).
During HIIT rating of perceived exertion was higher in the
15s/15s vs. the 10s/10s format (6.4 + 0.5 vs. 4.7 £ 1.2 a.u, p <
0.001). These findings suggest that while both HIIT formats ef-
fectively enhance aerobic performance during the season, the
10s/10s format offers superior benefits with less perceived exer-
tion, while the 15s/15s format induces higher internal load.

Key words: Countermovement jump, perceived exertion, supple-
mentary training.

Introduction

During the competitive period in football, strength and
conditioning coaches aim to maintain high fitness levels
(aerobic-anaerobic capacity, strength and sprint ability), so
that players can maintain high levels of physical perfor-
mance during matches (Dupont et al., 2004; Mohr and
Krustrup, 2014). However, training load during in-season
microcycles is adjusted to maintain the players’ readiness
to perform on the weekly games, without overload (Cas-
tillo et al., 2021; Oliveira et al., 2019; Scott et al., 2014). In
several cases, differences in playing time and physical de-
mands faced by starters versus non-starters can present

challenges in ensuring optimal fitness and recovery, neces-
sitating an individualized approach to supplementary train-
ing to meet the specific needs of each group (Milheiro et
al., 2024). Physical fitness training during the weekly mi-
crocycle may contain both running drills (e.g. high inten-
sity interval training-HIIT) and a variety of small-, me-
dium- and large-sided games (Owen et al., 2011; Rosenblat
et al., 2020). The use of different HIIT formats to improve
aerobic and anaerobic fitness in football has been demon-
strated in several previous studies as a time-cfficient
method of improving endurance, leaving more time for
training sport-specific skills (Engel et al., 2018; Hostrup
and Bangsbo, 2023; Thomakos et al., 2024). HIIT using
longer or shorter bouts of repeated exercise, ranging from
10 s to 4 min, is considered an appropriate mode of exercise
during pre-season to improve aerobic and anaerobic capac-
ities (Faude et al., 2013; Callahan et al., 2021; Thomakos
et al., 2023; Hostrup and Bangsbo, 2023) as well as to en-
hance game performance, such as distance covered at high
speed, number of sprints and ball involvements (Chmura et
al., 2022; Helgerud et al., 2001). Previous studies have
shown that the ability to perform repeated high intensity
exercise is related to aerobic and anaerobic fitness and in-
fluences match results and the team’s overall performance
expressed either as running performance on the field or as
a positive match result (Dupont et al., 2004; Clemente et
al., 2021; Thomakos et al., 2024).

Along with aerobic-anaerobic fitness development,
lower limb muscle power should also be improved, espe-
cially in young football players (Asin-lIzquierdo et al.,
2024; Gee et al., 2021; McQuilliam et al., 2023). This is
because lower limb muscle power is important for acceler-
ation, deceleration and change of direction, as well as for
sprinting and jumping during the game (Gee et al., 2021;
Stern et al., 2020). Also, lower limb power is important for
injury prevention by reducing injury risk, while young soc-
cer players are highly trainable in terms of strength and
power (Darragi et al., 2024; Vasileiou et al., 2024). The
countermovement jump (CMJ) is commonly used by
strength and conditioning coaches and researchers to assess
lower-limb power, since it is valid and reliable (Petrigna et
al., 2019). Due to the ease of application, CMJ is also used
for assessing the level of fatigue after a game (Rowell et
al.,2017), or after a period of high training load (Thomakos
et al., 2023). An important question concerning non-spe-
cific power training of the lower limbs is whether counter-
movement jump (CMJ) performance can improve during
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HIIT sessions that include changes of direction. It has been
shown that HIIT improves aerobic fitness via an increase
in VO,max through central and peripheral mechanisms, as
well as the anaerobic capacity and leg power, depending on
the protocol used (Kilpatrick et al., 2014). The latter is par-
ticularly relevant because HIIT including changes of direc-
tion demands the ability to generate high eccentric and con-
centric force and power output, especially at high approach
speeds (Dos’Santos et al., 2018).

The duration of the work bout and recovery interval
is important regarding the physiological and metabolic re-
sponses to HIIT (Rosenblat et al., 2020; Bogdanis et al.,
2022). Usually, short bouts (lasting between 5 and 15s)
with intensities ranging from 100 to 120% of the running
speed corresponding to maximum oxygen uptake
(vVO2max) are employed during in-season (Buchheit and
Laursen, 2013; Dellal et al., 2015; Faude et al., 2013). This
type of HIIT is usually performed once per week to main-
tain (Dupont et al., 2004) or even enhance (Thomakos et
al., 2024) aerobic and anaerobic fitness, due to its effec-
tiveness and its time-efficient nature (5 - 12 min per ses-
sion), which results in significant adaptations without caus-
ing excessive fatigue (Dellal et al, 2012; Dupont et al.,
2004; Clemente et al., 2021). However, the need to develop
physical fitness in young athletes (i.e., academy players) is
higher compared to senior players, and thus the application
of HIIT protocols of different structure at a higher fre-
quency within the week in an ecologically valid setting (i.e.
during a team’s normal training schedule) warrants further
investigation. Taking the above into consideration, the pre-
sent study aims to compare two different HIIT formats (i.e.,
10s/10s linear and 15s/15s with a change of direction) per-
formed twice per week by two groups of players, with the
same duration and relative intensity during the in-season.
The main outcome of the study was Yo-yo IR1 test and
CMJ performance, while rating of perceived exertion
(RPE) was also obtained to assess internal load during
these two HIIT formats. It was hypothesized that the two
HIIT formats would present a similar aerobic stimulus,
while the 15/15 s training format with changes of direction
would result in greater improvements in CMJ, but would

induce higher RPE, due to the longer bout duration and the
changes of direction involved (Bogdanis et al., 2022; Fessi
et al.2018; Dellal et al. 2010).

Methods

Study design

A counterbalanced cross-over study design was imple-
mented. The experimental period lasted fourteen weeks
and was conducted during the competitive period (Figure
1). Two teams took part in the study and one team per-
formed the supplementary HIIT program in the first six
weeks, while the other team performed it in the last six
weeks. Both the order of supplementary HIIT program ap-
plication (at a team level) and the allocation of the players
to the training protocol were randomized using simple ran-
domization (drawing lots). We did not apply a stratified
randomization by player’s position, but the final allocation
of players was balanced in the two HIIT format groups (3
vs 4 full-backs, 2 vs. 3 central defenders, 5 vs. 4 midfield-
ers and 3 vs. 2 attackers in 10s/10s and 15s15.s groups, re-
spectively). Two weeks separated the two 6-weeks periods.
These two weeks included Christmas holidays and con-
sisted of 7 days of complete rest and 7 days of very low
volume, intensity training with the ball. CMJ and Yo-Yo
intermittent recovery (IR) 1 were carried out before and af-
ter each 6-weeks period (Figure 1). Testing was performed
four days after the last match to avoid residual fatigue. All
participants were familiar with the tests used (CMJ and Yo-
yo IR1) as they routinely performed them in previous
years. When a team followed the supplementary training
program, half of the players were randomly allocated to
perform the 10s/10s protocol, and the other half performed
the 15s/15s protocol with changes of direction. Supple-
mentary training program frequency was 2 times per week,
on the first and third day of the training week. The control
trained only with the ball, and training included passing
games, small- medium- and large-sided games and tactical
drills. The match participation time was recorded for all
players in all matches.

CMJ &
Yo-yo IR1

CMJ &

= Holidays-
TeamA(N=13) low Team A (N=13)
7 players: 10/10 s training .
_ volume, 13 players: Control (only soccer)
6 players: 15/15 s training intensity
Team B (N=13)
Team B (N=13) and 6 players: 10/10 s training
. frequency .

13 players: Control (only soccer) e 7 players: 15/15 s training
11213 1alslelz 18 o [10l1mli211311a
Time (weeks)

T A T A

Yo-yoIR1 Yo-yolR1

CMJ & CMJ &

Yo-yo IR1

Figure 1. Study design. The number of players who completed the study from Team A and Team B is presented here. CMJ:
countermovement jump test; Yo-yo IR1: Yo-yo intermittent recovery 1 test 10s/10s training: 2 sets x 6 min of linear running for 10 seconds with 10
seconds passive recovery totaling 18 repetitions per set; 15s/15s training: 2 sets x 6 min of shuttle-running (back and forth) for 15 seconds, with 15

seconds passive recovery totaling 12 repetitions per set.
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Participants

Players from two different teams participated in the present
study. We selected these teams because we had access to
the teams, and coaches agreed to implement the interven-
tion program and to test the players during the season. The
first team (Team A) competed in Superleague U19 (1% Di-
vision of the Greek league) and included 22 youth players,
while the second team (Team B) competed in the (4% Divi-
sion of Greece - 1% Regional Division of Athens) and in-
cluded 18 young players (excluding goalkeepers). The
players who abstained from more than three training ses-
sions for any reason (>25% of total) were excluded from
the study. Also, the participants with match playing time of
<270 min in the six matches (<45 min average) were ex-
cluded. Nine players from team A were not included in the
final measurements due to minor musculoskeletal injuries
during the games (3 players) or sickness (3 players) or with
less than 270 min of match play (2 players) or absence from
training for other reasons (1 player). Five players from
team B were not included in the final measurements due to
minor musculoskeletal injuries during the games (2 play-
ers) or with less than 270 min of match play (2 players) or
sickness (1 player). The Consort flow diagram is presented
in Figure 2. Finally, 26 players completed the present study

(Team A: N =13, age: 18.1 £ 0.7 years, height: 176.4 +2.8
cm, body mass: 72.0 + 5.0 kg, body fat: 8.0 = 3.0 % and
Team B: N = 13, age: 18.7 = 1.1 years, body mass: 72.2 +
7.1 kg, body height: 180.8 + 6.6 cm, body fat: 8.0 + 3.6 %).
A priori power analysis for model ANOVA interaction
(group x time) was conducted to determine the minimum
sample size required based on a power of 0.80, alpha of
0.05, and correlation coefficient of 0.6 between repeated
measures (G-Power software, v. 3.1.9.2, Universitit Kiel,
Kiel, Germany). In a recent systematic review, the effect
size regarding improvements in aerobic fitness was as-
sessed by the Yo-yo test after 4 - 8 weeks of HIIT with
similar protocols (Thomakos et al., 2023; Wong et al.,
2010). We therefore opted to use an effect size within this
range (1> = 0.1) in the a priori power analysis, which
yielded 9 participants per group as a minimum require-
ment. None of the players received any medication or ille-
gal nutritional supplements, and they signed a written in-
formed consent before entering the research procedure. All
procedures were in accordance with the Declaration of Hel-
sinki and approved by the Ethics Committee of the School
of Physical Education and Sport Science, National and Ka-
podistrian University of Athens, Greece (Ref. number:
1495/2023).

Enrollm ent J

Assessed for eligibility: n=44
(Team A, n=23 and Team B, n=211)

Excluded: n=4

#Were injured at the time (n=2)

® Just returned from sickness (>1week)
of infury (n=2)

Randomized (n=40)

'
y | Allocation } v
Allocated to intervention 10s/10s: n=22 Allocated to intervention 13s/15s n=18
e Received allocated intervention: n=19 ® Received allocated intervention: n=17
* Didnotreceive allocated intervention: n=3 ¢ Did not receive allocated intervention: n=1
(absence from training >25%, n=1; injury, (sickness, n=1:)
n=1; sickness, n=1, J i
| | Follow Up | i
Lost to follow-up: n=4 Lost to follow-up: n=2
Discontinued intervention (injured, n=2, discontinued intervention (injured) (n=2),
sickness, n=1)
| Analysis I

Analysed (n=13)
Excluded from analysis: n=2
(had less than 270 min of match play, n=21)

Analysed (n=13)
Excluded from analysis: n=2
(had less than 270 min of match play, n=2)

Figure 2. Study flowchart.
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Procedures

Training programs

During the intervention period, both teams underwent a standardized microcycle plan,
with one match per week (Saturday or Sunday depending on the games calendar), and five
training sessions per week (i.e., one training session per day in the afternoon) and one day
off (the day after the match day). The contents and duration of training were similar in the
two teams and included passing games, small- and medium-sided games and tactical drills.
In the Control period, players followed a standardized weekly training routine. No specific
strength training was conducted, apart from injury prevention exercises with body weight.
A typical weekly training schedule during the intervention and the control periods is pre-
sented in Table 1.

Each training session lasted 50-90 minutes. Supplementary training was performed
twice per week two and four days after the match (MD+2 and MD+4). The supplementary
HIIT included 2 sets of 6 minutes each at 100% vVO,max with 3 minutes of recovery
between sets. One group performed linear running from the center line of field to approx-
imately the goal line (distance 44 — 48 m depending on the player’s vVO,max) for 10
seconds with 10 seconds passive recovery (10s/10s), totaling 18 repetitions per set and the

other group performed shuttle-running (back and forth) starting from the center line of the
field to markers placed 33 - 37 m away (depending on the player’s vVO2max) and return-
ing to the same line in 15 seconds, with 15 seconds passive recovery (15s/15s), totaling
12 repetitions per set.

Acerobic fitness test

Aerobic fitness was evaluated by the Yo-yo intermittent recovery test level 1. The test
consisted of repeated 2 x 20 m runs back and forth, with progressively increasing speed
controlled by audio beeps from a CD on a computer with speakers (Bangsbosport.com).
Between each running bout, the participants had a 10 s active rest period, consisting of 2
x 5 m of jogging. When the participants failed twice to reach the finishing lines, the dis-
tance covered was recorded and kept as the test result. VO,max was calculated from the
following equation: y = 0.0084 x + 36.4, where x is distance covered in the test and y is
VO;max in ml/kg/min (Bangsbo et al., 2008). The speed corresponding to VO,max
(vVO,max) was estimated from the equation VO, (ml/kg/min) = 2.209 + 3.163 x speed
(km/h) (Léger and Mercier 1984). Heart rate was recorded every 5 seconds using a wire-
less heart rate monitor worn around the chest (Suunto Team POD, Dual Comfort Belt, Finland).

Table 1. Typical weekly training schedule during the intervention (upper part) and the control periods (lower part).

Typical training schedule during the intervention period

Day 1 (90 min) Day 2 (90 min) Day 3 (90 min) Day 4 (90 min) Day 5 (50 min) Match day Day off
HIIT/ BallTrain Balltrain HIIT/ BallTrain Balltrain Balltrain
Warm-up routine -Passing games, 2 x 8 min/3 min —HII.T (105/ 10s or 15s/15s), 2 x Agility 8 min/3 min rest. -Agility 8 min/3 min rest.
-HIIT (10s/10s or 15s/15s), 2 x 6 rest. 6 min/3 min rest. ; . . . .
. . . . . . -Middle-sided games, 2 x 6 min/3 -Passing games, 2 x 6 min/3
min/3 min rest. -Small-sided games, 4 x 4 min/3 -Small sided games, 2 x 6 min/3 . . .
. . . . . min rest. -Tactical games 3 x 8§ min rest. Rest
-Small sided games, 2 x 6 min/3 min min rest. min rest. . . . .
. . . . . min/3 min rest. -Tactical games, 2 x 6 min/3
rest. -Tactical games, 2 x 8 min/3 min -Tactical games, 3 x 8 min/3 . .
. . . . Cool-down routine min rest.
-Tactical games, 3 x 8 min/3 min rest. rest. min rest. Cool-down routin
Cool-down routine Cool-down routine Cool-down routine ool-down routine
Typical training schedule during the control period
Day 1 (90 min) Day 2 (90 min) Day 3 (90 min) Day 4 (90 min) Day 5 (50 min) Match day Day off
Balltrain Ballrrain Balltrain Balltrain Balltrain
-Passing games, 2 x 8 min/3 min -Passing games, 2 x 6 min/3 min -Agility 8 min/3 min rest. . . .
. . . ; . . -Agility 8 min/3 min rest.
-Passing games, 2 X 6 min/3 min rest. rest. rest. -Middle-sided games, 2 x 6 min/3 _Passing games. 2 x 6 min/3
-Small-sided games, 2 x 6 min/3 min -Small-sided games, 4 x 4 min/3 -Small-sided games, 2 x 6 min/3 min rest. -Tactical games 3 x 8 min res% & ? Rest

rest. min rest. min rest.

-Tactical games, 3 x 8 min/3 min rest. -Tactical games, 2 x 8 min/3 min -Tactical games, 3 x 8 min/3 Cool-down routine

min rest.
Cool-down routine

rest.
Cool-down routine

Cool-down routine

min/3 min rest. -Tactical games, 2 x 6 min/3

min rest.
Cool-down routine

Agility: ladder drills, hurdles, bosu and ball; Ballt,: training with ball; HIIT: high intensity interval training; Sessions: Day of week (duration of session).
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Vertical jump test

The CMJ was used to evaluate the lower limb power. Ath-
letes were required to perform a downward movement fol-
lowed by a complete, rapid extension of the lower limbs.
The depth of the countermovement was self-selected to
avoid changes in jumping coordination. The hands were
placed on the hips throughout the whole movement and
athletes were directed to jump as high as possible and land
close to the take-off point with the same body posture as
that at takeoff. They executed three maximal trials with a 1
min rest. The CMJ was performed on an electronic mat
(CHRONOJUMP - Bosco system, Din-A4 297 x 210 m,
Spain) with previously established validity and reliability
(Pagaduan and de Blas Foix, 2012) and jump height was
calculated using the following equation: h = t# x g x 8.
Where h is the height expressed in cm, t¢ is flight time in
square exposure and g is gravity (9.81 m/sec?). The coef-
ficient of variation of the CMJ height measurement was 2.0
+ 0.9%. The highest jump was kept for analysis.

Rating of Perceived Exertion (RPE)

Only for the HIIT intervention group, after five minutes of
the finish of the intervention program a Borg scale (CR10-
scale) was used to evaluate the rating of perceived exertion
(RPE). The researchers called each player alone, presented
a visual scale and recorded the player’s response.

Match play time
Match play time was recorded for every participant
throughout the duration of the study.

Statistical analysis

Data are presented as mean =+ standard deviation. Statistical
analysis was performed using the SPSS (Version 26, Chi-
cago USA). A mixed-model three-way analysis of variance
with repeated measures on two factors (pre vs. post the 6-
weeks period and experimental vs. control period) and two
groups (10/10 s and 15/15 s) was used to examine differ-
ences in Yo-yo IRl parameters (i.e., total distance,
VOzmax, VVOzmax), CMJ, RPE and match play time.
Tukey’s post-hoc test was used to explore mean differences
when a main effect or interactions were found. Cohen’s ef-
fect sizes (ESs) (Cohen’s 1988) were computed to deter-
mine the magnitude of paired comparisons and were clas-
sified as trivial (<0.2), small (>0.2 - 0.5), moderate (>0.5 -
0.8), large (>0.8). The level of significance was set at p<
0.05.

Results

There was no difference in training time or match play time
between the two training formats or between the experi-
mental and control conditions (p =0.41 to 0.94). There was
no significant 3-way interaction for the Yo-Yo IR1 perfor-
mance test variables (p = 0.20, n?>= 0.07-medium). No-sig-
nificant differences were found in the distance covered:
2154 £ 346 vs. 2246 £ 354 m; VOomax: 54.2 +2.7 vs. 55.3
+3.0 ml'kg " 'min"'; vVOoma: 16.6£0.7 vs. 16.9 0.7

km-h"), HR and CMJ at pre-intervention periods between
the two conditions. There was a 2-way interaction between
pre vs. post and experimental vs. control period (p<0.001,
n?= 0.61). Tukey’s post-hoc tests showed an increase in
Yo-Yo test performance during the intervention period, in-
dependent of group (p<0.001, d = 0.83), while there was
no change during the control period (p = 0.201, Table 2 and
Figure 3). Specifically, the percent increase in running dis-
tance was 13.8 + 11.1%, the increase in VO,max was 4.3 +
3.2% and the increase in vVO2max was 2.6 + 1.9% (all
p<0.001, d = 0.83). There was no significant 3-way inter-
action for the peak heart rate (p = 0.08, n?= 0.12-medium).
Peak heart rate remained unchanged (196 = 5 vs. 196 = 5
beats/min in the experimental condition and in the control
condition; 196 + 6 vs. 196 £ 6 beats/min). Also, there was
no significant 3-way interaction for CMJ (p = 0.98, n? <
0.001). CMJ performance was similar in the two groups
and remained unchanged after both the experimental and
control periods (p>0.68, Figure 3).

Differences in the effectiveness of the two HIIT for-
mats were examined by calculating and comparing the
change in Yo-yo IR1 test performance before and after
each 6-weeks period. As seen in Table 2, both training for-
mats resulted in Yo-yo IR1 performance increases follow-
ing training, while there was a non-significant decrease in
performance during the control periods, where only soccer
training was applied. HR and CMJ were similar at baseline
between 10s/10s and 15s/15s groups and remained un-
changed in all conditions. However, the change in Yo-yo
test performance was 45 - 50% larger after the 10s/10s in-
tervention compared with the 15s/15s intervention (p =
0.039, d = 0.85). RPE after training was lower after the
10s/10s compared with the 15s/15s format (4.7 £ 1.2 vs.
6.4 £ 0.5 a.u., p<0.001, d = 1.86) Specifically, following
the 10s/10s training, distance covered improved by 18.5 £
11.7% vs. 9.0 + 8.5%, VO,max improved by 5.6 + 3.2%
vs. 3.0 + 2.7%, and vVO,max improved by 3.3 £ 1.9% vs.
1.8 + 1.7%, compared with the 15s/15s training format (Ta-
ble 2).

The design of the present study allows a comparison
of the effects of supplementary HIIT over time during in-
season. Team A followed the supplementary HIIT program
in the first 6 weeks, while Team B followed in weeks 8-14.
By performing a 3-way ANOVA by team (and not by train-
ing format intervention), revealed a significant interaction,
between team and training time (p<<0.01).

Post-hoc tests showed that Team A, which per-
formed the HIIT training first (both formats), improved
Yo-yo IR1 test performance in the first 6 weeks but could
not maintain it until the end of the 14-week period, demon-
strating a progressive decrease. In contrast, team B, which
performed HIIT training in weeks 8-14, improved Yo-yo
IR1 test performance only after that period (Figure 4).
There were no main effects or interactions (p>0.40) for
match play time. Match play time was similar between the
intervention and control periods for the 10s/10s group (420
+ 83 vs. 420 + 83 min) and for the 15s/15s group (436 + 56
vs. 427 + 54 min).
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Table 2. Aerobic fitness variables assessed by the Yo-yo IR1 test, peak heart rate (HR) and vertical jump (CMJ) for all groups before and after the experimental and control periods. In the

control period the group name remains, but no supplementary HIIT training was performed.

Variable Group Pre Post p d Delta Delta p d
Pre vs. Post Pre vs. Post change Change (%) Between deltas Between deltas
Distance (m) S 25e2@ o418+ OMS  OTimodeme  Io4sis  s0sss 00 085 (arge)
Comopei [P0 JOCUN Ml D pmewhmem 22 oy oo
Vowmmikgmin il 51150 sereas  amS 07 (medeme  16+1S  30+27 0.03 0.5 (argo)
ST O (I O el e B e B Y R R
Wowstw B JODE 0SS R 080l LS am waso
e T O L
HR(bpm) s 1946 1oses 063 Oloivah  08+17 0409 0152 0.8 (moderato
Control period s 1956 195.6 094 003 (i) 02416  01-08 0416 0.3 Gl
eSOl s bm b s 0 e o
Convpeos W0 TS0 mhn e ome s RS ke osw

Exp: experimental condition; Con: Control condition; Distance (m): Distance covered in the Yo-yo IR1 expressed in meters, VO,max (ml/kg/min): maximum oxygen consumption, vVO,max (km/h): running speed at VO,max,
HR (bpm): Heart Rate, CMJ (cm): Counter movement jump; d: Effect size. Delta values were calculated from Pre-and post- training values. Data are means and standard deviations (mean+SD).

Discussion

The aim of the current study was to evaluate the effect of short-HIIT in aerobic capacity
and neuromuscular performance and RPE during competitive period on soccer players.
Two formats of short-HIIT 10s/10s and 15s/15s were compared in a randomized design in
two youth football teams twice per week during the in-season period. The main finding of
the study was that Yo-yo IR1 performance significantly improved in both HIIT groups
compared with control group (by 13.8% vs. no change in the control period), with no
changes in HR and CMJ. The between HIIT formats difference indicated that the improve-
ments in distance covered, VO,;max and vVO,max were almost twice as high in the
10s/10s format compared with the 15s/15s format (18.5 vs. 9.0%), despite the longer bout
duration and the changes of direction performed in the later. Moreover, RPE was lower in
the 10s/10s format compared to the 15s/15s format. Another important finding was re-
vealed when Yo-yo IR1 test performance of each team was examined over time (Figure

3). This comparison revealed that supplementary HIIT training, irrespective of format, is
necessary to maintain a high level of aerobic/anaerobic fitness, as assessed by the Yo-yo
IR1 test (Figure 4).

The large improvements of Yo-yo IR1 test performance following the application
of HIIT is an important finding of the present study. Moreover, the decline in performance
when players performed football training only was evident when observing the time-
course of changes in Team A in Figure 4. Notably, there was no improvement in Yo-yo
IR1 performance in Team B during the initial period (weeks 1 - 6). These findings are in
line with previous studies which implemented HIIT during the in-season period (Dupont
et al., 2004; Mohr and Krustrup, 2014; Thomakos et al., 2024). Aerobic capacity is im-
proved when HIIT or small-sided games are implemented. However, HIIT may provide
more control over the individual intensity of training, as some players may underperform
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during small-sided games (Dellal et al., 2012; Thomakos et
al., 2024). During the in-season period, coaches prefer to
focus on technical and tactical drills, whereas physical
qualities are maintained through games and the tactical ex-
ercises, to avoid overloading or temporary fatigue (Dupont
et al., 2004). However previous studies showed that indi-
vidual training intensity can be controlled better when us-
ing HIIT compared with SSG (Dellal et al., 2008; Engel et
al., 2018). In fact, the HIIT has been shown to induce
greater improvements in both aerobic and anaerobic capac-
ity compared with continuous training of similar duration
(Dellal et al., 2008; Engel et al., 2018). However, the coun-
ter-argument is that HIIT involving running only is much
less football-specific, and several coaches prefer to per-
form high intensity drills with the ball instead of HIIT.
Nevertheless, HIIT as a form of supplementary training,
performed once per week has been shown to improve not
only fitness but also match performance (i.e., match results

and scoring-conceding goals) (Dupont et al., 2004; Thoma-
kos et al., 2024).

The metabolic demands and, in turn, the adaptations
to HIIT depend, among other parameters, on bout duration,
with shorter bouts providing less metabolic load (i.e. lac-
tate production) with a similar cardiorespiratory load (Bog-
danis et al., 2022). HIIT has been shown to promote muscle
oxidative capacity through increased mitochondrial bio-
genesis (Daussin et al., 2008). However, a recent study in-
dicated that high lactate concentration may impair the pro-
cess of mitochondrial biogenesis, thus reducing its effec-
tiveness to promote aerobic adaptations (Bishop et al.,
2019). Although blood lactate was not assessed in the pre-
sent study, previous work clearly shows that when the same
distance in HIIT is covered with a change of direction, the
blood lactate responses and RPE are higher compered to
linear HIIT (Dellal et al., 2010; 2012). Thus, the 15s/15s
format which included back and forth running, may have a
greater anaerobic component and the higher lactate and
RPE may explain the lower improvement in Yo-yo IR1 test
performance with the mechanism described above. In pre-
vious studies comparing HIIT formats the intensity was not
the same at both modes of short-HIIT (Buchheit and
Laursen, 2013; Dellal et al., 2008; 2015), while in the pre-
sent study where the intensity was set to 100% of vVO,max
for both protocols. For example, Dellal et al. (2015) com-
pared HR during a repeated sprints protocol, small-sided
games and two short HIIT formats (15s/15s) performed ei-
ther linearly or with 180° COD. Their findings showed that
HR was higher at the 15s/15s with 180° COD protocol
compared with the other exercises. In the present study the
participants had higher RPE when running 15s/15s with
changes of direction vs. the linear 10/10 s format. This may
be because bout duration was longer and also because the
15s/15s format included a 180° change of direction (Bog-
danis et al., 2022; Dellal et al., 2010).

One of the hypotheses tested in the present study
was that HIIT with changes of direction could have a pos-
itive effect on CMJ performance. However, there were no
changes in CMJ in all conditions, suggesting that both HIIT
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interventions, as well as the control periods, do not result
in an increase or decrease in lower limb explosive perfor-
mance. This would suggest that a specific power training
program would be required to improve CMJ during the in-
season period (Meylan and Malatesta, 2009; Ramirez-
Campillo et al., 2014). During the in-season, training load
should be adjusted accordingly so that a high level of per-
formance is maintained during official matches. In a previ-
ous study, the authors observed that when training load was
heavy, i.e. resistance training combined with HIIT in the
pre-season, CMJ performance was depressed (Thomakos
etal., 2023). Thus, a possible addition of resistance training
in combination with HIIT performed twice per week could
increase the risk of overreaching or overtraining, but this
warrants further investigation.

Previous studies have shown that RPE reflects train-
ing load assessed by a combination of HR and blood lactate
concentration, thus making it a fairly accurate global index
of internal load during training (Foster et al., 2001; Snyder
etal., 1993; Gabbett, 2016). Thus, RPE is a very useful tool
to monitor and control training. In the present study, we
could not obtain measurements of blood lactate after the
HIIT program, as this was not practically possible because
it would delay the training process. The finding that RPE
was higher after the 15s/15s compared to 10s/10s format,
may be explained by the higher mechanical load of the
changes of direction in the later format, the acceleration
and deceleration involved to perform a 1800 turn, com-
bined with the longer duration of the bout (15s vs. 10s)
(Dellal et al. 2010; Dellal et al., 2012; Bogdanis et al.,
2022). These would induce a higher glycolytic contribution
and mechanical loading (Dellal et al., 2012), which are
linked with higher RPE.

One of the interesting findings of the present study
was the responsiveness of the players’ organisms to HIIT,
as shown in Figure 4 Specifically, Team A, which per-
formed the HIIT training first irrespective of format, im-
proved Yo-yo IR1 test performance in the first 6 weeks but
could not maintain it until the end of the 14-week period.
In contrast, team B, which performed HIIT training in
weeks 8 - 14, improved Yo-yo IR1 test performance only
after that period. These changes demonstrate the rapid re-
sponses of the player’s to HIIT, as well as the relatively
fast detraining (Mujika and Padilla, 2000). Thus, supple-
mentary HIIT may be necessary to improve performance
during in-season, while the two times per week schedule
seems to be not only well tolerated, but also very effective
in improving Yo-yo IR1 performance.

The current study has some limitations. We could
not obtain HR or global positioning system data during
training and match play, except from playing time per play-
ers. Also, blood lactate responses could not be obtained due
to practical reasons in such those teams. This information
would have been useful to assess training load differences
between the two periods in detail. Also, it was not practi-
cally possible to perform other field or laboratory tests (e.g.
sprints, change of direction tests, cardiopulmonary testing
on a treadmill), because it would disrupt the in-season
training program of the teams and it was not practically
possible. However, the design of this study, using two
teams who followed a control and an intervention period in

an alternated manner, as well as the standardized training
procedures followed by both teams in an equated manner,
ensures that the differences in test performance observed
are reliable. Also, game participation time was similar be-
tween the two periods (intervention and control), which
further adds to the controlled conditions under which this
intervention was performed. It is important to highlight that
these results may not directly apply to women and profes-
sional soccer players. Also, the level of readiness of the
players before implementing a HIIT program may interact
with the magnitude of adaptations. Further studies should
address these issues.

Conclusion

The present study showed that in-season supplementary
short-HIIT training improves endurance performance with-
out any change in neuromuscular performance. Both inter-
mittent running modes (i.e., 10s/10s and 15s/15s) im-
proved Yo-Yo IRI test performance following the inter-
vention program. However, the 10s/10s HIIT format in-
duces greater improvements in performance with a lower
RPE during training compared with the 15s/15s format.
Young soccer players may benefit by adding a short HIIT
program twice-per week during the competitive season,
when the aim is to further improve aerobic fitness without
compromising neuromuscular performance.
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Key points

e Both supplementary HIIT programs improved Yo-Yo IR1
performance in young soccer players

e However, training with the 10s/10s format resulted in 45-
50% greater improvement in Yo-Yo IRI performance,
while rating of perceived exertion during training was lower
than the 15s/15s format.

o CMJ performance remains unaffected by supplementary
HIIT performed twice weekly during the in-season in young
soccer players.
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