Journal of

and Kinesiology

Functional Morphology

Article

Positive Effects of Plyometric vs. Eccentric-Overload Training
on Performance in Young Male Handball Players

Eduardo Saez de Villareal !, Julio Calleja-Gonzalez 2*(, Pedro E. Alcaraz 3{7, Javier Feito-Blanco

1

and Rodrigo Ramirez-Campillo

check for
updates

Citation: Saez de Villareal, E.;
Calleja-Gonzélez, J.; Alcaraz, PE.;
Feito-Blanco, J.; Ramirez-Campillo, R.
Positive Effects of Plyometric vs.
Eccentric-Overload Training on
Performance in Young Male Handball
Players. J. Funct. Morphol. Kinesiol.
2023, 8,113. https://doi.org/
10.3390/jfmk8030113

Academic Editor: Paul J. Arciero

Received: 18 July 2023
Revised: 3 August 2023
Accepted: 7 August 2023
Published: 8 August 2023

Copyright: © 2023 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

1 Physical Performance Sports Research Center (PPSRC), Universidad Pablo Olavide Sevilla,

41013 Sevilla, Spain; eddysaezdevillarreal@gmail.com (E.S.d.V.)

Physical Education and Sport Department, Faculty of Education and Sport, University of the Basque
Country (UPV/EHU), 01007 Vitoria, Spain

Research Center for High Performance Sport, Faculty of Sport Sciences, Catholic University of Murcia,
30107 Murcia, Spain

Exercise and Rehabilitation Sciences Institute, School of Physical Therapy, Faculty of Rehabilitation Sciences,
Universidad Andres Bello, Santiago 8370146, Chile

*  Correspondence: julio.calleja.gonzalez@gmail.com

Abstract: This study aimed to compare the effects of two 8-week in-season strength-training programs
on handball players’ physical and technical parameters. Thirty-six male athletes were randomly
separated into three groups: a control group (n = 12), a plyometric training group (PG, n = 12),
and an eccentric-overload training group (EG, n = 12). The PG and EG performed upper- and
lower-limb plyometric or eccentric-overload exercises, respectively, three times per week. Control
groups performed regular handball training. The athletes were assessed for counter movement
jump (CM]J) and Abalakov vertical jump (ABK) height, 15 m linear sprint time, handball-throwing
speed (i.e., penalty throw; 3-step running throw; jump throw), and cardiorespiratory endurance
through the 20 m shuttle-run test. Heart rate and blood lactate were measured at the end of the
endurance test. No baseline differences were noted for dependent variables between groups. The
session rating of perceived exertion was similar between the intervention groups (PG =361 + 12.2 AU;
EG =370 4 13.3 AU). The ANOVA revealed significant (p < 0.05; A = 5-9%; effect size (ES) = 0.45-1.96).
Similar improvements for experimental groups compared to the control group for CMJ, ABK jump,
penalty throw, 3-step running throw, and jump throw. However, interventions did not affect 15 m,
cardiorespiratory endurance, nor heart rate or blood lactate after the endurance test. In conclu-
sion, an 8-week handball intervention by performing plyometric or eccentric-overload training
in-season improves the physical and technical parameters of male players when compared to regular
handball practice.

Keywords: plyometric exercise; musculoskeletal and neural physiological phenomena; human
physical conditioning; team sports; movement; resistance training

1. Introduction

Handball is a high-intensity intermittent sport, demanding a player’s optimal levels
of endurance and strength, and a predominance of technical parameters, such as passing,
catching, throwing, checking, and blocking [1]. It additionally involves movements includ-
ing running, jumping and pushing, and frequent changes in direction [2,3]. In particular,
changes in direction during the game frequently involve forward, sideward, and backward
movements [3]. Therefore, muscular strength and power have been postulated as the main
factors that give a clear advantage in handball performance [4]. Gorostiaga et al. (2005)
observed greater power levels in elite players compared to amateurs. A positive influence
of strength and power on handball players’ performance level (e.g., throw velocity) was
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corroborated in other studies [5]. Therefore, to optimize handball players” performance,
handball training should include specific strength—power training [6,7].

In order to increase strength and power, intervention over a period between 6 and
12 weeks has been proposed [8,9]. For example, Hermassi et al. (2011) reported that elite
male handball players exhibited enhanced throwing velocity, 30 m sprint performance,
vertical jump, and muscle strength after 8 weeks of an in-season strength training pro-
gram [8,9]. In addition, Van der Tillaar et al. (2013) found that throwing-strength training
with different workloads produced improvements in throwing performance parameters,
specifically, in overhead throwing with 3 kg medicine balls, which involved three series
of six repetitions of throwing. This was the training load of the single-workload training
group, whereas the double workload training group had to throw six series of six repetitions
with the 3 kg medicine ball. The rest period between each series was around 3 min [10].
Although traditional strength training may increase force production [7], high-velocity and
high rate of force development training, such as plyometric exercises, may be required [11].
In this way, plyometrics can enhance explosive contractions [12,13], and plyometric training
can improve jumping performance and induce power development [14].

In particular, eccentric-overload training (EOT) using flywheel or versa-pulley iner-
tial devices improves strength and power capacities [15,16]. The EOT induces a stretch-
shortening cycle without impact [17], producing higher activation in the eccentric phase, in
comparison with traditional exercises [18], and muscle activation. Although several studies
have reported positive effects of EOT on strength and power gains [19], to the best of the
authors” knowledge, none of them have yet examined the effects of training programs,
involving the methodologies of plyometric exercises or eccentric-overload exercises, i.e.,
two strength-training programs, on male handball players.

Therefore, this study mainly aimed to compare the effects of 8-week in-season strength-
training programs, involving plyometric exercises or eccentric-overload exercises, on male
handball players’ physical fitness, technical parameters, and physiological outcomes (i.e.,
jumping; sprinting; handball-specific throwing speed, and cardiorespiratory endurance).

2. Methods
2.1. Experimental Approach to the Problem

This study compared the effects of 8-week in-season training programs (plyometric vs.
eccentric-overload) on male handball players’ jump, sprint, cardiorespiratory endurance,
and sport-specific throwing parameters. The training program was conducted for 8 weeks
(24 sessions) in season and was added to normal handball practice. The present study
was conducted in ecological conditions (ecological validity), so the coaching staff and
participants received input from the research team. Training data, competitive schedule,
and fixture outcomes were supplied by the coaching staff of the team.

2.2. Participants

Handball players from a Spanish second national division club, between the ages of
18 and 22 years, were recruited. Participants were randomly assigned into three groups:
control group (CG; n = 12; i.e., only performed handball training), plyometric training
group (PG; n = 12), and eccentric-overload group (EG; n = 12). Physical performance was
assessed before (pre) and after (post) the 8-week training period using a battery of tests as
follows: (i) 15 m sprint time; (ii) countermovement jump; (iii) Abalakov jump; (iv) 20 m
shuttle-run test; (v) throwing speed tests.

All training sessions were supervised and performed during the afternoon (before
handball training). Dietary habits of the participants were maintained during the study.
The players did not participate in training sessions or matches outside those scheduled for
this study. All the players signed an informed consent document. All participants were
adequately informed, participated voluntarily, and signed a consent form. Participants were
free to withdraw from the study at any time. The inclusion criteria were the following: (a) no
previous injury diagnosed within the two months before the start of the intervention nor
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injury diagnosed during the intervention, (b) completed 80% of the training sessions [20],
(c) five or more years of experience. The participants were instructed to avoid any strenuous
physical activity, other than the programmed training intervention, for the duration of
the experiment. Additionally, the participants were encouraged to maintain their normal
hydration levels, sleep, and dietary habits and to avoid drugs for the duration of the study.
Procedures were approved by and adjusted to the Code of Ethics of the World Medical
Association (Declaration of Helsinki, Fortaleza actualization, 2013) [21].

2.3. Testing Procedures
2.3.1. General Procedure

Players were familiarized with the testing procedures a few days before the measure-
ments. The tests were carried out for two days. The height, body mass, vertical jump,
and cardiorespiratory endurance were measured on day 1. On the second day, players
performed the sprinting and throwing-speed performance tests. Before testing, all players
performed a standardized warm-up (7 min of running at 9 km-h~! followed by 5 min of
joint mobilization exercises and active stretching, and then 7 min of a specific handball
warm-up (linear and curved sprints, changes in direction, jumping, passing the ball, and
dribbling). The participants were also instructed to maintain their usual eating habits for
the duration of the study.

Measurements were performed in the same sports hall where players trained and
competed, to avoid variations in environmental or biological conditions affecting the
results (humidity 42%, temperature 28.1 °C; a humidity difference of 3% and temperature
difference of 13.2 °C existed between times).

2.3.2. Performance Test
Vertical Jump Tests

The countermovement jump (CMJ) and Abalakov jump tests were performed using an
electronic contact platform (Ergo Jump Plus Bosco System®, Muscle Lab. V7. 18, Langesund,
Norway). Subjects started in a standing position with both feet together and were asked
to jump as high as possible with a rapid countermovement while keeping their hands on
their hips. Flight time was used to calculate the change in the height of the body’s center of
gravity. The protocol for the tests has been previously reported (Ramirez-Campillo et al.,
2015). An average of five trials was used for analyses. The intraclass correlation coefficient
(ICC) was 0.92 for CMJ and 0.91 for the Abalakov jump.

15 m Sprint Test

Sprint times (s) were recorded while athletes sprinted on an indoor synthetic surface.
The sprint distance was measured with a photoelectric cell (Muscle Lab. V7.18. Ergotest
Technology®, Langesund, Norway), with 1.2 m-high photoelectric cells. Two maximal trials
were completed using 3 min of rest between trials. The ICC was 0.95.

Throwing Speed Tests

Players performed a 10 min standardized warm-up using a standard ball (mass = 360 g;
circumference = 17.5 cm) before the throwing-speed test. Players were instructed to throw
with maximal velocity toward the center of the goal from the penalty line (6 m away
from the net). All throws were performed without the presence of a goalkeeper to avoid
interference in the execution at maximum speed. Three types of overarm throws were
made: penalty throw, a 3-step running throw, afigund a 3-step jumping throw. Each
participant continued until three correct throws were recorded. Thirty seconds of rest was
allowed between throws. A radar device (Stalker—Sport—Radar®, TX, USA) was positioned
on a tripod behind the thrower to measure the throwing speed. The ICC was 0.90 for
the standing throw (penalty throw), 0.88 for the 3-step running throw, and 0.89 for the
jump throw.
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20 m Shuttle-Run Test

Participants were required to run back and forth on a 20 m pitch. They touched a 20 m
line in coordination with a sound signal emitted from a pre-recorded tape. The frequency of
the sound signals increased over time, involving a 0.5 km-h~! increase in the running speed
every minute. The test started with an initial speed of 12.52 km-h~! (i.e., test stage 10).
The test stopped when the subject was no longer able to follow the set pace and the total
distance covered was recorded. Blood lactate concentration (basal; immediately after, and
3 min after the test) and heart rate (at the end of the test) (Polar Vantage M®, Kempele,
Finland) were recorded. Participants did not perform strenuous activity before the test, and
arrived at the laboratory 30 min in advance, during which period a basal blood sample was
obtained (Blood Lactate Scout analyzer®, SensLab GmbH, Leipzig, Germany).

2.4. Training Procedures

The three groups completed handball training sessions 5 days per week on an official
synthetic handball court, using appropriate handball equipment. The experimental groups
performed 8 week of plyometric or EOT three days per week (M-W-F). The control group
only performed regular handball training.

Each training session was performed for 60 min—warm-up (10 min), 45 min of inter-
vention (either plyometric or eccentric-overload), and cool down (5 min). The plyometric
group performed countermovement jumps with and without external load, burpees, jump
lunges, alternative leg bounds, double-leg speed hops, and medicine ball throws. All plyo-
metric sessions were conducted on a sand surface [22]. The eccentric exercises consisted of
versa-pulley unilateral press and pull, versa-pulley elbow flexion and extension, YO-YO
squat, and YO-YO leg-curl. The resting period between sets was 3 min. The training load
was quantified each session (Foster et al., 2001). Participants received instructions and
familiarization with the training exercises before the intervention. The training program
performed is outlined in Table 1.

Table 1. Plyometric training and eccentric training programs description.

Weeks
Sessions

1-2 3-4 5-6 7 8
1-6 7-12 13-18 19-21 22-24

Plyometric training

Countermovement jump 3 x10* 3 x12 3 x 15 3 x 18 3 x 20
Countermovement jump loaded (kg) 3 x 5(10) 3 x 8(10) 3 x 10 (12) 3 x12(12) 3 x 15 (15)
Burpee 3x5 3x8 3x10 3x12 3x15
Jump lunge 3x5 3x8 3x10 3 x12 3x15
Alternative leg bounds 3x10 3 x12 3x15 3 x18 3 x20
Double leg speed hops 3 x 10 3 x12 3x15 3x18 3 x20
Medicine ball throw (kg) 3 x10(1) 3 x10(1) 3x10(1) 3x10(2) 3 x10(2)
Eccentric-overload training
VP-unilateral press 3x5 3x6 3x7 3x8 3 x10
VP-unilateral pull 3x5 3x6 3x7 3x8 3x10
VP-push press 3x5 3x6 3x7 3x38 3 x10
VP-elbow flexion 3x5 3x6 3x7 3x8 3x10
VP-elbow extension 3x5 3x6 3x7 3x8 3 x 10
YO-YO squat (kg) 3 x10(1) 3 x10(1) 3x10(1) 3x10(2) 3x10(2)
YO-YO leg-curl (kg) 3 x 10 (5) 3 x10(5) 3 x 10 (5) 3 x10(7) 3 x10(7)

VP: Versa-pulley eccentric device; YO-YO: eccentric device. A rest period between sets of 90 s was used for all
exercises; *: 3 x 10 denotes three sets of 10 repetitions each.

2.5. Statistical Analyses

Results were expressed as mean £ SD. The homogeneity of variance across groups
was analyzed by Levene’s test and the Shapiro-Wilk test was used to evaluate the nor-
mality of the distribution within the data. Data were analyzed using three (PG vs. EG
vs. controls) x two (pre—post) factorial ANOVA with Bonferroni post hoc comparisons.
Cohen’s d effect size (ES) was calculated and interpreted as small (4 = 0.20-0.49), medium
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(d = 0.50-0.79), or large (d > 0.80). Data analyses were conducted using PASW Statistics 21
(SPSS®, Inc., Chicago, IL, USA). The alpha level was set at « < 0.05.

3. Results

At baseline, no significant differences among groups were observed in any of the
descriptive characteristics (Table 2) or dependent variables (Table 3). The sRPE was similar
for PG (361 + 12.2; 95% confidence interval, 356-366) and EG (370 £ 13.3 AU; 95% confi-
dence interval 362-377). Experimental groups similarly improved CM]J, Abalakov jump,
penalty throw, 3-step running throw, and jump throw (all p < 0.05; A = 5.0-9.2%; small to
large ES [0.45-1.96]) when compared to the control group. However, interventions did not
affect 15 m linear sprint time, cardiorespiratory endurance, nor heart rate or blood lactate
concentrations after the endurance test.

Table 2. Participants” descriptive characteristics.

A

Height

Handball

(Y egfs) p Value (cm) p Value Bod&/{é\;lass p Value Ex(pYil;‘ifsx;ce p Value Matches/Year p Value
Ply"ze":ﬂfgmu}’ 19.8 +22 0331 1783 + 4.3 0.128 79.1+ 83 0.236 62+28 0.425 253477 0.376
Ecggltf}if('gvjﬁlz")ad 205 +2.5 0.331 179.7 + 3.7 0.128 812+52 0.236 6.5+28 0.425 26.3 £ 6.1 0.376
C"r(‘;“ilfzr)"ul’ 206 + 1.6 0331 1802 + 2.8 0.128 812452 0.236 63+28 0.425 252458 0376
Table 3. Changes in dependent variables before and after intervention.
Before After A% ES
CM]J (cm)
Plyometric training 40.34 £ 3.9 4322 +2.7*% 7.13 0.73
Eccentric training 3822+ 4.2 40.15+3.6* 5.04 0.45
Control 37.54+49 38.15+48 & 1.62 0.12
Abalakov jump (cm)
Plyometric training 4318 £3.7 4714 +£29* 9.17 1.07
Eccentric training 41.96 4.8 4455 +4.4* 6.17 0.53
Control 4272 +5.1 43.87 +53 & 2.69 0.22
15 m sprint (s)
Plyometric training 2.36 £ 0.18 2.30 =045 2.54 0.33
Eccentric training 2.34 + 0.08 2.32 +0.12 0.85 0.25
Control 246 £0.11 2.43 £ 0.09 1.21 0.27
20 m SRT (s)
Plyometric training 322 +17.45 331 +£19.49 2.79 0.51
Eccentric training 328 £ 20.67 334 +18.34 1.82 0.29
Control 327 £20.18 331+ 21.19 1.22 0.19
20 m SRT HRmax (bpm)
Plyometric training 192.52 £ 6.9 193.34 £5.6 0.42 0.11
Eccentric training 190.12 £+ 10.2 192.26 £+ 10.2 1.12 0.20
Control 189.25 £ 94 190.83 £7.3 0.83 0.16
20 m SRT lactate (mmol/L) ¥
Plyometric training 6.55 + 1.67 6.68 + 1.77 1.98 0.07
Eccentric training 6.48 1 2.18 6.44 1+ 2.61 0.62 0.01
Control 6.73 + 1.51 6.78 + 1.64 0.74 0.03
Penalty throwing velocity (km/h)
Plyometric training 83.77 £ 3.54 90.41 £+ 4.88 * 7.92 1.87
Eccentric training 81.32 £2.78 86.01 = 2.46* 5.76 1.68
Control 81.93 £ 3.66 8241 £427 & 0.58 0.13
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Table 3. Cont.

Before After A% ES

3-step running throw velocity (km/h)
Plyometric training 87.56 £5.29 93.61 £5.12* 6.90 1.14
Eccentric training 84.15 - 4.11 90.76 - 4.34 * 7.85 1.60
Control 83.75 £5.29 84.68 £ 5.94 & 111 0.17

Jump throw velocity (km/h)

Plyometric training 82.10 £+ 3.62 89.21 £3.89 % 8.66 1.96
Eccentric training 80.62 = 4.16 85.14 £ 4.25* 5.60 1.08
Control 80.00 + 3.22 81.23 £3.58 & 1.53 0.38

Legend: &: significant difference compared to the control group (p < 0.05); *: significant difference between value
sbefore and after intervention (p < 0.05); ¥. 3 min after the 20 m SRT; HRpax: maximal heart rate; SRT: shuttle-run
test for cardiorespiratory endurance.

4. Discussion

This study aimed to compare the effects of two 8-week in-season strength-training
programs on handball players’ physical and technical parameters, with 36 male handball
players randomly separated into three different groups: a control group, a plyometric
training group, and an eccentric-overload training group. Our novel results confirm that
8 weeks of plyometric or EOT intervention similarly improves jumping and handball-
specific throwing-speed performance in male handball players. On the contrary, inter-
ventions did not affect 15 m, cardiorespiratory endurance, nor heart rate or blood lactate
concentration after the endurance test.

The benefits of plyometric training on hard [23] and sand surfaces [22] have been
studied previously. Our new results with competitive male handballers confirm that
plyometric training on sand can improve participants’ physical fitness and sport-specific
parameters (ES = 0.73-1.07; large), as can eccentric-overload training (ES = 0.45-0.53;
medium). These results are in consonance with other studies, which showed that practice
with jumps in dry sand produced a significant increase in power performance in the lower
limbs regarding harder surfaces or grass [22,24]. In this sense, Impellizeri et al. (2008),
compared plyometric training in grass and on dry sand, finding a significant improvement
in squat jumps in the group that trained on dry sand [24], in addition to reducing the joint
impact to which handball players were subjected. However, a novelty of this study was the
eccentric-overload training approach in the EG, which showed similar gains compared to
the PG. The power improvement achieved in EG may be attributed to the fact that eccentric-
overload exercises increase muscle activity, improving mechanical power output and
maximal strength performance [18]. In addition, contrary to traditional strength training,
devices employed by the EG have been designed to provide a maximal resistance load
during the full concentric phase [25], which could explain the significant improvements
in jump performance observed in the EG. Therefore, future studies could analyze this
intervention with handball players.

In contrast, the 15 m linear sprint was not improved in the PG or EG (ES = 0.25-0.33;
small). The lack of sprint time improvement may be because the participants did not
perform specific sprint exercises [26]. Another potential reason could be that experimental
groups included mostly exercises with a vertical force predominance, while linear sprint
speed requires both vertical and horizontal, particularly the latter for short sprint distances
(in this case, 15 m), given that a training program with more horizontal displacement
would improve the acceleration [23,26,27]. However, this potential hypothesis must be
contrasted with handball players. A third possible hypothesis for the lack of 15 m linear
sprint improvement might be the high number of sprints, accelerations, and decelerations
that athletes routinely perform during habitual handball practices [6,7,28].

Although both the PG (ES = 0.51; medium) and EG (ES = 0.21; small) achieved
medium and small improvements in endurance performance, respectively, these were
not significantly different compared to the control group. Although cardiorespiratory
endurance may improve with a combined sport-specific and strength and conditioning
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approach [29], previous studies also noted a lack of endurance enhancement after strength
training [30]. These findings may be particularly common in highly trained athletes
with highly developed endurance capabilities, such as handball players, though there
are no previous studies to the best of the authors” knowledge. Alternatively, a lack of
training specificity may also explain the lack of endurance improvement. Some exercises
such as jump-rope may have provided greater endurance stimulation [31]. Thus, future
studies should analyze if greater volume and density of treatment might have favored
improvements.

The throwing-speed performance is highly dependent on throwing technique, upper-
and lower-body and trunk strength, and vertical jumping ability [4,32]. Moreover, resis-
tance training with high load (60-80% 1 RM) influenced throwing speed performance
positively [33]. In our study, the PG and EG improved all throws in which the lower limbs
were involved in the specific throwing action (penalty throw, 3-step running throw, and
jump throw), confirming previous findings in handball players—although at different
competitive levels [4] and ages [32]—that reported significant correlations between the
strength of the lower limbs and throw speed [4,32]. Therefore, strength improvement in
the lower limbs could improve the speed of specific throws in handball, similar to other
sports [33].

Future studies may analyze resistance-type circuit training programs in order to
improve the speed of specific throws for handballers.

5. Conclusions

In summary, an 8-week handball intervention, performing plyometric or eccentric-
overload training in-season, improves the physical and technical parameters of highly
trained male players when compared to regular handball practice.

5.1. Limitations, Strengths and Future Research

It should be noted that it is difficult to obtain larger sample sizes of athletes, as not
many have the availability to comply with the training and supplementation instructions
required by the study. Moreover, sampling using a convenient, non-probabilistic sampling
procedure may produce results that are not representative of the rest of the population.
This study was probably not blinded, in that the players performing the normal training
probably knew that the other players were doing something far different in addition to
normal training. Another limitation could be that it could be argued that the control group
should have been a “traditional strength training” group, or that a group such as this
would have been desirable if a sufficiently high number of players was available. Finally, a
potential limitation is that the workloads among groups were different. These limitations
may underrepresent the results and may affect study outcomes. Nevertheless, the purpose
of this study was not to transfer information to the general population, but rather only to
present a practical approach in this population.

However, the methodology used in this intervention was the most important strength,
with ecological validity in the real sports world. Additionally, to the best of the authors’
knowledge, no previous interventions have been applied in handballers.

Future research should continue the study of the long-term effects of intervention
related to neuromuscular strength, in order to expand the existing knowledge about this
potential practice. It should also examine the efficacy of these types of drills in experienced
athletes, to determine whether the use of these concepts as part of treatment could increase
athletic performance. In addition, it should analyze how this possible practice affects the
female population in handball and team sports, given that this study only focused on men
to measure their performance.

5.2. Practical Applications

Handball players can enhance jumping, change in direction, and throwing perfor-
mance by undertaking an 8-week plyometric (CM]J, burpee, jump lunge, leg bounds) or
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EOT (VP-unilateral press, VP-unilateral pull, VP-push press, YO-YO squat) in-season
program. The performance improvements shown in this study are of great interest for
handball coaches and are directly applicable to handball players because the performance
of this sport relies greatly on the specific on-field vertical jump, maximal sprint, and agility
abilities that were enhanced by the high-intensity-oriented training regimen. Moreover,
for young handball players who do not have previous experience with plyometric and
EOT training, a general adaptation phase should be scheduled to ensure proper movement
technique and safety.

Author Contributions: E.S.d.V. and ].C.-G.: conception and design of research, analysis and interpre-
tation of the data, drafting of the paper, critical review, and approval of the final version submitted
for publication. P.E.A. and J.F.-B.: analysis and interpretation of the data, drafting of the paper, critical
review, and approval of the final version submitted for publication. E.S.d.V. and R.R.-C.: drafting of
the paper, critical review, and approval of the final version submitted for publication. All authors
have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This research was designed in accordance with the Declara-
tion of Helsinki (2008) and the Fortaleza update (2013).

Informed Consent Statement: All participants were fully informed of all procedures in the study
and signed a statement of informed consent.

Data Availability Statement: Not applicable.

Acknowledgments: The authors thank the athletes and research assistants involved in this investiga-
tion for their participation, enthusiasm, and cooperation.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

Bragazzi, N.L.; Rouissi, M.; Hermassi, S.; Chamari, K. Resistance training and handball players’ isokinetic, isometric and maximal
strength, muscle power and throwing ball velocity: A systematic review and meta-analysis. Int. J. Environ. Res. Public Health 2020,
17,2663. [CrossRef] [PubMed]

Karcher, C.; Buchheit, M. On-court demands of elite handball, with special reference to playing positions. Sports Med. 2014, 44,
797-814. [CrossRef] [PubMed]

Pévoas, S.C.; Seabra, A.F.; Ascensao, A.A.; Magalhaes, |.; Soares, ].M.; Rebelo, A.N. Physical and physiological demands of elite
team handball. J. Strength Cond. Res. 2012, 26, 3365-3375. [CrossRef] [PubMed]

Gorostiaga, E.M.; Granados, C.; Ibafiez, J.; Izquierdo, M. Differences in physical fitness and throwing velocity among elite and
amateur male handball players. Int. J. Sports Med. 2005, 26, 225-232. [CrossRef] [PubMed]

Marques, M.C.; van den Tilaar, R.; Vescovi, ].D.; Gonzalez-Badillo, ].J. Relationship between throwing velocity, muscle power, and
bar velocity during bench press in elite handball players. Int. J. Sports Phys. Perform. 2007, 2, 414-422. [CrossRef] [PubMed]
Gorostiaga, E.M.; Granados, C.; Ibafiez, J.; Gonzélez-Badillo, J.J.; Izquierdo, M. Effects of an entire season on physical fitness
changes in elite male handball players. Med. Sci. Sports Exerc. 2006, 38, 357-366. [CrossRef]

Hermassi, S.; Chelly, M.S.; Tabka, Z.; Shephard, R.J.; Chamari, K. Effects of 8-week in-season upper and lower limb heavy
resistance training on the peak power, throwing velocity, and sprint performance of elite male handball players. . Strength Cond.
Res. 2011, 25, 2424-2433. [CrossRef]

Marques, M.C.; Gonzalez-Badillo, J.J. In-season resistance training and detraining in professional team handball players. ].
Strength Cond. Res. 2006, 20, 563-571.

Marques, M.C. In-season strength and power training for professional male team handball players. Strength Cond. ]. 2010, 32,
74-81. [CrossRef]

van den Tillaar, R.; Marques, M.C. Effect of different training workload on overhead throwing performance with different
weighted balls. ]. Strength Cond. Res. 2013, 27, 1196-1201. [CrossRef]

Van Muijen, A.E.; Joris, H.; Kemper, H.C.G.; Van Ingen Schenau, G.]J. Throwing practice with different ball weights: Effects on
throwing velocity and muscle strength in female handball players. Sports Med. Train. Rehabil. 1991, 2, 103-113. [CrossRef]
Asadi, A; Saez de Villarreal, E.; Arazi, H. The effects of plyometric type neuromuscular training on postural control performance
of male team basketball players. J. Strength Cond. Res. 2015, 29, 1870-1875. [CrossRef]

Saez de Villarreal, E.; Gonzélez-Badillo, J.; Izquierdo, M. Low and moderate plyometric training frequency produces greater
jumping and sprinting gains compared with high frequency. J. Strength Cond. Res. 2008, 22, 715-725. [CrossRef]


https://doi.org/10.3390/ijerph17082663
https://www.ncbi.nlm.nih.gov/pubmed/32294971
https://doi.org/10.1007/s40279-014-0164-z
https://www.ncbi.nlm.nih.gov/pubmed/24682948
https://doi.org/10.1519/JSC.0b013e318248aeee
https://www.ncbi.nlm.nih.gov/pubmed/22222325
https://doi.org/10.1055/s-2004-820974
https://www.ncbi.nlm.nih.gov/pubmed/15776339
https://doi.org/10.1123/ijspp.2.4.414
https://www.ncbi.nlm.nih.gov/pubmed/19171959
https://doi.org/10.1249/01.mss.0000184586.74398.03
https://doi.org/10.1519/JSC.0b013e3182030edb
https://doi.org/10.1519/SSC.0b013e3181fbec32
https://doi.org/10.1519/JSC.0b013e318267a494
https://doi.org/10.1080/15438629109511906
https://doi.org/10.1519/JSC.0000000000000832
https://doi.org/10.1519/JSC.0b013e318163eade

J. Funct. Morphol. Kinesiol. 2023, 8, 113 90f9

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Ramirez-Campillo, R.; Alvarez, C.; Garcia-Hermoso, A.; Keogh, ] W.L.; Garcia-Pinillos, F,; Pereira, L.A.; Loturco, I. Effects of jump
training on jumping performance of handball players: A systematic review with meta-analysis of randomized controlled trials.
Int. ]. Sports Sci. Coach. 2020, 15, 584-594. [CrossRef]

Tesch, P.A.; Ekberg, A.; Lindquist, D.M.; Trieschmann, J.T. Muscle hypertrophy following 5-week resistance training using a
non-gravity-dependent exercise system. Acta Phys. Scand. 2004, 180, 89-98. [CrossRef]

Vogt, M.; Hoppeler, H.H. Eccentric exercise: Mechanisms and effects when used as training regime or training adjunct. J. Appl.
Phys. 2014, 116, 1446-1454. [CrossRef]

Chiu, L.Z.; Salem, G.J. Comparison of joint kinetics during free weight and flywheel resistance exercise. . Strength Cond. Res.
2006, 20, 555-562.

Norrbrand, L.; Fluckey, ].D.; Pozzo, M.; Tesch, P.A. Resistance training using eccentric overload induces early adaptations in
skeletal muscle size. Eur. J. Appl. Phys. 2008, 102, 271-281. [CrossRef]

de Hoyo, M.; Safiudo, B.; Carrasco, L.; Mateo-Cortes, ]J.; Dominguez-Cobo, S.; Fernandes, O.; Del Ojo, J.J.; Gonzalo-Skok, O.
Effects of 10-week eccentric overload training on kinetic parameters during change of direction in football players. J. Sports Sci.
2016, 34, 1380-1387. [CrossRef] [PubMed]

Nuell, S.; lllera-Dominguez, V.R.; Carmona, G.; Alomar, X.; Padullés, ].M.; Lloret, M.; Cadefau, J.A. Hypertrophic muscle changes
and sprint performance enhancement during a sprint-based training macrocycle in national-level sprinters. Eur. J. Sport Sci. 2019,
20, 793-802. [CrossRef] [PubMed]

Harris, D.J.; Atkinson, G. Ethical standards in sport and exercise science research: 2016 update. Int. J. Sports Med. 2015, 36,
1121-1124. [CrossRef] [PubMed]

Binnie, M.].; Dawson, B.; Arnot, M.A.; Pinnington, H.; Landers, G.; Peeling, P. Effect of sand versus grass training surfaces during
an 8-week pre-season conditioning programmed in team sport athletes. J. Sports Sci. 2014, 32, 1001-1012. [CrossRef] [PubMed]
Ramirez-Campillo, R.; Gallardo, F; Henriquez-Olguin, C.; Meylan, C.M.; Martinez, C.; Alvarez, C.; Izquierdo, M. Effect of vertical,
horizontal, and combined plyometric training on explosive, balance, and endurance performance of young soccer players. J.
Strength Cond. Res. 2015, 29, 1784-1795. [CrossRef] [PubMed]

Impellizzeri, EM.; Rampinini, E.; Castagna, C.; Martino, F.; Fiorini, S.; Wisloff, U. Effect of plyometric training on sand versus
grass on muscle soreness and jumping and sprinting ability in soccer players. Br. ]. Sports Med. 2008, 42, 42—-46. [CrossRef]
[PubMed]

Nunez Sanchez, FJ.; Saez de Villarreal, E. Does flywheel paradigm training improve muscle volume and force? A meta-analysis.
J. Strength Cond. Res. 2017, 31, 3177-3186. [CrossRef]

Wagner, H.; Gierlinger, M.; Adzamija, N.; Ajayi, S.; Bacharach, D.W.; von Duvillard, S.P. Specific physical training in elite male
team handball. J. Strength Cond. Res. 2017, 31, 3083-3093. [CrossRef]

Séaez de Villarreal, E.; Suarez-Arrones, L.; Requena, B.; Haff, G.G.; Ramos-Veliz, R. Enhancing performance in professional water
polo players: Dryland training, in-water training, and combined training. J. Strength Cond. Res. 2015, 29, 1089-1097. [CrossRef]
Ortega-Becerra, M.; Belloso-Vergara, A.; Pareja-Blanco, F. Physical and physiological demands during handball matches in male
adolescent players. . Hum. Kinet. 2020, 72, 253-263. [CrossRef]

Hoff, J.; Helgerud, ]. Maximal strength training enhances running economy aerobic endurance performance. In Football (Soccer):
New Developments Physical Training Research; Hoff, ]J., Helgerud, J., Eds.; Norwegian University of Science and Technology:
Trondheim, Norway, 2002; pp. 39-55.

Hennessy, L.C.; Watson, A.W.S. The interference effects of training for strength and endurance simultaneously. J. Strength Cond.
Res. 1994, 8, 12-19.

Garcia-Pinillos, F.; Lago-Fuentes, C.; Latorre-Roman, P.A.; Pantoja-Vallejo, A.; Ramirez-Campillo, R. Jump-rope training: Improved
3-km time-trial performance in endurance runners via enhanced lower-limb reactivity and foot-arch stiffness. Int. J. Sports Phys.
Perform. 2020, 15, 927-933. [CrossRef]

Ortega-Becerra, M.; Pareja-Blanco, F.; Jiménez-Reyes, P.; Cuadrado-Penafiel, V.; Gonzalez-Badillo, J.J. Determinant factors of
physical performance and specific throwing in handball players of different ages. J. Strength Cond. Res. 2018, 32, 1778-1786.
[CrossRef] [PubMed]

Ramos-Veliz, R.; Requena, B.; Suarez-Arrones, L.; Newton, R.U.; Saez de Villarreal, E. Effects of 18-week in-season heavy-
resistance and power training on throwing velocity, strength, jumping, and maximal sprint swim performance of elite male water
polo players. J. Strength Cond. Res. 2014, 28, 1007-1014. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1177/1747954120928932
https://doi.org/10.1046/j.0001-6772.2003.01225.x
https://doi.org/10.1152/japplphysiol.00146.2013
https://doi.org/10.1007/s00421-007-0583-8
https://doi.org/10.1080/02640414.2016.1157624
https://www.ncbi.nlm.nih.gov/pubmed/26963941
https://doi.org/10.1080/17461391.2019.1668063
https://www.ncbi.nlm.nih.gov/pubmed/31526116
https://doi.org/10.1055/s-0035-1565186
https://www.ncbi.nlm.nih.gov/pubmed/26671845
https://doi.org/10.1080/02640414.2013.879333
https://www.ncbi.nlm.nih.gov/pubmed/24479768
https://doi.org/10.1519/JSC.0000000000000827
https://www.ncbi.nlm.nih.gov/pubmed/25559903
https://doi.org/10.1136/bjsm.2007.038497
https://www.ncbi.nlm.nih.gov/pubmed/17526621
https://doi.org/10.1519/JSC.0000000000002095
https://doi.org/10.1519/JSC.0000000000002094
https://doi.org/10.1519/JSC.0000000000000707
https://doi.org/10.2478/hukin-2019-0111
https://doi.org/10.1123/ijspp.2019-0529
https://doi.org/10.1519/JSC.0000000000002050
https://www.ncbi.nlm.nih.gov/pubmed/28981450
https://doi.org/10.1519/JSC.0000000000000240
https://www.ncbi.nlm.nih.gov/pubmed/24077370

	Introduction 
	Methods 
	Experimental Approach to the Problem 
	Participants 
	Testing Procedures 
	General Procedure 
	Performance Test 

	Training Procedures 
	Statistical Analyses 

	Results 
	Discussion 
	Conclusions 
	Limitations, Strengths and Future Research 
	Practical Applications 

	References

