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Abstract. Shooting represents a fundamental skill in handball. Among other factors, its effectiveness requires a significant development
of explosive strength. Isometric training may provide a powerful neuromuscular stimulus for its enhancement. Despite its importance
and practicality, few studies have addressed the effect of this type of training on shooting speed in women's handball. Twenty female
players were divided into two groups: isometric training (IG, n=10) and dynamic training (DG, n=10). Over nine weeks, twice a
week, both groups completed an upper limb pushing resistance training: IG performed maximum isometric strength, and DG per-
formed dynamic strength at 80% of one maximum repetition (IMR). In both cases, the effort was followed by medicine ball throws.
The loads for both groups were equated in terms of sets and duration. Pre- and post-intervention, the IMR of each player was
estimated through a load progression test in bench press exercise. Additionally, the shooting speed with and without aiming at a
target was measured from seven and nine meters using a radar. The findings showed a trend towards improvement in both groups
(slightly higher in IG); however, only the not-targeted shooting speed from 9 meters in 1G reached statistical significance (p < .05). The
correlation between 1MR and shooting speed was low to moderate. In summary, both types of training yielded similar results. Given
the practical advantages of isometric training, it could be suggested that this training could serve as an effective and practical alternative
for enhancing strength and shooting speed in handball.

Keywords: Handball, handball shooting, isometric strength training, women's sport.

Resumen. El lanzamiento a porteria constituye una habilidad fundamental en balonmano. Su efectividad requiere, entre otros
factores, un desarrollo significativo de la fuerza explosiva. El entrenamiento isométrico puede proporcionar un potente estimulo neu-
romuscular para su incremento. A pesar de su importancia y practicidad, pocos estudios han abordado el efecto de este tipo de entre-
namiento sobre la velocidad del lanzamiento en balonmano femenino. En el presente trabajo, 20 jugadoras fueron divididas en dos
grupos: entrenamiento isométrico (GI, n=10) y entrenamiento dinamico (GD, n=10). Durante nueve semanas, dos veces a la semana,
ambos grupos entrenaron fuerza de empuje de miembros superiores: Gl realiz6 fuerza isométrica maxima y GD fuerza dinamica al 80%
de una maxima repeticion (IRM). En ambos casos el esfuerzo fue seguido por lanzamientos de balones medicinales. Las cargas de ambos
grupos fueron equiparadas en términos de series y duracion. Pre y post intervencion se estim6 el 1RM de cada jugadora mediante una
prueba de progresion de cargas en el ejercicio de press de banca. También se midio, mediante un radar, la velocidad de lanzamiento con
y sin punteria a un blanco desde una distancia de siete y de nueve metros. Los resultados mostraron tendencia a la mejora en ambos
grupos (ligeramente mayor en Gl); pero tinicamente la velocidad de lanzamiento sin punteria desde los 9 metros en Gl alcanzo significancia
estadistica (p < 0,05). La correlacion entre el 1RM estimado y la velocidad de lanzamiento fue baja a moderada. En suma, ambos tipos
de entrenamiento mostraron resultados similares. Dada las ventajas practicas que ofrece el entrenamiento isométrico, los hallazgos
sugieren que dicho entrenamiento podria constituirse en una alternativa eficaz y practica para la mejora de la fuerza y velocidad de
lanzamiento en balonmano.

Palabras claves: Balonmano, lanzamiento en balonmano; entrenamiento isométrico de fuerza, deporte femenino.
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Introduction tend to result in fewer scores compared to their male coun-

terparts (Gomez-Lopez, etal., 2021). The disparity in goal-

Handball is a sport that requires, among other skills, the
ability to accelerate, jump, and shoot with high efficacy.
The latter represents a fundamental skill that players in this
sport must train and perfect to increase their chances of suc-
cess (Laguna, 2019).

Speed and accuracy are the primary factors defining
shooting effectiveness (Ortega-Becerra, et al., 2018).
Speed is crucial so that opponents, whether the goalkeeper
or a field player, have less reaction time to stop or block the
ball, and accuracy is essential to deceive and place the ball
where the player wants to (Van den Tillaar, 2020). It has
been reported that faster shots are more likely to result in
goals (Zapardiel, et al., 2017). To achieve this, optimal
force production during the shot execution must occur in
the shortest possible time. At the elite level, it has been ob-
served that in the women's category, shots from different
positions on the field and towards different areas of the goal
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scoring rates between sexes could be partially explained by
the higher average levels of strength observed among men.
Greater strength is associated with an enhanced potential
for force generation during shooting, highlighting the im-
portant role of strength training in achieving optimal per-
formance (Wagner et al., 2019). According to Dietz and
Peterson (2012), the technical gesture of shooting involves
a dynamic movement with a triphasic nature, allowing its
analysis based on the study of its three phases: eccentric,
isometric, and concentric. The eccentric phase, or arm
cocking, enables the accumulation of kinetic energy in the
tendons and other elastic components of the myofascial sys-
tem involved. The isometric phase transfers the energy ab-
sorbed during the eccentric phase into explosive concentric
actions. The concentric phase represents the actual throw-
ing motion. These authors suggest that to generate the max-
imum amount of force in the shortest possible time during
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the shot, training the three mentioned phases with varied
exercises is necessary, thereby inducing continuous adapta-
tions in the athletes.

Previous studies have observed that shooting speed can
be increased through various training methods, including
power-oriented training, central stability training, and
medicine ball throws (Loken, et al., 2021). Additionally,
there is evidence that isometric training, particularly those
performed at various joint angles, significantly improves
strength and power for dynamic movements. Nevertheless,
despite its ease and practicality, this type of training is un-
derutilized (Fleck & Kraemer, 2017).

In the present study, we aimed to compare the effect of
a training protocol that applies isometric tension vs. a dy-
namic strength training protocol (more commonly used in
this sport) in a sample of experienced female handball play-
ers. To achieve this, we analyzed and compared the impact
of upper limb pushing resistance training in isometric vs.
dynamic form on shooting speed. In both cases, the athletes
performed medicine ball throws after the resistance exer-
cises. Although some studies suggest that throwing speed
does not affect accuracy and vice versa (Van den Tillaar,
2020), due to the lack of consensus on this topic (Cherif, et
al., 2016; Van den Tillaar, 2020; Van den Tillaar & Ettema,
2003; Vila, et al., 2020), in addition to its relevance for
athletic performance, we decided to include the latter var-
iable in the present study.

To our knowledge, few studies have addressed this
topic, especially with women. In this regard, the findings
could provide valuable insights for coaches of high-level fe-
male teams when designing resistance training programs fo-
cused on shooting.

Materials and methods

Research design

This study employed a quasi-experimental design with
pre- and post-intervention assessments. The research was
approved by the Ethics Committee of the Instituto Univer-
sitario Asociacion Cristiana de Jovenes (IUAC]J) of Uruguay
and was conducted in accordance with the ethical principles
outlined in the Declaration of Helsinki (Rev. 2008).

Participants

Twenty female players from a handball team competing
in the Uruguayan Handball Federation Championship were
selected to participate in the study. This competition is con-
sidered the highest level for this sport in Uruguay. At the
time of the intervention, the team had won the last four na-
tional championships (2018 to 2021). Nine of the selected
players belonged, or had belonged, to the National Senior
Team of this sport, and four among them had also experi-
enced training and competing in high-level international
clubs.

The inclusion criteria were the following: i) to have
medical clearance to participate in sports activities and com-
petitions; ii) not to have injuries that could affect physical
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performance; iii) not to be taking medications that could
affect performance; and iv) to have read and signed the cor-
responding informed consent. As exclusion criteria, it was
considered i) not achieving 70% of the planned training ses-
sions in the experimental intervention and ii) the absence
from two consecutive training sessions.

Procedures

The 20 players were divided into two experimental
groups: the isometric group (IG, n = 10) and the dynamic
group (DG, n = 10). The division was performed using the
matching technique. According to this technique, the sam-
ple is segmented by matching the groups about some spe-
cific variable, which can decisively influence the dependent
variable (Hernandez-Sampieri, et al., 2014). In the present
work, the division was made considering each participant's
IMR bench press value (estimated through the protocol de-
scribed in the assessment section).

The IG and DG players continued with their usual train-
ing throughout the duration of the experimental interven-
tion. None of the participants undertook additional upper
limb strength training outside the scheduled training ses-

sions.

Assessments

The wecek before the initial assessment, all players un-
derwent sessions resembling the tests and training sessions
planned for the study. The purpose was to identify and rec-
tify potential technical errors and familiarize players with
the various tests and exercises, minimizing the learning
bias. The assessments outlined below were carried out the
following week and repeated the week after completing the
experimental intervention under identical conditions.

On Tuesday, the bench press test was carried out fol-
lowing a standardized 10-minute warm-up, which included
shoulder mobility, muscle activation exercises, and two sets
of the movement to be assessed without added load. The
test involves sets of 4 repetitions each, with progressively
heavier weights. It begins with the Olympic-type barbell
(15kg mass) and subsequent increments of 10kg until reach-
ing a load of 45kg. A recovery time of three to four minutes
was established between each set. During the test, partici-
pants were instructed to emphasize the positive phase,
moving the bar as fast as possible until achieving fully ex-
tended elbows. Control was maintained over the negative
phase of the movement to prevent bouncing against the ath-
lete's chest. A linear encoder (Vitruve Encoder, Speedlifts
S.L., Spain) was used to record the trajectory and speed of
movement. The data were analyzed using the correspond-
ing equipment software, calculating the average speed of
the four repetitions performed during each instance. From
this, the estimated 1MR value was derived (figure 1). On
Thursday of the same week, after a general and specific
handball warm-up of approximately 15min (comprising
shoulder mobility, muscle activation exercises and varied
passes between players), throwing assessments were con-

ducted using the official ball of the season (Blesbok, Meraki
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n °2). Each player was instructed to execute two types of
shooting with their dominant upper limb (meaning the limb
usually used for shooting at the goal): i) standing shots from
a distance of seven meters from the goal, with the foot op-
posite to the throwing arm positioned in front of the ipsi-
lateral foot, and without jumping (figure 2); and ii) jumping
shots from a distance of nine meters from the goal, pre-
ceded by three steps before jumping and releasing the ball.
These distances were chosen for the following reasons: the
first corresponds to the penalty shot distance, while the sec-
ond aligns with the range from which shots on goal are most
frequently taken (Hatzimanouil, 2019). All shots were re-
quired to be executed with the highest possible speed. Each
player performed 20 shots, 10 from the seven-meter zone
and 10 from the nine-meter zone. Within each distance,
five of the 10 shots were aimed at a target. For this purpose,
a 63 cm diameter hoop was positioned in the goal, fixed at
the same distance from the vertical posts, with its upper
segment in contact with the crossbar. It is worth noting that
although the instruction given to the players was to try to
introduce the ball into the hoop, later, for calculating the
shooting speed with aiming, all shots were considered, re-
gardless of whether they successfully targeted the hoop or
not. The players had a recovery time between each shot of
at least two minutes. All shots were supervised simultane-

ously by two experienced handball coaches.

Figure 1. Flat bench, barbell and linear Encoder used to perform the maximum
voluntary repetition (IMR) test in the bench press exercise

The ball speed was measured with a speed radar (Stalker
Sport 2, 24.125 GHz, United States) placed 2m behind the
player. It was adjusted individually, according to the height
of the player's throwing arm, in agreement with the proto-
col described by Van den Tillaar (2020). Whether or not
the ball entered the hoop was assessed by a video camera
(16 MP, 8 MP wide-angle with a 120-degree field of view
and 2 MP sensor) placed 15m from the goal. The average
shooting speed for each distance (7m and 9m), type of shot
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(with and without aiming), and moment (pre- and post-in-
tervention), measured in km/h, was used for subsequent

analysis.

Figure 2. Shooting seven meters from the goal, with the foot contralateral to
the throwing arm in front of the ipsilateral foot, without moving the forward
foot and without jumping. In the upper part of the goal, the hoop used for
the aiming shots can be seen.

Experimental intervention

The intervention lasted nine weeks and was conducted
during the competitive season. During this time, and under
similar conditions for all players, technical-tactical training
(Monday, Wednesday and Friday) and physical condition-
ing exercises (Tuesday and Thursday) were carried out. All
sessions had an approximate duration of 2 hours and 15
minutes. Additionally, the players took part in competitions
during the weekends.

On Tuesdays and Thursdays, at the start of each session
and after a standardized warm-up, the players performed
the resistance training protocol corresponding to their ex-
perimental group: bench press or isometric pushing, fol-
lowed by three maximum-speed throws of 1kg medicine
balls with each arm. In the first week, both groups per-
formed three sets of this sequence of exercises per session
and four sets in the remaining weeks. The IG group
performed maximal isometric tension against an immovable
resistance for 6s, in two different positions. The bar was
placed immediately below the bench stops, located at a
height of 18cm and 13cm, measured from the support
surface of the athlete's back to the lower edge of these stops
(figure 3). This position resulted in elbow flexion angles of
103.0 * 5.5 and 86.4 £ 2.3 degrees, respectively (figure
4). The grip width of the bar was adjusted for each player,
ensuring that when the elbows were at the trunk level, they
reached 90 degrees of flexion. The first set of each session
always started with the bar positioned below the lower
stop; thereafter, the bar position alternated between the
two positions for the remaining sets.
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Figure 3. Distance measured from the bench back support surface to the bot-
tom edge of the lower and upper stops.

Figure 4. Average angle of elbow flexion, at the moment when the ath-
letes of the Isometric Group (IG) performed the effort with the bar located

below the upper and lower stop (left and right image, respectively)
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Figure 5. Diagram of the procedures carried out in the current study.

The players were instructed to exert maximum tension
throughout the effort, receiving continuous verbal encour-
agement. Following the isometric tension exercise, the
players immediately transitioned to the next phase without
any rest period. They were required to grab a medicine ball
and execute three horizontal throws with the right upper
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limb and three with the left upper limb, aiming for maxi-
mum speed in each throw. A passive rest period of five
minutes was implemented between each series.

In the DG group, each player was instructed to com-
plete as many bench press repetitions as possible with 80%
of their IMR for a duration of 6 seconds. Following this,
the players executed medicine ball throws under the same
conditions as their counterparts in the IG group. In weck
five, the DG group underwent a reassessment, according to
the protocol previously described, to readjust the training
loads in the bench press if there were any changes in their
1MR values.

A diagram of the procedures carried out in the current
study is shown in figure 5.

Data analysis

The data are presented as mean £ SD. Normality was
assessed by the Kolmogorov-Smirnov test, and homogene-
ity of variances by the Levene test. If these assumptions
were met, the potential differences between DG and IG
were analyzed using Student's t-test for independent data
before and after the experimental intervention. The Mann-
Whitney U test was employed if the normality or homoge-
neity of variances was not met. To compare within each
group pre- vs. post—intervention, a repeated measures
ANOVA test with Bonferroni correction was applied.

Finally, Pearson's correlation coefficient was employed
to examine the relationship between estimated maximum
strength and shooting speed after verifying that these varia-
bles fulfilled the assumptions of normality, linearity, and
absence of outliers. The correlation strength was inter-
preted following the criteria proposed by Hopkins et al.
(2009), which categorizes associations as poor if values are
smaller than 0.1, low for values greater or equal to 0.1 and
smaller than 0.3, moderate for values greater or equal to
0.3 and smaller than 0.5, high for values greater or equal to
0.5 and smaller than 0.7, very high for values greater or
equal to 0.7 and smaller than 0.9, and almost perfect for
values equal to or greater than 0.9.

In all cases, a significance level of p < .05 was consid-
ered. The statistical analysis was performed with the free
software JASP (Version 0.16.4; JASP Team, 2022).

Results

Two of the initially selected 20 players (one from the IG
group and one from the DG group) did not meet the estab-
lished criteria, as they missed two consecutive training ses-
sions. As a result, the analysis was conducted using data
from the remaining 18 players (mean age = 25.0 £ 5.8
years; mean body mass index = 24.3 * 2.0 kg/m’; average
training experience = 12.0 & 6.4 years).

Table 1 illustrates the performance comparison be-
tween both groups before and after the resistance training
program intervention. No significant differences (p 2 .05)
were observed between the groups in pre- and post-inter-
vention assessments, indicating similar performance in the
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analyzed variables. In both the IG and DG groups, at both
distances (7m and 9m), and in both instances (pre- and post-
intervention), the average number of successful shots into
the hoop ranged between 2 and 3 out of a total of 5. We

Table 1.

emphasize that when calculating shooting speed with accu-
racy, we did not consider whether the ball went through
the hoop.

Comparison of shooting speed and maximal strength between IG (n = 9) and DG (n = 9) pre- and post-intervention

IG pre DG pre IG vs. DG pre IG post DG post IG vs. DG post
Mean * SD Mean + SD p value Mean + SD Mean + SD p value
Sp. w/0 aim 7m (km/h) 64.216.6 647143 1.000 67.01 4.0 64.8 £ 4.1 1.000
Sp. w/0 aim 9m (km/h) 68.316.7 68.713.2 1.000 70.2 £ 6.5 69.31£5.0 1.000
Sp w/ aim 7m (km/h) 59.216.0 55.4+3.7 1.000 61.2179 58.7+4.7 1.000
Sp w/ aim 9m (km/h) 66.0+ 7.0 66.214.0 1.000 68.0 1 7.4 66.2 6.2 1.000
1MR (kg) 45.4%8.0 443+ 6.4 1.000 48.0+ 7.3 46.7+ 7.3 1.000

Abbreviations: Sp. = speed; w/o aiming = without aiming; w/ aim = with aiming; MR = maximum force for one repetition in bench press exercise; DG =

dynamic group; IG = isometric group; SD = standard deviation). Asterisk (*) indicates statistical significance (p < .05).

Table 2 compares the intragroup performance within
cach group by contrasting the results obtained after the in-
tervention with those recorded before it. In the DG group,
there were no significant differences in performance (p 2

.05) post- vs. pre-intervention for any of the variables.
However, in the IG group, statistically significant differ-
ences (p < .05) were observed only for speed without aim-
ing from 7m, favoring post-intervention performance.

Table 2.
Comparison of shooting speed and maximal strength of both groups pre- vs. post-intervention (IG, n = 9; DG, n = 9)
IG pre IG post IG pre DG pre DG post DG pre
Mean + Mean t vs. post Mean + Mean vs. post
SD SD p value SD SD p value
Sp. w/o0 aim 7m (km/h) 64.2 1+ 6.6 67.014.0 .037%* 64.7143 64.8 £ 4.1 1.000
Sp. w/o0 aim 9m (km/h) 68.31t6.7 70.2 £ 6.5 1.000 68.713.2 69.315.0 1.000
Sp. w/ aim 7m (km/h) 59.2+6.0 61.2+7.9 1.000 55.4+3.7 58.7+ 4.7 .352
Sp. w/ aim 9m (km/h) 66.0+ 7.0 68.0 7.4 1.000 66.2 £4.0 66.2 6.2 1.000
1 MR (kg) 45.4+8.0 48.01£7.3 141 443+ 6.4 46.7+ 7.3 218

Abbreviations: Sp. = speed; w/o aim = without aiming; w/ aim = with aiming; MR = maximum force for one repetition in bench press exercise; DG =
dynamic group; 1G = isometric group; SD = standard deviation. Asterisk (*) indicates statistical significance (p < .05).

Table 3 compares shooting velocities without vs. with
aiming from 7m and 9m, respectively, both pre- and post-
intervention. This comparison is presented separately for
cach group (IG and DG) and for the total number of sub-
jects (IG + DG). Except for the shooting speed from 7m

Table 3.
Comparison of shooting speed without vs. with aiming (IG, n = 9; DG, n = 9)

pre-intervention in IG and the shooting speed from 9m
post-intervention in IG and DG, all other shooting veloci-
ties without vs. with aiming exhibited significant differ-
ences, consistently favoring velocities without aiming.

Group W/ o0 aiming W/ aiming W/ovs. W/ aiming

Mean + SD Mean + SD p value
Sp. 7m pre (km/h) 1G 64.21t6.6 59.216.0 .018%
Sp. 9m pre (km/h) 1G 68.316.7 66.01 7.0 256
Sp. 7m post (km/h) 1G 67.01 4.0 61.2179 .015%
Sp. 9m post (km/h) 1G 70.2 £ 6.5 68.0 1 7.4 125
Sp. 7m pre (km/h) DG 64.71 4.3 55.4%3.7 <.001*
Sp. 9m pre (km/h) DG 68.713.2 66.2 1 4.0 .050%
Sp. 7m post (km/h) DG 64.8 £ 4.1 58.7% 4.7 .001*
Sp. 9m post (km/h) DG 69.315.0 66.216.2 .067
Sp. 7m pre (km/h) IG+DG 64.41 5.4 57.3%£5.2 <.001%*
Sp. 9m pre (km/h) IG+DG 68.5+ 5.1 66.1 155 .036%*
Sp. 7m post (km/h) IG+DG 65.91 4.1 60.0 £ 6.4 <.001%*
Sp. 9m post (km/h) IG+DG 69.8 5.7 67.116.7 .013%

Abbreviations: Sp. = speed; w/o aim = without aiming; w/ aim = with aiming; DG = dynamic group; IG = isometric group; SD = standard deviation). Asterisk

(*) indicates statistical significance (p < .05).

Table 4 illustrates the correlation between strength and
shooting speed for each group, pre- and post-intervention.

In the IG group, a high positive correlation was ob-
served pre-intervention between maximal strength (1IMR)
in the bench press and shooting speed without aiming from
7m and 9m, as well as between 1MR and shooting speed
with aiming from 7m post-intervention. The correlation
was low for shooting speed without aiming from 9m post-
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intervention. For the rest of the variables analyzed, the cor-
relation was moderate. However, in all these cases, the cor-
relation did not reach statistical significance (p 2 .05).

For the DG group, a very high and statistically signifi-
cant positive correlation was observed between 1MR and
shooting velocities of i) 7m with aiming pre-intervention
and ii) 7m with aiming post-intervention. The correlation
between 1MR and shooting speed with aiming from 9m
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post-intervention also reached statistical significance, which
was classified as high. Shooting velocities without and with
aiming from 9m pre-intervention showed a low, non-sig-
nificant correlation with 1MR. The remaining correlations
between 1MR and shooting speed were moderate and did
not reach statistical significance.

Table 4.
Correlation between maximal strength and shooting speed in each group pre- and
post-intervention

IG(n=9) DG (n=9)

Pearson r  pvalue Pearsonr p value
Sp. w/o0 aim 7m vs. 1MR pre .543 131 .526 146
Sp. w/ o aim 9m vs. 1MR pre 612 .080 -.183 .638
Sp. w/ aim 7m vs. IMR pre 372 324 747* .021%*
Sp. w/ aim 9m vs. IMR pre 331 .385 (181 641
Sp. w/0 aim 7m vs. IMR post .352 .353 .789% 011
Sp w/o0 aim 9m vs. IMR post .263 495 .559 117
Sp. w/ aim 7m vs. MR post .588 .096 .599 .088
Sp. w/ aim 9m vs. 1MR post .368 329 .699% .036%*
Abbreviations: Sp. = speed; w/o aim = without aiming; w/ aim = with

aiming; IMR = maximum force for one repetition in bench press exercise;
DG = dynamic group; IG = isometric group. Asterisk (*) indicates statistical
significance (p < .05).

Discussion

The present study aimed to compare and analyze the im-
pact of two types of upper limb pushing strength training
protocols, one based on isometric contraction and the other
on dynamic contraction (with concentric emphasis), fol-
lowed by medicine ball throws, on shooting speed in high-
level female handball players. The review of the scientific
literature indicates that both modalities (isometric and con-
centric) are effective for strength development in sports
(Lee, etal., 2018). However, isometric training would re-
sultin lower fatigue levels, making it advantageous in sports
where frequent competition occurs, such as handball (Lum,
et al., 2023). Furthermore, high-intensity isometric train-
ing, similar to that employed in the current study, has been
associated with increased stiffness of the loaded tendons, re-
sulting in a reduction of electromechanical delay and conse-
quently increasing the rate of force development. Moreo-
ver, this regimen is posited to induce an expansion in the
cross-sectional area of tendons, thereby mitigating the risk
of injury during activities characterized by high-velocity dy-
namic stresses, such as shooting (Oranchuk, etal., 2019).

Regarding the relationship between maximum strength
and shooting speed, the results of the current study did not
always show consistency among the examined groups. This
inconsistency could be linked to the small sample size. De-
spite this limitation, and recognizing the importance of in-
terpreting the data with caution, significant positive corre-
lations of moderate, high, and very high magnitude were
observed between the MR value and throwing speed, both
with and without accuracy. These findings strongly suggest
the potential utility of both strength training modalities to
improve performance in this skill.

In this regard, and as suggested by several studies (Bog-
danis, et al., 2014; Bogdanis, et al., 2018; Duchateau &
Hainaut, 2020; Lum, Barbosa, etal., 2022; Lum, Comfort,

etal., 2022), isometric tension training can provide a pow-
erful neuromuscular stimulus by improving specific aspects
of motor coordination, including greater contraction speed
and synchronization of muscle fibers. This would be related
to positive adaptations at the excitation-contraction cou-
pling level, particularly observed when the athlete aims to
develop maximum strength in the shortest possible time
(Fleck & Kraemer, 2017). Additionally, this type of stimu-
lusis able to recruit more motor units with higher activation
thresholds, thus increasing the chances of triggering post-
activation potentiation (Martinez-Garcia, etal., 2021). The
purpose of performing medicine ball throws after the iso-
metric stimulus was to take advantage of this potentiation
of agonist muscles (Gilmore, et al., 2019; Krzysztofik, et
al., 2022), which has been shown to be particularly effec-
tive in athletes with a high level of training, as was the case
with the subjects in the current study (Ojeda, etal., 2016).

In the study by Raeder etal. (2015), conducted on com-
petitive-level handball players, six weeks of training involv-
ing medicine ball throws (using 1 and 2 kg balls) resulted in
significant improvements in shooting speed compared to
the control group. In another study involving male handball
players, but of shorter duration (four weeks), no improve-
ments in shooting speed from 7m and 9m with jump were
observed following training programs that included throw-
ing medicine balls (1 kg), the official handball ball, or tennis
balls (Ortega-Becerra, et al., 2019). However, in a study
with an experimental intervention of similar duration to
that of the present work (eight weeks vs. nine weeks, re-
spectively) and with a sample of male players of the same
sport, a beneficial effect on throwing speed was observed
with training programs involving the throwing of medicine
balls (3 kg), compared to similar programs that involved the
throwing of regular handball balls. In this study, the shoot-
ing speed improved in standing, running, and jumping
throws (Hermassi, et al., 2015).

The duration of the intervention in this work, as well as
the combination of stimuli to which the players in the I1G
group were subjected (isometric tension followed by
loaded throws, taking advantage of post-activation potenti-
ation), could partially explain the significant improvement
in the speed of the shots without aiming from 7m observed
only in the IG group after the intervention. However, it is
important to note that although there was a trend toward
improvement in the analyzed capacities, most variables did
not reach statistical significance in either the 1G or DG
group. The absence of a significant improvement in the ob-
served performance could be partly attributed to the insuf-
ficient accumulated contraction time and weekly frequency
used in this study. In this regard, Lum etal. (2019) suggest,
for isometric strength training, a total contraction time of
30 to 90 seconds per session, while Fleck and Kraemer
(2017) recommend a frequency of at least three sessions per
week. Kanchisa et al. (2002) observed significant improve-
ments in muscle volume, fascicular pennation angle, and
torque production in elbow extensions after ten weeks of
isometric training with sets of the same duration as in the
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present study (6s). However, these authors conducted 12
sets per session (totaling 72s of contraction), and the fre-
quency was three sessions per week. In contrast, in this
study, the total accumulated daily effort was only 24 sec-
onds (four series of six seconds each), and the frequency
was two sessions per week, below the recommended val-
ues.

In addition, applying isometric stimuli at various angles
of the target joint could be more effective. Most studies in-
dicate that this type of stimulus produces strength improve-
ments, particularly within a range of joint angles close to
that in which the effort was applied (£ 5 to 30 degrees, de-
pending on the muscle group and the considered move-
ment), without necessarily leading to significant gains at
other angles, especially when the total duration of isometric
effort per session is not very prolonged. This phenomenon
is known as the specificity of the joint angle (Fleck & Kra-
emer, 2017). In this study, isometric effort was performed
only at two specific joint angles, with a possibly insufficient
total duration per session to achieve significant transfer of
adaptations to others.

The experimental intervention in this study lasted nine
weeks. This period and the frequency employed (two ses-
sions per week) might have been insufficient to elicit sub-
stantial adaptations in the variables under analysis. This as-
pect becomes particularly relevant when considering the
high training level of the athletes, implying a lower margin
for improvement (Fleck & Kraemer, 2017). Since previous
training experience influences the adaptation margin within
a training cycle (Gonzalez, 2014), especially regarding iso-
metric strength training, interventions of longer duration,
even up to 24 weeks, have been suggested (Lum, et al.,
2023). Itis necessary to emphasize that the athletes were in
the competitive season, and they would be expected to be
close to their peak athletic form within the training macro-
cycle. This would consequently be associated with a lower
potential for improvement. In this regard, it has been rec-
ommended that these types of studies be conducted in pe-
riods distant from competitions, particularly in experienced
athletes (da Costa Alecrim, etal., 2020; Ortega-Becerra, et
al., 2019; Raeder, etal., 2015).

Gilmore et al. (2019) investigated the acute effect of a
high-intensity isometric potentiation warm-up in a female
softball team. The authors suggest that there is a potentia-
tion window for optimal performance after four to 12
minutes of recovery, peaking at six minutes. They under-
stand this phenomenon could be related to the time re-
quired for mitochondrial resynthesis of phosphocreatine de-
posits. In the present study, on the contrary, medicine ball
throws were carried out immediately after (without a
pause) isometric or dynamic effort. Although the optimal
time to achieve maximum post-activation potentiation
(acute effect) does not necessarily indicate the optimal time
for long-term improvements (chronic effect), it is possible
to hypothesize that post-intervention performance could
have been higher if a recovery pause had been employed be-

fore the throws. In this context, we consider it relevant to

conduct future research examining the long-term impact of
the pause in post-activation potentiation training (e.g., no
pause versus a six-minute pause) on shooting speed.

Although the performance improvements after the in-
tervention were lower than expected, both groups achieved
comparable results through different strength training pro-
grams. It is worth noting that isometric training would pre-
sent some additional practical advantages (Fleck & Kra-
emer, 2017). Among these, it stands out that, unlike dy-
namic training, it does not require quantification or pro-
gressive load adjustments, as all athletes exert their maxi-
mum effort in predefined positions. It also does not neces-
sitate personalized weight dosages. We believe these prac-
tical advantages are particularly important in the dynamics
of everyday training.

Finally, regarding the difference between shooting with
aim and shooting without aim (table 3), the present study's
findings align with what has been reported in various studies
conducted with handball athletes. These works show that
accuracy tends to decrease when the speed approaches its
maximum (exceeds 80-90% of the maximum speed) (Gar-
cla, et al., 2013; Nuno, et al., 2016; Van den Tillaar &
Ettema, 2003, 2006).

The present study had limitations, including the small
number of athletes in the experimental groups and the ab-
sence of a control group. Additionally, the generated ten-
sion was not quantified during the isometric contraction ef-
fort. The lack of movement against a real weight might ad-
versely affect the athlete's motivation, contradicting the ap-
plication of maximum potential tension. Despite verbal en-
couragement and the athletes' commitment to training, it
cannot be objectively ensured that each attempt was maxi-
mal, which could significantly impact the results achieved
(Lum & Barbosa, 2019). Considering these factors, the re-
sults should be interpreted with caution.

Conclusions

Considering the importance of speed and accuracy in
shooting to achieve maximum competitive performance in
handball, the search for training strategies to enhance these
aspects becomes relevant. In this regard, using dynamic
horizontal pushing efforts followed by medicine ball throws
under the conditions described in this study would not sig-
nificantly improve performance in these variables. How-
ever, it might contribute to their maintenance. In addition,
replacing horizontal pushing with an isometric effort of the
same duration would lead to comparable, even slightly su-
perior, results.

Given the practical advantages of isometric training over
other strength training modalities, especially during group
sessions, the findings of this study suggest that isometric
training could be an efficient alternative for improving
strength and shooting speed in handball and possibly in
other sports. Future studies with longer intervention peri-
ods, incorporating isometric stimuli of varying durations
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and encompassing a broader range of joint angles, are rec-
ommended.
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