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Abstract. Handball calls for a variety of athletic skills, but throwing force is crucial for passing, scoring, and gaining momentum. 
Plyometric training uses explosive exercises that increase muscular contraction speed and force to improve power and speed. The 
purpose of the study is to ascertain whether adding plyometric workouts to handball players' training regimens can enhance their 
throwing ability to a noticeable degree. The research utilized an experimental design with a pretest-posttest methodology for a single 
group. The Sambas district handball team, which consisted of 15 athletes, picked the participants, who were between the ages of 17 
and 22. Plyometric training was the intervention, and it was done in three sessions a week for four weeks. The Medicine Ball Javelin 
Quadrathlo strength test was used to gather data, and SPSS version 26 was used for analysis. The research showed that the mean 
throwing power and speed had significantly increased, with improvements of 2.07 between the pretest and posttest values of 19.93 
and 22.00, respectively. The significance value obtained was 0.000, indicating a statistically significant enhancement. The plyometric 
training was found to be highly effective in enhancing the explosive strength and neuromuscular coordination required for powerful 
and fast throws in handball. In conclusion, the findings suggest that incorporating plyometric training into the training programs of 
handball players can substantially improve their throwing performance. Coaches and trainers are recommended to integrate plyometric 
exercises to maximize the athletic potential of their players. 
Keywords: plyometric training, handball, throwing power, throwing speed, explosive strength, athletic performance 
 
Resumen. El balonmano requiere diversas habilidades atléticas, pero la fuerza de lanzamiento es crucial para pasar, marcar y ganar 
impulso. El entrenamiento pliométrico utiliza ejercicios explosivos que aumentan la velocidad y la fuerza de contracción muscular para 
mejorar la potencia y la velocidad. El objetivo del estudio es determinar si la adición de ejercicios pliométricos a los regímenes de 
entrenamiento de los jugadores de balonmano puede mejorar su capacidad de lanzamiento en un grado notable. La investigación utilizó 
un diseño experimental con una metodología pretest-postest para un solo grupo. El equipo de balonmano del distrito de Sambas, 
formado por 15 atletas, eligió a los participantes, que tenían entre 17 y 22 años. El entrenamiento pliométrico fue la intervención, y se 
realizó en tres sesiones semanales durante cuatro semanas. Se utilizó la prueba de fuerza con balón medicinal y jabalina Quadrathlo para 
recopilar los datos, y para el análisis se utilizó el SPSS versión 26. La investigación mostró que la potencia y la velocidad medias de 
lanzamiento habían aumentado significativamente, con mejoras de 2,07 entre los valores pretest y postest de 19,93 y 22,00, respecti-
vamente. El valor de significación obtenido fue de 0,000, lo que indica una mejora estadísticamente significativa. El entrenamiento 
pliométrico resultó muy eficaz para mejorar la fuerza explosiva y la coordinación neuromuscular necesarias para realizar lanzamientos 
potentes y rápidos en balonmano. En conclusión, los resultados sugieren que la incorporación del entrenamiento pliométrico a los 
programas de entrenamiento de los jugadores de balonmano puede mejorar sustancialmente su rendimiento en los lanzamientos. Se 
recomienda a entrenadores y preparadores físicos que integren ejercicios pliométricos para maximizar el potencial atlético de sus juga-
dores. 
Palabras clave: entrenamiento pliométrico, balonmano, potencia de lanzamiento, velocidad de lanzamiento, fuerza explosiva, ren-
dimiento atlético. 
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Introduction 
 
In the team sport of handball, the object of the game is 

to score by launching the ball into the opponent's goal (Yogi 
et al., 2023). To score, one must possess a combination of 
strength, speed, agility, endurance, balance, flexibility, ac-
curacy, and coordination (Karcher & Buchheit, 2014). A 
variety of athletic skills are required for the activity, includ-
ing strength, aerobic capacity, and repeated sprints and 
jumps (Massuca et al., 2014; Wagner et al., 2014). It in-
volves frequent acceleration, deceleration, and intermittent 
motions due to its physically demanding nature (Luteberget 
& Spencer, 2017). Research by Chelly et al., (2014); van 

den Tillaar et al., (2015) se ha centrado en la mejora de 
atributos físicos específicos para el balonmano, aunque estos 
estudios no suelen abordar los efectos de los regímenes de 
entrenamiento. Los estudios de intervención suelen exami-
nar diversas capacidades físicas en relación con la preven-
ción de lesiones (Liza et al., 2023, 2024; Myklebust et al., 
2003; Peterson et al., 2005; Sumantri et al., 2023). Otras 
investigaciones han estudiado los efectos de los programas 
de entrenamiento de fuerza en jugadores profesionales de 
balonmano, encontrando resultados positivos en la potencia 
explosiva, el sprint, los cambios de dirección y el rendi-
miento en los lanzamientos (Gorostiaga et al., 2006; 
Granados et al., 2008; Marques & Gonzlaez-Badillo, 2006). 
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Los métodos de entrenamiento eficaces, que implican una 
manipulación adecuada de los factores modificables, son 
cruciales para lograr resultados positivos en el deporte 
(Rozi et al., 2023; Rubiyatno et al., 2023; Sudirman et al., 
2024; Teichmann et al., 2016). 

Hodgson et al., (2005) suggest that athletes should alter-
nate strength and speed training methods in the same session 
to benefit from the post-activation potentiation effect, en-
hancing acute muscle power output. This method involves 
intense strength training followed by running, improving 
performance (DW, 2005; Hardinata et al., 2023; Supriatna 
et al., 2023; Suryadi et al., 2023). Furthermore, complex 
training a technique that combines strength and plyom-
etrics—is frequently employed to improve performance 
(Ebben, 2002). It is advised to use this technique for a variety 
of activities, including throwing sports (Ebben & Watts, 
1998), aligning with the frequent throwing movements in 
handball (Rios et al., 2021). 

Throwing speed development relies on a stable throwing 
technique and the progressive development of strength and 
speed (Cherif et al., 2016), along with fine motor control 
(Wagner et al., 2011). Studies have examined the impact of 
several training techniques, such as plyometric exercises, on 
strength, power, and sprint performance (Chelly et al., 
2014; Escamilla et al., 2011; Saez-Saez de Villarreal et al., 
2010; Szymanski, 2012; van den Tillaar et al., 2015). Plyom-
etric exercises are confirmed to aid in developing strength 
and jumping ability in handball (Hermassi et al., 2011; 
Marques, 2010), and have a positive impact on throwing 
speed (Spieszny & Zubik, 2018). 

According to research, plyometric exercise helps athletes 
gain strength, speed, and explosive jumping ability (Petruzela 
et al., 2023; Sudirman et al., 2024). Studies by Markovic & 
Mikulic, (2010) and Michailidis, (2015), indicate that plyom-
etric training enhances sprint and jump performance in vari-
ous ball games. Soundara & Pushparajan, (2010) also found 
that it increases muscle strength and explosive power. Meta-
analyses show that plyometric training improves back and leg 
muscle strength (Kayantas & Soyler, 2020). 

There are several ways to improve an athlete's perfor-
mance, one of which is resistance training (Zech et al., 2010), 
neuromuscular training (Steib et al., 2016), and plyometric 
training (Akinbiola & Yekeen, 2022). For both amateur and 
professional volleyball players, plyometric workouts are very 
beneficial for enhancing muscular strength and sprint speed, 
as well as abilities like jumping spikes (Ramirez-Campillo et 
al., 2021). Throwing speed can also be increased by other 

techniques like circuit training or sprint intervals (Petruzela 
et al., 2023; Vila & Ferragut, 2019). 

Explicit guidelines are required about the best interven-
tions to improve the power and speed of handball throwing. 
Throwing handballs requires quick, high-velocity motions, 
therefore developing strength and endurance is necessary to 
increase throwing speed (Behm et al., 2017). In handball, 
having both strength and speed is essential for success. For 
this reason, it is crucial to incorporate these training compo-
nents into the entire training program in order to maximize 
performance (Bompa & Buzzichelli, 2019). Examining the 
impact and efficacy of plyometric training on the force and 
velocity of handball throws, this study highlights the signifi-
cance of appropriate training, particularly when it comes to 
increasing strength over explosive power in teenage athletes 
(Behm et al., 2017). 

 
Materials and Methods 

 
Participant 
The Sambas Regency men's handball team members who 

took part in this study ranged in age from 17 to 22. In com-
pliance with training guidelines, a total of 15 athletes were 
included as research subjects, and the sampling was carried 
out using a complete sampling technique. The amateur ath-
letes chosen for the handball squad were getting ready to play 
in the provincial sports week championship. The impact of 
plyometric exercise on the strength and speed of handball 
throwing was explained to the participants prior to the inter-
vention. 

 
Research Design 
An experimental design, specifically a one-group pretest-

posttest design, is used in this investigation. In the first stage, 
baseline data is gathered via pretests to assess each player's 
skills before to the intervention. The plyometric activities in 
this study include standing long leaps, triple jumps, higher 
and longer step jumps, hops, and jumps, as well as workouts 
with a heavy medicine ball, with the goal of improving overall 
stamina and speed through multiple consecutive high-inten-
sity efforts. The intervention took the form of 12 sessions of 
plyometric exercise spread over 4 weeks, with 3 sessions 
each week. A follow-up exam was administered to evaluate 
the participants' strength and speed once the intervention was 
finished. Additional information is given in Table 1.

 
Table 1.  

Program for Plyometric Training 

Length of Exercise 1 Week (Monday, Wednesday, Friday) 

Intensity High impact Exercise 

Time (duration) 30 - 60 menit 

Exercise Program Plyometrik 

Exercise Type Exercise Measure Description 

Principal Exercises: 
Standing long, triple jumping, jumping, higher and longer 

steps, hopping and jumping, and heavy medicine ball are exam-

ples of plyometric exercises. 

Period: thrice weekly Time frame: 30 to 60 minutes 
Reps: Maximum Reps 

Three to five sets 
Smooth Recovery: 10 to 15 seconds in between sets and 120 seconds in 

total for rhythm. 

Gradually increase reps and sets each week. 

Strength and speed tests were among the data gathering tools used for the pretest and posttest. This study used the Medicine Ball Javelin Quadrathlon strength test to evaluate the handball 

players' speed and strength (Mackenzie, 2005). 
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Figure 1. Medicine Ball Javelin Quadrathlon 
 

Statistical Analysis 
The normality test was the first step in the analysis of 

the study data, followed by the effect test (t test), and if the 
data were not normal, a non-parametric test using the SPSS 
Version 26 program was utilized. 

 
Results 

 
In order to determine the baseline abilities of the Sambas 

district handball team players and to provide comparison 
data for the final assessment, this research began with the 
collection of initial pretest data on the strength and speed 
of the players. Table 1 and Figure 2 give the results of the 
descriptive statistical analysis, which indicate a mean pretest 
score of 19.93 and a mean posttest score of 22. These find-
ings show a change between pretest and posttest values, 
supporting the notion that plyometric activities are benefi-
cial. 
 
Table 2.  

Descriptive Data Results of the pretest and posttest of throwing strength 

Results N Minimum Maximum Range Means SD Variances 

Pre-test 15 19 21 2 19.93 0.70 0.495 
Post test 15 19 24 5 22.00 1.77 3,143 

 
 

 
Figure 2. Differences in Pretest and Posttest Value Results 

 
Table 3.  

Kolmogorov Smirnov normality test results 

Result Shapiro-Wilk 
 Statistic df Sig. 

Pretest Throwing 

Strength 
0.897 15 0.085 

Posttest Throwing 

Strength 
0.847 15 0.116 

 
Table 4.  
Findings from the statistical analysis of the paired sample T-test 

Pair 1 

Results Means std. Deviation t df Sig. (2-tailed) 

Pretest - Post-

test 
-3.26667 1.27988 -9,885 14 0.000 

 
The one-sample Shapiro-Wilk formula was used to per-

form a normality test and acquire the data analysis results. 
The findings show that the residual values have a normal 

distribution and a significance value of p>0.05, which per-
mits the effect test (t-test) to be conducted. Table 3 pro-
vides the full set of results. Table 4 presents results that sup-
port statistical significance with a significance value of 
0.000, less than 0.05. These results indicate that plyometric 
activities are an excellent way to increase the strength and 
speed of handball throws. 

 
Discussion 

 
This study aims to assess how plyometric training affects 

the force and speed of ball throws in handball matches. The 
findings showed that plyometric training significantly in-
creased the throwing length of handball games. Plyometric 
exercises capitalize on the force and speed generated by rap-
idly accelerating body weight against gravity, effectively en-
hancing various sports movements such as jumping, run-
ning, and throwing, making them more dynamic and explo-
sive compared to traditional weight training. 

These results are consistent with previous research by 
Bal et al., (2011),which also underscores the positive im-
pact of plyometric training on athletes' physical perfor-
mance. Similarly, Ramirez-Campillo et al., (2020) confirm 
that plyometric workouts can considerably increase basket-
ball players' muscle strength, balance, and explosive power. 
Research by van den Tillaar et al., (2015) demonstrates that 
short-term plyometric training can enhance physical perfor-
mance, including strength and speed, in youth soccer play-
ers. Additionally, Teo et al., (2016) highlight the efficacy of 
plyometric training in increasing jump height due to its 
force profile, speed, and consistent motion pattern. 

Because plyometric training makes use of the stretch-
shortening cycle (SSC) principle, it is highly advised for 
handball players looking to increase their strength. Accord-
ing to this theory, kinetic energy is produced during the 
concentric contraction phase from elastic potential energy 
during the eccentric contraction phase (Ramirez Campillo 
et al., 2020). Strength gains are often seen early in a training 
cycle that begins with a plyometric-focused mesocycle 
(Dietz & Peterson, 2012). Regular plyometric training also 
improves muscle tolerance to significant eccentric loads and 
enhances the effectiveness of stretching cycles (Spieszny & 
Zubik, 2018). 

Plyometric training usually results in increased muscu-
lar coordination and movement skills for adolescent hand-
ball players (Yasumitsu et al., 2011; Zech et al., 2010). 
Plyometric exercises involve rapid muscle extension fol-
lowed by contraction, aiming to maximize strength in the 
shortest time (Kayantas & Soyler, 2020; Michailidis, 2015; 
Razaimanesh et al., 2011). These exercises improve muscle 
strength and speed, which are crucial for a variety of athletic 
activities. They also make it easier to stop and start move-
ments and change directions quickly (Akinbiola & Yekeen, 
2022). Studies indicate that the integration of strength 
training and plyometric exercise improves muscular 
strength, leg strength, and vertical jump performance 
(Slimani et al., 2016; Suresh et al., 2020). 
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A common challenge in strength training programs is 
determining the appropriate weight intensity (Abuajwa et 
al., 2022; Suryadi, Komaini, et al., 2024; Suryadi, 
Nasrulloh, et al., 2024; Suryadi, Susanto, et al., 2024). 
Therefore, the intensity and type of training methods must 
be adapted to specific movement patterns like throwing a 
handball (Petruzela et al., 2023). Strengthening the motor 
program by conditioning neuromuscular and nerve adapta-
tions of muscle spindles, golgi-tendon organs, and proprio-
ceptors is essential ((Aman et al., 2015). Core training, es-
pecially in the early stages for youth players, can improve 
muscle stability and coordination (Jebavy et al., 2020; 
Jebavý et al., 2013). Studies show that core training in fe-
male adolescents can slightly enhance throwing speed 
(Saeterbakken et al., 2011). Other research indicates that 
endurance training can increase throwing speed without 
compromising accuracy (Bragazzi et al., 2020). Random re-
peated sprint training has been found to have a significant 
positive impact on jump shots and a moderate effect on 
standing throws (Petruzela et al., 2023). Sprinting, a form 
of high-intensity power, enhances jumping performance 
and influences ball throwing (Saavedra et al., 2019). 

Athlete fitness is another aspect that affects throwing 
speed and might cause tiredness. There is no set recovery 
period to guarantee that weariness has no influence on 
throwing speed, according to a study looking at how it af-
fects throwing speed in between game rounds (Zapardiel 
Cortés et al., 2017). It can be advantageous to take exhaus-
tion into account while doing speed tests (Iacono et al., 
2016). The capacity to apply high speed to the ball during 
throws is linked to the development of strong anaerobic 
power in the upper limbs and trunk, making it a critical of-
fensive aspect influencing player performance (Debanne & 
Laffaye, 2011, 2013). In addition, some influencing factors 
include the use of supplements (Stefanska et al., 2024; 

Stefańska et al., 2024). 
 
Conclusions 

 
The findings of this study, as discussed throughout, are 

reinforced by the results and discussion section. The results 
showed that pliometric training significantly improved 
handball throwing power and speed. Specifically, the study 
confirmed that plyometric training is highly effective in im-
proving the length of Medicine Ball throws. Continuous ap-
plication of plyometric training will result in consistent im-
provements in these areas. Coaches and field instructors 
should create training plans that foster discipline in athletes 
for the best possible outcomes. The results of this study, 
however, are limited to young handball players who play in 
the short season, which has certain constraints. The length 
of the training season as a whole, as well as variables like 
exercise intensity, duration, and repetition, can all affect 
the results. In light of these drawbacks, the study suggests 
combining strength training methods with plyometric train-
ing to fully prepare the muscles of athletes and increase 
their speed and endurance. 

Acknowledgement 

 
The author would like to express gratitude to everyone 

who helped make the research possible by working 
together.  

 
Conflict of interest 

 
A conflict of interest does not exist. 

 
References  

 
Abuajwa, B., Hamlin, M., Hafiz, E., & Razman, R. (2022). The 

effect of high and low velocity-based training on the throwing 
performance of collegiate handball players. PeerJ, 10, e14049. 

Akinbiola, O. O., & Yekeen, A. M. (2022). Effect of an eight-
week plyometric exercise training on athletes’ muscular 
strength in selected ball games in Nigeria. Turkish Journal of 
Kinesiology, 8(1), 9–14. 
https://doi.org/10.31459/turkjkin.1076794 

Aman, J., Elangovan, N., Yeh, I., & Konczak, J. (2015). The 
effectiveness of proprioceptive training for improving motor 
function: a systematic review. Frontiers in Human Neuroscience, 
28(8), 1075. https://doi.org/10.3389/fnhum.2014.01075 

Bal, B. S., Kaur, P. J., & Singh, D. (2011). Effects of a Short 
Term Plyometric Training Program of Agility in Young 
Basketball. Brazilian Journal of Biomotricity, 5(2), 106–116. 

Behm, D. G., Young, J. D., Whitten, J. H., Reid, J. C., Quigley, 
P. J., & Low, J. (2017). Effectiveness of traditional strength 
vs. power training on muscle strength, power and speed with 
youth: A systematic review and meta-analysis. Front. 
Physiology, 8, 423. https://doi.org/10. 
3389/fphys.2017.00423 

Bompa, T. O., & Buzzichelli, C. A. (2019). Peridization: Theory 

and Methodology of Training Sixth edition. Champaign, IL : 
Human Kinetics. 

Bragazzi, N. L., Rouissi, M., Hermassi, S., & Chamari, K. 
(2020). Resistance training and handball Players’ isokinetic, 
isometric and maximal strength, muscle power and throwing 
ball velocity: a systematic review and meta-analysis. 
International Journal of Environmental Research and Public Health, 
17(8), 2663. 

Chelly, M., Hermassi, S., Aouadi, R., & Shephard, R. (2014). 
Effects of 8-week in-season plyometric training on upper and 
lower limb performance of elite adolescent handball players. 
J Strength Cond Res, 28(5), 1401–1410. 

Cherif, M., Chtourou, H., Souissi, N., Aouidet, A., & Chamari, 
K. (2016). Maximal power training induced different 
improvement in throwing velocity and muscle strength 
according to playing positions in elite male handball players. 
Biology of Sport, 33(4), 393–398. 

Debanne, T., & Laffaye, G. (2011). Predicting the throwing 
velocity of the ball in handball with anthropometric variables 
and isotonic tests. J Sports Sci, 29(7), 705–713. 

Debanne, T., & Laffaye, G. (2013). Coaches’ beliefs and 
knowledge: Training programs used by French professional 
coaches to increase ball-throwing velocity in handball players. 
Int J Sports Sci Coach, 8(3), 557–569. 

Dietz, C., & Peterson, B. (2012). Triphasic training: A systematic 
approach to elite speed and explosive strength performance. Hudson, 
WI: Dietz Sport Enterprise. 

DW, R. (2005). Postactivation potentiation and its practical 



2024, Retos, 58, 643-649 
© Copyright: Federación Española de Asociaciones de Docentes de Educación Física (FEADEF) ISSN: Edición impresa: 1579-1726. Edición Web: 1988-2041 (https://recyt.fecyt.es/index.php/retos/index) 

-647-                                                                                                                                                                                                     Retos, número 58, 2024 (septiembre)     

applicability: a brief review. J Strength Cond Res, 19(2), 453–
458. 

Ebben, W. P. (2002). Complex training: A brief review. J Sports 
Sci Med, 1(2), 42–46. 

Ebben, W. P., & Watts, P. B. (1998). A review of combined 
weight training and plyometric training modes: Complex 
training. In Strength and Conditioning Journal. 
https://doi.org/10.1519/1073-
6840(1998)020<0018:arocwt>2.3.co;2 

Escamilla, R. F., Ionno, M., DeMahy, S., Fleisig, G. S., Wilk, K. 
E., Yamashiro, K., Paulos, L., & Andrews, J. R. (2011). 
Comparison of Three Baseball-Specific Six-Week Training 
Programs on Throwing Velocity in High School Baseball 
Players. Medicine & Science in Sports & Exercise, 43(5), 836–837. 

Gorostiaga, E., Granados, C., Ibanez, J., Gonzalez-Badillo, J., & 
Izquierdo, M. (2006). Effects of an entire season on physical 
fitness changes in elite male handball players. Med Sci Sports 
Exerc, 38(2), 357–366. 

Granados, C., Izquierdo, M., Ibáñez, J., Ruesta, M., & 
Gorostiaga, E. (2008). Effects of an entire season on physical 
fitness in elite female handball players. Med Sci Sports Exerc, 
40(2), 351–361. 

Hardinata, R., B, P. S., Okilanda, A., Tjahyanto, T., Prabowo, 
T. A., Rozi, M. F., Suganda, M. A., & Suryadi, D. (2023). 
Analysis of the physical condition of soccer athletes through 
the yo-yo test: a survey study on preparation for the 
provincial sports week. Retos, 50, 1091–1097. 
https://doi.org/10.47197/retos.v50.100300 

Hermassi, S., Chelly, M., Tabka, Z., Shephard, R., & Chamari, 
K. (2011). 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. J Strength Cond Res, 25(9), 2424–2433. 

Hodgson, M., Dochert, D., & Robbins, D. (2005). Post-
activation potentiation: Underlying physiology and 
implications for motor performance. Sports Med, 35(7), 585–
595. 

Iacono, A. D., Ardigò, L. P., Meckel, Y., & Padulo, J. (2016). 
Effect of small–sided games and repeated shuffle sprint 
training on physical performance in elite handball players. 
Journal of Strength and Conditioning Research, 30(3), 830–840. 

Jebavy, R., Baláš, J., Vomackova, H., Szarzec, J., & Stastny, P. 
(2020). The effect of traditional and stabilization–oriented 
exercises on deep stabilization system function in elite futsal 
players. Sports, 8(12), 153. 

Jebavý, R., Peric, T., Balas, J., & Stastny, P. (2013). Stimulation 
a strength endurance through excercises on unstable surfaces. 
Studia Kinanthropologica, 2, 93–99. 

Karcher, C., & Buchheit, M. (2014). On-court demands of elite 
handball, with special reference to playing positions. Sports 
Medicine, 44(6), 797–814. 
https://doi.org/10.1007/s40279-014-0164-z 

Kayantas, I., & Soyler, M. (2020). Effect of plyometric training 
on back and leg muscle strength: A meta-analysis study. Afr 
Educ Res J, 8(2), 859–896. 

Liza, Bafirman, Masrun, Arief, I., Ishak, M., Khodari, R., 
Suganda, M. A., Suryadi, D., & Alimuddin. (2023). Does 
Combining Deep Tissue Massage and Stretching Help with 
the Healing of Low Back Pain Injuries? International Journal of 
Human Movement and Sports Sciences, 11(5), 994–1001. 
https://doi.org/10.13189/saj.2023.110507 

Liza, Bafirman, Masrun, Samodra, Y. T. J., Suganda, M. A., 
Rifki, M. S., Suryadi, D., Okilanda, A., Purwanto, D. D., & 

Haïdara, Y. (2024). Can the combination of deep tissue 
massage and stretching influence the recovery process of 
lower back pain injuries? SPORT TK-Revista EuroAmericana de 
Ciencias Del Deporte, 13(SE-), 33. 
https://doi.org/10.6018/sportk.570621 

Luteberget, L., & Spencer, M. (2017). High-intensity events in 
international women’s team handball matches. International 
Journal of Sports Physiology and Performance, 12(1), 56–61. 
https://doi.org/10.1123/ijspp.2015-0641 

Mackenzie, B. (2005). 101 Performance Evaluation Tests. Electric 
Word plc. 

Markovic, G., & Mikulic, P. (2010). Neuro-musculoskeletal and 
performance adaptations to lower-extremity plyometric 
training. Sports Meded, 40, 859–895. 
https://doi.org/10.2165/11318370-000000000-00000 

Marques, M. (2010). In-Season strength and power training for 
professional male team handball players. J Strength Cond Res, 
32(6), 74–81. 

Marques, M., & Gonzlaez-Badillo, J. (2006). In-season resistance 
training and detraining in professional team handball players. 
J Strength Cond Res, 20, 563–571. 

Massuca, L., Fragoso, I., & Julia, T. (2014). Attributes of top 
elite team-handball players. J Strength Cond Res, 28(1), 178–
186. 

Michailidis, Y. (2015). Effect of plyometric training on athletic 
performance in preadolescent soccer players. J Hum Sport 
Exerc, 10(1), 15–23. 

Myklebust, G., Engebretsen, L., Braekken, I., Skjoberg, A., 
Olsen, O., & Bahr, R. (2003). Prevention of anterior cruciate 
ligament injuries in female team handball players: A 
prospective intervention study over three seasons. Clin J Sport 
Med, 13(2), 71–78. 

Peterson, W., Braun, C., Bock, W., Schmidt, K., Weimann, A., 
Drescher, W., Eiling, E., Strange, R., Fuchs, T., & 
Hedderich, J. (2005). A controlled prospective case control 
study of a prevention training program in female team 
handball players: The German experience. Arch Orthop Trauma 
Surg, 125(614–621). 

Petruzela, J., Papla, M., & Stastny, P. (2023). Conditioning 

Strategies for Improving Handball Throwing Velocity : A Systematic 
Review and Meta-Analyses. 87(April), 189–200. 
https://doi.org/10.5114/jhk/162017 

Ramirez-Campillo, R., Garcia-de-Alcaraz, A., Chaabene, H., 
Moran, J., Negra, Y., & Granacher, U. (2021). Effects of 
plyometric jump training on physical fitness in amateur and 
professional volleyball: A meta-analysis. Front Physiol, 12, 
636140. 

Ramirez-Campillo, R., Garcia-Hermoso, A., Moran, J., 
Chaabene, H., Negra, Y., & Scanlan, A. . (2020). The effects 
of plyometric jump training on physical fitness attributes in 
basketball players: A meta-analysis. J Sport Health Sci, 24(20), 
S2095-2546(20)30169-1. 

Ramirez Campillo, R., Moran, J., Chaabene, H., Granacher, U., 
Behm, D. G., & García-Hermoso, A. (2020). Methodological 
characteristics and future directions for plyometric jump 
training research: A scoping Rev. update. Scandinavian Journal 
of Medicine & Science, 30(6), 983–997. 
https://doi.org/10.1111/sms.13633 

Razaimanesh, D., Amiri-Farsani, P., & Saidian, S. (2011). The 
effect of a 4-week plyometric training period on lower body 
muscle EMG changes in futsal players. Procedia Soc Behav Sci, 
15, 3138–3142. 

Rios, L. J. C., Cuevas-Aburto, J., Martínez-García, D., Ulloa-



2024, Retos, 58, 643-649 
© Copyright: Federación Española de Asociaciones de Docentes de Educación Física (FEADEF) ISSN: Edición impresa: 1579-1726. Edición Web: 1988-2041 (https://recyt.fecyt.es/index.php/retos/index) 

-648-                                                                                                                                                                                                     Retos, número 58, 2024 (septiembre)     

Diaz, D., Ramírez, O. A. A., Martin, I. M., & Ramos, A. G. 
(2021). Reliability of throwing velocity during non-specific 
and specific handball throwing tests. International Journal of 
Sports Medicine, 42(9), 825–832. 

Rozi, M. F., Resmana, R., Selviani, I., Okilanda, A., Sumantri, 
R. J., Suganda, M. A., & Suryadi, D. (2023). Imagery and 
Agility Training: How do They Affect the Reaction Ability of 
Futsal Goalkeepers? Physical Education Theory and Methodology, 
23(3), 325–332. 
https://doi.org/10.17309/tmfv.2023.3.02 

Rubiyatno, Perdana, R. P., Fallo, I. S., Arifin, Z., Nusri, A., 
Suryadi, D., Suganda, M. A., & Fauziah, E. (2023). Analysis 
of differences in physical fitness levels of extracurricular futsal 
students: Survey studies on urban and rural environments. 
Pedagogy of Physical Culture and Sports, 27(3), 208–214. 
https://doi.org/10.15561/26649837.2023.0304 

Saavedra, J. M., Halldórsson, K., Kristjánsdóttir, H., 
Þorgeirsson, S., & Sveinsson, G. (2019). Anthropometric 
characteristics, physical fitness and the prediction of throwing 
velocity in young men handball players. Kinesiology, 51(2), 
253–260. https://doi.org/10.26582/k.51.2.14 

Saeterbakken, A. H., Van den Tillaar, R., & Seiler, S. (2011). 
Effect of core stability training on throwing velocity in female 
handball players. Journal of Strength and Conditioning Research, 
25(3), 712–718. 

Saez-Saez de Villarreal, E., Requena, B., & Newton, R. (2010). 
Does plyometric training improve strength performance? A 
meta-analysis. J Sci Med Sport, 13(5), 513–522. 

Slimani, M., Chamari, K., Miarka, B., Del Vecchio, F. B., & 
Chéour, F. (2016). Effects of plyometric training on physical 
fitness in team sport athletes: A systematic review. J Hum 
Kinet, 53, 231–247. 

Soundara, R., & Pushparajan, A. (2010). Effect of plyometric 
training on the development of the vertical jump in volleyball 
athletes. Journal of Physical Education & Sport, 28(3), 65–69. 

Spieszny, M., & Zubik, M. (2018). Modification of Strength 
Training Programs in Handball Players and its Influence on 
Power during the Competitive Period. Journal of Human 
Kinetics, 63(1), 149–160. https://doi.org/10.2478/hukin-
2018-0015 

Stefanska, O., Rudnicki, J., Szczepocki, M., & Jurek, J. M. 
(2024). Effect of Nitrates supplementation on Muscle 
Hypertrophy and Athletic Performance: A Narrative Review. 
Tanjungpura Journal of Coaching Research, 2(2), 60–70. 
https://doi.org/10.26418/tajor.v2i2.78859 

Stefańska, O., Rudnicki, J., Szczepocki, M., & Jurek, J. M. 
(2024). Narrative literature review: effect of Branched-chain 
Amino Acids (BCAAs) on muscle hypertrophy and athletic 
performance. Tanjungpura Journal of Coaching Research, 2(2), 
44–57. https://doi.org/10.26418/tajor.v2i2.78568 

Steib, S., Zahn, P., zu Eulenburg, C., Pfeifer, K., & Zech, A. 
(2016). Time-dependent postural control adaptations 
following a neuromuscular warm-up in female handball 
players: a randomized controlled trial. BMC Sports Sci Med 
Rehabil, 8, 33. https://doi.org/10.1186/s13102-016-0058-
5 

Sudirman, R., Mashud, Aprial, B. M., Tahapary, J. M., 
Gunawan, Samodra, Y. T. J., Wati, I. D. P., Suryadi, D., 
Arifin, R., & Nawir, N. (2024). Plyometric training and 
circuit training in terms of eye-hand coordination: how it 
affects the explosive power of sickle attacks? Retos, 52, 131–
137. https://doi.org/10.47197/RETOS.V52.101330 

Sumantri, R. J., Soegiyanto, Rumini, Setyawati, H., Suryadi, D., 

& Suganda, M. A. (2023). PNF stretching and static 
stretching exercises: Efforts to increase the flexibility of the 
hamstring muscles in futsal players. Fizjoterapia Polska, 23(2), 
96–103. https://doi.org/10.56984/8ZG0DF55B 

Supriatna, E., Suryadi, D., Haetam, M., & Yosika, G. F. (2023). 
Analysis of the Endurance Profile (Vo2max) of Women’s 
Volleyball Athletes: Yo-yo intermittent test level 1. Indonesian 
Journal of Physical Education and Sport Science (IJPESS), 3(1), 12–
19. https://doi.org/10.52188/ijpess.v3i1.369 

Suresh, T. ., Veeragoudhaman, T. ., Vijayananth, V., & Kumar, 
S. D. (2020). Effects of plyometric-weight training and 
plyometric training on anaerobic power and muscle strength 
in male volleyball players. Int J Res Sci Innov, 5(4), 90–96. 

Suryadi, D., Komaini, A., Suganda, M. A., Rubiyatno, R., 
Faridah, E., Fauzan, L. A., Fauziah, E., Putra, M. E., & 
Ayubi, N. (2024). Sports Health in Older Age: Prevalence 
and Risk Factors - Systematic Review. Retos, 53, 390–399. 
https://doi.org/10.47197/retos.v53.102654 

Suryadi, D., Nasrulloh, A., Haryanto, J., Samodra, Y. T. J., 
Wati, I. D. P., Suganda, M. A., Nugroho, S., Dafun Jr, P. 
B., Kushartanti, B. M. W., & Fauziah, E. (2024). What are 
physical exercise interventions in older age? Literature review 
for physical and cognitive function. Pedagogy of Physical Culture 
and Sports, 28(3 SE-Articles), 201–212. 
https://sportpedagogy.org.ua/index.php/ppcs/article/vie
w/2657 

Suryadi, D., Susanto, N., Faridah, E., Wahidi, R., Samodra, Y. 
T. J., Nasrulloh, A., Suganda, M. A., Wati, I. D. P., 
Sinulingga, A., Arovah, N. I., & Dewantara, J. (2024). 
Exercise for health in old age: Comprehensive review 
examining the benefits and efficacy of interven-tions. Retos, 
55(SE-Revisiones teóricas, sistemáticas y/o metaanálisis), 
88–98. https://doi.org/10.47197/retos.v55.103771 

Suryadi, D., Yanti, N., Ramli, Tjahyanto, T., & Rianto, L. 
(2023). Yo-Yo Intermitten Recovery Test: A study of football 
players’ VO2max physical condition. Journal Sport Area, 8(2), 
141–150. 
https://doi.org/10.25299/sportarea.2023.vol8(2).12392 

Szymanski, D. J. (2012). Effects of various resistance training 
methods on overhand throwing power athletes: A brief 
review. Strength and Conditioning Journal, 34(6), 61–74. 

Teichmann, J., Suwarganda, E., Lendewig, C., Wilson, B., Yeo, 
W., Aziz, R., & Schmidtbleicher, D. (2016). Unexpected-
disturbance program for rehabilitation of high-performance 
athletes. Journal of Sport Rehabilitation, 25(2), 126–132. 
https://doi.org/10.1123/jsr.2014-0280 

Teo, S., Newton, M., Newton, R., Dempsey, A., & Fairchild, T. 
(2016). Comparing the effectiveness of a short-term vertical 
jump vs. weightlifting program on athletic power 
development. J Strength Cond Res, 30, 2741–2748. 

van den Tillaar, R., Waade, L., & Roaas, T. (2015). Comparison 
of the effects of 6 weeks of squat training with a plyometric 
training programme upon different physical performance 
tests in adolescent team handball players. Acta Kin Univers 
Tartu, 21(1), 75–88. 

Vila, H., & Ferragut, C. (2019). Throwing speed in team 
handball: a systematic review. International Journal of 
Performance Analysis in Sport, 19(5), 724–736. 

Wagner, H., Finkenzeller, T., Wurth, S., & von Duvillard, S. 
(2014). Individual and team performance in team-handball: A 
review. J Sports Sci Med, 13(4), 808–816. 

Wagner, H., Pfusterschmied, J., von Duvillard, S. P., & Muller, 
E. (2011). Performance and kinematics of various throwing 



2024, Retos, 58, 643-649 
© Copyright: Federación Española de Asociaciones de Docentes de Educación Física (FEADEF) ISSN: Edición impresa: 1579-1726. Edición Web: 1988-2041 (https://recyt.fecyt.es/index.php/retos/index) 

-649-                                                                                                                                                                                                     Retos, número 58, 2024 (septiembre)     

techniques in team-handball. Journal of Sports Science and 
Medicine, 10. 

Yasumitsu, T., Nogawa, H., & Hatano, Y. (2011). Effects of the 
Coordination Exercise Program on School Children’s Agility: 
Short-Time Program during School Recess. ICHPER-SD 
Journal of Research, 6(2), 10–13. http://www.ichpersd.org 

Yogi, Y., Perdana, R. P., Supriatna, E., & Haïdara, Y. (2023). 
Modification of hand muscle strength training equipment: 
study of the development of a ball stick for handball shooting. 
Tanjungpura Journal of Coaching Research, 1(2), 31–38. 
https://doi.org/10.26418/tajor.v1i2.64819 

Zapardiel Cortés, J. C., Ferragut Fiol, C., Manchado, C., 
Abraldes Valeiras, J. A., & Vila Suárez, H. (2017). Difference 
of the speed of handball throwing during the competition in 
relation to efficiency: Analysis between the first and the 
second half. Journal of Human Sport and Exercise, 12(3), 872–
881. https://doi.org/10.14198/jhse.2017.12.Proc3.11 

Zech, A., Hübscher, M., Vogt, L., Banzer, W., Hänsel, F., & 
Pfeifer, K. (2010). Balance training for neuromuscular 
control and performance enhancement: a systematic review. 
Journal of Athletic Training, 45(4), 392--403. 
https://doi.org/10.4085/1062-6050-45.4.392 

 
 
 
Datos de los/as autores/as y traductor/a: 
 
 

Novi Yanti noviyanti@fkip.untan.ac.id Autor/a 
  

Iit Selviani iitselviani@fik.unp.ac.id Autor/a 
  

Eka Supriatna eka.supriatna@fkip.untan.ac.id Autor/a 
  

Dedi Nofrizal bluefikkers@gmail.com Autor/a 
  

Pangondian Hotliber Purba pangondianpurba@yahoo.co.id Autor/a 
  

Hafiz Yazid Lubis yazid.fiz@gmail.com Autor/a 
  

Syifa Nurbait syifanurbait@unucirebon.ac.id Autor/a 
  

Danang Endarto Putro juzz.juzz88@gmail.com Autor/a 
  

Anung Probo Ismoko ismokoanung@gmail.com Autor/a 
  

Dewi Wahyuni wahyunidewi336@unucirebon.ac.id Autor/a   
Didi Suryadi didisurya1902@gmail.com Autor/a 

  

Mikkey Anggara Suganda mikkey-anggara-suganda@unucirebon.ac.id Autor/a   

Suhaini M. Saleh pps.uny1@gmail.com Traductor/a   
 

mailto:wahyunidewi336@unucirebon.ac.id

