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Abstract 

This paper focuses on the effects of plyometric trainings on upper extremity anaerobic 
power and shotspeed in 20 volunteer male handball players, who are in the men's handball team at 
Süleyman Demirel University. Players were randomly divided into two groups as handball training 
group (HTG) and plyometric training group (PTG). While HTG continued routine handball 
training, plyometric trainings were applied to PTG additionally for 8 weeks, 3 days a week, at least 
30 minutes a day. The upper extremity anaerobic power and shotspeed tests were applied to the 
groups in 1st and 8th weeks of the period (Inbar et al., 1996). Data analysis was made by using 
comparison tests. The study reveals that plyometric trainings have positive effects on shotspeed in 
handball. Considering that plyometric training provides maximum contraction in the shortest time 
possible, it can be said that applying plyometric training in pre-season and in-season training 
programming may be more effective. 

 

Keywords: Plyometric, anaerobic power, shotspeed, handball 
 

Introduction 

The developments in sport and the increasing performance of athletes has brought about 
competition. In this developing competitive environment, success is ensured, maintained, and kept 
at a high level through scientific studies (Başlamışlı & İri, 2004; Alp et al., 2015; Işıldak, 2020). 
Handball is a sport branch that uses anaerobic and aerobic energy systems together, depending on 
the duration of the fight. It must be sufficiently developed in basic motor characteristics such as 
strength, velocity, endurance, flexibility, and coordination (Eler & Bereket, 2001). Through 
scientific studies, appropriate training methods are planned and applied to develop the basic 
motoric characteristics required by many sports branches (Ürer, 2014). In addition, anaerobic 
capacity is one of the main factors which determines the criteria for performance in handball (Suna 
et al., 2016). 

With the developing and changing rules, superior performance expectations from the 
players has made the game of handball an even faster game. This situation required them to adopt 
the desired tactics in a shorter period than the time required for jumping, running, changing 
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direction, passing, goalshooting, and technical movements in the game (Cardinale, 2001). 
However, as in every sport, strength is significantly important since the main goal in handball is 
to gain more goals than the opponent (Gençoğlu, 2008). 

To win the game in handball, players' jumping, diving, blocking, passing, ball control, and 
agility are at the highest level. However, the shooting ability changes the result of the game. The 
speed of the shot is one of the most important factor for scoring (Van Muijen et al., 1991). In 
handball, the basic techniques of blocking these shots is to prevent the jumpshot and goal made by 
the players, and winning the game requires a large amount of jumping strength. The shooting 
techniques used in handball are largely dependent on the strength of the fingers, wrists, and 
especially the arm. The most important condition required for the fulfillment of technical and 
tactical skills in the game is sufficient strength. The rate of shooting in handball varies depending 
on the ability to generate strength (Komi, 2005). 

Plyometric exercise is an effective training when the aim is to improve muscle strength. It is 
also an important method to increase explosive power to higher levels (James, 1999). Although it 
is used extensively for the lower extremity, various exercises can also be applied to the upper 
extremity. In the game of handball, players use both the upper and lower extremities. This include 
cross runs, jumping, and deception movements with the opponent using the ball or empty runs 
without the ball for the lower extremities. On the other hand, movements such as block making, 
various goal throws, 7-meter shooting, holding and pushing the opponent for defense are mostly 
related to the upper extremity and require strength. Therefore, besides the studies performed to 
increase the general strength development of the players, the plyometric exercises designed to 
build upper extremities will have positive effects on both strength development and shooting speed 
performance (Gençoğlu, 2008; Koçyiğit et al., 2018). 

According to the literature on plyometric trainings, Hammami et al. (2019) stated that 
plyometric training programs allow handball players to improve important components of their 
physical performance. In addition, Mazurek et al. (2018) emphasized that the plyometric training 
program of routine handball training improved aerobic capacity and anaerobic fatigue indexes. 
Also, Chelly et al. (2014) revealed that plyometric training in addition to the standard trainings 
evolved the features which are important for top performance in handball, particularly examples 
of explosive strength such as sprints, jumps, and shotspeed. Hermassi et al. (2014) also advised 
that trainers and conditioners should allocate additional time for plyometric training throughout 
the season to improve performance in handball players. 
Thus, this study focuses on examining the effects of plyometric training on upper extremity 
anaerobic power and shotspeed in male handball players. 

Method 

Participants 

20 handball players competing in the interuniversity 1st league category participated in the 
study voluntarily. Players were randomly divided into handball training group (HTG) (n = 10) and 
plyometric training group (PTG) (n = 10). The mean age of the handball players for HTG was 
20.60 ± 1.35, while PTG was 22.10 ± 2.13 years; mean height for HTG was179 ± 3.94, while PTG 
was 179.50 ± 3.83 cm; and the mean weight for HTG was 76.10 ± 8.64, while PTG was 78.40 ± 
5.94 kg. 
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Measures and Tests 

 

Measurement of Height 
The height was measured using a measuring tape with an accuracy of 1 mm. The players 

stood in a flat body position on bare feet during the measurement. Values were recorded in cm 
(Alp & Suna, 2020). 

 
Measurement of Weight 

The weight was measured using a digital scale with a sensitivity of 0.001 kg. The players 
also dressed lightly during the measurement in order to get accurate data. Values were recorded in 
kg (Alp & Suna, 2020). 

 
Wingate Upper Extremity Anaerobic Strength Test 

Monark 891 E model ergonometer developed for upper extremity anaerobic power 
measurement was used under standard laboratory conditions. Tests were done at least for two hours 
after the last meal. Participants were asked not to engage in strenuous physical activities during 
the rest period and before the tests. However, the tests were explained to each participant before 
they began each test and the participants had to get acquinted with the test tools. The settings of 
the ergobike were also made individually for each participant in a way that the athletes were 
comfortable with their height and the same settings were used in all tests. 

A warm-up protocol was applied for 4-5 minutes with two short loads (20-30 W) of 2-3 
seconds inbetween, and a warm-up pedal speed of 15-20 rpm without applying any resistance. 
After the warm up, the athletes rested passively for about 2-3 minutes. Test load was determined 
as 35 g per kilogram of body weight for upper extremity in tests performed with ergobyl. The test 
started after the weight was determined as resistance.Thereafter, the test was placed on the pan of 
the ergomonark, and the maximum voluntary rotation possible for 30 seconds with loads was 
requested. Each athlete was verbally encouraged during the test. The pedal speed was also recorded 
automatically with the help of a photocell connected to the computer (Inbaret al., 1996). 

 
Shotspeed Test 

Ball Coach Pocket Radar was used for the shotspeed test. The shotspeed test was performed 
in the standard handball court and indoor sports hall. Before the test, each athlete was given 5 
minutes to warm up with the ball. While warming up with the ball, the athletes also warmed up 
with goal throw and passes. After the warm-up, each athlete was asked to shoot as fast as they 
could to throw the handball into the goal with their own shooting technique. During the shot, one 
foot of the athlete must touch the ground. They were asked to shoot as fast as they could to the 
goal, over the seven-meterline. During the shot, the radar was placed 1 m behind the shooter's shot 
arm so as not to affect the athlete's shot. It was left blank so that there would be no objects between 
the radar and the shot arm during the shot. Two shots were given to the athletes and the highest 
value was recorded as km/h. At least 15 seconds of rest was given between shots (Zapardiel Cortés 
et al., 2017). 

 
Procedure 

While the HTG continued with their routine handball training, strength training for the 
upper extremity was applied to the PTG for 8 weeks, 3 days a week, at least 30 minutes a day in 
addition to handball training. 
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Content of Handball Training 
90 minutes unit trainings were given to the players. The initial stages of the training 

sessions consist of 20 minutes. This phase consists of the starting run, the handball half-court, 
general and special warm-up, and opening and stretching. The main phase of the training takes 50- 
60 minutes. This phase includes mutual and group passing exercises, offensive-defense and fast 
attack organizations, pivot, playmaker shooting exercises, goalkeeper training, and technique- 
tactics. The finishing phase of the training takes 10-20 minutes. In this phase, the regional shots, 
7-meter shots, and cool-down were terminated. 

 
Content of Plyometric Training 

Bench, 3kg medicine balls, and 500g health balls were used in the plyometric training. 
The movements consisted of 2 sets of 15 repetitions in the first 3 weeks, 3 sets of 10 repetitions 
during the next 5 weeks. 

Throwing medicine balls while lying down: Athletes lie on the bench on their back with 
their arms stretched upwards, the assistant at the head of the table stands with a 3 kg medicine ball 
in his hand and drops the ball down. The athlete catches the ball and throws it up again. 

Medicine ball sit-up: Athletes lie on the floor in the supine sit-up position. A medicine ball 
is held on the head and the assistant stands in front of the athelete’s auxiliary feet. While the athlete 
is doing sit-ups, he throws the medicine ball towards the assistant, and while he lies back, the 
assistant throws the ball back to the athlete. 

Throwing medicine ball: The athlete throws a 500g medicine ball to the other assistant in 
the basic shooting position (Ateş & Ateşoğlu, 2007). 

 
Statistical Analysis 

Statistical Package Program was used to analyze the data. As a result of the "Shapiro-Wilk" 
Normality Test, the data showed a normal distribution. "Descriptive Statistics" and "Paired t-Test" 
were used to compare the data. Significance level was accepted as "p <.05". 

 

Results 
Table 1. Upper Extremity Results of Groups 

Group (Watt) Test Sequence Mean±SD t p 

HTG Pretest 528.50 ± 35.99 -9.75 .000* 
 Posttest 536.30 ± 36.31   

PTG Pretest  531.50 ± 27.49  -18.39 .000* Posttest 544.30 ± 29.13 
 

Table 1 shows Paired t-Test’s results of Upper Extremity. According to Table 1, statistically significant 
differences were found in both HTG and PTG’s upper extremity results (p < .05). 

Table 2. Shot Test Results of Groups 

Group(km/h) Test Sequence Mean±SD t p 

HTG Pretest 75.20 ± 3.88 -7.66 .097 
 Posttest 75.50 ± 3.40   

PTG Pretest  73.90 ± 3.98  -16.21 .000* Posttest 79.00 ± 3.36 
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Table 2 shows Paired t-Test’s results of Shot Test. According to Table 2, significant difference was found 
in PTG (p < .05). However, there was no difference in HTG values (p > .05). 

Table 3. Comparison of Groups’ Results 

Test (Watt) Group Mean±SD t p 

Pretest HTG 528.50 ± 35.99 -.209 .836 
 PTG 531.50 ± 27.49   

Posttest HTG 536.30 ± 36.31 -.543 .594 PTG 544.30 ± 29.13 
 

Table 3 shows the comparison of the results between the groups. According to Table 3, there were no 
differences in both pre and posttest values of the groups (p > .05). 

Table 4. Comparison of Groups’ Shot Test Results 

Test (km/h) Group Mean±SD t P 

Pretest HTG 75.20 ± 3.88 .739 .469 
 PTG 73.90 ± 3.98   

Posttest HTG 77.50 ± 3.40 -.990 .335 PTG 79.00 ± 3.36 
 

Table 4 shows the comparison of shot test results between groups. Acccording to Table 4, there were no 
differences in both pre and posttest values of groups (p > .05). 

 
Discussion 

The effects of plyometric trainings on upper extremity anaerobic power and shot speed in 
male handball players were investigated in this study. 
Based on the comparison of the upper extremity pre and posttest values of the groups, the 
difference was statistically significant in both groups (p <.05). However, no difference was found 
as a result of the comparison of the pre and posttest values of the groups with each other (p>.05). 
In a similar study conducted on handball players, it was found that 6 weeks plyometric exercises 
applied to the players’ upper extremities did not have positive effects on players’ upper extremity 
muscle strength. It was emphasized that the good training history of the athletes was the reason for 
the emergence of this result, and it was stated that plyometric training should be applied for a long 
time in order to improve the upper extremity strength level of handball players (Gençoğlu, 2008). 
In another study conducted on handball players, strength and resistance training was applied to the 
players for 8 weeks, and the handball players in the control group continued their current training 
programs during the same period. Results of the study revealed that when compared with the 
handball players in the control group, a statistically significant improvement occurred in the upper 
and lower extremity muscle strength levels of handball players who applied strength and resistance 
training (Hermassi, 2011). 

Furthermore, while comparing the pre and posttest values of the shotspeed of the groups, 
there was no difference in HTG values (p> .05) and the difference in PTG values was found 
significant (p <.05). No difference was found as a result of the comparison of the pre and post 
shotspeed test values of the groups with each other (p> .05). 

Earlier on, it was stated that the shot velocity has an important place in the sports branches 
such as handball where the shooting motion is applied. It is known that especially for the shoulder, 
internal and external rotator muscles are important determinants on the speed of shooting in 
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handball (Marques, 2011). In the study conducted by Pontaga (2014), it was found that the 
shotspeed of elite handball players was closely related to the strength levels of the athletes. In 
another study conducted by Marques (2007), it was concluded that maximal dynamic force 
significantly affects the rate of shot in elite handball players. Hence, it was determined that there 
was no significant relationship between the shot velocities and the shot hit rates of the handball 
players participating in the study and in the experimental group after flexi-bar training. On the 
other hand, in the pre-test parameters of the experimental group, it was determined that the hit rate 
of the shot had a negative effect on the hit rate of shots fired at some corners of the goal. In the 
pre-test measurements of control group, no significant relationship was found between the 
shotspeeds and the shot hit rates. However, in the posttest measurements, it was found that there 
was a significant relationship between the shot velocities and the shot accuracy rates in general. 
Therefore, the reason the shot velocity did not affect the shot accuracy positively was the fact that 
handball players wanted to hit the target in addition to the speed when shooting. 

 
Conclusion 

In conclusion, this study shows that plyometric training positively affects upper extremity 
anaerobic power and shooting speed in handball players. Considering that plyometric training 
provides maximum contraction in the shortest time possible, it can be said that applying plyometric 
training in pre-season and in-season training programming may be more effective. This is because 
these plyometric training protocols will contribute to future training plans for trainers and athletes 
in the handball branch. 
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