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ABSTRACT

In this study the isokinetic shoulder strength, muscular activation and throwing
velocity parameters of elite handball players and their relationship with shooting
accuracy was determined. Seventeen (17) male handball players (age: 23.17+3.10
years, weight: 85.52+13.48kg; height: 184.35+6.56cm) participated in the study.
The isokinetic test was administered with an isokinetic dynamometer system in the
shoulder internal and external rotation (IR-ER) movements during the concentric
mode (90%s, 180°%s and 240°/s). Electromyographic activations and throwing
velocities were recorded during the shooting accuracy protocol. Simple linear
regression and logistic regression analysis were used to determine the effect of the
measured parameters on the shooting accuracy rate. Peak torque (PT) variables at
the shoulder IRs 90°, 180° and 240° angular speeds had an adverse effect on the
shooting accuracy (p=0.029; p=0.037; p=0.033 respectively). There was no
relationship between muscular activation, throwing velocity variables and shooting
accuracy (p>0.05). It seems to indicate that shoulder IR PT variables have an
adverse effect on throwing accuracy. The development of shoulder area muscles
with appropriate loads, which have a major effect during shooting, should be taken
into consideration by personal trainers and coaches.

Keywords: Handball; Shooting; External rotation; Internal rotation; Muscle
activation; Velocity.

INTRODUCTION

Handball is a team sport in which there are intense loads on human anatomy during training
and competition, and severe body contacts occur between athletes (Ravier & Demouge, 2016;
Hermassi ef al., 2019). Although it is basically a throwing sport, the most important feature of
handball that distinguishes it from other throwing sports concerning throwing is that the ball is
thrown by hand with many different forms and variations. These variations depend on the
stepping made for throwing, whether throwing is made by jumping, and many other factors
(Skejo et al., 2019).

As the final aim of the handball game is to score more times than the opponent, throwing
performance and technique seem to be major key skills for success in competitive handball,
with the effectiveness of a shot primarily affected by two factors: throwing velocity and
accuracy (Raeder et al., 2015; Akyiiz et al., 2019; Makaraci, 2021). At this point, it is reported
that optimised accuracy in the range of expert players’ shooting velocities in throwing sports
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is between 75% and 85% of their maximum speed (Freeston & Rooney, 2014). Throwing at a
maximum or close to a maximum velocity is important to ensure the shooting accuracy.
However, accuracy may not always take place in this way. Thus, constant throwing exercises
performed by athletes to ensure the accuracy and throwing velocity take an essential place in
terms of increasing the effectiveness of shots (Ortega-Becerra et al., 2018). Although training
exercises are more suitable in terms of measurement, the learning effect is also thought to affect
performance positively. However, most of the studies are focused on obtaining results with
training applications (Wagner et al., 2014).

It is a fact that an athlete who plays handball at a high level should attach importance to the
development of the upper extremity and it should not be ignored. Hence, during the handball
competition that requires a high level of endurance, the strength parameter also gains
importance to minimise the effects on throwing technique and mechanics (Zapartidis et al.,
2007; Chaouachi et al., 2009). One of the methods of measuring muscle torque and power is
isokinetic dynamometry. Isokinetic measurements are used in the sports literature because they
produce highly objective data and focus only on the muscle group being measured during the
test (Xaverova et al., 2015; Bonetti et al., 2019). The shoulder internal-external rotator (IR-
ER) muscles have been investigated in many studies because they are important for providing
joint stability. Since the role of the shoulder IR-ER muscle group is significant in high ball-
throwing speed in handball, it seems important to investigate it in handball players (Pontaga &
Zidens, 2014).

It is known that electromyography (EMG) measurements are frequently used to determine
the level of muscle activation in terms of quantity (number) in sportive activities (Rousanoglou
et al., 2015). It is observed that studies using EMG are mostly carried out to determine the
contraction strength of muscles. The determination of the activation levels of the muscles in
the shoulder girdle (throwing arm side) while throwing in handball, as well as the association
of the data obtained as a result of the isokinetic strength measurement with the shooting
accuracy appear to be a subject that has not been addressed comprehensively in the handball
literature.

PURPOSE OF RESEARCH

Based on the above-mentioned background, this study's goal was to determine the isokinetic
shoulder strength, muscular activation and throwing velocity parameters of elite handball
players to determine their relationship with shooting accuracy.

METHODOLOGY

Experimental approach

A transversal study design was used to investigate the effects of isokinetic shoulder strength,
muscular activation and throwing velocity on shooting accuracy in elite male handball players.
The study differs from other similar studies because all tests were applied to the same
participant group. A total of 17 (n=17) competitive male handball players (having handball
training three times per week and one match a week) participated in the study. A power analysis
was performed using data obtained from the previous similar studies (Wagner et al., 2011;
Pontaga & Zidens, 2014; Plummer & Oliver, 2017; Eriksrud et al., 2019), and it was
determined that 17 participants were required to have a power of 0.95 at a=0.05.
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Participants

Seventeen (17) Turkish, elite male handball players (age: 23.17+3.10 years; weight:
85.52+13.48 kg; height: 184.35+6.56 cm; training experience: 11.47 + 1.8 years; 3 left-handed)
who actively play in the Turkish Handball Federation (THF) Super League and/or 1% League
volunteered to participate in the study. The exclusion criteria were musculoskeletal or
neurological dysfunction or injury in the past six months, the inability to participate in standard
handball and throwing activities, and ache or discomfort reported throughout the testing
(Zapartidis et al., 2007; Eriksrud et al., 2019).

Administrative procedure

All the participants participated in a laboratory familiarisation visit to introduce the testing or
training procedures and also to ensure that any learning effect was minimal for the baseline
measurements. Players completed tests for shooting accuracy and isokinetic strength of
shoulder rotators (internal and external rotation). Furthermore, during the shooting accuracy
protocol, the EMG measurements and throwing velocities of the shots were recorded. To reduce
the interference of uncontrolled variables, all the participants were instructed to maintain their
usual way of life and routine diet programme intake before and during the study. Moreover,
the participants were told to refrain from severe exercise for 24 hours and to consume their last
meal at least 3 hours before the test time. During the training session and testing, only water
was allowed as a drink (Raeder ef al., 2015; Haddad ef al., 2019).

Ethical approval

Ethical approval (2016/399/23/12/2016) was obtained from the Clinical Research Ethics
Committee of Ondokuz Mayis University (OMU), in accordance with the Declaration of
Helsinki. The experimental procedures, potential risks and benefits of the study were
thoroughly explained to all participants, and they all gave their written informed consent. The
subjects were assured that they could withdraw from the tests without penalty at any time. All
tests and measurements were conducted in the athletic performance laboratory and sports hall
of OMU, Yasar Dogu Faculty of Sport Sciences immediately after the end of the season.

Data collection measures

Determination of descriptive information

A portable bioelectrical impedance analyser (Jawon Gaia 359 Plus) was used to record the
height and weight parameters of the subjects. Before the measurements, the device was
introduced to all the subjects, and they were asked to stay as silent and immovable as possible
during the test. The subjects stood on the analyser with bare feet, wearing sport clothes and
their height (cm) and weight (kg) values were recorded.

Shooting accuracy protocol

To determine the shooting accuracy rate, the tests used in similar studies on the subject were
examined, and the researchers prepared a test protocol according to the subject profile and
study design (Andrade ef al., 2010; Garcia et al., 2017). The subjects performed a total of ten
jumping shots, including five shots to each of the 50x50 holes (target) opened in the left and
right upper corners relative to the participants’ perspective of the standard handball goal (2x3m)
all of which were covered with canvas (Figure 1).

73



SAJR SPER, 43(1), 2021 Makaraci & Agaoglu

The target areas were chosen as the goal area’s extreme points (right and left upper corners),
which was most likely to give rise to differences in the movement form of players (Bourne et
al., 2011; Akyliiz et al., 2019). Lower corners were not used in the test protocol to prevent their
potential positive effect on throwing accuracy, since they were contiguous to the ground and
increased the difficulty of accuracy. The shooting accuracy protocol was limited to a total of
10 shots due to both the objective of avoiding tiredness and the fact that EMG recordings were
made by an electrical cables device.

The subjects performed a 10-minute general warm-up and trial shots at a handball field
following the international competition conditions. They were asked to perform jumping shots
(a 3-step running throw) to the handball goal since it is the most common shooting technique
in handball (Ghosh & Mondal, 2017). To ensure that shooting accuracy protocol shots’ velocity
did not differ significantly from the trials, all trial shots’ velocity was recorded, and no
difference was observed.

For jumping shots, the players made a preparatory 3-step run before jumping vertically, 9m
from the goal, and releasing the ball while in the air (Wagner et al., 2012). While throwing, the
subjects were asked to use the correct technique and throw as accurately as possible (Van den
Tillaar & Ettema, 2003; Rousanoglou et al, 2014). An International Handball Federation
standard size ball for men’s handball (Select, Denmark) was used for all throws. Accurate and
inaccurate shots were recorded. Furthermore, a "Stalker Sport 2" radar gun was used
(transmitter mode on) to determine the throwing velocity (Figure 1). The device was positioned
next to the upper corners of the goal to obtain the most accurate measurements. The velocity
of each shot was recorded separately and associated with successful and unsuccessful shots.
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Figure 1. SHOOTING ACCURACY PROTOCOL

Isokinetic testing

The dominant-shoulder IR and ER were assessed using a dynamometer (model Cybex
HUMAC NORM; Computer Sports Medicine, Inc, Stoughton, MA). Before isokinetic testing,
5-min general warm-up exercises were performed individually (Mascarin et al., 2015; Andrade
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et al., 2016). During the test, the subjects were supine, with the upper extremity abducted to
90° on the frontal plane and the elbow flexed to 90°. Restraining straps were placed across their
pelvis and chest. The range of motion was standardised from 60° of IR to 60° of ER. The
isokinetic speeds were 90°/s (5 repetitions), 180°/s (5 repetitions) and 240°/s (5 repetitions) in
the concentric mode. These testing procedures were preceded by warm-up concentric
repetitions at 120°/s and three submaximal familiarisation trials at the selected speed.
Successive testing velocities were separated by one minute of rest (Forthomme et al., 2018).

To make the measurement more objective, gravity compensation was turned on while
setting the measurement parameters, and the person’s arm was taken into the horizontal
position before the measurement started, and the weights of the person and the device were
determined. The gravity effect was eliminated during the test (Shahpar et al., 2019). During the
isokinetic evaluation, no subject reported pain that could have altered the maximal force
exerted. The isokinetic testing enabled the measurement of peak torque (PT in newton metres),
and agonist-to-antagonist ratios (IR/ER) were determined applying the same speed and
contraction mode for the agonist and antagonist muscle groups.

EMG measurement

The EMG measurement was performed during the shooting accuracy protocol. For the
measurements, four muscles (superficial) in total were used in the shoulder IR and ER
movements on the throwing arm side while shooting. For the ER movement, the
m.infraspinatus (MI) and m.posterior deltoid (MPD) were selected, while for the IR movement,
the m.latissimus dorsi (MLD) and m.anterior deltoid (MAD) were selected (Escamilla &
Andrews, 2009). After the skin preparation (shaved, cleaned with alcohol and rubbed with fine
sandpaper) to reduce the inter-electrode resistance before the electrodes were attached to the
skin, bipolar, Ag/AgCl surface electrodes (SEMG; Blue sensor Ambu, Denmark) were placed
along the longitudinal axis of the muscle belly in accordance with the SENIAM guidelines by
an expert physiotherapist (Hermens et al., 2000).

An EMG device (Biomonitor ME6000, Mega Electronics Ltd., Kuopio, Finland) was fixed
to the waist of the subject with the help of a belt. After the device was made ready for testing,
the subjects performed their shots. The device was started with the “start-stop” commands at
each shot and stopped as soon as the shooting ended. Furthermore, the cables and electrodes
were checked after each shot not to create an artefact at the time of the shot. All EMG signals
were visually monitored during the data collection, and the EMG signals were acquired at a
sampling rate of 1000Hz with specifically created computer software (MegaWin 3.0).

In this study, the root means square (RMS) value was used since it is a parameter that better
reflects the level of muscle activity at rest and during contraction. Therefore, it is one of the
most widely used parameters in scientific studies (Fukuda et al., 2010). Only the maximum and
minimum muscle contraction RMS values were used during the whole shooting period not to
evaluate the different contractions not related to the shooting between the onset and the end of
the shot (Taha et al., 2015).

Analysis of data

SPSS 21 statistical package software was used in the analysis of the data obtained. Simple
linear regression was used to determine the effect of the isokinetic strength variable on the
shooting accuracy rate. Logistic regression analysis was used to determine the effect of the
throwing velocity and muscle activation variables, which have a direct effect in each shot, on
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the shooting accuracy rate. The study results were expressed as beta, exp (beta), r-square (rs),
standard error (SE), standard deviation (SD), classification success (CS) F and p-values with
the significance level accepted as p<0.05.

RESULTS

The shoulder isokinetic performances (IR, ER and IR/ER ratio), EMG activations (RMS/pv)
and throwing velocity (km/s) values of the subjects (descriptive statistics) are presented in
Table 1.

Table 1. DESCRIPTIVE STATISTICS OF PARAMETERS MEASURED

Parameters Min Max Mean+SD
IR-Peak-90° (N/m) 43.0 106.0 65.88+14.70
ER-Peak-90° (N/m) 27.0 61.0 46.00+8.88
IR/ER Ratio-90° (N/m) 62.0 86.0 72.24+6.33
IR-Peak-180° (N/m) 38.0 104.0 57.76+15.59
ER-Peak-180° (N/m) 24.0 54.0 40.06+8.81
IR/ER Ratio-180° (N/m) 59.0 93.0 72.2349.33
IR-Peak-240° (N/m) 37.0 99.0 54.70+14.83
ER-Peak-240° (N/m) 24.0 49.0 36.23+8.05
IR/ER Ratio-240° (N/m) 53.0 85.0 68.76+9.28
MLD max (RMS/pv) 56.0 970.0 147.20+134.30
MI max (RMS/uv) 60.0 861.0 132.40+128.53
MPD max (RMS/uv) 56.0 785.0 188.20+139.37
MAD max (RMS/uv) 52.0 763.0 142.20+144.47
Throwing velocity (km/s) 75.6 166.7 107.40+9.85

The isokinetic shoulder strength measurements show that 90° (N/m) has the highest results
in both IR and ER when compared to 180° (N/m) and 240° (N/m). In EMG measurements, it
was found that MLD was the most active muscle. During throwing, it was revealed that the
maximum, minimum and average velocity of the shots was 166.70 (km/s), 75.60 (km/s) and
107.40 (km/s), respectively.

As a result of the simple linear regression test, the peak torque variables at the shoulder
internal rotation 90°, 180° and 240° angular speeds were determined to have an adverse effect
on the shooting accuracy rate (p= 0.029; p=0.037; p= 0.033, respectively) (Table 2).

IR-Peak-90°, IR-Peak-180° and IR-Peak-240° variables had an adverse effect on the
accuracy rate that was statistically significant (Table 2). There was a negative effect of ER-
Peak-90°, IR/ER Rate -90°, ER-Peak-180°, IR/ER Rate-180°, ER-Peak-240° and IR/ER Rate-
240° variables on the accuracy rate, but no statistically significant difference was observed
(p>0.05).
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Table 2. SIMPLE LINEAR REGRESSION OF ISOKINETIC SHOULDER
STRENGTH AND SHOOTING ACCURACY

Parameters (N/m) Beta rs S.E. F p
IR-Peak-90° -0.07 0.28 1.58 5.852 0.029*
ER-Peak-90° -0.06 0.07 1.79 1.236 0.284
IR/ER Ratio-90° -0.03 0.01 1.85 0.213 0.651
IR-Peak-180° -0.06 0.25 1.61 5.210 0.037*
ER-Peak-180° -0.06 0.08 1.78 1.468 0.244
IR/ER Ratio -180° -0.05 0.06 1.81 0.971 0.340
IR-Peak-240° -0.06 0.27 1.59 5.536 0.033*
ER-Peak-240° -0.06 0.06 1.80 1.052 0.321
IR/ER Ratio 240° -0.05 0.06 1.80 1.066 0.318
*p<0.05

As a result of the logistic regression test, no relationship was found between EMG
activation, throwing velocity variables and shooting accuracy rate (p>0.05) (Table 3). It was
observed that MLD max, MPD max and MAD max variables had a positive effect on the
accuracy rate, but there was no statistically significant difference between them (p>0.05).
Although MI max and throwing velocity variables had an adverse effect on the accuracy rate,

no statistically significant difference was observed (p>0.05).

Table 3. LOGISTIC REGRESSION OF EMG ACTIVATION, THROWING

VELOCITY AND SHOOTING ACCURACY

Parameters CS (%) p Exp(Beta) Beta
MLD max (RMS/pv) 52.9 0.586 1.001 0.001
MI max (RMS/uv) 51.8 0.667 0.999 -0.001
MPD max (RMS/uv) 57.6 0.130 1.002 0.002
MAD max (RMS/uv) 59.4 0.069 1.002 0.000
Throwing velocity (km/s) 54.7 0.500 0.989 -0.011

The average velocity of 82 accurate shots was 107.9 (km/s) and the average velocity of 82

inaccurate shots was 106.8 (km/s) (Table 4).

Table 4. AVERAGE VELOCITY FOR ACCURATE AND

INACCURATE SHOTS

Parameters n Mean=SD
Accurate (km/s) 88 107.9£10.51
Inaccurate (km/s) 82 106.849.13
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DISCUSSION

The goal of this study was to determine the isokinetic shoulder strength (isokinetic), muscular
activation and throwing velocity parameters of elite handball players, which affect their
shooting performance, and to investigate the relationship of the said parameters with shooting
accuracy. The results of the present study show that the peak torque variables at the shoulder
internal rotation 90°, 180° and 240° angular speeds were determined to have an adverse effect
on the shooting accuracy rate (p=0.029; p=0.037; p=0.033, respectively). However, no
relationship was found between muscular activation, throwing velocity variables and shooting
accuracy rate (p>0.05).

Isokinetic shoulder performance and shooting accuracy

When studies in the literature were examined, considering the subject’s profile, age, gender
and other factors used, it is observed that IR and ER PT values at different angular speeds are
parallel with the data obtained in the current study (Bayios ef al., 2001; Mascarin et al., 2015).
This confirms the suitability of the subject profile used in the study.

According to the study results, in the measurements performed at angular speeds of IR 90°,
180° and 240°, it was observed that the PT strengths applied by the subjects had a statistically
negative effect on the shooting accuracy (Table 1). It can be concluded that the increase in
strength that will be applied while throwing may reduce the accuracy rate of athletes who play
handball at the elite level in parallel with the current shoulder isokinetic strength values.
Zapartidis et al. (2007) did not determine a relationship between shoulder IR and ER PT values
and shooting effectiveness (velocity/accuracy) in handball players. In another study, Raeder et
al. (2015) did not observe a change in the throwing performance of female handball players as
a result of 6-week medicine ball training. For handball players playing at the top level, it is
known that players can control the throwing strength, which is claimed to be needed for a more
effective shot (Chaouachi et al., 2009).

In the present study, shoulder IR and ER PTs do not have a positive effect on the shooting
accuracy. Nevertheless, it is known that when the handball sport is considered as a whole,
strength takes an essential place in applying the technique in the most accurate and fastest way
(Khaled et al., 2018). Since players naturally want to throw in the strongest and fastest way
while shooting in the handball game, they can benefit from their experience acquired over the
years and improve their throwing techniques (especially by actively using the wrist) to achieve
the optimum performance.

EMG activation and shooting accuracy

According to the results of the present study, the muscle with the highest activation level was
the MPD, which was followed by the MLD, MAD and MI (Table 1). Taha et al. (2015)
examined the activation levels of some muscles in the upper extremity during the jumping shot
in handball. Furthermore, Alizadehkhaiyat e al. (2015) examined the activation status of the
muscles in the shoulder girdle during the IR movement. In both studies, the researchers
determined that the muscle with the highest activation level was the m.deltoid (medial section).

When the relationship between muscle activation and shooting accuracy rate was examined,
no statistical difference was found between the muscles for which the measurement was
performed and the accuracy rate (p>0.05) (Table 3). It can be speculated that the adverse effect
of the MI on the shooting accuracy rate may be due to the fact that this muscle is involved in
ER. In other words, it moves in the opposite direction of the throwing (shooting) mechanics
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towards the goal. This is because the player concentrates on the forward swing (IR) to throw
the ball faster, i.e. the shooting phase, rather than the retraction phase (ER) of the throwing
arm. The more muscle fibres a motor unit has, the stronger the contraction is.

The fact that the MPD, which is involved in ER, is positively correlated with the shooting
accuracy can be explained by the fact that this muscle is part of the deltoid muscle group that
is used extensively while throwing (Pontaga & Zidens, 2014) and also has a small muscle
surface (less muscle tension). The reasons for the fact that the MLD and MAD involved in
internal rotation have a positive effect on the shooting accuracy, may be stated as the fact that
the MLD, located in the posterior part of the body, is active in the process of throwing (IR) and
that this tension directly affects the throwing mechanics and the fact that the MAD is a part of
the deltoid muscle, as mentioned in the MPD.

In another study, Rousanoglou et al. (2014) examined the EMG responses in the different
phases of a basic high shot in handball. According to the results of the study, although a positive
relationship was determined between the shooting velocity and accuracy in handball players in
the elite group, this was not related to the muscular activation. In a different study, conducted
by Taha et al. (2017) on archers, it was found that the m.extensor digitorum, which exhibited
high activation during the shooting in archery, affected the shooting performance significantly
(positively).

According to the previous studies and the current findings, exercises aimed at the
development of the m.deltoideus group that shows the highest activation (especially the medial
part) during throwing are important for strengthening the shoulder girdle muscles, which are
among the muscle groups with the highest risk of injury, as well as making the shot faster and
more accurate.

Throwing ball velocity and shooting accuracy

In the present study, it was observed that the players' average jumping shot velocity
(107.40+9.85km/h) (Table 1) was similar to the results of the other studies conducted with
handball players playing at the same level (Rivilla-Garcia et al., 2011; Rivilla-Garcia et al.,
2016). There are many factors that affect the throwing velocity during the jumping shot
performed with the highest velocity after the standing shot that was also used in the current
study. These include gender, the position of the arm while throwing, the level of players and
the weight of the ball (Skejo et al., 2019). Therefore, the comparison was performed within the
framework of these factors.

According to the findings of the study, it was observed that the average velocity data for
accurate and inaccurate shots were also very close to each other but did not show statistical
significance (Table 3, Table 4). Van den Tillaar and Ettema (2006) reported in their study that
there was not a significant relationship between ball velocity and accuracy during the penalty
(7-metre) shot. Van den Tillaar and Ettema (2006) and Garcia et al. (2013) emphasised that
there was a relationship between throwing velocity and accuracy. Based on the reason for our
study results, which are similar to the literature in general, athletes do not directly target the
concept of accuracy while performing their shots during the competition and the test.

Naturally, a handball player at every level focuses more on the throwing velocity while
throwing, because the idea that a high-velocity shot cannot be prevented by the defence or the
goalkeeper, is a recognised fact in handball (Ferragut ef al., 2018). Considering the concept of
shooting accuracy in handball, it has been previously discussed in different studies that
handball players, especially those playing at the elite level, show positive results in relation to
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shooting velocity and shooting accuracy compared to younger (inexperienced) handball players
(Laffaye et al., 2012; Rousanoglou et al., 2014).

Because the concept of accuracy is not a condition that can be explained only by the
throwing velocity, the finding indicating that there is no relationship between the throwing
velocity and shooting accuracy in the current study can be considered normal. To achieve an
increase in the shooting accuracy rate, it can be ensured that the throwing mechanics is
optimised as a result of including shooting exercises continuously in training by taking into
account the throwing velocity variable.

CONCLUSION

This study has demonstrated that the shoulder IR PT variables have an adverse effect on
throwing accuracy, while muscular activation and throwing velocity do not. Shooting
performance in handball is affected by different physiological variables, such as heart rate,
blood pressure and aerobic/anaerobic capacity. Moreover, it should be noted that psychological
factors also have a significant effect (both negative and positive) on sports performance.
Therefore, the athlete’s self-esteem, motivation and some external factors are thought to be
directly related to the accuracy of the shot during the game.

Although the study presented useful data by examining different parameters in the same
group of subjects, to reveal more clear data on the subject and to increase the quality of the
study, factors such as different athlete profiles and the gender variable, as well as the current
electrophysiological and biomechanical measurements should be used. Future studies,
examining the acute and chronic effect of the factors on shooting accuracy by evaluating the
effect of training applications and learning effect model separately may provide valuable
findings.

PRACTICAL APPLICATIONS

This study determined the isokinetic shoulder strength, muscular activation and throwing
velocity parameters of elite handball players to determine their relationship with shooting
accuracy. Considering the adverse effect of the shoulder IR peak power values at different
angles obtained according to the results of the study on shooting accuracy, the development of
the shoulder area muscles with appropriate loads, which have a major effect during shooting,
should be taken into consideration by personal trainers and coaches. It would seem highly
advisable to implement exercise programmes providing a balance of shooting velocity and
accuracy in routine handball training due to its influence on throwing performance.

Acknowledgements

We wish to thank the subjects for their participation. The present article was produced from a
study entitled, “The effect of isokinetic strength, muscle activation, jumping and balance
performance on shooting accuracy in elite handball players”, which was accepted as a doctoral
dissertation in the Physical Education and Sports Department of the Institute of Health
Sciences, OMU. This study was supported by OMU Project Management Office with the
reference number PYO.YDS.1904.18.00.

80



SAJR SPER, 43(1), 2021 Shooting accuracy: Elite male handball players

REFERENCES

ALIZADEHKHAIYAT, O.; HAWKES, D.H.; KEMP, GJ. & FROSTICK, S.P. (2015).
Electromyographic analysis of shoulder girdle muscles during common internal rotation exercises.
International Journal of Sports Physical Therapy, 10(5): 645-654.

AKYUZ, B.; AVSAR, P.A.; BILGE, M.; DELICEOGLU, G. & KORKUSUZ, F. (2019). Skeletal muscle
fatigue does not affect shooting accuracy of handball players. Isokinetics and Exercise Science,
27(4): 253-259.

ANDRADE, M.D.S.; FLEURY, A.M.; DE LIRA, C.A.B.; DUPAS, J.P. & DA SILVA, A.C. (2010).
Profile of isokinetic eccentric-to-concentric strength ratios of shoulder rotator muscles in elite
female team handball players. Journal of Sports Sciences, 28(7): 743-749.

ANDRADE, M.S.; DE CARVALHO K.F.; BENEDITO-SILVA, A.A.; DA SILVA, A.C. & DE LIRA,
C.A.B. (2016). Effect of fatigue caused by a simulated handball game on ball throwing velocity,
shoulder muscle strength and balance ratio: A prospective study. BMC Sports Science, Medicine
and Rehabilitation, 8(May): Article no. 13. doi.org/10.1186/s13102-016-0038-9.

BAYIOS, 1L.A.; ANASTASOPOULOU, E.M.; SIOUDRIS, D.S. & BOUDOLOS, K.D. (2001).
Relationship between isokinetic strength of the internal and external shoulder rotators and ball
velocity in team handball. Journal of Sports Medicine and Physical Fitness, 41(2): 229-235.

BONETTI, L.V.; ZARDO, F.; CANDIAGO, B.G.; TEMP FINGER, A.L.; DE MARCHI, T. &
TADIELLOA, G.S. (2019). Isokinetic performance of shoulder external and internal rotators in
adolescent female handball athletes. Science and Sports, 34(2): e119-e123.

BOURNE, M.; BENNETT, S.J.; HAYES, S.J. & WILLIAMS, A.M. (2011). The dynamical structure of
handball penalty shots as a function of target location. Human Movement Science, 30(1): 40-55.

CHAOUACHI, A.; BRUGHELLI, M.; LEVIN, G.; BOUDHINA, N.B.B.; CRONIN, J. & CHAMAR, K.
(2009). Anthropometric, physiological and performance characteristics of elite team-handball
players. Journal of Sports Sciences, 27(2): 151-157.

ERIKSRUD, O.; SELAND, F.O.; FEDEROLF, P.A. & CABRI, J. (2019). Functional mobility and
dynamic postural control predict overhead handball throwing performance in elite female team
handball players. Journal of Sports Science and Medicine, 18(1): 91-100.

ESCAMILLA, R.F. & ANDREWS, J.R. (2009). Shoulder muscle recruitment patterns and related
biomechanics during upper extremity sports. Sports Medicine, 39(7): 569-590.

FERRAGUT, C.; VILA, H.; ABRALDES, J.A. &« MANCHADO, C. (2018). Influence of physical aspects
and throwing velocity in opposition situations in top-elite and elite female handball players. Journal
of Human Kinetics, 63(1): 23-32.

FORTHOMME, B.; CROISIER, J.L.; DELVAUX, F.; KAUX, J.F.; CRIELAARD, J.M. & GLEIZES-
CERVERA, S. (2018). Preseason strength assessment of the rotator muscles and shoulder injury in
handball players. Journal of Athletic Training, 53(2): 174-180.

FREESTON, J. & ROONEY, K. (2014). Throwing speed and accuracy in baseball and cricket players.
Perceptual and Motor Skills, 118(3): 637-650.

FUKUDA, T.Y.; ECHEIMBERG, J.0.; POMPEU, J.E.; GARCIA LUCARELLI, P.R.; GARBELOTTI,
S.; APOLINARIO, A.; GIMENES, R.O. & APOLINARIO, A. (2010). Root mean square value of
the electromyographic signal in the isometric torque of the quadriceps, hamstrings and brachial
biceps muscles in female subjects. Journal of Applied Research, 10(1): 32-39.

GARCIA, J.A.; MENAYO, R. & DEL VAL, P. (2017). Speed-accuracy trade-off in a 7-meter throw in
handball with real constraints: Goalkeeper and the level of expertise. Journal of Physical Education
and Sport, 17(3): 1172-1176.

81



SAJR SPER, 43(1), 2021 Makaraci & Agaoglu

GARCIA, I.A.; SABIDO, R.; BARBADO, D. & MORENO F.J. (2013). Analysis of the relation between
throwing speed and throwing accuracy in team-handball according to instruction. European Journal
of Sport Science, 13(2): 149-154.

GHOSH, P. & MONDAL, P. (2017). Effect on kinematics parameters of jump shot in handball.
International Journal of Physical Education, Sports and Health, 4(4): 453-456.

HADDAD, M.; PRINCE, M.S.; ZARROUK, N.; TABBEN, M.; BEHM, D.G., & CHAMARI, K. (2019).
Dynamic stretching alone can impair slower velocity isokinetic performance of young male
handball players for at least 24 hours. PLoS ONE, 14(1): €0210318. doi.org/10.1371/journal.
pone.0210318.

HERMASSI, S.; CHELLY, M.S.; BRAGAZZI, N.L.; SHEPHARD, R.J. & SCHWESIG, R. (2019). In-
Season weightlifting training exercise in healthy male handball players: Effects on body
composition, muscle volume, maximal strength, and ball-throwing velocity. International Journal
of Environmental Research and Public Health, 16(22): 4520 (pp. 14). d0i.10.3390/ijerph16224520.

HERMENS, H.J.; FRERIKS, B.; DISSELHORST-KLUG, C. & RAU, G. (2000). Development of
recommendations for SEMG sensors and sensor placement procedures. Journal of
Electromyography and Kinesiology, 10(5): 361-374.

KHALED, B.; HAKIM, L.; ABDELKADER, B. & AMINE, S. (2018). The impact of proposed exercises
in the method of plyometric training in the development of explosive power and some basic skills
of handball category (U17). European Journal of Physical Education and Sport Science, 3(12):
629-639.

LAFFAYE, G.; DEBANNE, T. & CHOUKOU, M.A. (2012). Is the ball velocity dependent on expertise?
A multi-dimensional study in handball. International Journal of Performance Analysis in Sport,
12(3): 629-642.

MASCARIN, N.C.; VANCINI, R.L.; LIRA, C.A. & ANDRADE, M.S. (2015). Stretch-induced
reductions in throwing performance are attenuated by warm-up before exercise. The Journal of
Strength & Conditioning Research, 29(5): 1393-1398. d0i.10.1519/JSC.0000000000000752.

MAKARACI, Y. (2021). The concept and importance of throwing velocity in handball. A systematic
review. Gazi Journal of Physical Education and Sport Sciences, 26(1): 45 — 58.

ORTEGA-BECERRA, M.; PAREJA-BLANCO, F ; JIMENEZ-REYES, P.; CUADRADO-PENAFIEL,
V. & GONZALEZ-BADILLO, J.J. (2018). Determinant factors of physical performance and
specific throwing in handball players of different ages. Journal of Strength and Conditioning
Research, 32(6): 1778-1786.

PLUMMER, H.A. & OLIVER, G.D. (2017). The effects of localised fatigue on upper extremity jump
shot kinematics and kinetics in team handball. Journal of Sports Sciences, 35(2): 182-188.

PONTAGA, 1. & ZIDENS, J. (2014). Shoulder rotator muscle dynamometry characteristics: Side
asymmetry and correlations with ball-throwing speed in adolescent handball players. Journal of
Human Kinetics, 42(1): 41-50.

RAEDER, C.; FERNANDEZ-FERNANDEZ, J. & FERRAUTI, A. (2015). Effects of six weeks of
medicine ball training on throwing velocity, throwing precision, and isokinetic strength of shoulder
rotators in female handball players. Journal of Strength and Conditioning Research, 29(7): 1904-
1914.

RAVIER, G. & DEMOUGE, J. (2016). Comparison of lower limb strength characteristics between youth
and adult elite female team handball players. Science and Sports, 31(3): 39-46.

RIVILLA-GARCIA, J.; CALVO, J.L. & VAN DEN TILLAAR, R. (2016). Comparison of throwing

velocity between first and second offensive line handball players. Kinesiologia Slovenica, 22(3): 5-
6.

82


https://dx.doi.org/10.3390%2Fijerph16224520

SAJR SPER, 43(1), 2021 Shooting accuracy: Elite male handball players

RIVILLA-GARCIA. J.; GRANDE, I.; SAMPEDRO, J. & VAN DEN TILLAAR, R. (2011). Influence of
opposition on ball velocity in the handball jump throw. Journal of Sports Science and Medicine,
10(3): 534-539.

ROUSANOGLOU, E.N.; NOUTSOS, K.S.; BAYIOS, LA. & BOUDOLOS, K.D. (2014).
Electromyographic activation patterns during handball throwing by experts and novices. Journal of
Athletic Enhancement, 3(2): 24-28.

ROUSANOGLOU, E.N.; NOUTSOS, K.S.; BAYIOS, I.A. & BOUDOLOS, K.D. (2015). Self-paced and
temporally constrained throwing performance by team-handball experts and novices without
foreknowledge of target position. Journal of Sports Science and Medicine, 14(1): 41-46.

SHAHPAR, F.M.; RAHNAMA, N. & SALEH]I, S. (2019). The effect of 8 weeks open and closed kinetic
chain strength training on the torque of the external and internal shoulder rotator muscles in elite
swimmers. Asian Journal of Sports Medicine, 10(2): 1-6.

SKEJ@, S.D.; MOLLER, M.; BENCKE, J. & SORENSEN, H. (2019). Shoulder kinematics and kinetics
of team handball throwing: A scoping review. Human Movement Science, 64(April): 203-212.

TAHA, S.A.; AKL, AR.IL & ZAYED, M.A. (2015). Electromyographic analysis of selected upper
extremity muscles during jump throwing in handball. American Journal of Sports Science, 3(4), 79-
84.

TAHA, Z.; HAQUE, M.; MUSA, RM.; ABDULLAH, M.R.; MUSAWI MALIKI, A.B.H.; MAT-
RASHID, S.M.; KOSNI, N.A. & ADNAN, A. (2017). Analysis of biological and mechanical related
performance parameters of Malaysian senior youth archers. Advances in Human Biology, 7(3): 137-
141.

VAN DEN TILLAAR, R. & ETTEMA, G. (2003). Influence of instruction on velocity and accuracy of
overarm throwing. Perceptual and Motor Skills, 96(2): 423-434.

VAN DEN TILLAAR, R. & ETTEMA, G. (2006). A comparison between novices and experts of the
velocity-accuracy trade-off in overarm throwing. Perceptual and Motor Skills, 103(2): 503-514.

WAGNER, H.; PFUSTERSCHMIED, J.; VON DUVILLARD, S.P. & MULLER, E. (2011). Performance
and kinematics of various throwing techniques in team-handball. Journal of Sports Science and
Medicine, 10(1): 73-80.

WAGNER, H.; PFUSTERSCHMIED, J.; VON DUVILLARD, S.P. & MULLER, E. (2012). Skill-
dependent proximal-to-distal sequence in team-handball throwing. Journal of Sports Sciences,
30(1): 21-29.

WAGNER, H.; FINKENZELLER, T.; WURTH, S. & VON DUVILLARD, S.P. (2014). Individual and
team performance in team-handball: A review. Journal of Sports Science and Medicine, 13(4): 808-
816.

XAVEROVA, Z.; DIRNBERGER, J.; LEHNERT, M.; JAN BELKA, J; WAGNER, H. &
ORECHOVSKA, K. (2015). Isokinetic strength profile of elite female handball players. Journal of
Human Kinetics, 49(1): 257-266.

ZAPARTIDIS, I.; GOUVALI M.; BAYIOS, I. & BAUDOLOS, K. (2007). Throwing effectiveness and
rotational strength of the shoulder in team handball. Journal of Sports Medicine and Physical
Fitness, 47(2): 169-178.

Corresponding author: Dr. Yiicel Makaraci; Email: yucelmkre@gmail.com

(Subject editor: Dr. Yvonne Paul)

83



SAJR SPER, 43(1), 2021 Makaraci & Agaoglu

84



