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Abstract

In sports such as handball, where the overhead throw is commonly used, athletes must be physically fit to fulfill the
requirements of the throw. This fitness includes neuromuscular control, muscle strength, power, flexibility, balance, and
agility. The purpose of this study was to investigate the relationship between upper extremity neuromuscular control and grip
strength with shooting accuracy in elite handball players. The study was conducted with the participation of 26 male handball
players with an average age of 20.23 + 2.47 years, average body weight of 72.34 + 8.01 kg, average height of 180.5 + 5.90
cm, average playing experience of 8.65 + 2.92 years, and average BMI of 22.1 + 2.13 kg/m™. Data collection tools contained
a “Personal Information Form,” a “Closed Kinetic Chain Upper Extremity Stability Test (CKCUEST),” a “Shooting Accuracy
Test,” and a “Grip Strength Test.” Pearson Correlation Test analyzed the study data from descriptive statistics in the SPSS
package program. In all analyses, p<.05 was considered statistically significant. According to the study’s results, no significant
correlation was found between hand grip strength, upper extremity neuromuscular control, and strength with shooting accuracy
in handball. A high positive correlation was found between dominant hand strength and non-dominant hand strength. As a
result, it was determined that shooting performance is not only related to strength but also closely related to the player's
technical skills.
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Elit Hentbolcularda Ust Ekstremite Noromuskuler Kontrol ve Kavrama
Kuvveti ile Atis Isabeti Arasindaki Iliskinin Incelenmesi

Oz

Bag iistii atisin yaygin olarak kullanildigi hentbol gibi branglarda sporcular atisin gerekliliklerini yerine getirebilmek igin
fiziksel olarak yeterli olmalidir. Bu yeterlilikler néromuskiiler kontrol, kas kuvveti, gii¢, esneklik, denge, ¢eviklik gibi
parametreleri igermektedir. Bu noktadan hareketle ¢alismanin amaci; elit hentbolcularda iist ekstremite néromuskuler kontrol
ve kavrama kuvveti ile atis isabeti arasindaki iliskiyi incelemektir. Aragtirmaya yas ortalamasi 20.23+2.47 yil, viicut agirlik
ortalamast 72.34+8.01 kg., boy uzunlugu ortalamas1 180.5+5.90cm., spor yas1 ortalamasi 8.65+2.92 yil ve BKI ortalamasi
22.142.13 kg/m™ olan 26 elit erkek hentbolcu katilmistir. Aragtirmada veri toplama araci olarak “Kisisel Bilgi Formu,” “Kapali
Kinetik Zincir Ust Ekstremite Stabilite Testi Test (KKZUEST),” “Atis Isabeti Testi” ve “Kavrama Kuvveti Testi”
kullanilmigtir. Calisma verileri SPSS paket programinda tanimlayici istatistiklerden Pearson Korelasyon Testi ile analiz
edilmigtir. Tim analizlerde p<.05 istatistiksel olarak anlamli kabul edilmistir. Calismanin bulgularina gore; hentbolda el
kavrama kuvveti, {ist ekstremite néromuskiiler kontrol ve kuvveti ile atig isabeti arasinda anlamlt bir iliski tespit edilemedi.
Doninat el kuvveti ile nondominat el kuvveti arasinda yiiksek pozitif iligki saptandi. Sonug olarak; atig performansimin sadece
kuvvet ile ilgili olmadig1 oyuncularin teknik yetenekleri ile de yakindan iligkili oldugu tespit edilmistir.

Anahtar kelimeler: Atis isabeti, Hentbol, Kavrama kuvveti, Kapah kinetik zincir
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INTRODUCTION

Handball is a professional Olympic sport played all around the world. It is a sport that requires
mobility and collective thinking, the ability to draw precise and accurate results, the ability to
think carefully in a short time, and courage and strong will (Alp et al., 2015). In recent years
particularly, what has gained increasing importance in handball is to reach the result with as
few passes as possible (Celikbilek et al., 2011). Handball has become one of the sports branches
with the highest number of athletes and fans worldwide. Moreover, it has started playing in
many areas, from physical education and sports lessons to sports activities in European
countries (Cetin & Ozdol, 2012).

In handball, another critical factor besides the physical features is bio-motor performance. It
requires good running speed, reaction timing, and strength to attack as early as possible against
the opponent’s position, make the defense, pass as quickly as possible, and defend the shot
effectively (Karadenizli & Karacabey, 2002). It is well known that strength plays a crucial role
in team sports performances. Strength denotes the force of contraction of a muscle. The term
is used for muscular endurance, especially in competitions, and stands out as contractility
(Ozer, 1993). Strength is essential for successful physical activity (Tamer, 1995). Grip strength
denotes hand grip strength controlled by many muscle groups in the hands and forearms. The
muscles in this area enable activities such as holding or manipulating objects in different
situations (Bassey & Harries, 1993). Research shows a relationship between body and general
muscle strength with hand grip strength (Akbal, 1998). In this connection, grip strength also
plays a significant role in performing the handball maneuvers required to throw the ball at the
right angle in the desired direction. In handball, the upper extremity muscles are the most
important ones for shooting. Shoulder, elbow, and wrist joints are critical for accurate shooting
(Demirdizen Tagkiran, 2012; Karadenizli & Karacabey, 2002; Pil¢a, 2017). As a sporting skill
requirement, throwing accuracy is one of the critical skills in many team sports. The accuracy
and speed of the shots are critical in determining the winning team in handball (Taborsky,
2007).

Scoring a goal is the factor that determines the outcome of the struggle between the two teams.
For this reason, the speed and accuracy of the shots are at the forefront. These two factors are
interrelated events (Garcia et al., 2013; Kawamura et al., 2016; Miiller & Brandes, 2015). It is
known that every shot is of great value in a handball game where two teams with similar
strengths are matched. In the game, the players try to shoot and avoid interference from the
defenders. For this reason, offense players should be able to try various modifications to find
the right shot (Kovacs, 2011).

In this case, athletes can apply different movements accurately in the competition with
neuromuscular control. Neuromuscular control is the body's dynamic responses to internal and
external sensory inputs and irregularities (Ozer-Kaya, 2017). Neuromuscular control creates
motor responses by providing controlled muscle activity in voluntary movements, unexpected
situations, internal and external stimuli (Silfies et al., 2015; Ustasarag-Camcioglu, 2018). The
joints connecting successive body parts, such as the shoulder, elbow, and wrist, form a kinetic
chain in the upper extremity. Starting from the chest, the kinetic chain extends to the shoulder,
elbow, wrist, and fingers. Neuromuscular control is transmitted along the kinetic chain to
ensure smooth and controlled movement of each structure (Wu et al., 2005). Weaknesses in
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neuromuscular control negatively affect the control of the musculoskeletal system. This may
cause impairment in postural control (inal, 2013; Lepley et al., 2017).

Reasonable neuromuscular control is essential for maintaining ball continuity in competition
and applying the proper strength to the ball when shooting. At this point, conscious and
unconscious proprioception is involved, providing stability to certain joints and revealing
appropriate movement patterns during action. Moreover, sufficient muscle strength and fast
reaction time are required for the anticipated movement after an excellent sensory process
(Pekmez, 2019). In a handball throw, the hip, trunk, shoulder, arm, forearm and hand produce
maximum linear mechanical energy from the beginning to the end of the throwing action.
Energy is transferred from the trunk to the shoulder complex, from the shoulder to the arm,
from the arm to the forearm, and finally to the hand. When the kinematic chain is examined to
observe the ball reaching its maximum speed during a throw, it appears to reach maximum
speed first at the shoulder, then at the elbow, at the wrist, and finally at the ball (Wit & Eliasz,
1998).

Considering this information, it is necessary to identify the active muscles at the time of
throwing to increase the shooting efficiency of an athlete. It is seen that planning and training
to enable the development of specific active muscles can benefit athletes’ performance (Emre,
2022). In the literature, limited studies examine upper extremity, grip strength, and shooting
accuracy. From this standpoint, this study aimed to investigate the relationship between upper
extremity neuromuscular control and grip strength with shooting accuracy in elite handball
players.

METHOD

Research Model

This study employed the correlational survey model from among the quantitative research
methods. The correlational survey model is designed to determine whether or not there is a
variation between two or more variables or its degree, if any (Karasar, 2011).

Study Sample

The study sample consisted of volunteer male athletes aged between 17 and 26 who played
handball in the 2" League in the 2022/23 season and continued training with at least 3 years
of team experience as licensed athletes. The participants participate in technical and tactical
training for at least 3 hours 5 days a week and strength training 2 days a week. Exclusion
criteria included participants with (a) potential medical issues or a history of ankle, knee, or
back pathology that compromised their study participation or performance and (b) any lower
or upper extremity surgery or unresolved musculoskeletal disorder in the past 2 years.
According to the G*Power analysis, the number of participants required to participate in the
study was determined as 26 athletes with a 95% confidence level, 80% difficulty level, and a
5% acceptable margin of error. After all athletes and coaches were informed about the protocol
and experimental risks, the participants under the age of 18 were asked to sign an information
contract in addition to parental consent so they could participate. Table 1 presents some
descriptive data about the participants.
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Table 1. Results on the supplementary information about the participants

Variables N X S Min./ Max.
Age (years) 26 20.23 2.47 17-26
Weight (kg) 26 72.34 8.01 61-90
Height (cm) 26 180.5 5.90 168-190
Playing experience (years) 26 8.65 2.92 3-14
BMI (kg/m2) 26 22.11 2.13 18-27

X: Mean, Sd: Standard Deviation, BMI: Body Mass Index, kg: Kilogram, m2: Square meters, Min: Minimum, Max:
Maximum, N: Number of Participants

As seen in Table 1, the participants consisted of 26 male handball players with an average age
0f20.23+2.47, an average body weight of 72.34£8.01 kg, an average height of 180.54+5.90 cm,
average years of playing experience of 8.65+2.92, and a mean BMI of 22.1+2.13 kg/ m™.

Ethical Approval

The necessary official permissions were obtained from the Scientific Research and Publication
Ethics Committee of Erzurum Technical University by meeting No 4 and decision No 10, dated
30.03.2023, and the study began in line with publication ethics.

Research Procedure

The participants were tested individually in a single session. First, anthropometric
measurements were made. Weight (kg) was measured using a portable scale, and height was
measured using a measuring tape. The BMI was calculated by dividing weight (in kilograms)
by height in meters squared. The participants performed typical handball warm-up exercises
consisting of low-intensity running and general exercises, lateral leg movements, forearm and
back arm turns. After the warm-up, the CKCUEST, grip strength and shooting accuracy tests
were administered randomly.

Data Collection Tools
The “Personal Information Form,” the “Closed Kinetic Chain Upper Extremity Stability Test
(CKCUEST),” and the “Shooting Accuracy Test” were used to collect data in the study.

Personal Information Form

The “Personal Information Form” prepared by the researcher was composed of information
aiming to collect descriptive data such as age, height and weight, as well as the total number
of years of playing experience of the participants in the study sample.

Closed Kinetic Chain Upper Extremity Stability Test (CKCUEST)

It is a performance test that does not require high technology. It provides quantitative data
(score) for an upper extremity task in a closed kinetic chain (CKC) to more effectively examine
shoulder endurance and functional capacity in sports or clinical settings. This test evaluates
upper extremity strength, endurance, and closed kinetic chain. The test is conducted by
counting how many times the subject can touch the supporting hand with the swinging hand,
which takes a push-up position for 15 seconds. The two hands’ distance is 91.4 cm (36 inches).
After the test is carried out 3 times, the average of the three values is taken as a score. In order
to prevent fatigue from high-intensity activity, 45 seconds of rest periods are given between
tests, taking into account the 1/3 activity/rest ratio. The test is considered both easy to
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administer and understandable (Ellenbecker et al., 2000). The test results were calculated
according to the following formulas:

1- Contact Score: The total number of contacts in 15 seconds (Ellenbecker et al., 2000; Tucci
etal., 2014).

2- Normalization Score: It is calculated by dividing a participant’s contact score by his/her
height (Tucci et al., 2014).

3- Strength Score: It is calculated by multiplying the participant’s contact score by 68% of the
body weight (the percentage corresponding to the weight of the arms, head, and trunk) and
dividing by 15 (test time in seconds) (Tucci et al., 2014).

91.4 cm

Figure 1. CKCUEST (Silfies., et al. 2015).

Grip Strength Test

A Baseline Hydraulic Hand Dynamometer was used to roughly measure the hand’s grip
strength. During the measurement, the athlete was seated with the arm close to the body in
neutral rotation, the elbow bent at 90°, the forearm rotated in the middle and supported from
the seat, and the wrist in the resting position. Athletes completed the test by maintaining this
position. The test started with the dominant arm and continued with the non-dominant arm. A
rest period of 60 seconds was allowed between the tests repeated 3 times, and the average
values of the 3 tests (Fess & Moran, 1981; Gasior, 2018) were recorded in kilograms (Pizzigalli
etal., 2016).

Shooting Accuracy Test

A total of 8 different zones were created by drawing horizontal and vertical lines at a distance
of 50 cm from the handball goal posts. The corner throws were given 5 points, the middle
sections 3 points, and the section in the middle of the goal post 0 points. The participants were
asked to take the balls 11 meters away from the goal post and shoot the goal by jumping from
9 meters. The shots to the designated areas were recorded and the points collected were
calculated (Chittibabu, 2014).
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Figure 2. Shooting Accuracy Test (Emre, 2022).
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Data Analysis

Skewness and kurtosis tests were applied to the data obtained from the study to determine
whether they were normally distributed. The skewness and kurtosis values of the study were
determined as Skewness (-.554 and .693), Kurtosis (-.658 and .169). Since skewness and
kurtosis values between +1.5 and -1.5 are accepted as a normal distribution (Tabachnick &
Fidell, 2007). Therefore, parametric tests were used in the study. The Pearson correlation test
was used to determine the relationship between the data obtained from the study, with the
significance level being p<.05. In this test, the correlations were fixed at the level of p <.05 and
were interpreted as low if r values were below 0.30, moderate if they were between 0.30- 0.70
and high if they were between 0.70-1.00 (Biiyiikdztiirk et al., 2017). Frequency (n), mean (X),
standard deviation (S), min (minimum), and max (maximum) values were used as descriptive
statistical methods in the evaluation of the data obtained from the study.

RESULTS

Table 2. Participant’s descriptive results on accuracy and grip strength and closed kinetic chain
upper extremity stability test

Test Scores X S Min./Max.
Contact Score 31.07 3.30 24-35
Normalization Score 17.21 1.76 13-20
Strength Score 102.29 17.97 71-134
Dominant Hand Strength 54.88 7.14 45-70
Non-dominant Hand Strength 49.80 7.93 36-70
Shooting Accuracy Score 33.15 6.37 22-46

Normalization Score= Number of touches /height; Strength Score = Number of touches x 68% of body weight
in kg /15.

As shown in Table 2, the average contact score of the participants was 31.07+3.30,
normalization score 17.21£1.76, strength score 102.294+17.97, dominant hand score
54.88+7.14, non-dominant hand score 49.80+7.93, and shooting accuracy score 33.15+6.37.

Table 3. Correlation values of the participant’s grip strength and throwing accuracy and closed
kinetic chain upper extremity stability test

CS NS SS DHS NDHS SAS
CS 1
NS 953** 1
SS 781** .691** 1
DHS -111 -.162 .140 1
NDHS -.238 -.261 .041 .829** 1
SAS -0.31 -.005 231 .036 133 1

CS: Contact Score, NS: Normalization Score, SS: Strength Score, DHS: Dominant Hand Strength, NDHS:
Non-dominant Hand Strength, SAS: Shooting Accuracy Score

*p <.05, **p < .01

When Table 3 is examined, a high level of positive correlation was found between the
participants' normalized score and contact score (r= .953), between the power score with
contact and normalized scores (r= .781, r= .691 respectively), between non-dominant hand
strength and dominant hand strength (r=.829), In contrast, no significant difference was found
in any parameter with the shooting accuracy score.
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DISCUSSION

This study investigated the relationship between upper extremity neuromuscular control and
grip strength with shooting accuracy in elite handball players. Upper extremity neuromuscular
control transfers strength from the trunk to the wrist (Neumann, 2002; Wu et al., 2005).
Therefore, upper extremity neuromuscular control is essential for shooting accuracy in
handball. Handball is a sport branch in which fitness and coordinative skills are harmoniously
affected (Giindiiz et al., 2002; Rannou et al., 2001). It is argued whether technical and tactical
skills or muscular strength and power are more essential factors in high-level competitions
(Cardoso-Marques and Gonzalez-Badillo, 2006). In this study, the existence of a relationship
between upper extremity and hand grip strength and shooting accuracy and its degree were
determined as a hypothesis.

The participant’s upper extremity neuromuscular control, strength, and endurance were
measured with the CKCUEST. In the study, the participants' average contact scores were
compatible with the reference value of CKCUEST performed by Borms and Cools (2018) in
male athletes. According to these findings, the literature supported the study's results. The
percentage of average shooting accuracy of the participants in the study was determined as
33.15+6.37. In the relevant literature, a study conducted with national and foreign athletes
reported the average foreign athletes’ shooting accuracy as 39% (Emre, 2022). Another study
conducted with the same test protocol found that 30 handball players scored an average of
27.52 in the shooting accuracy test (Chittibabu, 2014). Moreover, the average shooting score
in the Handball Super League was 32.18, while it was an average of 31.20 for those in the 1%
league (Emre et al., 2021). It is believed that the results reported in those studies are different
because there are individual (functional and structural) and environmental (lighting, ground)
restrictions in the training process of the athletes.

In the present study, no significant correlation was found between the upper extremity
neuromuscular control and strength of the participants and the shooting accuracy. When the
literature is examined, other studies support our findings. Chelly et al. (2010), for example,
reported that the shooting accuracy rate of the handball players in the experimental and control
groups did not increase due to training because the percentage of shooting accuracy was not
based solely on strength. Urer and Kiling (2014), on the other hand, concluded that the shooting
performances of handball players did not progress at significant levels depending on the
plyometric training.

Cetin and Balci1 (2015) reported that handball players’ upper extremity strength levels did not
significantly affect the shooting accuracy percentage. In parallel with our findings, another
study revealed that strength training had no impact on the percentage of shooting accuracy
(Pilca & Altun, 2019). Similarly, Ersoy (2016) examined the effect of strength training on the
7-meter throwing performance in handball, concluding that strength training did not affect
shooting accuracy. In a study by Hermassi et al. (2011), handball players performed strength
training for a period of 8 weeks, and a control group of handball players continued the existing
training program during the same period. In line with the findings of our study, they reported
that there was no statistically significant change in the 9-meter free throw performance between
the experimental and control groups and that the 9-meter throw performance could be closely
related to the player’s technical abilities. In addition, the authors also stated that the fact that
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neither the experimental nor the control group players had a special training program to
improve their 9-meter throwing performance and technique was a valid factor for this result
(Hermassi et al., 2011). The study’s results indicated no direct connection between the
percentage of handball throwing performance and the level of strength. Besides many factors
affecting the skill level in handball, the shooting technique of each player might be different.
Similar results reported in the relevant literature support that throwing performance depends
on the training method and an athlete's technical skills and cognitive characteristics (Lon, 2014;
Loffing & Hagemann, 2014; Marques et al., 2011). As another example, Marques et al., (2011)
pointed out that an athlete’s cognitive skills are essential to shooting performance.

By contrast, a study by Lust et al., (2009) investigated the effect of mixed training consisting
of open and closed kinetic chains and body-centered exercises on baseball players' trunk
stabilization and shooting percentage. While there was no difference between the sample
groups after a six-week training period, the researchers found that the trunk stability values and
shooting performance of the players in the study sample increased compared to those of the
control group. It is considered that the difference between the results of the present study and
those reported in the literature may be due to the differing shooting accuracy assessment
techniques in the games of baseball and handball.

A high positive correlation was found between the participants' dominant and non-dominant
hand grip strengths. The relevant literature review shows specific findings supporting the
current study’s results. Yildirim et al. (2010), for example, stated that hand grip strength and
upper extremity strength were related to physical activity. In the studies conducted by Incel et
al. (2002) and Gencer et al. (2019), the researchers concluded a significant difference between
the grip strengths of the dominant and non-dominant hands in favor of the dominant hand.
Based on the results of the relevant literature, it can be argued that the significant differences
in favor of the dominant hand according to the extremity dominance may be attributed to the
use of the dominant hand in daily activities as well as to the fact that it is used more than the
non-dominant hand in training and competitions. Moreover, no significant correlation was
found in this study between the hand grip strength of the participants and their shooting
accuracy. However, Visnapuu and Jiirimae (2007) reported that hand grip strength is essential
for shooting in sports. It is a fact that studies conducted in different branches of the literature
contradict our findings. In this context, some significant differences were found in studies
examining the relationship between basketball players’ free throw performance and dominant
hand grip strength measurements (Gencer et al., 2019; Kinnunen et al., 2001; Pizzigalli et al.,
2016). Nikolay et al., (2005) reported in a study conducted with archery athletes that grip
strength positively affected throwing performance in both the body's dominant and non-
dominant upper extremities. Another study found that non-dominant limb length and dominant
limb grip strength positively impacted shooting performance, yet stabilizing muscles
significantly affected it (Develik, 2022). Similarly, another study on climbing performance
concluded that arm and hand strength effectively predicted climbing performance (Balas et al.,
2012). Furthermore, a significant relationship was found between ball shooting power and grip
strength in water polo players (Ferragut et al., 2011). Nevertheless, there are also studies in the
literature on the effect of hand grip strength on performance in other types of sports, with
conflicting findings (Bilgic et al., 2016).
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CONCLUSION

As a result, no significant relationship was found between hand grip strength, upper extremity
neuromuscular control and strength, and shooting accuracy in handball, and it was concluded
that shooting performance was not only related to strength. A high positive correlation was
found between dominant hand strength and non-dominant hand strength. The most important
limitation of this study is that it was conducted with 26 handball players and did not identify
causal relationships. To support the relevant literature and to obtain common results, it may be
recommended to conduct further studies on other factors affecting the shooting accuracy of
handball players.
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