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Abstract

This study aims to analyze the relationship between leg muscle power, arm muscle 
power, and anthropometry with the speed of  the ball resulting from an open spike in 
athletes from the Sumedang Integrated Indonesian Volleyball Generation School. 
The study used a quantitative approach with a correlational method. The sample 
consisted of  21 athletes, with leg muscle power measured using the Vertical Jump 
Test, arm muscle power measured using an 8-second push-up test, and anthropo-
metric data obtained through Karada Scan. The speed of  the open spike ball was 
measured using a Speed Radar Gun. The data were analyzed using descriptive sta-
tistics, normality tests, Pearson or Spearman correlations, and multiple regression 
with a significance level of  p < 0.05. The results showed that arm muscle power, 
height, weight, and body muscle mass were significantly related to ball speed, while 
several other variables such as leg power (Spearman), leg muscle mass, and BMI 
showed no significant relationship. Multiple regression analysis shows that the three 
independent variables simultaneously contribute 45.4% to ball speed. This finding 
confirms that spike performance is the result of  an interaction between muscle 
strength and anthropometric characteristics. This study recommends a training pro-
gram that focuses on strengthening the arm muscles, developing core strength, and 
managing body composition to improve spike speed in volleyball athletes.
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INTRODUCTION

An open spike smash is one of  the main 
attacks in volleyball, used to score points directly 
by hitting the ball hard into the opponent's court. 
(Farihandiandra et al., 2024). The success of  an 
open spike is largely determined by the player's 
physical abilities, particularly the power of  the leg 
muscles, which play a role in generating optimal 
jumps, and the power of  the arm muscles, which 
determine the strength and speed of  the ball st-
rike. (Tokay & Akil, 2025). However, in reality, 
there are many variations in spike performance 
between players even though they have undergo-
ne relatively similar training programs (Sarvestan 
et al., 2020). The difference is thought to be rela-
ted to the quality of  leg muscle power in jumping 
and arm muscle strength in delivering punches 
(Haqmal Proja et al., 2023). Previous studies have 
focused more on the relationship between muscle 
strength and jump height or smash accuracy, 
while studies focusing on the simultaneous cont-
ribution of  these two factors to the speed of  the 
ball resulting from an open spike are still limited. 
This condition creates an interesting knowledge 
gap that warrants further research, particularly 
with a quantitative approach using modern me-
asurement technology such as the Speed Radar 
Gun. Therefore, this study focuses on analyzing 
the relationship between leg and arm muscle po-
wer and the speed of  the open spike in volleyball 
athletes.

Leg muscle power plays a fundamental 
role in the initial phase of  the spike, particular-
ly during the jump phase (Baena-Raya et al., 
2021a). The explosive legs allow players to reach 
optimal heights, resulting in sharper shots that 
are difficult for opponents to anticipate (Fuchs et 
al., 2021). Previous studies have shown that leg 
muscle explosive power is significantly correla-
ted with jump height and smash effectiveness in 
volleyball athletes (Insanistyo et al., 2023). This 
confirms that the quality of  a jump is not only a 
matter of  technique, but also the result of  the leg 
muscles' ability to generate explosive power effi-
ciently  (Insanistyo et al., 2023). Thus, the better 
an athlete's leg power, the greater their chances 
of  producing a fast and sharp spike (Insanistyo 
et al., 2023).

In addition to the legs, the arm muscles 
also play an important role in determining the 
quality of  a spike (Wang et al., 2024). The arm 
is the part of  the body that directly transfers po-
wer to the ball, so its strength will affect the speed 
and direction of  the ball (Wang et al., 2024). Se-
veral studies have found that arm muscle strength 

is closely related to hitting speed, whereby ath-
letes with greater arm power are able to hit the 
ball harder and make it more difficult for their 
opponents to block (Wang et al., 2024). The mo-
vement of  the shoulders, elbows, and wrists also 
supports the optimization of  the spike, so that the 
combination of  arm muscle strength and move-
ment coordination becomes a crucial factor in 
spike performance (Saputra, 2023).

In addition to muscle power, the anthro-
pometry of  athletes, which includes height, arm 
length, and body composition, also plays an im-
portant role in influencing spike performance in 
volleyball. These anthropometric variables deter-
mine the range of  the punch, vertical jump effi-
ciency, as well as the effectiveness of  power trans-
fer from the body to the ball when spiking, which 
can indirectly affect the results of  an athlete's 
hits. (Siregar et al., 2023). Athletes with optimal 
height and arm length tend to be able to genera-
te spikes with steeper angles and more effective 
power. In addition, body composition, including 
muscle mass percentage and weight distribution, 
can also affect the ability to perform explosive 
jumps and transfer power from the legs to the 
ball (Legg et al., 2021). Thus, anthropometry be-
comes an important confounding variable that 
must be controlled in order to analyze the rela-
tionship between muscle power and ball speed 
more accurately.

Although various studies have examined 
the role of  leg and arm muscle strength separate-
ly, studies linking the two to open spike ball speed 
are still relatively rare (Najib et al., 2023). Most 
previous studies have focused more on jump 
height, hitting accuracy, or the biomechanics of  
movement, so few have explicitly analyzed the 
simultaneous contribution of  both factors to ball 
speed (Galib Feratulloh, n.d.). In fact, ball speed 
is an important indicator of  the effectiveness of  
attacks in modern games characterized by fast 
tempo (Baena-Raya et al., 2021a). Therefore, this 
study aims to fill this gap with a quantitative ap-
proach using a Speed Radar Gun, so that it can 
provide a more comprehensive picture of  the rela-
tionship between leg and arm muscle power and 
the speed of  the open spike in volleyball athletes. 
The novelty of  this study lies in the simultaneous 
testing of  leg muscle power, arm muscle power, 
and anthropometric components against open 
spike ball speed, supported by modern measuring 
instruments such as the Speed Radar Gun and 
Karada Scan, which improve data accuracy. This 
study also provides added value because it was 
conducted on athletes aged 12–15 years who were 
in the “Train to Train” stage within the LTAD 
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framework, which is an important phase for the 
development of  basic physical capacity and exp-
losive abilities. Unlike previous studies that only 
assessed physical factors separately or focused on 
jump height and hitting accuracy, this study offers 
a comprehensive approach to explaining the phy-
sical factors that contribute to spike speed in ado-
lescent athletes. These findings provide an empi-
rical basis for designing more targeted training 
programs tailored to the developmental needs of  
school-age athletes.

METHODS

This study used a quantitative approach 
with a correlational method to determine the re-
lationship between leg muscle power, arm muscle 
power, and anthropometry with the speed of  the 
ball resulting from an open spike in athletes from 
the Generasi Indonesia Terpadu Sumedang. The 
sample in this study consisted of  21 athletes se-
lected purposively, namely athletes who actively 
participated in training and had structured vol-
leyball playing experience. The research instru-
ments used included the Vertical Jump Test to 
measure leg muscle power, an 8-second push-up 
test to measure arm muscle power, Karada Scan 
as a tool to obtain anthropometric data such as 
height, weight, fat percentage, and body muscle 
mass, and a Speed Radar Gun as a tool to measu-
re the speed of  the ball resulting from an open spi-
ke. The entire measurement process was carried 
out at the Sumedang training ground following 
standard testing procedures and accompanied 
by a coach. The data was analyzed using SPSS 
software. The analysis stage begins with descrip-
tive statistics to describe the characteristics of  the 
data. The Shapiro-Wilk normality test is used to 
determine the distribution of  data. Pearson or 
Spearman correlation tests were applied to deter-
mine the relationship between each independent 
variable and ball speed, while multiple regressi-
on analysis was performed to assess the simulta-
neous contribution of  the three variables to ball 
speed. The significance level used is p < 0.05 as 
the basis for statistical decision making.

RESULTS AND DISCUSSION 

Table 1. Normality Test

Variabel Shapiro-Wilk Sig. Normality

Power_Arms 0.904 0.041 Not

Power_Leg 0.896 0.030 Not

Speed_Ball 0.939 0.204 Normal

Height 0.940 0.219 Normal

Weight 0.952 0.376 Normal

Fat 0.956 0.448 Normal

Kcal 0.948 0.308 Normal

BMI 0.873 0.011 Not

M_Trunk 0.883 0.017 Not

M_Arms 0.909 0.053 Not

M_Legs 0.840 0.003 Not

M_Whole_Body 0.904 0.041 Not

Non-normal variables are analyzed using 
Spearman, while normal variables can be ana-
lyzed using Pearson.

Table 2. Combined Correlation Test

Variabel
Pearson 

r
Sig. 

(2-tailed)
Spearman 

P
Sig. 

(2-tailed)
Sig.

Power_Arms 0.547 0.010 0.541 0.011 (+) sig.

Power_Leg 0.509 0.018 0.323 0.153
(+) sig. r  
(-) sig. p

Height 0.649 0.001 0.649 0.001 (+) sig.

Weight 0.547 0.010 0.547 0.010 (+) sig.

FAT 0.525 0.015 0.525 0.015 (-) sig.

M_Trunk 0.594 0.004 0.594 0.004 (+)  sig.

M_Legs 0.397 0.075 0.380 0.090 (+) - sig

M_WholeBody 0.547 0.010 0.541 0.011 (+) sig.

BMI 0.054 0.817 0.073 0.754 (-) sig.

The correlation analysis results show that 
several variables have a significant relationship 
with ball speed. Variables that have a significant 
positive relationship include arm power, height, 
weight, trunk muscle mass, and whole-body mus-
cle massConversely, body fat percentage (FAT) is 
significantly negatively correlated with ball speed. 
Several other variables did not show a significant 
relationship, namely leg power (with Spearman), 
leg muscle mass (M_LEGS), and body mass in-
dex (BMI). The difference in results between 
Pearson and Spearman is particularly evident in 
leg power, which is significant in Pearson but not 
in Spearman, possibly due to the non-normal dis-
tribution of  data and the more conservative na-
ture of  Spearman.

This model shows that the combination of  
Arm Power, Leg Power, and TB simultaneously 
contributes 45.4% to ball speed (R² = 0.454). The 
F value is significant (p = 0.014), meaning that 
the regression model as a whole is valid for use. 

Individually, none of  the variables were 
significant. This insignificance was likely due 
to the small sample size (n = 21). However, the 
direction of  the relationship remained positive, 
consistent with previous correlation findings.

The results of  the study indicate that ath-
letes' physical abilities, particularly arm muscle 
strength, play an important role in spike perfor-
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mance in volleyball. This is in line with the prin-
ciples of  biomechanics, whereby the arm muscles 
function to transfer energy from the body to the 
ball effectively, so that the stronger the arm mus-
cles, the greater the potential speed of  the ball 
(Baena-Raya et al., 2021b). This finding is also 
supported by previous literature emphasizing the 
importance of  arm strength in generating explo-
sive and accurate hits in volleyball athletes (Wis-
miarti & Hermanzoni, 2020).

When viewed from the perspective of  
sports development based on Long-Term Ath-
lete Development (LTAD), the 12–15-year-old 
sample in this study is in the “Training to Train” 
phase, which is the stage where athletes begin 
to experience rapid development in physical 
abilities, movement coordination, and basic tech-
niques in a systematic manner. During this phase, 
there is a critical window for improving strength 
adaptation, so that the development of  physical 
capacity, such as arm and leg muscle power, will 
have a real impact on game skill performance, 
including ball speed on open spikes. (Balyi & 
Hamilton, 2004). Other studies also confirm that 
strength training during adolescence can improve 
physical performance without interfering with 
growth, and is consistent with long-term devel-
opment planning in accordance with LTAD. 
(Granacher et al., 2016). In addition, variations 
in performance among athletes in this age range 
are a natural phenomenon because biological de-
velopment and physical maturity levels are not 
uniform among individuals. (Albaladejo-Saura 
et al., 2022). Thus, the results of  this study are 
consistent with the characteristics of  athlete de-
velopment in the LTAD phase, where improve-
ments in physical abilities contribute directly to 
the achievement of  technical performance such 
as speed open spike.

Leg muscle strength plays a role in body 
stability and jumping ability, which indirectly 
affects ball speed (Bobula et al., 2024). Athletes 
with good leg power have more optimal body 
thrust when spiking, making their spikes more ef-
fective (Přidal et al., 2023). Although its influence 
is more supportive than that of  the arm muscles, 
leg strength remains an important component in 
overall spike performance.

In addition to muscle strength, several an-
thropometric components also affect ball speed. 
Optimal height and weight allow athletes to 
achieve better leverage and body position when 
spiking, thereby maximizing energy transfer (Ri-
yad Fadhli et al., 2021). Core strength and overall 
muscle mass also support an athlete's ability to 
control their body, transfer power from their legs 

to their arms, and generate more explosive spikes 
(Bora & Dağlıoğlu, 2022) Conversely, a high per-
centage of  body fat can reduce an athlete's ex-
plosive ability, as fat mass does not contribute to 
muscle power (Apollaro et al., 2024)

These findings indicate that spike perfor-
mance is not influenced by a single variable, but is 
the result of  the interaction of  several factors, in-
cluding muscle strength, body posture, and body 
composition (Dopsaj et al., n.d.). Therefore, ef-
fective training to increase ball speed should be 
multifactorial, including strengthening the arm 
muscles, developing core strength, and improving 
body composition (Saeterbakken et al., 2025)

The limitations of  this study include the 
relatively small sample size and the fact that 
the study focused only on athletes from certain 
schools. Therefore, these findings should be in-
terpreted with caution and not immediately gen-
eralized to the wider population of  volleyball 
athletes. Nevertheless, this study provides clear 
practical implications for coaches and athletes, 
namely the importance of  combining strength 
training and technical training in a balanced 
manner to improve spike performance.

CONCLUSION

Based on the results of  the study, it can be 
concluded that arm muscle power, height, and 
trunk strength have a positive relationship with 
ball speed, indicating that certain physical abili-
ties and body composition play an important role 
in spike performance. Leg muscle power, BMI, 
and several other anthropometric components 
did not show a significant relationship with ball 
speed in this study sample. These findings em-
phasize the importance of  exercises that focus 
on strengthening arm muscles, developing core 
strength, and managing body composition to im-
prove spike speed. Limitations of  the study, such 
as the limited sample size and focus on specific 
school athletes, mean that the results should be 
interpreted with caution. Further research is rec-
ommended using a larger and more diverse sam-
ple, as well as considering other factors that may 
influence ball speed to gain a more comprehen-
sive understanding.

REFERENCES

Albaladejo-Saura, M., Vaquero-Cristóbal, R., García-
Roca, J. A., & Esparza-Ros, F. (2022). The Ef-
fect of  Age, Biological Maturation and Birth 
Quartile in the Kinanthropometric and Physical 
Fitness Differences between Male and Female 



Resik Citra Gemilang, et al. / Journal of Physical Education, Sport, Health and Recreation (14)(3)(2025) 1216 - 1221

1220

Adolescent Volleyball Players. Children, 9(1). 
https://doi.org/10.3390/children9010058

Apollaro, G., Panascì, M., Ouergui, I., Falcó, C., 
Franchini, E., Ruggeri, P., & Faelli, E. (2024). 
Influence of  Body Composition and Muscle 
Power Performance on Multiple Frequency 
Speed of  Kick Test in Taekwondo Athletes. 
Sports, 12(12). https://doi.org/10.3390/
sports12120322

Baena-Raya, A., Soriano-Maldonado, A., Rodríguez-
Pérez, M. A., García-De-Alcaraz, A., Ortega-
Becerra, M., Jiménez-Reyes, P., & García-
Ramos, A. (2021a). The force-velocity profile 
as determinant of  spike and serve ball speed in 
top-level male volleyball players. PLoS ONE, 
16(4 April). https://doi.org/10.1371/journal.
pone.0249612

Baena-Raya, A., Soriano-Maldonado, A., Rodríguez-
Pérez, M. A., García-De-Alcaraz, A., Ortega-
Becerra, M., Jiménez-Reyes, P., & García-
Ramos, A. (2021b). The force-velocity profile 
as determinant of  spike and serve ball speed in 
top-level male volleyball players. PLoS ONE, 
16(4 April). https://doi.org/10.1371/journal.
pone.0249612

Balyi, I., & Hamilton, A. (2004). Long-Term Athlete 
Development: Trainability in Childhood and 
Adolescence. Windows of  Opportunity. Opti-
mal Trainability. In Optimal Trainability.

Bobula, G., Piech, J., Płonka, A., Król, P., Czarny, W., 
Pinto, R., Pawlik, D., Rydzik, Ł., & Bajorek, W. 
(2024). Evaluation of  Lower Extremities Power, 
Movement, Position and Effectiveness in Vol-
leyball. Applied Sciences (Switzerland), 14(21). 
https://doi.org/10.3390/app142110065

Bora, H., & Dağlıoğlu, Ö. (2022). Effect Of  Core 
Strength Training Program On Anaerobic 
Power, Speed And Static Balance In Volley-
ball Players. European Journal of  Physical 
Education and Sport Science, 8(5). https://doi.
org/10.46827/ejpe.v8i5.4355

Dopsaj, M., Ivanovi, J. C., Si C, G. N., & Jari, S. 
C. (n.d.). Body Composition And Muscle 
Strength Predictors Of  Jumping Performance: 
Differences Between Elite Female Volleyball 
Competitors And Nontrained Individuals Ne-
manja Copi. www.nsca.com

Farihandiandra, Y., Gumilar, A., Subroto, T., & Da-
rajat Kusumah Negara, J. (2024). Analisis 
Keefektifan Gerakan Open Spike Dalam Olah-
raga Bola Voli, Ditinjau Dari Aspek Biome-
kanika Analysis Of  The Effectiveness Of  The 
Open Spike Movement In Volleyball, Viewed 
From The Biomechanical Aspect. Jambura 
Sports Coaching Academic Journal.

Fuchs, P. X., Mitteregger, J., Hoelbling, D., Menzel, H. 
J. K., Bell, J. W., von Duvillard, S. P., & Wag-
ner, H. (2021). Relationship between general 
jump types and spike jump performance in elite 
female and male volleyball players. Applied 
Sciences (Switzerland), 11(3), 1–8. https://doi.
org/10.3390/app11031105

Galib Feratulloh, F. (n.d.). Hubungan Power Otot Len-
gan Dan Otot Tungkai Dengan Hasil Pukulan 
Smash Pada Peserta Ekstrakulikuler Bola Voli 
SMP Muhammadiyah 1 Sendang Agung Lam-
pung Tengah.

Granacher, U., Lesinski, M., Büsch, D., Muehlbau-
er, T., Prieske, O., Puta, C., Gollhofer, A., & 
Behm, D. G. (2016). Effects of  resistance train-
ing in youth athletes on muscular fitness and 
athletic performance: A conceptual model for 
long-term athlete development. In Frontiers in 
Physiology (Vol. 7, Issue MAY). Frontiers Re-
search Foundation. https://doi.org/10.3389/
fphys.2016.00164

Haqmal Proja, S., Nurlatifa Romadhoni, W., Wicak-
sono, A., Rani Ditya Candra, A., & Nizar Pri-
ambodo, E. (2023). Leg Power, Arm Strength, 
and Smash Accuracy in Female Volleyball Ath-
letes: A Correlational Study. Proceedings of  In-
ternational Conference on Physical Education, 
Health, and Sports.

Insanistyo, B., Kurniawan, E., Nopiyanto, Y. E., Ibra-
him, I., & Kardi, I. S. (2023). Examining Pow-
er and Smash in Female Volleyball Athletes. 
Physical Activity Journal, 5(1), 27. https://doi.
org/10.20884/1.paju.2023.5.1.9269

Legg, L., Rush, M., Rush, J., McCoy, S., Garner, J. 
C., & Donahue, P. T. (2021). Association Be-
tween Body Composition and Vertical Jump 
Performance in Female Collegiate Volleyball 
Athletes. International Journal of  Kinesiology 
and Sports Science, 9(4), 43–48. https://doi.
org/10.7575/aiac.ijkss.v.9n.4p.43

Najib, M., Hidayat, S., & Chandra Adinata Kusuma, 
K. (2023). Kontribusi Power Otot Tungkai, 
Kelentukan Dan Power Otot Lengan Terhadap 
Smash Pada Atlet Yunior Putra Akademi Bola 
Voli Buleleng. Jurnal Pendidikan Kepelatihan 
Olahraga.

Přidal, V., Matušov, M., & Mikulič, M. (2023). Re-
lationship between spike speed and selected 
strength parameters in top-level female vol-
leyball players. Journal of  Physical Educa-
tion and Sport, 23(3), 675–681. https://doi.
org/10.7752/jpes.2023.03083

Riyad Fadhli, N., Wulandari, A. M., Rifa’i, I. P., As-
sidiqqi, M. G., Kusuma, B., & Wijaya, P. (2021). 
Performa Smash Bola Voli Dalam Event Liga 
Mahasiswa Ditinjau Dari Antropometri Dan 
Pengalaman Bertanding. JSES : Journal of  
Sport and Exercise Science, 4(1), 1–10. https://
journal.unesa.ac.id/index.php/jses

Saeterbakken, A. H., Sandvikmoen, T. E., Iversen, E., 
Bjørnsen, T., Stien, N., Andersen, V., Scott, 
S., & Prieske, O. (2025). The effect of  heavy-
resistance core strength training on upper-body 
strength and power performance in national-
level junior athletes–a pilot study. Frontiers 
in Physiology, 16. https://doi.org/10.3389/
fphys.2025.1617104

Saputra, R. (2023). Kontribusi Kekuatan Otot Tungkai, 
Otot Lengan Bahu dan Kelentukan Pergelan-



1221

Resik Citra Gemilang, et al. / Journal of Physical Education, Sport, Health and Recreation (14)(3)(2025) 1216 - 1221

gan Tangan Terhadap Kemampuan Smash 
Dalam Permainan Bola Voli Pada Siswa Kelas 
XI SMAN 4 Banda Aceh.

Sarvestan, J., Svoboda, Z., & Linduška, P. (2020). Kine-
matic differences between successful and faulty 
spikes in young volleyball players. Journal of  
Sports Sciences, 38(20), 2314–2320. https://
doi.org/10.1080/02640414.2020.1782008

Siregar, J. S., Nasuka, N., & Wahyudi, A. (2023). Anal-
ysis of  the Contribution of  Anthropometry and 
Physical Conditions to the Spike Ability of  
the Praporprov Volleyball Team of  Semarang 
City in 2022. JUARA : Jurnal Olahraga, 8(1), 
246–256. https://doi.org/10.33222/juara.
v8i1.2661

Tokay, B., & Akil, M. (2025). Tactical-game and tech-
nical approach: the importance of  sport type 
and method in developing metacognitive con-
trol and awareness in school going children. 
Current Psychology. https://doi.org/10.1007/
s12144-025-07935-4

Wang, J., Qin, Z., & Wei, Z. (2024). Power and ve-
locity performance of  swing movement in the 
adolescent male volleyball players – age and 
positional difference. BMC Sports Science, 
Medicine and Rehabilitation, 16(1). https://
doi.org/10.1186/s13102-024-00898-2

Wismiarti, & Hermanzoni. (2020). Pengaruh Kekua-
tan Otot Lengan Dan Daya Ledak Otot Tung-
kai Terhadap Kemampuan Smash Bolavoli. 
Jurnal Patriot, 2(2).


