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Abstract

The study purpose was to identify the effects of a combination of plyometric exercises in the increasing leg and arm

power abilities of volleyball athletes.

Materials and methods. Forty students were involved in this study. They were students who were active in practicing
volleyball, and then they were divided into four groups of 10 students each, namely (1) Squat thrust jumps and clap
push-ups, (2) Squat thrust jumps and lateral push-ups, (3) Rope jumps and clap push-ups; and (4) Rope jumps and
lateral push-ups. Then they practiced plyometrics three times a week for eight weeks. Statistical analysis used the
t-test and the N-Gain Score using the Statistical Package for Social Science (SPSS) version 26 program.

Results. The results of the combination of plyometric exercises stated that it had an effect on the muscle power

of both the legs and arms (p<0.05); then, the results showed the combination of squat thrust and lateral push-up
exercises was effective in increasing the ability of leg muscle power by 84.43% while the variety of squat thrust jump
exercises and clap push-ups provide effectiveness in increasing arm muscle power by 25.23%.

Conclusions. The variety of these two types of plyometric exercises was successful in helping volleyball athletes
improve their vertical jump abilities. Still, from the results of this study, it was not very effective in increasing the

capacity of arm muscle power.

Keywords: plyometrics, power, muscles, combined exercises.

Introduction

Volleyball is a very popular sport at this time, to
become a professional player, it requires main indicators on
anthropometric profiles (height and BMI) as well as physical
components (leg power, speed, and agility) (Tsoukos et al.,
2019), volleyball athletes also need development of explosive
power exercises to support performance (Loturcoetal.,2018).
Athletes with low levels of performance differ significantly,
with athletes from higher-ranked teams achieving better
results (Pocek et al., 2021). Successful players are volleyball
athletes with slimmer and taller anthropometric profiles and
greater motor skills than lower-level players (Mili¢ et al.,
2017). Volleyball coaches must be observant in developing
these two profiles from the start of the athlete joining the
training program.
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Success in attacking actions in volleyball matches
is directly related to the athlete’s ability to make vertical
jumps (Berriel et al., 2021). Thus, players need coordinated
movements of the hips, torso, shoulders, elbows, and wrist
muscles to efficiently transfer their power to the ball (Baena-
Rayaetal., 2021). Therefore, volleyball athletes often perform
jumps, moving quickly, and a combination of the two during
practice and matches.

Improved spike performance is generally associated with
increased motor mobilization units, increased coordination
between muscles, increased nerve stimulation to agonist
muscles, and increased use of SSCs (Markovic & Mikulic,
2010; Taube et al., 2012). Plyometric exercises show positive
things for volleyball athletes, and practices are characterized
by slow cycles of muscle-tendon shortening (SSC) or fast
SSC and jumping exercises with different ground contact
times (Ramirez-Campillo et al., 2020). During slow and fast
SCC, the accumulation of elastic energy facilitates greater
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regeneration of mechanical work, i.e., explosive forces in
subsequent actions (Radnor et al., 2017).

Plyometric training is suitable for increasing vertical
jumping ability (Stojanovi¢ et al., 2017), agility, and speed
(Silva et al., 2019). All of these components are needed
by volleyball athletes. In addition, plyometric training,
combined with other typical training modalities, elicits
many positive changes in healthy individuals’ nervous and
musculoskeletal systems, muscle function, and athletic
performance (Markovic & Mikulic, 2010). In previous
research, plyometric training can increase the jumping
ability of young athletes (Meylan & Davide, 2009; Santos
& Janeira, 2008); squat thrust and jumping rope are types
of exercises that can increase speed and power (Fischetti et
al., 2018).

Inaddition to strengthening the lower muscles, volleyball
players also need to increase performance in the upper body,
especially in the trapezius and pectoralis muscles (Cuckova
et al,, 2012). Clap push-up exercise is an exercise that can
increase the activation ability of the pectoralis major, triceps
brachii, and anterior deltoid muscles (Nadzalan et al., 2021).
This type of plyometric exercise is highly recommended to
increase strength in the upper body (Moore et al., 2011).

Many reviews have been written about the benefits of
plyometric training. However, most of these reviews focus
on one body part (Sole et al., 2021). This study focuses on the
effect of 2 plyometric combination exercises on increasing
body performance in the arms and legs. Both of these parts
have contributed to the implementation of volleyball athletes
in volleyball.

Materials and methods

Participants

Forty male students participated in this study. They have
inclusion requirements, namely 1. Are students who are ac-
tive in the activities of the volleyball branch student activity
unit. 2. The age of the participants is 19-20 years. 3. Actively
engage in physical activity at least three times a week. Fur-
thermore, 40 students were divided into four experimental
groups, which were differentiated based on the form of ex-
ercise given. The division is group (1) Squat thrust jump and
clap push-ups; (2) squat thrust jumps and lateral push-ups,
(3) rope jumps and clap push-ups; and (4) Rope jumps and
lateral push-ups. Before the trial, participants were informed
of the benefits and potential risks associated with the study.
In addition, all signed informed consent forms according to
the most recent revision of the Declaration of Helsinki.

Table 1. Demographic Characteristics

N Body Weight Body Height Age
40 60-70 kg 170-180 cm  19-20 Years
Study Protocol

Forty participants will carry out combined plyometric
physical training for 8 weeks (3 times a week) (Negra et al.,
2020; Voisin & Scohier, 2019). All participants were divided
into four groups, and each group had 10 participants; they
were included in groups (1) Squat thrust jumps and clap

push-ups, (2) squat thrust jump and lateral push up, (3) rope
jump and clap push up; and (4) Rope jumps and lateral
push-ups. Leg power was assessed using a force plate/Accu
power version 1.3, and arm power was measured using a ball
medicine throw test.

Statistical analysis

The mean and standard deviation were measured
using descriptive statistics. Furthermore, to determine the
differences in each treatment using the t-test. And to see what
treatment is most effective in supporting the performance
of power for both resolution and arm muscles, the NGain
Score test is used. Statistical analyzes were performed using
the SPSS 26 program for Windows (SPSS, Inc., Chicago, IL).

Results

Table 2 explains that the four groups provide differences
after doing a combination of plyometric exercises. Squat
thrust exercise gives the best results in increasing leg and
arm muscle power after undergoing plyometric training for
eight weeks.

Table 2. Results of Descriptive Analysis of the difference
between Pre-test and post-test Power of the Muscles of the
Legs and Arms

Leg Muscle Arm Muscle
Group Treatment N  Mean D Mean
(Watt) (Meter)

Squatthrustandclap 51010 560 902 270
push up
Squat thrust and lateral 10 644 072 729 1.27
push up
Rope jump and clap 10 1002 170 506 192
push up
Ropejumpandlateral ) 30 40 565 250

push up

Table 3 shows that the intervention of squat thrust and
lateral push-up exercises gave a highly practical value of
84.43% in increasing leg muscle ability. Furthermore, the
intervention of squat thrust and clay push-up exercises only
provided an effective value of 45.53%. On the other hand, the
combination of rope jump and lateral push-up exercises only
gives a weight of 3.36%. Meanwhile, the variety of rope jump
and lateral push-up exercises gave a small value of 3.36%, or
it can be said that it was ineffective for leg power.

In table 4, it can be seen that the intervention of several
combinations of plyometric exercises only had an impact
of less than 25% on increasing the performance of arm
muscle power. First, the variety of plyometric exercises in
the form of squat thrusts and clap push-ups has the greatest
impact, with an effect of 25.23%. Then, the combination of
plyometric exercises in the form of squat thrusts and lateral
push-ups has an effect of 21.66%. After that, the variety of
plyometric exercises in rope jumps and clap push-ups only
had an effect of 14.83%. And the combination of plyometric
exercises in the form of rope jumps and lateral push-ups only
had an impact of 22.18% on arm power ability.
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Table 3. Of the effectiveness of the exercise on the four treatments on leg muscle power

No Group Treatment N r t Sig.  N-Gain Score %
1 Squat thrust and clap push up 10 45.53 45.53 %
2 Squat thrust and lateral push up 10 84.43 84.43 %
0.641 -6.381 0.000
3 Ropejump and clap push up 10 3.36 3.36 %
4 Rope jump and lateral push up 10 15.36 15.36 %
Table 4. Shows the effectiveness of exercise in 4 treatments on arm muscle power
No Group Treatment N r t Sig.  N-Gain Score %
1 Squat thrust and clap push up 10 -25.23 2523 %
2 Squat thrust and lateral push up 10 -21.66 21.66 %
0.991 -15.662 0.000
3 Ropejump and clap push up 10 -14.83 14.83 %
4 Rope jump and lateral push up 10 -22.18 22.18%
Discussion changes in muscle size and/or architecture, and changes in

Volleyball has immediate difference from similar sports
such as basketball. This sport allows an athlete to perform
explosive power in both the lower body (legs) and upper
body (arms). This happens when a volleyball player hits
a mass, and then the function of the leg and arm muscles
both perform explosive power movements. In volleyball, the
ability to jump on each player is very important to master
because it is a characteristic of the volleyball game itself,
especially in increasing improvement and maintaining
points (Pereira et al., 2015).

After eight weeks of plyometric training with a
combination of plyometric exercises, it was found that the
variety of plyometric exercises using squat thrusts had more
impact on the average power of volleyball athletes than the
group using a variety of rope jump plyometric exercises.
However, the squat thrust combination group and the rope
jump combination gave the same results.

Hypertrophy of the quadriceps, Vastii, rectus femur
and gluteus maximus muscles is why there is an increase in
power in the supporting muscles (Ribeiro et al., 2022). In
addition, squat thrust exercises also increased the quality of
the vertical jump both in the single plyometric exercise group
(Ramlan et al., 2018) and in combination with plyometric
training (Adams et al., 1992).

This study found that plyometric exercise more
effectively influenced lower body power. This is in line with
previous research, which concluded that plyometric training
has the potential to improve lower extremity performance
(Chelly et al., 2014; Davies et al., 2015; Hrzenjak et al., 2016).
Therefore, plyometric training is an important component
of any training program for volleyball players (Ahmadi et
al, 2021).

Two volleyball players’ abilities, such as spike and block,
rely heavily on jumping skills. Fast and high jumps are an
important requirement for every player (Loturco etal., 2017).
The increased elastic characteristics of musculotendinous
nerves are thought to cause increased muscle performance
when jumping (Ignjatovic et al., 2012). Plyometric training
can lead to neuromuscular adaptations that lead to improved
jumping performance. These adaptations can include
increased nerve impulses to the agonist’s muscle, changes
in the mechanical stiffness characteristic of muscle-tendon,

single-fibre mechanics (de Villarreal et al., 2009; Maffiuletti
et al., 2002; Thomas et al., 2009). Other possible aspects of
neural adaptation to plyometric training include changes in
leg muscle activation strategy (or inter-muscle coordination)
during vertical jumps, particularly during the preparatory
jump phase (i.e., pre-landing), and (ii) changes in the
excitability of the stretch reflex (Bishop & Spencer, 2004; de
Villarreal et al., 2009).

The interesting thing in this study was that the rope
jump exercise treatment group did not show effectiveness in
the power test results for both leg and arm muscles. This is
possible because rope jump training tends to give great value
to increasing agility and speed skills (Fischetti et al., 2018).

The surprising finding in this study was that the
percentage of exercise effectiveness in the group did not give
effective results when associated with the performance of
arm muscle power. In this study, the four treatments had less
than 25% practical value, so they were considered ineffective
in increasing arm muscle power. In addition, clap push-ups
in the study (Moore et al,, 2011) gave differences from the
results of the pre and post-tests in this study also made
differences. Still, in the statistical analysis results, the N-Gain
score had a low effectiveness value.

Research provides a new understanding of training
patterns to increase power in volleyball athletes. Combining
the two exercises to increase power in the upper body (arm
muscles) and upper body (leg muscles) is only effective in
one component, the upper body.

Conclusions

The combination of 2 types of plyometric exercises
greatly impacts increasing power in the leg muscles. The va-
riety of these two types of plyometric exercises was success-
ful in helping volleyball athletes improve their vertical jump
abilities. Still, from the results of this study, it was not very
effective in increasing the capacity of arm muscle power.
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BN/IMB 8 TUXKHIB KOMBIHOBAHOIO MJIIOMETPUYHOIO
TPEHYBAHHSA HA 3BJIbLUEHHA CUNU M’A3IB HUXKHbOI
TA BEPXHbOI YACTUHU TUTA Y CTYAEHTIB-BOJIENBONICTIB

Myxammap'45°P; Hinin Bigpax KycHanik'4*, baro Aryn IIpamono'

'Cypabaiicbkuit lep>kaBHUN YHIBEpCUTET

ABTOpCchKNMil BKIA: A — nu3aits gocnimpkenns; B — 36ip ganux; C - cratananis; D - migroToska pykomucy; E - 36ip komris

Pedepar. Crartsi: 6 ., 4 TabIL., 35 mXKeper.

MerTor0 FOCTiKeHHA OY/I0 BUABUTH BIUIMB KOMOIHAI[l IUTIOMETPUYHNX BIIpaB Ha 301/IblIeHHA CIIOBUX 3Ai6HOCTEN HIr

i pyx y Bones6omicTis.

Marepianu Ta MeTopu. Y 1IbOMY JOCI>KeHH] Opaj y4acTb COpOK CTyAeHTiB. Ile 6y/mu cTymeHTH, AKi aKTUBHO 3aiiMajIiCs

BO/IENI00/IOM, IX PO3JI/IMIN HA YOTUPHM TPy IO 10 CTyfeHTiB y KOXKHIiL, a came: (1) cTpubKu 3 Ipucifiy HoraMu Hasaj y 1oo-
JKEHH1 IUVIaHKY il TIOBEPHEHHAM y BMXi/iHEe IOJIOXKEHH: 31 CTPUOKOM Y BICOTY Ta BiI)KMMAaHHs 3 OIIeCKaMI, (2) cTpubKu 3 mpu-
CiZly HOramu Hasaj y TOI0)KEeHH: IUIAHKM Ji TIOBEPHEHHAM Y BUXi/[He ITONOXKEHHA 31 CTPUOKOM y BICOTY Ta OOKOBI BifpKMMaHHS,
(3) cTpmOKmM 3i CKaKa/JKOI Ta BIIKMMaHHSA 3 X/TONKaMy; Ta (4) cTpubKu 3i cKakankoro Ta 60KoBi BifpknmanHs. [loTiMm BoHM 3a-
JiManucs MioMeTpi€ero TpUi Ha TUXKAE€HD IPOTATOM BOCbMU TVDKHIB. JI7I1 CTaTMCTUYHOTO aHa/li3y BUKOPUCTOBYBaIN t-KpUTepiit
CrplofieHTa Ta OLIHKY HOPMaTi30BaHOTO IIPUPOCTY 3a fgorromoroto 113 Statistical Package for Social Science (SPSS) Bepcii 26.
Pesynprarn. PedynpraTu KoM6iHaIil IITiOMeTPMYHMX BIIPAB CBiAYATh MO ii BIUIMB Ha CUIy M A3iB SK HiT, Tak i pyk (p<0,05);
TAaKOX, Pe3y/IbTaTy [OKa3ay, [0 KOMOiHaLlisA BIIpaB «CTPUOKM 3 IPUCI/Iy HOraMu Ha3af Y IIOI0)KeHHSI ITAaHKM i1 IOBEPHEHHSM y
BUXifIHE IIOJIOXKEHH 31 CTPUOKOM y BUCOTY» Ta «OOKOBi Bill)k1IMaHH:A» Oy/a eeKTUBHOIO 11 361/IbIIeHH 3aTHOCTI CU/IM M A3iB
Hir Ha 84,43%, Topi SIK Pi3HOMaHITHICTb BIIPAaB Ha CTPMOKM 3 IIPUCI/Iy HOTaMM Ha3ajl y OIOKEHHsI IVTAHKM i HOBEPHEHHSM Y BI-
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Xi/{He MOJIOXKeHH: 31 CTPUOKOM y BICOTY Ta BifpKMMaHHA 3 Oluleckamu 3abesredye eeKTUBHICTD y 30iIblieHH] crmy M's3iB PyK
Ha 25,23%.

BucnoBku. Pi3sHOMaHITHICTD IMX JBOX THIIB IVTIOMETPMYHMX BIIPAB YCIIIIHO JOIOMOITIA BOJIeNt0omicTaM MOKPAIUTH IXHI
31i6HOCTI y BUKOHaHHI cTpuOKiB y Bucory. IIpoTe, 3a pesyabraraMu 1[bOro JOCII/PKEHH:, BOHA He Oyna fyxe eeKTUBHO Y
36i/1bIIeHH] Ctu M sI3iB PyK.

Kirouosi coBa: mriomerpis, cuma, M’ 31, KOMOiHOBaHi BIIpaBIL.
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