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Abstract
Purpose. The study aimed to compare and correlate the power, height, eccentric and concentric force development rate of 
3 sequential attempts of countermovement jump (CMJ) and the respective muscle response in beach and indoor volleyball 
athletes.
Methods. The sample involved high-level hard court indoor volleyball (HCIV, n = 7) and high-level sand court beach volley
ball (SCBV, n = 6) athletes. They performed 3 CMJs (1st CMJ vs. 2nd CMJ vs. 3rd CMJ) to determine the height, eccentric force 
development rate (EFDR), concentric force development rate (CFDR), power, and lower limbs muscle electrical activity.
Results. Difference was demonstrated between HCIV vs. SCBV players in 3rd CMJ EFDR (–270.2 ± 31.6 N/s vs. –214.3 ± 
38.7 N/s). In HCIV, 1st CMJ was different from 2nd CMJ and 3rd CMJ in EFDR (–239.0 ± 27.3 N/s vs. –285.6 ± 40.2 N/s 
and –270.2 ± 31.6 N/s), CFDR (87.8 ± 24.4 N/s vs. 89.6 ± 25.7 N/s and 75.0 ± 23.6 N/s), and power (2341.8 ± 342.3 W 
vs. 2433.9 ± 327.2 W and 2411.0 ± 358.5 W). In SCBV, 2nd CMJ was different from 3rd CMJ in EFDR (–267.1 ± 45.2 N/s 
vs. –214.3 ± 38.7 N/s). In 2nd CMJ, the left gluteus presented lower electrical activity than the left medial gastrocnemius, 
and HCIV revealed a difference between the response of the right and left gluteus in 3rd CMJ.
Conclusions. Our analysis demonstrated ca. 70% of good or excellent intra-class correlation between the beach and indoor 
groups.
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Introduction

Indoor and beach volleyball have been part of the 
official program of the Summer Olympic Games, de-
spite their similarities. Apart from the obvious differ-
ence between hot sand and hard court, there are fac-
tors to consider regarding the transitions from beach to 
indoor volleyball, especially the jump power [1]. The 
capacity of the neuromuscular system to produce pow-
er using the lower limbs is critical for performance in 
beach and indoor volleyball, since in both there are 
two teams separated by a net trying to score points 

by grounding a ball on the other team’s court with ac-
tions that involve jumping activities such as serving, 
attacking, blocking, and setting [1–3]. The average of 
beach and indoor rallies per set is ca. 30 s and ca. 45 s, 
with a work-to-rest ratio of 1:4 and 1:5, respectively 
[4, 5], considering that the player has up to 8 s to draw 
the ball and that each player jumps and touches the 
ball at least once per set and minute [4, 5]. Thus, it 
would be interesting to check the difference between 
maximal vertical jumping performed by the use of 
a sequential dynamic strategy, with a gap of 1-min rest, 
similar to what occurs during the game [4, 5]. To do so, 
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the countermovement jump (CMJ) is a useful physi-
cal performance test to evaluate the athletic potential 
of volleyball players owing to its good or excellent posi-
tive correlation with speed, power, agility, and strength 
performance [6].

CMJ allows potential energy to be converted to 
downward kinetic energy and then elastic strain en-
ergy [6]. During a maximal vertical jump starting from 
a static preparatory position, CMJ is performed with 
no other constraints than the anatomy, and it seems 
likely that the use of different strategies is solely de-
pendent on the subject’s particularities [6]. Therefore, 
it is possible to verify the differences between beach 
and indoor players, which make it possible to under-
stand the effects of training on the sand surface and 
on the hard court.

In fact, the main differences between indoor and 
beach volley are in the court conditions (hard vs. sand), 
as well as in the rules; in a match, beach volleyball con-
sists of a series of best-of-three games, with each game 
played to 21 points [5]. Two sets win the match, and 
the third tiebreaker set, if necessary, is also played to 
15 points [5]. There is a difficulty of jumping in the 
sand and performing the necessary actions in the 
game, while indoor volleyball seems to be longer, as 
a match consists of 5 sets, or games [4]. The first team 
to reach 25 points wins the set [4]. Three sets win the 
match, and the fifth tiebreaker set, if necessary, is 
only played to 15 points [4]. Therefore, indoor games 
are longer and less intense, which may interfere with 
the variables associated with jumping. In contrast, since 
physical and technical demands tend to increase dur-
ing the long-term development of the athlete (related 
to athletes’ specialization) [3], it is also expected that 
the power-related capacities (i.e. vertical jump ability) 
will simultaneously increase throughout the high-lev-
el athletes’ preparation processes [5, 6] and present 
differences between the two volleyball modalities. 
This means that both show direct dependence on neu-
ral activation of the lower limbs for jumps and rapid 
movements during the game, while beach volleyball 
seems to present more intensity, volume, and appar-
ent muscle activity changes caused by longer rallies, 
reduced speed and mobility on the beach [3, 4].

Previous studies have compared submaximal and 
maximal vertical CMJs, in which the effects demon-
strate different motor strategies being employed for 
the 2 situations, with muscle power in such submax-
imal jumps being mainly generated from the calf mus-
cles, while the mechanical energy for maximal jumps 
mostly comes from the thigh and hip musculature [6]. 
Aside from muscle strength and ground reaction force, 

electromyographic behaviour (i.e. assessment of neu-
romuscular control) also plays a key role in vertical 
jump performance [7, 8]. Consequently, it is not known 
whether electromyography (EMG) parameters describe 
muscle activity differences between beach and indoor 
volleyball training, as well as whether the specific 
training of beach volleyball causes more positive ef-
fects on the improvement of motor unit recruitments 
than indoor training [6–8]. This factor is particularly 
important because similar magnitude of force and 
the way it is exerted (i.e. step or ramp contractions) can 
show that beach or indoor volleyball players could com-
pete in one or another mode with easy adaptation 
[9–12].

Based on the assumption that jumping is one of the 
most important actions in the development of a volley-
ball game (beach or indoor) [3, 4], the knowledge of 
parameters related to jumping as the variables of time, 
force, the correlation between both (ratio of develop-
ment of force, impulse, and power), and the EMG vari-
ables may be useful for training planning [13–16]. 
This information can be obtained by performing and 
evaluating CMJs and allows coaches and research-
ers to understand a subject’s jumping characteris-
tics, and more specifically the different phases of the 
movement (eccentric and concentric) [17]. In the con-
text of the technical and tactical differences or simi-
larities in playing beach and indoor volleyball modal-
ities, the aim of this study was to compare and verify 
correlations between the power, height, eccentric and 
concentric force development rate of 3 sequential at-
tempts of jumps and the respective muscle electric 
activity of the gluteus maximus, rectus femoris, vastus 
medialis, and medial gastrocnemius of left and right 
lower limbs based on EMG signal during CMJ in beach 
and indoor volleyball athletes. We hypothesized that 
the EMG signal of the analysed muscles would be dif-
ferent for the attempts, specifically indoor volleyball 
athletes would present higher EMG during the eccen-
tric sub-phase and respective force development rate 
than the beach volleyball group.

Material and methods

Experimental approach

This was a comparative and descriptive applied 
study using EMG analysis. We aimed to determine 
specific EMG characteristics of extended muscles of 
the lower limbs analysed during the CMJ in beach and 
indoor volleyball athletes. A validated CMJ protocol 
was identified in previous studies addressing volley-
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ball jump performance analysis [14, 16]. After this, 
the data collection from the Chilean High Performance 
Center was analysed. All CMJ tests were observed in 
a controlled biomechanics laboratory environment 
between 10:00 and 12:00 a.m. at the temperature of 
24.5–27.0°C. We subsequently compared the EMG 
data from CMJ tests of high-level beach and indoor 
volleyball players. CMJ height (cm), power (W), and 
ground reaction force (N) were evaluated by using an 
infrared jump system (Optojump, Microgate®, Bolza-
no, Italy) interfaced with a microcomputer in order to 
assess the muscle power of the lower limbs [18, 19] to 
obtain ground reaction force data. The gathered in-
formation included: jump height (cm), eccentric force 
development rate (EFDR; N/s), concentric force devel-
opment rate (CFDR; N/s) (Figure 1), power (W), and 
muscle activation evaluated by wireless EMG of the 
gluteus maximus, rectus femoris, vastus medialis, and 
medial gastrocnemius muscles. The study ensured 
anonymity and confidentiality by replacing the ath-
letes’ personal identification data.

Participants

The sample was composed of 13 male Chilean in-
ternational volleyball athletes: high-level hard court 
indoor volleyball (HCIV) players (n = 7; age: 25.5 ± 
2.8 years; height: 191.1 ± 1.3 cm; weight: 84.9 ± 5.1 kg) 
and high-level sand court beach volleyball (SCBV) 
players (n = 6; age: 22.0 ± 3 years; height: 188.0 ± 
1.4 cm; weight: 83.5 ± 4.7 kg) aged > 18 years, from 
the indoor and beach volleyball national teams. All 
athletes were exclusively beach or indoor players. The 
sample calculation was performed with a confidence 
level of 95% and a margin of error of 15%, with the 
use of the following equations:

x = Z (c/100) 2r (100 – r)
n = N x / [(N – 1) E2 + x]

E = Sqrt [(N – n) x / n (N – 1)]

where N is the population size, r is the fraction of re-
sponses that one is interested in, and Z (c/100) is the 
critical value of the confidence level c [20].

The study involved all the Chilean beach volleyball 
athletes of the national team and 60% of the indoor 
volleyball team, and training occurred only on beach 
and only on hard court indoor, depending on the cate-
gory. The players participated in international repre-
sentative competitions 2–4 times per month and were 
regularly training 5 times per week, 6 hours per day 
(3 hours of technical-tactical training, 3 hours of physi-

cal fitness and specific prophylaxis exercises) for SCBV 
players, and 3.5 hours per day (3 hours of technical-
tactical training, 45 min of physical fitness and spe-
cific prophylaxis exercises) for HCIV players. It was 
recommended that subjects avoided alcohol consump-
tion at least 72 hours prior to the test and during pro-
tocol, and maintained normal diets. During the pre-
ceding 6 months and at the moment of the evaluation, 
the participants were free of any injury that would 
limit their ability to perform CMJ. A description of 
the protocol and a demonstration of the testing pro-
cedures were provided to the participants prior to com-
pleting any laboratory activities.

Procedures

The athletes completed two laboratory sessions 
separated by 48 hours. The first session aimed to ob-
tain written consent and allow the participants to 
familiarize themselves with the CMJ performance 
within the laboratory environment, do the jump pro-
tocol, and perform 2 sub-maximum jumps 48 hours 
before the evaluation [18]. During the first session, 
all test procedures were explained to the subjects.

We performed screening of health risks and ob-
tained informed consents, prepared forms and re-
corded basic information such as age, height, body 
weight, gender, test conditions. We checked and cali-
brated the timing infrared jump system measurement. 
All subjects performed an appropriate warm-up, with 
the procedure similar to that in the second session, 
used to measure the 3 CMJ attempts. Jump height was 
calculated by using a timing infrared jump system 
(Optojump, Microgate®, Bolzano, Italy), which meas-
ures the time of the feet being off the floor. The athlete 
stands upright in socks or barefoot, as still as possible 
on the floor, with weight evenly distributed between 
both feet. Hands are placed on the hips throughout 
the test. When all is ready, the athlete squats down un-
til the knees are bent at 90°, then immediately jumps 
vertically as high as possible, landing back on the 
floor on both feet at the same time [7, 8]. The present 
study allowed a minimum of 5 min of passive rest 
between trials, following preceding suggestions [21]. 
During CMJ, the take-off must be from both feet, 
with no initial steps or shuffling. Athletes must also 
not pause at the base of the CMJ.

In the second session, the subjects were evaluated 
in a single measurement of 3 CMJ attempts. They 
initially performed a warm-up that consisted of 10 min 
on a static cycloergometer at 50–60% of heart rate 
and 10 min of stretching, as described in previous 
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studies [22–25]. All stretches were taken to the ‘pain 
threshold’ as indicated by the subject so that the mus-
cle-tendon system was stretched to its limit without 
pain, following previous protocols [26]. The evalua-
tion procedure consisted of each subject performing 
3 jumps with 1 min of rest between them; the applied 
recovery time was similar to that between one jump 
and another during rallies, i.e. ca. 1 min [3, 4]. CMJ 
height (cm) and power (W) were evaluated by using an 
infrared jump system (Optojump, Microgate®, Bolzano, 
Italy) interfaced with a microcomputer in order to as-
sess the muscle power of the lower limbs [19] to ob-
tain ground reaction force (N) data by second (s).

Electromyography data acquisition

Surface EMG data were obtained synchronously 
with the reaction force data by using a 16-channel ac-
quisition system (Delsys Trigno Wireless FAQ System, 
USA). An 8-channel protocol was applied, gluteus 
maximus, rectus femoris, vastus medialis, and me-
dial gastrocnemius muscles of the left and right lower 
limbs, with the peak value of EMG for each muscle 
group. Analog signals were interfaced to a personal 
computer running the EMGworks software® system 
(Delsys Trigno Wireless FAQ System, USA). Trigno 
EMG sensors employed 4 silver bar contacts for de-
tecting the EMG signal at the skin surface. For maxi-
mum signal amplitude, the bars were oriented per-
pendicularly to the muscle fibre direction. The top of 
each sensor was shaped with an arrow to aid in de-
termining the orientation. The sensor was placed in 
the centre of the muscle belly, away from tendons and 
the muscle edge. The sensor was attached to the skin 
with the Delsys Adhesive Sensor Interface (Delsys 
Trigno Wireless FAQ System, USA). The Trigno system 
provided simultaneous analogue signal data recon-
struction detected by all active sensors. The signals 
were made available on the 68-pin connectors locat-
ed on the base station. EMG signals at these outputs 
were amplified by a factor of 909, with full dynamic 
range of ± 5 V.

For the location of the EMG sensors, the Surface 
ElectroMyoGraphy for the Non-Invasive Assessment 
of Muscles recommendations [27] were applied; after 
the sensor was inserted, for each muscle evaluated, 
the subject was asked to generate the largest contrac-
tion force possible for 10 seconds against resistance. 
Therefore, the maximum voluntary muscle contrac-
tion was carried out in each evaluated muscle group to 
establish the real muscle electrical activity in 100% 
of activation in all the subjects, and visual execution 

analysis and EMG parameters were considered for 
validity.

Statistical analysis

Descriptive data are presented as means and stand-
ard deviations. The dependent variables of the present 
research were jump height, EFDR, CFDR, power, and 
the muscle response or electrical activity to the jump. 
The groups of athletes, the jump attempts, and muscle 
response were compared. Normal Gaussian distribu-
tion was verified by the Shapiro-Wilk’s test (p values 
of 0.135–0.978). The information relating to the corre-
lation between the jump height and the EFDR, CFDR, 
and power were analysed by intra-class correlation 
coefficient statistics, as described in a preceding re-
port [18], and followed the inter-rater agreement meas-
ures: < 0.40 for poor; 0.40–0.59 for fair; 0.60–0.74 
for good; and 0.75–1.00 for excellent [20]. The athlete 
groups and CMJ attempts were compared with the 
use of a 2 × 3 between-group ANOVA and a Bonfer-
roni post-hoc test. The Student’s t-test was performed 
in comparisons of paired left vs. right side muscles. 
Moreover, muscle activity was compared between mus-

GRF – ground reaction force, COM – centre of mass,  
CMJ – countermovement jump

Figure 1. Example of CMJ sub-phases [14].  
Unloading – the unloading sub-phase; eccentric –  

the eccentric sub-phase and respective force 
development rate (N/s); concentric – the concentric  

sub-phase and respective force development rate (N/s). 
The lowest centre of mass position depth defined the end 

of the eccentric sub-phase and start of the concentric 
sub-phase, and its displacement throughout the jump 
was calculated in relation to standing centre of mass 

height, as suggested in previous studies [28].  
Take-off defined the end of the concentric sub-phase  

and the start of airborne flight [14, 28]
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cles within jump attempts with repeated measures 
ANOVA and a Bonferroni post-hoc test. Furthermore, 
the eta squared ( 2) was calculated as effect size, giv-
ing 0.01 (small), 0.09 (medium), and 0.25 (large) [20]. 
A linear mixed model analysis was applied and in-
cluded random regression effects that accounted for 
the influence of participants on repeated measure-
ments, thereby enabling analysis of individual develop-
ment over CMJ and EMG results. Statistical signifi-
cance of the results was accepted at p < 0.05, and all 
analyses were performed with the Statistical Pack-
age for the Social Sciences software (version 20.0, 
Chicago, USA).

Ethical approval
The research related to human use has complied 

with all the relevant national regulations and institu-
tional policies, has followed the tenets of the Declara-
tion of Helsinki, and has been approved by the Com-
mittee of Ethics in Research of the Saint Thomas 
University of Santiago.

Informed consent
Informed consent has been obtained from all in-

dividuals included in this study.

Results

Table 1 shows the results for the HCIV and SCBV 
athletes in the 3 CMJ tests.

A large effect size and difference were verified in 
EFDR comparisons (F2,10 = 4.948, p = 0.029, 2 = 
0.275). HCIV presented higher values in the 3rd jump 
than SCBV (p = 0.019). Concerning HCIV intra-com-
parisons, the 1st jump had higher values than the 2nd 
and 3rd attempts (p = 0.05). Regarding SCBV intra-
comparisons, the 2nd attempt showed higher values 
than the 3rd jump (p = 0.031).

A large effect size and significant difference were 
observed in CFDR (F2,10 = 7.379, p = 0.032, 2 = 0.747). 
In HCIV intra-comparisons, the 1st jump showed higher 
values than the 3rd jump (p = 0.05).

A medium effect size and difference were observed 
in the power produced by both volley athlete groups 
(F2,10 = 3.543, p = 0.046, 2 = 0.24). The 1st jumps 
obtained lower values than the 2nd jumps (p = 0.035).

Concerning the electrical activity and muscle inter-
comparison, a large effect size and significant differ-
ence were observed in the 2nd jump (F1,12 = 409.499, 
p ≤ 0.001, 2 = 0.972). The left gluteus maximus pre-
sented lower response than the left medial gastrocne-
mius (p = 0.007).

Regarding the comparisons between left vs. right 
side muscles, HCIV demonstrated a main difference 
between the muscle response of the right vs. left glu-
teus maximus in the 3rd jump (t = 3.168, df = 6, p = 
0.019). No other effects were observed when compar-
ing the 3 attempts of HCIV vs. SCBV in jump height, 
EFDR, CFDR, or intra- or inter-muscle electrical ac-
tivity (p > 0.05 for all with no effect comparisons).

Discussion

A surface change can biomechanically modify ath-
letic movements [3]. Thus, the present study aimed to 
compare power, height, EFDR and CFDR of 3 sequen-
tial attempts of jumps, with 1 minute of rest, verifying 
the electrical activity of the gluteus maximus, rectus 
femoris, vastus medialis, and medial gastrocnemius 
muscles of left and right lower limbs across the EMG 
during the CMJ in SCBV and HCIV athletes. This in-
formation brings new knowledge of motor actions and 
muscle response of the enumerated muscles during 
CMJ. Our analysis demonstrated ca. 70% of good or 
excellent intra-class correlations between attempts by 
both groups: SCBV and HCIV. Regarding comparisons, 
in the 3rd jump HCIV presented higher EFDR values 
than SCBV. In addition, the 1st jump by HCIV players 
had higher EFDR and CFDR than the 3rd jump, and 
the 2nd jump by SCBV presented lower values than 
the 3rd jump. As for the muscle electrical activity in 
the 2nd jump, the left gluteus muscle presented lower 
activity than the left medial gastrocnemius for SCBV 
and HCIV, with statistical tests as a criterion of lower 
and higher activity of the muscle in CMJ. According 
to previous authors [29], the following criteria would 
indicate power transfer: when the power at the prox-
imal joint decreases, the power at the distal joint in-
creases; then the EMG activity of the monoarticular 
muscles at the proximal joint continues and the biar-
ticular muscles are activated. The present study did 
not measure power in the joints of lower extremities. 
However, preceding research suggested that concen-
tric activation of the gastrocnemius during CMJ was 
thought to describe the power transfer from the knee 
extensors to the ankle joint [29]. Previous reports in-
dicated that the design of medial gastrocnemius (a high 
percentage of fast-twitch muscle fibres, large angles 
of pinnation and short length of the fibres, long ten-
dons, and the location about the ankle and knee joints) 
seemed to be well suited for transferring mechanical 
energy between the ankle and knee at fast speeds of 
locomotion [29, 30].

HCIV athletes demonstrated higher electrical ac-
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Table 1. Description and analysis of the 3 CMJs

Variable Group
1st CMJ 2nd CMJ 3rd CMJ ICC

Mean ± SD Mean ± SD Mean ± SD 1st vs. 2nd 2nd vs. 3rd 3rd vs. 1st

CMJ height (cm)
HCIV 38.8 ± 5.0 39.9 ± 6.3 40.3 ± 6.2

r = 0.91 r = 0.96 r = 0.95
SCBV 42.8 ± 6.0 43.2 ± 7.2 43.2 ± 5.9

EFDR (N/s)
HCIV –239.0 ± 27.3 –285.6 ± 40.2a –270.2 ± 31.6a,&

r = 0.50 r = 0.22 r = 0.71
SCBV –252.1 ± 24.9 –267.1 ± 45.2 –214.3 ± 38.7b

CFDR (N/s)
HCIV 87.8 ± 24.4 89.6 ± 25.7 75.0 ± 23.6a

r = 0.87 r = 0.66 r = 0.70
SCBV 83.1 ± 35.6 89.5 ± 37.1 77.8 ± 32.2

Power (W)
HCIV 2341.8 ± 342.3 2433.9 ± 327.2a 2411.0 ± 358.5

r = 0.89 r = 0.80 r = 0.91
SCBV 2160.5 ± 188.4 2302.1 ± 255.7a 2220.6 ± 239.2

Muscle electrical activity during CMJ (% of MVMC)

Right Gl
HCIV 31.5 ± 13.2 29.8 ± 13.4 34.7 ± 17.2$

r = 0.71 r = 0.91 r = 0.71
SCBV 31.0 ± 11.5 27.2 ± 9.8 28.3 ± 10.8

Left Gl
HCIV 22.8 ± 9.7 26.1 ± 15.5# 21.5 ± 10.1

r = 0.73 r = 0.70 r = 0.74
SCBV 27.0 ± 12.2 21.6 ± 9.0# 26.0 ± 10.9

Right RF
HCIV 33.7 ± 10.2 34.2 ± 15.5 31.4 ± 9.5

r = 0.85 r = 0.83 r = 0.89
SCBV 25.2 ± 10.5 21.8 ± 9.9 27.5 ± 10.8

Left RF
HCIV 28.1 ± 4.9 28.8 ± 6.8 30.2 ± 8.3

r = 0.85 r = 0 .95 r = 0.88
SCBV 39.6 ± 24.7 31.3 ± 18.3 34.2 ± 19.0

Right VM
HCIV 39.8 ± 9.5 40.2 ± 5.0 40.4 ± 9.6

r = 0.78 r = 0.85 r = 0.54
SCBV 30.3 ± 14.4 31.4 ± 12.7 29.9 ± 13.2

Left VM
HCIV 32.7 ± 9.3 34.5 ± 10.5 30.3 ± 12.6

r = 0.92 r = 0.83 r = 0.91
SCBV 37.3 ± 18.4 39.0 ± 23.5 37.3 ± 14.1

Right MG
HCIV 30.6 ± 7.7 34.6 ± 10.6 33.5 ± 13.9

r = 0.65 r = 0.83 r = 0.66
SCBV 32.2 ± 8.9 29.5 ± 5.7 30.5 ± 9.0

Left MG
HCIV 35.4 ± 11.1 41.2 ± 11.7 38.4 ± 9.4

r = 0.67 r = 0.72 r = 0.57
SCBV 36.1 ± 13.0 35.5 ± 9.6 32.5 ± 9.1

CMJ – countermovement jump, ICC – intra-class correlation coefficient, SD – standard deviation, EFDR – eccentric force 
development rate, CFDR – concentric force development rate, MVMC – maximum voluntary muscle contraction,  
Gl – gluteus maximus, RF – rectus femoris, VM – vastus medialis, MG – medial gastrocnemius, HCIV – hard court  
indoor volleyball, SCBV – sand court beach volleyball
a significant difference when compared with the 1st CMJ
b significant difference when compared with the 2nd CMJ
& significant difference when compared with SCBV group
# significant difference when compared with left MG in the same attempt and group
$ significant difference when compared with left Gl in the same attempt and group (p < 0.05)

tivity of the right than the left gluteus during the last 
jump. This specific lateralization in HCIV could be 
supported by preceding reports which evaluated the 
dissipation of loads during jumps, demonstrating that 
the pelvic structure generated a load dissipation of 
around 35% during jumps using both legs in relation 
to the femoral joint and 42.9% during jumps using one 
leg [29]. In the same study, the knee articular and 
muscle structure contributed to 35.3% of the load 

dissipation during 2-leg jumps, while the 1-leg jump 
found 11.4%; in the ankle structure, an average of 29.7% 
of load dissipation was found when the subjects jumped 
with 2 legs on the ground, and 45% in jumps with 
1 leg [29]. These evaluations were registered during 
the jump in a sagittal evaluation plane and demon-
strated that the articular and muscle activity to the 
load dissipation was similar during 2-leg jumps, with 
slight relevance for the pelvic structures and knee, 
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whereas the pelvic and ankle structures had major 
importance during 1-leg jumps [29].

The descriptive analysis of the vertical jump, EFDR, 
CFDR, and power observed that the SCBV athletes 
jumped 8.5% higher than the HCIV players. HCIV dem-
onstrated higher EFDR than SCBV in the last jump, 
and both groups (HCIV and SCBV) presented higher 
CFDR values in the 1st jump than in the 3rd jump. 
Although kinetic energy was not directly evaluated, 
it can be inferred from these data that good CFDR 
developed a greater amount of kinetic energy during 
the countermovement based on the sequential jumps, 
especially in the 2nd jump, with higher values than in 
a preceding report [17]. First, the more rapid unload-
ing sub-phase times coupled with a similar eccentric 
sub-phase times indicate that the countermovement 
was completed more quickly by good CFDR [17]. Since 
EFDR was higher in HCIV, good CFDR could be ex-
plained by the greater magnitude of the downward 
position in the centre of mass with velocity, which could 
be associated with the higher response of the right 
than the left gluteus during the last attempt, thereby 
maintaining the jump height. Conversely, the power 
produced in the 2nd jump was higher than that in the 
1st attempt in both groups.

In contrast to our hypothesis about differences be-
tween muscle responses to CMJ, in the jump attempts, 
all muscles had similar responses for each general 
attempt, and this lack of differences was unexpected. 
This expectation was based on the presumption that 
the involved muscles would be more vigorously acti-
vated to purposefully execute EFDR and CFDR more 
rapidly and quickly terminate downward movement. 
Preceding reports indicate that a lack of differences in 
muscle responses might be due to using a self-selected 
arm swing [17]. It is possible that the self-selected arm 
swings employed by the good and poor CFDR values 
were characterized by different ranges of motion 
and/or angular velocities, thereby influencing the com-
parison of relative muscle responses. In addition, de-
spite similar height and mass characteristics in SCBV 
and HCIV athletes, it is possible that different body 
compositions further challenged the present assess-
ment of relative muscle responses, as differences in 
fatigue, blood flow, and hydration status could dramat-
ically influence EMG signals [18, 19]. Even though 
these considerations should be addressed in subse-
quent evaluations, the current study indicates that 
relative muscle responses might not be a distinguish-
ing feature of good in comparison with poor CMJ per-
formance [7, 8].

A possible limitation of the current study was the 

sample, as it was restricted to international athletes 
with few participants, while effect sizes were used to 
address this limitation and aid in the interpretation of 
the data. In addition, it is recommended that subse-
quent investigations evaluate joint and/or segmental 
kinematic data, and it is suggested that longitudinal 
investigation tracking the changes of unloaded and 
loaded vertical jump abilities of SCBV and HCIV sub-
jects would be ideal to characterize the development 
of specific physical components in determining the 
performance of volleyball jumps and the transition 
between both modalities. Another interesting concept 
is to test the athletes on a sand surface and compare 
the data of SCBV vs. HCIV. We did not make this com-
parison in the present article in order to increase the 
internal validity of the evaluations, since the use of sand 
could lead to a loss in the maximum contraction owing 
to ground irregularity.

Other studies with healthy subjects to evaluate the 
force, muscle work, and exit power during the vertical 
jump demonstrated that the vastus medialis muscle 
exerted major force and work during the jump accom-
panied by the gluteus maximus, rectus femoris, and 
medial gastrocnemius muscles [19, 31]. The analysis 
also revealed that the single-joint muscle groups con-
tributed considerably more during the jump when 
compared with bi-articulated muscles, and that the 
adductors, abductors, and external rotators were al-
ways activated, although their mechanical response 
during the jump work was minor [9, 31]. In relation 
to CFDR, some studies have shown high correlations 
between high vertical jumps and CFDR in sports and 
reported that volleyball, soccer, and baseball usually 
do jumps, sprints, and movement changes in a short 
time space and require a lot of muscle action power, 
which enables great generation of concentric force 
per time unit, thereby improving vertical high jump 
[32, 33]. This could be explained by describing that the 
force component is dependent on the properties of the 
musculotendinous system, independent from the earth 
reaction force [34, 35]. In summary, the current data 
indicate that high-level Chilean SCBV and HCIV 
athletes are good jumpers, as defined by EFDR, and 
produced greater power in a CMJ with a large effect 
size, with the ability to maintain similar power pro-
duced in the 2nd jump. There was a lower value of 
power in the 3rd jump, but this result did not affect the 
height. Therefore, this study exhibited greater correla-
tion of height in both volleyball groups, and it seems 
that stratifying a sample of high-level volleyball ath-
letes by jump height, power, and muscle responses 
would produce similar groups of jumpers.
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Conclusions

The present study compared power, height, EFDR, 
and CFDR of 3 sequential jump attempts, verifying 
the muscle response or electrical activity of the glu-
teus maximus, rectus femoris, vastus medialis, and 
medial gastrocnemius muscles across the EMG dur-
ing CMJ in SCBV and HCIV athletes. HCIV present-
ed higher EFDR values in the 3rd jump than SCBV; 
however, it did not affect the height, and no effects 
were observed in the power between both groups. In 
the comparison of the 3 attempts, the 1st jump by the 
HCIV subjects demonstrated higher EFDR and CFDR 
than the 3rd jump, while the 2nd jump in SCBV presented 
higher values than the 3rd jump. Our analysis revealed 
more than 70% of good or excellent intra-class corre-
lation between attempts by the SCBV and HCIV par-
ticipants in height, power, and muscle response or 
electrical activity. This finding indicates the possi-
bility of employing SCBV athletes for hard court vol-
leyball, if one considers the determining action of the 
jump. The present results can be used by coaches and 
researchers in combination with the extensive knowl-
edge of sports physiology as a means of supporting 
volleyball preparation in the context of high-level 
groups particularities.
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