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Abstract
Purpose. To compare the effects of aquatic and land plyometric training on the vertical jump (VJ) and delayed onset 
muscle soreness (DOMS) in soccer players.
Methods. Twenty-four male soccer players aged 16–18 years (16.53 ± 0.5 years) were randomly divided into three groups: 
aquatic plyometric training (APT) (n = 8; age: 16.4 ± 0.4 years; body mass: 68.3 ± 7.54 kg; height: 179.75 ± 8.13 cm); land 
plyometric training (LPT) (n = 8; age: 16.5 ± 0.5 years; body mass: 68.2 ± 7.8 kg; height: 177.0 ± 7.4 cm); and control group 
(n = 8; age: 16.7 ± 0.6 years; body mass: 61.2 ± 6.5 kg; height: 171.43 ± 5.75 cm), not performing any jump program. An 
identical training program was applied for 6 weeks, totalling 944 jumps. The VJ was evaluated on a leap jump platform 
and the Visual Analogue Scale measured the change in DOMS perception.
Results. There was a significant increase in the VJ height in both experimental groups (LPT and APT) (p < 0.05). A signifi-
cant reduction in DOMS perception was verified for the APT group in comparison with the LPT group (p < 0.05) between 
the first and last week of training. The foot contact time significantly decreased (p < 0.05) in the APT group from pre- to post-
test. Significant improvements (p < 0.05) were observed in the flight time and jump speed from pre- to post-test in both LPT 
and APT groups.
Conclusions. APT can increase the VJ height and reduce DOMS perception in soccer players.
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Introduction

A soccer match is characterized by intermittent high-
intensity efforts with brief recovery periods [1]. During 
a soccer game, the prevalence of sprints, jumps, tackles, 
and dual plays is high [2]. The neuromuscular perfor-
mance [3], the anaerobic metabolism, and, specifically, 
the anaerobic power of the lower extremities have been 
pointed out as crucial factors for the match outcome [4].

Plyometric training (PT) has a positive effect on 
maximal-intensity exercise in soccer players [5]. One 

possible mechanism explaining the efficacy of plyo-
metrics can be related with a specific muscle action 
called stretch shortening cycle (SSC). This sequence 
of intense eccentric (stretch) and concentric (shortening) 
contractions of a muscle produces substantial improve-
ments in jump height owing to energy storage-recoil 
processes and stretch reflex activation [6].

PT in the form of vertical countermovement jumps 
on a solid surface is frequently used in studies as a way 
of provoking exercise-induced muscle damage (EIMD) 
in the knee extensors [7–9]. The effects of EIMD begin 
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approximately 6 h after exercise, peak at 24–72 h, and 
subside 4–7 days after exercise [10–12]. Muscle damage 
is mainly induced by mechanical stress and distur-
bances of calcium homeostasis, and a perception of 
discomfort within the muscle may be developed [10].

Although most PT sessions take place on land, there 
is increasing interest in aquatic-based exercise. The 
aquatic environment provides a non-impact medium that 
produces little strain on muscle, bones, and connective 
tissue when compared with land activities [13–15].

Water reduces the effects of gravity because of the 
buoyancy of the body and the increased density of water 
compared with air [16]. Buoyancy may proffer an up-
ward thrust acting on any partially or fully immersed 
object in the direction opposite to gravity [17]. Aquatic 
PT (APT) has been indicated to reduce the symptoms 
of EIMD as compared with land PT (LPT) [18].

Robinson et al. [19] and Shiran et al. [20] have com-
pared the effects of APT and LPT on muscle damage. 
Both studies demonstrated that an accurately designed 
APT program could provide comparable training im-
provements with an LPT program with less delayed on-
set muscle soreness (DOMS). If APT produces similar 
enhancements of performance as LPT with the benefit 
of reducing muscle stress, APT might be an alterna-
tive to traditional PT for the enhancement of physical 
performance. Thus the efficiency of APT and LPT on 
drop jump ability and DOMS needs to be investigat-
ed more thoroughly [5].

Therefore, the purpose of the present study was to 
compare the effects of APT and LPT on the vertical 
jump (VJ) and DOMS in soccer players.

Material and methods

Participants

The study investigated 24 male soccer athletes from 
the youth and junior soccer teams of a soccer club in 
the 1st division of the state of Rio de Janeiro, Brazil, 
who had competed for at least 2 years and were 16–
18 years old (16.53 ± 0.5 years). All participants were 
still actively playing soccer during the current research. 
The participants were divided into 2 experimental 
groups and 1 control group (CG). The experimental 
groups performed APT (n = 8; age: 16.4 ± 0.4 years; 
body mass: 68.3 ± 7.54 kg; height: 179.75 ± 8.13 cm) 
and LPT (n = 8; age: 16.5 ± 0.5 years; body mass: 
68.2 ± 7.8 kg; height: 177.0 ± 7.4 cm). The CG (n = 8; 
age: 16.7 ± 0.6 years; body mass: 61.2 ± 6.5 kg; 
height: 171.43 ± 5.75 cm) did not participate in any 
PT program.

The inclusion criteria required that the athletes had 
a competitive background, had taken part in contin-
uous training for at least 3 months before the study, 
and had not suffered from a knee injury within the 
previous 2 years. Athletes who had had any type of knee 
surgery within the previous 2 years were excluded 
from the study.

The present study was performed in accordance with 
the Resolution 466/12 of the National Health Council 
and the Declaration of Helsinki. The Research Ethics 
Committee of the Castelo Branco University approved 
the study under the number 00182008. All partici-
pants signed an informed consent form prior to tak-
ing part in the study.

Procedures

The subjects were instructed not to perform any 
physical exercise within the 48 h before the tests. Each 
player was tested for all conditions in a single visit to 
the club before the beginning of training. Firstly, the 
same researcher (intra-class correlation coefficient > 
0.90) collected the following anthropometric data of 
all individuals: (a) total body mass, with the use of elec-
tronic scales (model BAL-150PA, 135 Techline, Brazil; 
scale of 0.1 kg); (b) height, with a stadiometer (model 
136 E210, Wiso, Brazil; scale of 0.01 m); and (c) distance 
of the superior-anterior supra iliac to the bottom of the 
pool, which corresponded to the immersion levels, with 
an anthropometric measuring tape (Cescorf Anthro-
pometrics Equipment LTDA, Brazil; scale of 0.01 m).

In all conditions, the individuals practiced for 5 min 
a set of submaximal countermovement jumps, drops 
from a 50-cm box, and drop jumps before the VJ test 
to familiarize themselves with the equipment.

Experimental design

The VJ test began with a drop jump departing from 
a 50-cm high bench. Knees were extended at 180° and 
hands were fixed close to the suprailiac hip region. 
The drop jump consisted of jumping off a bench, when 
the participants accomplished a fall characterized with 
one foot forward, the other knee bent, and the body 
impelling down. Therefore, the participants executed 
a VJ starting from a standing position with the trunk 
erect [21].

The jumps were performed on an Axon contact 
platform with the dimensions of 60 × 70 cm. The plat-
form allows to determine the height of a jump by timing 
the length of the participant’s flight, and the jump 
height was assessed from the speed of the vertical 
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take-off from the centre of gravity. In the study by 
Toumi et al. [21], photoelectric emitters and recep-
tors inside the jump platform started the count of the 
athlete’s time in the air with the moment when the 
athlete lost contact with the floor and the light beams 
reached the receptors.

The height of VJ was calculated on the basis of 
the following formula:

height = g · t2 · 8–1

where ‘g’ is the gravitational acceleration (9.81 m/s2) 
and ‘t’ is the time spent in the air, in seconds [22].

Plyometric training

In order to emphasize the proper execution tech-
nique in drop jump protocols, 2 preliminary famil-
iarization sessions were undertaken before the meas-
urements. Both APT and LPT groups trained twice 
a week, on non-consecutive days, during 6 weeks, ap-
plying only drop jumps. The LPT occurred on a soc-
cer field, the same environment in which the athletes 
must perform, and boxes of the same dimensions were 
used. The participants wore shoes appropriate for 
jumping on land.

The APT was performed in a pool with a depth of 
1 m with water temperature set at 28 ± 1°C, containing 
two boxes (50 cm height, separated by 1 m). In the basis 
of the boxes, a material was employed that allowed the 
settlement of the boxes in the bottom of the pool, with-
out fluctuating or sliding. The athletes performed drop 
jump training using their superior limbs for support 
with countermovement jumps. They began on one box, 
jumped to the ground between the boxes, and then 
jumped onto the second box. The same protocol was 
then reversed to complete one repetition. The CG did 

not perform any kind of jump program during this 
period, undergoing just technical soccer training.

Table 1 presents the protocol of the APT and the LPT. 
The protocols were based on the results of 58 studies 
concerning PT, 8 of which involved drop jumps in the 
meta-analysis [23].

Delayed onset muscle soreness

The DOMS of the knee extensors was assessed in 
each participant through the Visual Analogue Scale 
[24]. The scale was numbered from 1 to 10 (on the 
reverse side of the sliding scale), with 1 representing 
no muscle soreness and 10 indicating that the mus-
cle was very, very sore to move. With hands on hips 
and squatting to an approximate knee angle of 90°, 
the volunteers should indicate the level of perceived 
soreness on the rating scale. This corresponded to the 
location of the perceived muscle soreness on the con-
tinuum. The technique has been used successfully in 
previous studies [11, 25, 26]. The reliability coefficient 
for a repetitive measurement in DOMS was 0.98 [24].

Statistical analysis

The data were analysed with the use of the IBM 
SPSS Statistics 20 for Windows and presented as 
a mean and standard deviation. The Shapiro-Wilk and 
Levene’s tests were applied to verify the normality 
and variance homogeneity of the data, respectively. 
The ANOVA with repeated measures was employed 
in groups’ factors (APT, LPT, and CG) and time (pre- 
and post-test), followed by the Bonferroni post-hoc 
test to identify possible differences. In addition, the 
size effect (d) was calculated to analyse the results mag-
nitude of the present study. The study adopted p < 0.05 
as the significance level.

Table 1. Aquatic and land plyometric training protocol

Weeks
Number of days 

per week
Number of series 

per day
Interval time 

(min)
Total number of 
jumps per series

Total number of 
jumps per day

Total number of 
jumps per week

1st 2 3 2 16 48 96

2nd 2 3 2 20 60 120

3rd 2 4 2 16 64 128

4th 2 4 2 20 80 160

5th 2 5 3 20 100 200

6th 2 5 3 24 120 240

Total 12 24 – – – 944
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Ethical approval
The research related to human use has been com-

plied with all the relevant national regulations, insti-
tutional policies and in accordance the tenets of the 
Helsinki Declaration, and has been approved by the 
authors’ institutional review board or equivalent com-
mittee.

Results

The sample of the study presented a distribution 
close to the normal curve and the groups were similar 
at the beginning of the research in all variables ana-
lysed. The ANOVA with repeated measures showed an 
interaction between groups and the moments before 
and after the intervention (Wilk’s lambda = 0.384; F = 
8.539; p < 0.001).	

Figure 1 shows the analysis of the VJ height among 
the studied groups. The VJ height significantly in-
creased (p < 0.05) from pre- to post-test in both experi-
mental groups (LPT and APT). In the inter-group com-
parisons, a significant increase was observed (p < 0.05) 
in the VJ height in LPT and APT groups when com-
pared with CG in the post-test. The effect size in the 

Table 2. Analysis of the flight time and jump speed  
in the sample

Variable Group
Mean ± SD  
(pre-test)

Mean ± SD  
(post-test)

Flight  
time  
(m/s)

CG 552.17 ± 6.86 555.67 ± 6.81

LPT 561.75 ± 8.92 595.54 ± 9.41*

APT 544.44 ± 15.33 623.89 ± 15.62*#

Jump  
speed  
(m/s)

CG 2.72 ± 0.03 2.75 ± 0.04

LPT 2.61 ± 0.04 2.99 ± 0.05*

APT 2.47 ± 0.22 3.21 ± 0.19*#

CG – control group 
LPT – land plyometric training  
APT – aquatic plyometric training
* p < 0.05 pre-test vs. post-test 
# APT post-test vs. CG post-test

Table 3. Analysis of muscle soreness perception  
in LPT and APT groups

Group
Mean ± SD  
(pre-test)

Mean ± SD  
(post-test)

LPT 1.83 ± 0.56 1.50 ± 0.50

APT 1.61 ± 1.02 0.19 ± 0.21*#

LPT – land plyometric training 
APT – aquatic plyometric training
* p < 0.05 pre-test vs. post-test 
# APT post-test vs. LPT post-test

CG – control group 
LPT – land plyometric training 
APT – aquatic plyometric training

* p < 0.05 pre-test vs. post-test, 
# APT post-test and LPT post-test vs. CG post-test

Figure 1. Analysis of vertical jump height

CG – control group 
LPT – land plyometric training 
APT – aquatic plyometric training
* p < 0.05 pre-test vs. post-test 
# APT post-test vs. LPT post-test and CG post-test

Figure 2. Analysis of foot contact time

APT (dAPT = 5.37 > 0.82) and LPT (dLPT = 3.48 > 0.82) 
was strong for the VJ and indicated an improvement 
in results in a substantial number of participants. In 
the CG, the effect size was poor (dCG = 0.21 < 0.30).

Figure 2 presents the analysis of the foot contact 
time on the ground among the groups. The foot con-
tact time significantly decreased (p < 0.05) from pre- 
to post-test in the APT group. In the inter-group com-
parisons, a significant decrease was observed (p < 0.05) 
in the foot contact time in APT group when compared 
with LPT group and CG in the post-test. The effect 
size in the APT (dAPT = 3.40 > 0.82) and LPT (dLPT = 
1.26 > 0.82) was strong for the foot contact time and 
indicated an improvement in results in a substantial 
number of participants. In the CG, the effect size was 
poor (dCG = 0.22 < 0.30).

Table 2 presents intra- and inter-group compari-
sons in the flight time and jump speed variables. Sig-
nificant improvements (p < 0.05) were observed in the 
flight time and jump speed from pre- to post-test in 
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both experimental groups (LPT and APT). In the inter-
group comparisons, there was a significant increase 
(p < 0.05) in flight time and jump velocity in APT when 
compared with CG in the post-test. The effect size 
was stronger in the APT group than in the LPT group 
(dAPT > dLPT > 0.80) for the variables of flight time and 
jump speed.

The responses of the groups concerning muscle 
soreness perception were compared between the first 
and last week of training. A significant reduction in 
DOMS was found in the post-test results (p < 0.001) 
of the APT group when compared with the LPT group. 
The effect size was strong in the APT (dAPT > 0.80) 
and moderate in the LPT group (dLPT < 0.80). This 
indicates an improvement in results (Table 3).

Discussion

The results of the present study showed signifi-
cant differences in the VJ in the intervention groups 
(APT and LPT) when compared with CG. Söhnlein et 
al. [27] obtained similar results. They found signifi-
cant improvements (p < 0.05) in the performance of 
the standing long jump (+ 7.3%), which requires greater 
muscular power of the quadriceps, similar to what 
happens in VJ. The elite soccer players (n = 18; age: 
13.0 ± 0.8 years) also presented an increase in per-
formance in the 20-m sprint time (23.2%; p < 0.05), 
agility time (26.1%; p < 0.05), multiple 5 bounds (+ 11.8%; 
p < 0.05) related to speed after 16 weeks of PT, with 
2 sessions per week.

A study by Miller et al. [28] also demonstrated, 
after 6 weeks of PT, significant changes, increasing 
the VJ height, strength, and muscular power answers. 
According to Campillo et al. [29], the LPT appears to 
contribute to the performance in the VJ and in kick-
ing in soccer players. Thus, incorporating plyomet-
rics into the VJ can produce significantly different 
results regarding this motor ability [30].

Martel et al. [31], after 4 weeks of training, ob-
served that increases in VJ were similar in APT and 
LPT groups. However, between weeks 4 and 6, the APT 
group enhanced an additional 8%, whereas the control 
group showed no further increases. Concentric peak 
torque during knee extension and flexion improved 
significantly after 6 weeks in both groups. The re-
sults concerning the increase of VJ noted in the APT 
and LPT groups when compared with CG in the studies 
by Miller et al. [28] and Martel et al. [31] are similar to 
those for the VJ in both groups in the present study. 
The training period (6 weeks) of the present study 
was the same as applied by both mentioned authors.

Lavanant et al. [18] reported a significant increase 
in muscle power in the group undergoing aquatic 
training. Fabricius [17] observed that the group that 
trained in the land obtained significant development 
in the tests of speed, agility, and power of lower limbs. 
However, the aquatic training group showed signifi-
cant improvement in VJ height and horizontal jump 
distance. These investigations corroborate the results 
of the present study in which the inter-group com-
parisons presented a significant increase (p < 0.05) 
in the VJ height in APT and LPT groups when com-
pared with CG in the post-test. The significant in-
crease proved in the APT group (p < 0.05) in intra-group 
vertical impulsion and in comparison with the CG 
group probably occurred owing to the resistance of-
fered by the water during the concentric phase of the 
VJ, which may have contributed to an increase in the 
muscular power of the quadriceps among these soc-
cer players.

Increased resistance to movement through the 
water (drag) involves additional muscle activation to 
overcome the resistance and produce the same move-
ment that is more easily generated in the air [32]. Aquatic 
exercise provides strength gains through the increased 
energy needs of the body working in an aquatic envi-
ronment [33]. According to Louder et al. [34], addi-
tionally, acute investigations into kinetic differences 
between land- and aquatic-based movement suggest 
potential clinical and performance benefits for move-
ments performed in the water.

Decreased amounts of force applied (load) experi-
enced during landing in APT, facilitating a faster 
transition from eccentric to concentric activity may 
occur [17]. Fabricius [17] reported that LPT caused 
heavier loads (no buoyancy effect) at lower velocities 
and a longer amortization phase, improving strength 
but not power. In the study by Colado et al. [16], buoy-
ancy of water reduced the weight, stretch reflex, and 
amount of eccentric loading experienced during APT, 
facilitating the concentric muscular component of 
a plyometric jump, and theoretically shortening the 
amortization phase of a plyometric task.

In the present study, the foot contact time signifi-
cantly decreased (p < 0.05) from pre- to post-test in the 
APT group. In the inter-group comparisons, a signifi-
cant decrease (p < 0.05) was also observed in the foot 
contact time in APT group when compared with LPT 
group and CG in the post-test. This reduction in post-
training contact time in the APT group found in the 
present study probably decreased the impact force on 
the soil in the group. Triplett et al. [13] reported that 
the landing impact force decreased by 44.8% when 
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jumping in water. The total jump time was shorter 
(p < 0.05) for the aquatic jumps, whereas the time 
required to reach peak concentric force was not sig-
nificantly different from the land jumps, despite the 
greater resistance to movement in the aquatic envi-
ronment.

In another study [17], APT improved leg power, 
which can be explained by the use of buoyancy and fluid 
resistance. Buoyancy reduces the total body mass of 
the participant, for faster total jump time and theoreti-
cally reduced ground contact time. The fluid resist-
ance produces a greater concentric contraction of the 
SSC. In the present study, significant improvements 
(p < 0.05) were observed in the flight time and jump 
speed from pre- to post-test in both experimental groups 
(LPT and APT). In the inter-group comparisons, there 
was a significant increase (p < 0.05) in flight time 
and jump velocity in APT when compared with CG in 
the post-test, which can be explained by the use of buoy-
ancy and fluid resistance that probably could raise 
the leg power of the soccer players in favour of the 
APT group.

The magnitude of the buoyant force is always equal 
to the weight of the fluid displaced by the immersed 
object [35]. Buoyancy has a direct influence upon an 
object immersed in water, decreasing the effects of 
gravity [36]. According to Triplett et al. [13] and Dono-
ghue et al. [14], this could be estimated for the proper-
ties of water, specifically, where the buoyancy provided 
owing to fluid density compared with air density re-
duces significantly (by 33–54%; p < 0.05) the ground 
reaction forces (GRF) in water compared with land 
for all exercises. This was consistent with previous 
research [13, 14] that found reductions of 45% and 59% 
in peak GRF during single- and double-leg squat jumps 
in aquatic environment at the level of the xiphoid 
process.

The reduction in contact time noted in favour of 
the APT group (p < 0.05) in the present study prob-
ably decreased the impact force on the soccer play-
ers, even with a lower depth of water, when compared 
with that used in the studies previously mentioned 
[13, 14]. According to Miller et al. [37], some studies 
have shown that both shallow-water and deep-water 
training have benefits depending on the type and pur-
pose of training. In the present study, the water sur-
face was at the level of the iliac crest of the partici-
pants. This depth seemed to be sufficient, since it 
presented a significant reduction (p < 0.05) in the 
DOMS reports when compared with the LPT group. 
It suggests a decrease in the impact on the APT group, 
since the high vertical GRFs have been identified as 

the main causes of soccer injury, owing to the stress 
that they exert on the musculoskeletal system [2].

Among the effects of PT in the aquatic environ-
ment, it is important to highlight the results of land-
ing phases of the drop jump and the subjective per-
ception of DOMS, since this type of training generates 
a great eccentric load. Increasing immersion leads to 
a decrease in the landing phase (p < 0.001), with the 
decrease in peak forces between immersions being 
greater with deeper immersion levels [35]. In the pre-
sent study, the immersion level of 1-m depth seems to 
have been efficient because of the significant reduc-
tion (p < 0.05) in the DOMS responses observed in 
the APT group when compared with the LPT group.

Aquatic training becomes an important training 
strategy as it allows recreational athletes to maintain 
their performance in the VJ with the decrease of DOMS 
[38]. In the present study, the APT group obtained 
a significant increase in vertical impulsion (p < 0.05), 
similar to LPT group and higher than CG, but with a 
significant reduction in DOMS in the post-test re-
sults (p < 0.05) when compared with the LPT.

The results obtained in the studies by Triplett et al. 
[13], Donoghue et al. [14], Colado et al. [16], Lavanant 
et al. [18], and Robinson et al. [19] with jumps per-
formed directly on the ground presented higher sub-
jective perception of DOMS after 48 and 96 h of train-
ing sessions because of the increase in the training 
load. These results differ from the findings of Miller 
et al. [28] and the present study, which indicated sig-
nificantly higher subjective perception of DOMS (p < 
0.05) in the group that performed jumps on the land 
as compared with the group of jumps performed in 
the water and with the CG after 6 weeks of training.

The significant reduction of the DOMS (p < 0.05), 
found in the APT group compared with the LPT group 
in the present study, may have occurred owing to the 
reduction of impact in the aquatic training. This was 
also observed in the study by Fabricius [17], presenting 
significantly reduced (by 33–54%) GRF in water for all 
exercises (p < 0.05). This was consistent with previous 
research that proved reductions of 45% and 59% in 
peak GRF during single- and double-leg squat jumps 
in water at the level of the xiphoid process [13, 16].

Nielson [39] showed significant reductions in the 
impact force that could be attributed to the buoyancy 
force experienced by the body. This lower rate of force 
development (RFD) impact suggests reductions in the 
stress to the musculoskeletal system [40]. In another 
study, the impact force and impact force development 
rate were two parameters that indirectly indicated 
the stress level that the musculoskeletal system receives 
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[41]. Therefore, aquatic jumps could generate less joint 
stress because impact force RFD can be 80% slower 
in water than on dry land [13].

The peak responses of the reaction force against the 
land observed in several studies [2, 13, 14, 16, 35] indi-
cated a reduction in DOMS responses and some muscle 
injury markers in the groups of jumps performed in 
water when compared with those performed directly 
on the land. The present study did not evaluate the peak 
of the reaction force against the land. This could be con-
sidered as its limitation, since the information could 
contribute to the comparative analyses of APT and LPT.

Conclusions

The PT program employed in the present study 
proved to be efficient, as it provided a significant in-
crease of VJ in both training groups (APT and LPT). 
However, the APT group achieved a reduction in the 
time of contact with the land and the responses of the 
DOMS when compared with the results obtained in 
the LPT group.

Aquatic environment may constitute an alterna-
tive to be used by soccer athletes and physically active 
individuals at different stages of training, with the 
objective of increasing the performance of vertical im-
pulsion, with reduction of the impact and the DOMS. 
These conditions can prevent injuries resulting from PT.

It is recommended that studies investigate the ef-
fects of PT on creatine kinase, the peak of the reaction 
force against the land, the specific location of pain, 
and the intensity of possible inflammatory conditions 
of the involved muscles aroused by training. These 
variables may contribute to the prevention of muscular 
injuries.
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