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Abstract
Introduction  The study aimed to compare the effects of land and aquatic plyometric training on the
vertical jump height measurement of male students.
Methods Twenty eight male participants were randomized into Groups A and B. Group A underwent
land plyometric training for three consecutive weeks then after a 1-week washout period, the group
shifted to aquatic plyometric training for another three consecutive weeks. Group B underwent
aquatic plyometric training first before the land plyometric training. The plyometric training
program consisted of split squat jumps, squat jumps, double leg tuck jumps and elevated skips, with
the aquatic phase done in waist deep water. Baseline and weekly measurements of the vertical jump
height before and after the cross-over were obtained using the Sargent jump test. The differences
within and between the two groups were compared.
Results Both groups showed an increase in the vertical jump height measurement from the baseline
before and after the cross-over. There was a significant difference between the baseline and post
training measurements of Group A after cross-over (P < 0.01). Group B already showed a significant
difference in the measurements after the first week of training before and after cross-over (P < 0.01).
Conclusion Aquatic plyometric training produced better results in increasing vertical jump height
compared to land plyometric training.
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      lyometric  training is  a  system of high-velocity
    resistance training characterized by a rapidP eccentric contraction during which the muscle

elongates, immediately followed by a rapid reversal
of movement with a resisted shortening contraction
of  the same muscle.1 This is when a person performs
strong and volatile movements which generate a large
amount of  force quickly. The aim of  this kind of
training is to produce a powerful contraction.2 It has
been used in sports and is regarded as a useful training
tool for athletes who require dynamic, explosive types
of movement such as in basketball.3
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Numerous benefits can be attained in plyometric
training. Research has shown that athletes who use
plyometric exercises are better able to increase
acceleration, vertical jump height, leg strength, joint
awareness, and overall proprioception.4 It is also
considered an effective mode of training as it enhances
the power and contraction of  the muscle. It also
provides the opportunity to train specific movement
patterns in a correct manner at a more functionally
appropriate speed. This provides functional
strengthening of  the muscle, tendon, and ligaments
specific to the demands of  everyday activities and
sports.5

A 7-week plyometric training program
incorporating squat jumps, drop jumps, and jumping
courses has been found to lead to significant gains in
maximal isometric torque of the ankle plantar
flexors. Also, by maximizing the force produced
during the concentric phase of muscle contraction,
plyometric exercises can increase joint stability and
lower limb stability.6

Traditionally, plyometric training programs are
done on land. However, it was found out that these
land plyometric exercises cause muscle soreness and
musculoskeletal injury.7 Because of  this, various
studies modified this type of training to eliminate
or minimize its adverse effects. Research has
suggested that aquatic plyometric training may
provide a safer and more effective alternative. This
is explained by the buoyancy of water which reduces
the impact on weight-bearing joints, thereby
decreasing the risk of injuries.8 Another explanation
would be the resistance to movement resulting from
the water’s viscosity.4

The studies mentioned above show that both
the land and aquatic plyometric training have their
benefits. In line with this, the purpose of  this study
was to compare the effects of land and aquatic
plyometric training on the vertical jump height of
male students from the University of the East Ramon
Magsaysay Memorial Medical Center. Specifically,
the study aimed to determine the (1) difference in
the vertical jump height before and after land
plyometric training; (2) difference in the vertical
jump height before and after aquatic plyometric
training; (3) rate of change of vertical jump height
in both study groups before and after cross-over and;
(4) difference in vertical jump height between the
two study groups.

Methods
This was a randomized cross-over trial comparing
the effects of land to aquatic plyometric training with
aquatic to land plyometric training on the vertical
jump height of male students from the University of
the East Ramon Magsaysay Memorial Medical Center
done in a classroom (land plyometric training) and
in a private pool (aquatic plyometric training). The
study was approved by the Ethics Review Committee.

Subjects were recruited from among the male
members of  the Knights Club, a sports club in the
university, by simple random sampling using a table
of random numbers to determine potential
participants. A blinded assessor determined their
eligibility based on the following criteria: aged 17 to
21 years, physically fit as confirmed by a licensed
physician, with 80 to 85% strength,1 with range of
motion 90 to 95%,1 able to perform squat exercise
1.5 to 2.5 times their body weight,9 and signed an
informed consent. The following were excluded:
those with musculoskeletal injury or skin infections;
those with diagnosed cardiopulmonary conditions
such as hypertension, congenital heart defect,
rheumatic heart disease, asthma, bronchitis and
emphysema; those with neurologic conditions; and
those with hydrophobia. Those who met the criteria
were randomized into group A or B using block
randomization to assure equal representation in each
group. This was done by dividing the participants
into groups with four members each and assigning a
specific pattern of enrolment as follows: Pattern 1:
AABB; Pattern 2: ABAB; Pattern 3: ABBA; pattern
4: BABA. Those that were designated “A” were
enrolled in Group A, and those labelled “B”, in
Group B. The sequence of  enrolment started from
patterns 1 to 4 until the computed sample size of 15
participants per group was achieved.

After completion of the target population, the
vital signs and initial vertical jump heights were
assessed through the Sargent jump test by a blinded
licensed physical therapist. The Sargent jump test
measured vertical jump height by computing the
difference between the countermovement jump (M2)
and the standing reach height (M1). The participants
were asked to do warm up exercises for 5 minutes
prior to the exercise proper. Group A proceeded to
the land plyometric training program protocol while
Group B proceeded to aquatic plyometric training
program protocol. Sessions lasting 60 minutes were
conducted simultaneously three times a week for three

Land and aquatic plyometric training on the improvement of vertical jump height



108 UERM Health Sciences Journal    •    VOL. 3  NO.  2   •    JULY - DECEMBER  2014

weeks. After a one-week wash out or rest period,
Group A underwent aquatic plyometric training
while Group B underwent land plyometric training.
Participants were asked to cool down for five minutes
after each session. Plyometric training is a progressive
series of  exercises consisting of  squat jumps, double
leg tuck jumps, split squat jumps and elevated splits.
The same exercises were done in waist deep water
for the aquatic plyometric training. Both land and
aquatic plyometric training were conducted by a
licensed physical therapist based on guidelines set by
the National Strength and Conditioning
Association.10 The land plyometric training was held
in a classroom while the aquatic plyometric training
was held in a private swimming pool.

The rate of change was obtained from the baseline
vertical jump was measured using the Sargent jump
test every week for each group before and after the
cross-over to the other mode of training and analyzed
using a paired t-test. Measurements of Groups A were
compared with Group B.

Results
Thirty-one males were recruited and 28 who met the
eligibility criteria signed the consent and started the
plyometric training in their respective groups. Three
participants dropped out due to conflicts in schedule
and health reasons leaving 11 participants in Group
A (land to aquatic) and 14 in Group B (aquatic to
land). Table 1 shows that the baseline characteristics
of  the two groups are comparable.

There was an increasing trend in the vertical jump
height from baseline to post-training in both land
and aquatic phases of plyometric training in Group
A. A significant increase in the vertical jump height
was noted between the second and third weeks in
both the land (3.38 cm, P = 0.02) and aquatic phase
(1.94 cm, P < 0.01) of the plyometric training. The

increase in the vertical jump height between baseline
and post-training was significant in the aquatic phase
(1.38 cm, P = 0.02) but not in the land phase (1.09cm,
P = 0.15).  These findings are reflected in Figure 1.

There was an increasing trend in the vertical jump
height from baseline to post-training in both land
and aquatic phases of plyometric training in Group
B. There was a significant increase between baseline
and the first week in both the aquatic (2.39 cm,
P = < 0.01) and land (1.26 cm, P = 0.02) phases of
plyometric training. The increase in the vertical jump
height between baseline and post-training was
significant in both the aquatic (1.9 cm, P = 0.01)
and land (1.68 cm, P < 0.01) phases.  These findings
are reflected in Figure 2.

A more consistent increase was noted in both
Groups A and B after the cross-over. The difference
between the baseline before cross-over and the post-
training vertical leap height was significant in both
Group A (2.02 cm, P = 0.04) and Group B (2.76 cm,
P < 0.01). The difference was bigger in the aquatic to
land plyometric training group (2.76 vs 2.02 cm).

Table 1. Baseline characteristics of 28 subjects randomized to Group A (land to aquatic) and Group B
(aquatic to land).

Variable Group A Group B
(n = 12) (n = 16)
Mean ± SD Mean ± SD

Age (years)    18.3 ± 0.98    18.2 ± 1.32
Arm reach (m)      2.16 ± 0.07      2.12 ± 0.09
Height (cm) 172.69 ± 3.41 166.94 ± 7.25
Weight (kg)    65.25 ± 11.01    65.25 ± 8.54
Baseline vertical jump height (cm)    52.97 ± 7.92    50.04 ± 8.71

Figure 1.  Mean performance of Group A (land to aquatic
plyometric training) from baseline to 3rd week before and after
cross-over.
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Discussion
Our study found an increase in the vertical jump
height in both groups before and after the cross-over,
consistent with the results of Stemm11 and Arazi12

and other studies that used a 3-week training
period.13,14 The consistent increase in the vertical jump
height in both groups after the cross-over is similar
to the findings of  Trost, who explained it in terms of
better motivation after a change in environment.15

Both groups produced higher vertical jump height
measurements, however, a bigger increase was noted
in Group B, which underwent aquatic plyometric
training before land plyometric training. This may
be due to the properties of  water, such as buoyancy
and resistance, and its cold temperature, which help
in improving the performance of the participants.16, 17
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Figure 2.  Mean Performance of Group B (aquatic to land
plyometric training) from Baseline to 3rd week before and after
cross-over.
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