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Abstract

The purpose of this study was to investigate the pre- and post-exercise performance, edema, and pain of 

plyometrics in water and land environments. Twelve males in their 20s were selected as subjects and 

performed 10 sets of squat jumps 10 times in 2 environmental conditions (water and ground). There was no 

significant difference in iEMG of vastus medilais according to exercise conditions and time. In MPV of CMJ, 

there was no significant difference according to exercise conditions and time. The thigh circumference 

showed a significant difference according to the exercise condition and time, and was higher in the ground 

condition after exercise. There was a significant difference in pain according to the exercise condition and 

time, and it was found to be high after exercise, 48 hours, and 72 hours in the ground condition. We believe 

that plyometric training in an aquatic environment will have less swelling and pain compared to plyometric 

training conducted in a land environment, and the pain will improve quickly, so we think that training can be 

conducted in a relatively shorter period than in the land environment.
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1. Introduction

Plyometric training is a training technique that generates explosive power by inducing energy utilization in 

the series elastic component(SEC) composed of muscle-tendon units and parallel elastic component(PEC)

composed of muscle spindle and non-elastic tissue in muscle by utilizing motions such as jumping, running, 

and hopping. The rapid renal contraction of the muscles and the powerful shortening contraction that follows 

after the short amortization increase the neuromuscular activity [1]. Plyometric training has the effect of 

average power and velocity, maximum power and acceleration, energy storage of SEC, and increase of 

muscle activity [2-4], and is applied as an essential component of training programs and rehabilitation 

programs for conditioning and performance improvement [5].
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The eccentric contractions during plyometric training are 10-40% larger than those of the concentric 

contractions, and have the disadvantage of causing micro-traumatic damage to connective tissues while the 

muscles are extended, resulting in strong fatigue and damage [6, 7].

Excessive plyometric training is known to result in reduced exercise muscle strength, temporary loss of 

exercise range, edema, and severe pain, and as an alternative to supplement these shortcomings, it is known 

that plyometric training in underwater environment is being presented [8-12].

Underwater environments are less burdened on muscle, bone and connective tissue than ground 

environments, and provide three-dimensional resistance to all movements of flooded segments, thus reducing 

renal contraction and requiring additional muscle activity to perform ground-like operations [9, 13]. The 

training using underwater resistance was reported to bring significant improvements to exercise performanc, 

and many previous studies reported that muscle strength training in underwater environments brought 

improvements similar to ground environment [14, 15].

Resistance exercise in underwater environments has been proved to be lower muscle damage than ground 

environment [16, 17], and it is proposed that underwater activities should be included in training programs to 

strengthen muscle strength in sports rehabilitation field, but studies on acute responses of exercise for 

microcycle configuration of training periodization are still insufficient.

This study aims to compose reference data for the short-term training frequency of underwater plyometric 

training by comparing and analyzing factors of ground plyometric and pre-post exercise 

electromyography(iEMG), mean propulsive velocity(MPV) of countermovement jump(CMJ), edema, and 

pain for practical application of underwater plyometric training.

2. Experiment Materials and Methods
2.1 Subject

The study was conducted on 12 healthy men in their 20s who were attending C city D university. The 

researcher fully explained the significance, purpose and procedure of the study to the subjects, and selected 

only the subjects who voluntarily signed their own autographs in the consent for participation in the study 

while they were fully aware of the contents of this study. In order to obtain accurate research results, before 

the experiment, moderate or higher physical activity was refrained from smoking and drinking. The 

characteristics of the subjects are as shown in Table 1.

Table 1. Characteristics of the subjects

2.2 Study Design

This study was conducted in A-hour D-spa, and the subjects were randomly divided into ground and 

underwater exercise conditions, and exercised twice a week with one condition. EMG, MPV of CMJ, and 

Circumference were measured before and after exercise, and pain was measured before, after, after 48 hours, 

and after 72 hours.

Height(cm) Weight(kg) Muscle mass(kg) body fat (%) BMI

N=12 174.25±5.01 73.83±10.69 33.57±4.29 19.69±3.71 24.19±2.22
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2.3 Flyometric Exercise Method

The subjects were given a short preparatory exercise consisting of 10 minutes of general leg muscle 

stretching, and 10 sets of maximum squat jumps, which were proven protocols in inducing damage to the 

knee extensor by plyometric exercise, and had a recovery time of 60 seconds between sets[18, 19]. Before 

performing the maximum squat jump, the subjects performed the maximum squat jump for reference in the 

field, and at this time the maximum height reached by the head end was designated as the highest point of the 

jump. The minimum target height of each jump during exercise is up to 95% of the maximum height, and the 

monitors for each subject are kept during the exercise to continuously observe and maintain the height of the 

jump. In the landing motion, the knee joints were bent to about 90 degrees, and the hip joints were bent to 

minimize bending. During the exercise, the subjects were asked to put their hands behind their heads to 

prevent the intervention of jump due to arm movement. During the break between sets, participants were 

allowed to move freely, sit down, or stretch lightly.

2.4 EMG Measurement

To check muscle activity before and after exercise, a surface electrode was attached to the vastus medial 

muscle using a 4-channel EMG(Korean, Laxtha). The maximum voluntary isomeric contraction(MVIC)

posture induced maximum contraction of the knee extensor by placing the subject on the chair and fixing the 

bending angle of the right knee at 45~60°. Vastus medillais was placed on the upper part of the knee bone as 

far as four fingers. When attaching the electrodes, two were attached each to the site 1 cm apart from the 

insertion site of the intramuscular electrode. It was monitored by designating the channel of the muscle at the 

electrode attachment site in the EMG program.

2.5 MPV of CMJ

To measure the MPV of CMJ, a radio speed measuring device (CANADA, PUSH) was attached to a 

plastic bar to be located on the upper and rear triangular muscles of the shoulder bone of the subject. In the 

stand-up position, the knee was bent to 90° and then ordered to jump with maximum force.

2.6 Circumference

The circumference measurement of the femur was used with a flexible and non-elastic tape measure. The 

subjects measured the maximum circumference of the center of the femur in a posture with the measured 

position on the support and the knee bent at 90°. In order to reduce the error in measurement, subcutaneous 

fat tissue was not pressed.

2.7 Pain

The pain questionnaire used in this study was listed in the number of 1~10 and the case of feeling severe 

pain was 10, and the NRS(numeral rating scale) was used to designate the pain-free state as 1. The pain 

measurement was performed before and after exercise, 48 hours after exercise, and 72 hours after exercise.

2.8 Statistical Analysis

For data processing measured in this experiment, the mean and standard deviation of all variables were 
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calculated using the IBM SPSS Statistics (ver 22.0) statistical program. All variables were analyzed by 

repeated measurement two-way ANOVA method. In case of significant difference, post-hoc was conducted 

by using Bonferroni method. Statistical significance level was set to =.05.

3. Result

3.1 Change of iEMG

There was no significant difference in iEMG of Vastus Medialis according to the performance conditions 

and time, and there was no interaction effect. Table 2 shows the results of repeated measures two-way 

ANOVA of the difference in iEMG of Vastus Medialis according to the performance conditions (aquatic 

environment and land environment) and time (before and after) during plyometric exercise.

Table 2. Change of iEMG(μV)

3.2 Change of CMJ-MPV

There was no significant difference in MPV-CMJ according to the performance conditions and time, and 

there was no interaction effect. Table 1 shows the results of repeated measures two-way ANOVA of the 

difference in MPV-CMJ according to the performance conditions (aquatic environment and land 

environment) and time (before and after) during plyometric exercise.

Table 3. Change of CMJ-MPV(m/s)

3.3 Change of circumference

There was a statistically significant difference in the circulation according to the conditions and time. As a 

result of post-test, both conditions were significantly increased after exercise, and ground conditions were 

higher than water conditions. The results of repeated measurement two-way ANOVA and post-hoc for the 

circulation are as shown in Table 4.

Table 4. Change of circumference(cm)

Part Condition Pre Post F p

Vastus 

medialis

Water 198.02±56.84 188.79±54.61 Condition 0.006 0.938

Ground 196.66±64.65 187.99±35.51 Time 0.475 0.505

C x T 0.000 0.987

Part Condition Pre Post F p

CMJ

MPV

Water 1.69±0.13 1.66±0.15 Condition 0.122 0.733

Ground 1.70±0.18 1.69±0.19 Time 3.070 0.108

C x T 0.981 0.343

Part Condition ➀Pre ➁Post Post-hoc F p

Thigh ⒶWater 52.00±3.30 53.00±3.07 ➀<➁** Condition 15.821 0.002
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3.2 Change of pain

Pain showed statistically significant difference according to the conditions and time. As a result of 

post-test, both conditions were significantly increased after exercise and decreased after 72 hours. The 

ground condition was found to be greater than the water condition. The results of repeated measurement 

two-way ANOVA and post-verification for pain are as shown in Table 5.

Table 5. Change of pain

4. Discussion

Traditionally, plyometric training has been conducted only in land-based environments, and it has shown 

the advantage of greatly improving motor ability because it can cause power full contraction of muscles, but 

there are disadvantages that cause injury of muscle-tendon unit [20, 21]. Underwater activity reduces joint 

compressive force and weight load, and provides 12 times air resistance due to high density, which can 

produce exercise effects similar to ground training [22, 23]. Recently, an underwater plyometric training is 

proposed to reduce the injury rate and improve the athletic ability. This study aims to construct reference 

data for setting training frequency by investigating the exercise performance, edema, and pain before and 

after the exercise of plyometric in underwater and ground environment.

The iEMG, one of the iEMG methods, is used as an indicator of muscle activity and increases as the 

mobilization of exercise units and the exercise strength increase [24]. In this study, iEMG of vastus medialis 

showed no statistically significant difference, but it showed a similar decrease after exercise. This suggests 

that the plyometric training, which exerts maximum power, has caused the nerve muscle to become tired, and 

the training effects of two environments (water, ground) are similar[25].

CMJ is measured to monitor lower body power output and is used as an indicator of motor performance 

because it provides insight into neuromuscular function and fatigue [26]. In this study, MPV of CMJ did not 

show any difference according to conditions and time, but showed a slight decrease after exercise. It is a 

result of the decrease of muscle activity of vastus medialis, one of the main muscles of CMJ, and it is 

Circumfe

rence

ⒷGround 52.42±3.12 54.17±3.01 ➀<➁*** Time 49.296 0.000

Post-hoc Ⓐ>Ⓑ*** C x T 9.000 0.012

M±SD, C x T: Interaction effect, **p<.01,***p<.001

Part Condition ➀Pre ➁Post ➂Post 

48h

➃Post 

72h

Post-hoc F p

NRS ⒶWater 1.00

±0.00

3.50

±1.45

3.33

±0.98

1.08

±0.51

➀<➁*➂>➃*** Condition 123.347 0.000

ⒷGround 1.00

±0.00

6.25

±1.91

6.83

±0.72

2.17

±1.03

➀<➁➂>➃*** Time 86.609 0.000

Post-hoc Ⓐ>Ⓑ*** Ⓐ>Ⓑ*** Ⓐ>Ⓑ** C x T 28.780 0.000

M±SD, C x T: Interaction effect, **p<.01,***p<.001
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believed that it was influenced by plyometric training. As such, it shows that the effect of underwater 

plyometrics shows neuromuscular fatigue similar to that of the ground environment, and shows a view 

consistent with previous studies that the training effect was similar[15, 27].

An increase in muscle circumference due to a one-time exercise means an edema phenomenon that occurs 

due to an increase in the amount of blood flowing into the muscle, not an increase in the muscle hypotrophy. 

During exercise, muscles obtain substances necessary for energy synthesis through blood vessels or 

discharge waste and by-products after energy synthesis. This phenomenon acutely increases body 

circumference after exercise, It is known to be associated with strength[28]. During acute plyometric 

exercise in this study, the circumference of the thigh showed a statistically significant increase after exercise 

than before exercise in both underwater and ground conditions, and the degree of increase was relatively 

higher in ground condition. Exercise in water reduces the load on the lower extremities by 50-90% of the 

body weight depending on the depth due to buoyancy [13]. This buoyancy can affect the exercise intensity 

during the upper-lower pattern exercise, and it is thought that stronger flexural contraction occurred during 

the squat jump in the ground condition than in the water condition. eccentric contraction requires greater 

force than concentric contraction and activates more motor units[29]. Therefore, in this study, the increase in 

the circumference of the thigh after exercise than before exercise is considered to be an edema phenomenon 

caused by acute plyometric exercise, and it is thought that the circumference of the ground condition 

increased significantly due to the decrease in the load due to buoyancy.

Muscle fatigue during exercise is caused by several factors and mainly occurs in skeletal muscle. Delayed 

onset muscle soreness(DOMS) is known to increase as the total amount of exercise increases [30, 31], and 

peaks at 24-72 hours after exercise cessation and decreases thereafter [32]. It is known that DOMS is caused 

by causes such as lactic acid, muscle spasm, connective tissue damage, muscle damage, inflammation, and 

enzyme leakage [33]. The higher the total amount of exercise, the higher the DOMS [34]. In this study, 

DOMS increased in both land and water conditions, and was highest after 48 hours, and recovered again 

after 72 hours. Also, immediately after exercise, 48 hours, and 72 hours after exercise, the above-ground 

conditions showed higher values than the underwater conditions. This showed the same pattern as the point 

of time when pain occurred in the study that the DOS was highest and gradually decreased at 24-72 hours

after exercise, and the higher DOMS in the ground condition was 50% higher than the weight bearing in the 

ground condition due to buoyancy in the aquatic condition. It is thought to be the result of exercise with a 

low load [13].

5. Conclusion

This study showed the following results by examining the speed of vastus medialis, iEMG and CMJ of 

vastus medialis, vastus lateralis, and CMJ before and after exercise during plyometric training according to 

aquatic and terrestrial environments. There was no statistically significant difference in iEMG of vastus 

medialis according to exercise conditions and time. The MPV of the CMJ did not show a statistically 

significant difference according to the exercise conditions and time. The thigh circumference showed a 

statistically significant difference according to the exercise condition and time, and was higher in the ground 

condition after exercise. There was a significant difference in pain according to the exercise condition and 

time, and it was found to be high after exercise, 48 hours, and 72 hours in the ground condition. As a result 

of analyzing the results of this study, we found that the plyometric training conducted in the aquatic 

environment showed relatively lower swelling and pain immediately after exercise compared to the 
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plyometric training conducted in the land environment, and the recovery trend of delayed muscle pain was 

also relatively low. found something positive. Through this, we believe that plyometric training conducted in 

water can be performed more frequently with a relatively shorter cycle than on land if the amount and 

intensity of exercise are adjusted, compared to plyometric training conducted on the ground.
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