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Volleyball is one of the most played games in Indian School going population. Vertical jump height is an essential part in volleyball 
which can be achieved by strengthening the lower leg musculature. Thus the 6 weeks plyometric training protocol is added to see 
its results on the strength of lower leg musculature among high school amateur male volleyball players. The subjects (n = 40; age = 
10 - 16 years; mean = 12 ± 1.00 years) jumping reach Height (mean) = 169.00 ± 1.00 cm) were divided equally into 2 groups called 
as group A (Experimental) and group B (Control) respectively by simple random sampling method. Group A received the 6 weeks 
plyometric training protocol and conventional training while group B received only conventional training. Sargent jump test was used 
to assess the jump heights pre and post at the end of 6 weeks. Unpaired t-test was used to compare the results between the groups. 
Group A showed significant increase in the difference between the jumping and standing reach heights at the end of 6 weeks (mean 
difference in the height = 34.25 cm; p-value < 0.05) than in Group B (mean difference in the height = 25.15 cm; p-value < 0.05) at 
the end of 6 weeks. Also, there is significant improvement in Jumping reach height in Group A (pre = 188.05 cm; post = 203.00 cm) 
than in Group B (pre = 187.20 cm; post = 195.15 cm). Group A showed 43.65% (mean = 34.25 cm; SD = 7.59) increase while Group 
B achieved 31.61% (mean = 25.15 cm; SD = 3.73) increase with their initial vertical jump height Both the training protocols are 
effective in improving vertical jump height but the 6 weeks plyometric training protocol is more effective in improving vertical jump 
than the conventional training among high school amateur male volleyball players.

Introduction 

Volleyball is a one of the most played games in Indian school 
going population. Volleyball is a game which requires explosive 
power in the lower extremities to jump vertically maximum and 
deliver the ball in the opponent’s court and hence vertical jump is 
an essential component in volleyball. Vertical jump is commonly 
performed with a Counter Movement Jump (CMJ), i.e. the jump is 
performed with the knees flexed at 30 - 60 degrees and then re-
bounding upwards for a maximal vertical jump [1]. The increase in 
vertical jump ability following CMJ could be attributed to a combi-
nation of the utilization of elastic energy and the stretch reflex po-
tentiation of the muscle activation [2]. The test is performed with 
one hand on the hip with the other hand raised. Use of arms is al-
lowed to help propel the body upwards, as well as a counter-move-
ment. Greater jump heights can be achieved with this method.

Plyometrics is a rapid pre stretching of a muscle during an ec-
centric action, followed immediately by a concentric contraction 
of same muscle and connective tissue. The sequence of events is 
known as “STRETCH SHORTENING CYCLE” [3]. It is a form of ex-
ercise which links strength with speed of movement. According to 
some evidences plyometric training is an explosive training tech-
nique which improves strength and power in musculature.

Vertical jumping is the product of muscular strength and mus-
cular speed. The ability to produce explosive lower body power 
for a player is an important factor for attaining maximum height 
of vertical jump. Thus, a specific training technique is required to 
produce a maximal vertical jump. Thereby a Plyometric Training 
Protocol is intended to see the changes in the vertical jump ability.

Players were trained for 6 weeks in jumping and landing 
techniques, jumping for increased vertical height, and increased 
strength. The training sessions lasted approximately 2 hours a day, 
3 days a week, on alternating days (i.e. Monday, Wednesday, and 
Friday) [4-8]. The program was developed based on a thorough re-
view of the literature and the authors’ athletic training experience 
[4-8]. 

Since, there is a lack of research available on improving vertical 
jump among volleyball players, there is a need of doing research 
which can be helpful in improving vertical jump height among high 
school volleyball players.

Variety of outcome measures can be used for assessing the ver-
tical jump but the Sargent Jump Test is considered to be an impor-
tant measuring tool for assessing the vertical jump. Hence in the 
above study this Sargent Jump Test was used as an Outcome Mea-
sure for Vertical Jump Height.
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Materials and Methods
The informed consent was taken from the players. The 40 ama-

teur male volleyball players were selected based on the inclusion 
and exclusion criteria from various schools and playing grounds in 
and around Pune City.

The inclusion criteria was as followed: 

•	 Age: 10 - 16yrs

•	 High school amateur male volleyball players

•	 Players who are willing to participate in the study.

The exclusion criteria was as followed:

•	 Players who have recent fractures of upper and lower 
limbs (less than 6 months before initiating the protocol) 
(sportsmed.org).

•	 Players with any ligament injuries or reconstruction sur-
geries (less than 6 months before initiating the protocol) 
(sportsmed.org).

•	 Female volleyball players [9].

•	 Players with congenital deformities or specially able players.

They were then asked to perform 3CMJ’s. The difference be-
tween the jumping and standing reach height was measured and 
the maximum difference from the 3 CMJ’s was used for the further 
study. The players were trained for 6 weeks on alternate days in a 
Week and at the end of the 6 weeks again the jumping and standing 
reach height difference was measured by 3 CMJ’s and the maxi-
mum difference from the 3 jumps was considered. They were ran-
domly divided into 2 groups by Simple Random Sampling method. 
This study was a single-blinded randomized control trial with the 
randomization done with chit method. The players were blinded 
during randomization and the study was done. 

Group A (Experimental) received the 6-weeks plyometric train-
ing protocol and the conventional training protocol while Group B 
received only the conventional training protocol.

Both the groups received the Conventional Training Protocol 
which was first demonstrated by the therapist and after properly 
understanding it the players were asked to perform the training 
protocol.

The conventional training protocol is as follows.

Conventional training [10]

Stretching Resistance Training
Calf Stretch Calf Raises
Quadriceps Stretch Leg Extension
Hamstring Stretch Leg Curling
IT Band Stretch Squats
Lower Back Stretch Abdominal Curls
Deltoid/Biceps/Pectoral Stretch Trunk Extension

Stretching was performed for 30 seconds for 3 repetitions.

Resistance training was performed with 1 set of each exercise 
with a set goal of generally 12reps for upper body, 15 reps, for low-
er body and a range of 15 - 45 reps. for trunk exercises.

Group A (Experimental Group) received both the protocols i.e. 
plyometric Training and Conventional Training whereas Group B 
(Control Group) received only The Conventional Training Protocol. 
Group A received the conventional training followed by the plyo-
metric training. After the conventional training few minutes of rest 
period is allowed and then the plyometric training is progressed.

The plyometric training protocol will be as follows.

Group A: Experimental group

The players were train for 6 weeks in jumping and landing 
techniques., jumping for increased vertical height and increased 
strength. The training sessions were lasted approximately 2 hours 
a day, 3 days a week, on alternating days (i.e. Monday, Wednesday 
and Friday). The program was developed based on a thorough 
review of literature and the authors’ athletic training experience. 
Three phases will be implemented throughout the jumping pro-
gram:

1.	 Phase 1: Technique phase: include initial 2 weeks when 
proper jumping technique will be demonstrated and drilled. 
Four basic techniques were stressed: 1] correct posture 
(spine erect, shoulders back) and body alignment (e.g. Chest 
over knees) throughout the jump; 2] jumping straight up 
with no excessive side-to-side or forward-backward move-
ment; 3] soft landing include toe-to-heel rocking and bent 
knees; 4] instant recoil preparation for next jump. Phrases 
like “on your toes”, “straight as an arrow”, “recoil as a spring”, 
etc. were used as verbal and visualization queues for each 
phase of the jump.

2.	 Phase 2: Fundamental phase: was concentrated on the use of 
proper jumping technique to build a base of strength, power 
and ability.

3.	 Phase 3: Performance phase: was focused on achieving maxi-
mal vertical jump height.

Throughout each session of the first two phases, exercise was 
increased by duration. Each player was encouraged to do as many 
jumps as possible using proper technique. As players got fatigue, 
they were asked to stop if they are not able to execute the jumps 
correctly. During phase 3 players were concentrated on the height 
achieved in each jump. 30 seconds of recovery time was allotted to 
the players between each exercise.

Jumping exercise included are:

1.	 180 degree jumps: Two footed jump. Rotate 180 degree in 
the air. Hold landing 2 seconds, the repeat in reverse direc-
tion.

2.	 Bounding for distance: Start bounding in place and slowly 
increase distance with each step, keeping knees high.
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3.	 Bounding in place: Jump from one leg to the other straight up 
and down, progressively increasing rhythm and height.

4.	 Broad-jumps-stick (hold) landing: Two footed jump as far as 
possible. Hold landing for 5 seconds.

5.	 Cone jumps: Double leg jump with feet together, jump side-to-
side over cones quickly. Repeat forward and backward.

6.	 Hop, hop stick: Single legged hop. Stick second landing for 5 
seconds. Increase distance of hop as technique improves.

7.	 Jump into bounding*: Two footed broad jump. Land on single 
leg, then progress into bounding for distance.

8.	 Jump, jump, jump, vertical: Three broad jumps with vertical 
jump immediately after landing the third broad jump.

9.	 Mattress jumps: Two footed jumps on mattress, tramp, or 
other easily compressed devices. Perform side-to-side and 
front-to-back.

Exercise Repetitions or Time Repetitions or Time
Phase 1: Technique Week 1 Week 2

Wall Jumps 20 Seconds 25 Seconds
Tuck Jumps 20 Seconds 25 Seconds

Broad Jumps Stick Land 5 Repetitions 10 Repetitions
Squat Jumps 10 Seconds 15 Seconds

Double Leg Cone Jumps 30sec/30sec (Side to Side, Back-Front) 30sec/30sec (Side to Side, Back-Front)
180 Degree Jumps 20 Sec 25 Seconds
Bounding in Place 20 Sec 25 Seconds

Phase 2: Fundamental Week 3 Week 4
Wall Jumps 30 Seconds 30 Seconds

Tuck Jumps (B) 30 Seconds 30 Seconds
Jump, Jump, Jump. Vertical Jump 5 Repetitions 8 Repetitions

Squat Jumps 20 Seconds 20 Seconds
Bounding for Distance 1 Run 2 Run

Double Leg Cone Jumps 30sec/30sec (Side to Side, Back-Front) 30sec/30sec (Side to Side, Back-Front)
Scissor Jumps 30 Seconds 30 Seconds

Hop, Hop, Stick 5 Repetitions/Leg 5 Repetitions/Leg
	

Phase 3: Performance Week 5 Week 6
Wall Jumps 30 Seconds 30 Seconds

Step, Jump Up, Down, Vertical 5 Repetitions 10 Repetitions
Mattress Jumps 30sec/30sec (Side to Side, Back-Front) 30sec/30sec (Side to Side, Back-Front)

Single Legged Jumps Distance 5 Repetitions/Leg 5 Repetitions/Leg
Squat Jumps 25 Seconds 25 Seconds

Jump into Bounding 3 Runs 4 Runs
Single Legged Hop, Hop Stick 5 Repetitions/Leg 5 Repetitions/Leg

10.	 Scissors jump: Start in stride position with one foot well in 
front of the other. Jump up, alternating foot positions in midair.

11.	 Single legged jumps distance*: One legged hop for distance. 
Hold landing (knees bent) for 5 seconds.

12.	 Squat jumps*: Standing jump raising both arms overhead, land 
in squatting position touching both hands to floor.

13.	 Step, jump up, down, vertical: Two footed jump onto 6 - 8 inch 
step. Jump of step with two feet, then vertical jump.

14.	 Tuck jumps: From standing position jump and bring both 
knees up to chest as high as possible. Repeat quickly.

15.	 Wall jump (ankle bounces): With knees slightly bent and arms 
raised overhead, bounce up and down off toes.

*These jumps performed on mats. 

Plyometric training protocol [10]

aBefore jumping protocol subjects performed stretching (15 - 20 mins), skipping (2 laps), and side shuffles (2 laps). After training  
subjects were cool down (walk for 2 mins), stretching (5 mins). Each jump exercise was followed a 30 seconds rest period.

bThese jumps performed on mats.
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Group B: Control group

The subjects with even numbers are placed into Group B.

They received Conventional training protocol.

Conventional training

Stretching Resistance Training
Calf Stretch Calf Raises

Quadriceps Stretch Leg Extension
Hamstring Stretch Leg Curling

IT Band Stretch Squats
Lower Back Stretch Abdominal Curls

Deltoid/Biceps/Pectoral Stretch Trunk Extension

Stretching was performed for 30 seconds for 3 repetitions.

Resistance training was performed with 1 set of each exercise 
with a set goal of generally 12reps for upper body, 15 reps. For low-
er body and a range of 15 - 45 reps. for trunk exercises.

Outcome measures

Sargent jump test (Reliability = 0.96) [11] will be utilized to 
assess the pre and post values in each group:

•	 In this jump-and-reach test, the jumping height was deter-
mined by subtracting standing reach height from jumping 
reach height. The test was performed from countermove-
ment with the arm swing.

•	 The test should be performed pre and post of training pro-
grams for 3 times. The maximum jumping height distance 
can be taken for further evaluation (Reliability = 0.96) [11].

Statistical analysis
The data has passed the normality tests. Thus, the data fol-

lowed a normal distribution curve. Hence parametric tests were 
performed on the above data for the analysis. For the comparison 
between the groups unpaired t-test was used and for comparison 
within the group paired t-test was used. 

Figure A: 180 degree jumps.

Figure B: Cone jumps.

Figure C: Wall jumps.

Results

Age 
group

Group
Total

Group A Group B
10 - 12 9 10 19
13 - 14 9 9 18

> 14 2 1 3
Total 20 20 40

Table 1: Shows the age wise distribution of the  
subjects among the two groups.

Figure 1: Shows the age wise distribution of the subjects.

Group Number of 
patients

Age
p-value

Mean SD
Group A 20 12.85 1.31 0.904
Group B 20 12.90 1.29

Table 2: Shows the mean ages of the subjects among the two 
groups.

p-value > 0.05 (Not Significant) Unpaired t-test used.
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Group Number of 
patients

Standing Height
p-value

Mean SD
Group A 20 168.75 3.80 0.270
Group B 20 170.0 3.24

Table 3: Shows the mean standing reach height among 
 the two groups.

p-value > 0.05 (Not Significant) Unpaired t-test used.

Figure 2: Shows the mean standing height between 
 group A and group B.

Group
Number 

of  
patients

Difference between Jumping 
Height and Standing Height p-value 

(Intra 
group)Pre Post

Mean SD Mean SD
Group A 20 19.30 5.58 34.25 7.59 < 0.001#
Group B 20 17.20 5.35 25.15 3.73 < 0.001#
p-value  
(inter 
group)

0.232 < 0.001*

Table 4: Shows the differences between the Jumping and Stand-
ing reach heights between Group A and Group B.

*Significant (p-value < 0.05) Unpaired t-test used.

# Significant (p-value < 0.05) Paired t-test used.

Figure 3: Shows the differences between standing and  
jumping reach heights between group A and group B.

Pre Jumping Height Post Jumping Height
Experimental 

Group 188.05 203.00

Table 5: Shows the Pre and Post Jumping Reach  
Heights in Group A.

Figure 4: Shows the pre and post value of jumping  
reach height in group A.

Pre Jumping Height Post Jumping Height
Conventional 

group 187.20 195.15

Table 6: Shows the Pre and Post value of Jumping  
Reach Height in Group B.

Figure 5: Shows the pre and post value of jumping  
reach height in group B.

Experimental group Control Group
Post Jumping Height 203.00 195.15

Table 7: Shows the post jumping height in Group A and Group B.

Figure 6: Shows the post jumping height in 
 group A and group B.
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Discussion
The 6-weeks plyometric training protocol on vertical jump 

height among amateur male volleyball players was done on 40 
amateur male volleyball players.

The subjects were divided into two groups by simple random 
sampling. Group A called ‘Experimental’ incorporated into the 
plyometric training protocol and conventional protocol while the 
Group B called ‘Control’ participated into only conventional pro-
tocol. 

Table 1 showed that there were 19 subjects from age group = 
10 - 12yrs.; 18 subjects from 12 - 14yrs; 3 subjects from age group 
> 14 yrs.

Table 2 has the mean ages for Group A (12.85 yrs) and Group B 
(12.90 yrs) which depicted there is no significant variation in the 
age between the 2 groups which standardized the data and there 
were no drop outs in the study so the result calculated is for 40 
subjects.

Figure 3 depicted the difference in mean jumping heights from 
both the groups. The pre difference in Group A was 19.30 cm which 
was increased to 34.25 cm post the training, on the other hand the 
pre difference in Group B was 17.20 cm which was increased to 
25.15 cm at the end of 6 weeks of training session.

The experimental group (Group A): Mean jumping height: pre = 
188.05 cm; post = 203.00 cm, The control group (Group B): Mean 
jumping height: pre = 187.20 cm; post = 195.15 cm which suggest-
ed that there was more significant increase in jumping height in 
the experimental group than control group.

Figure 4 showed the pre and post jumping reach heights in 
Experimental Group (Group A) (pre = 188.05 cm; post = 203.00) 
while figure 5 showed that the pre and post jumping reach heights 
in Control Group (Group B) (pre = 187.20; post = 195.15) which 
depicted that group A has more increase in post jumping reach 
height than group B. Group A showed 43.65% (mean = 34.25 cm; 
SD = 7.59) increase while Group B achieved 31.61% (mean = 25.15 
cm; SD = 3.73) increase with their initial vertical jump height. Fig-
ure 6 also showed that the post Jumping Reach Height in Group 
A is more as compared to post Jumping Reach Height in Group B.

Holcomb., et al. showed that during a plyometric movement the 
muscles undergo a very rapid switch from eccentric phase to the 
concentric phase. This Stretch-Shortening Cycle decreases the time 
of the amortization phase that in turn allows greater than normal 
power production [12,13]. The muscles’ stored elastic energy and 
stretch reflex response are essentially exploited, permitting more 
work to be done by the muscles during the concentric phase of the 
movement [12,14]. 

Potteiger., et al. showed that there is significant increase in Type 
I and Type II muscle fibers which improved muscle force produc-
tion along with increase in the muscle fibre size [15,16].

According to the available literature neuromuscular adapta-
tions such as increased inhibition of antagonists muscles as well as 
better activation and co-contraction of synergistic muscles may ac-
count for improvement in power output hence increasing the ver-
tical jump performance which justifies the objective of the study 

[17,18].

Conclusion
Hence from the above study it can be concluded that both the 

training protocols are effective on improving the vertical jump 
height but the 6-weeks plyometric training protocol is more effec-
tive over the conventional protocol on improving the vertical jump 
ability among high school amateur male volleyball players.
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