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ABSTRACT
Plyometric Training: This article presents a theoretical basis for plyometric training. It is thought of as missing link between weight 
training (strength) and athletic performance (power), with particular emphasis on the speed of activity. During this training eccen-
tric contraction is followed by concentric contraction known as stretch shortening cycle. The initial part of paper presents intro-
duction; historical background; neurophysiology and biomechanics; benefits of plyometric training. Final part of paper presents 
detail about application and progression of plyometric training and evidence for use of plyometric training. The author hopes to 
encourage physiotherapists to enhance their skills with elements of plyometric training.
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INTRODUCTION

Plyometric is a type of exercise which utilizes the stretch-
shortening cycle of musculotendinous tissue. Eccentric 
stretching is followed by concentric shortening of the same 
muscles. Often involves rebound activities. 1Plyometric train-
ing also called stretch shortening drills or stretch strengthen-
ing drills or reactive neuromuscular training. 2, 3

Plyometric is thought of as missing link between weight 
training (strength) and athletic performance (power), 
with particular emphasis on the speed of activity. 4 It is 
a form of training designed to develop explosive power 
for athletics. Running, walking and hopping are typical 
examples in human locomotion of how external forces 
(e.g. gravity) lengthen the muscle. In this lengthening 
phase the muscle is acting eccentrically then a concen-
tric (shortening) action follows. The true definition of 
eccentric action indicates that the muscles must be ac-
tive during stretch. This combination of eccentric and 
concentric actions forms a natural type of muscle func-
tion called the stretch-shortening cycle (SSC). The peri-
od of time between the stretch and shortening cycles is 
known as the amortization phase. Amortization phase 
is kept very brief by a rapid reversal of movements to 
capitalize on the increased tension in the muscle.5

HISTORY

The word “plyometrics” has roots in the Greek word 
“pleythyein” which means to increase or augment. 

Though eastern countries used plyometric techniques in 
the 60s, but it came to the attention of the west during 
the 1970s.4 The leading researcher of plyometric train-
ing was a Russian scientist named Yuri Verkhoshansky. 
Dr. Verkhoshansky developed a system of exercises called 
“Jump Training” that used repetitive jumping in order to 
increase the speed and explosiveness of Russian track 
and field athletes. He published the results of his studies 
on this new form of training in 1964. Two years later he 
entered into scientific research. In his research, the use 
falling weight’s kinetic energy to increase the strength ef-
fort was adapted further for upper body explosive move-
ments. He named this discovery the “shock method”.6 
The term plyometric was first used in 1975 by an Ameri-
can track and field coach named Fred Wilt after he per-
formed an extensive study of Dr. Verkoshansky’s training 
methods. Fred derived the word from the Latin words 
“pilo” and “metrics”. Pilo means more and metrics means 
to measure. By about 1980 had become a valuable tool 
in major athletic programs. In the early 1990s, George 
Davies and Kevin wilk introduced plyometrics into reha-
bilitation. 6 

NEUROPHYSIOLOGY AND BIOMECHANICS 
OF PLYOMETRICS

Plyometrics is also known as reactive neuromuscular 
training. Loaded eccentric contraction is thought to pre-
pare the contractile element of muscle for a concentric 
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contraction by stimulation and activation of monosyn-
aptic stretch reflex. If eccentric contraction occurs more 
rapidly, more likely it is that the stretch reflex will be 
activated.7

Plyometric training is thought to utilize the serial-
elastic properties of soft tissues and stretch reflex of 
neuromuscular unit. When muscle is stretched; me-
chanical energy is absorbed by the muscle. This en-
ergy can be dissipated as a heat or it can be stored 
within muscle as elastic energy. This storage of elastic 
energy in the musculotendinous tissues contributes to 
the increased force produced in the subsequent con-
centric contraction phase and increased efficiency of 
movement. This phenomenon can be visualized as the 
action of a spring.8

Stiffer musculotendinous unit may result in an increased 
rate of concentric contraction and a more rapid transmis-
sion of forces to the working limbs.9 Increased musculo-
tendinous stiffness is more important than the ability to 
store more elastic energy in terms of enhancing stretch-
shortening cycle SSC performance in activities such as 
sprinting.10

BENEFITS OF PLYOMETRICS

Plyometric training (PT) is a method of choice when 
aiming to improve vertical jump ability and leg muscle 
speed-strength and power.11 Ground reaction time is de-
creased with plyometric training helps to improved re-
action time and agility.12 Hamstring to quadriceps peak 
torque strength ratio increases.

After plyometric training, peak landing forces from a 
volleyball block jump and knee adduction and abduc-
tion moments (medially and laterally directed torques) 
decreases. Multiple regression analysis revealed that 
knee adduction and abduction moments are significant 
predictors of peak landing forces. Female athletes dem-
onstrated lower landing forces than male athletes and 
lower adduction and abduction moments after training. 
This training may have a significant effect on knee sta-
bilization and prevention of serious knee injury among 
female athletes.13,14,15 In season training is more effec-
tive than preseason in Anterior cruciate ligament (ACL) 
injury prevention.16

Plyometric activities may facilitate neural adaptations 
that enhance proprioception, kinesthesia, and muscle 
performance characteristics.17 Plyometric jump training 
continued over a longer period of time during adolescent 
growth may increase peak bone mass.18

APPLICATION AND PROGRESSION OF PLYO-
METRICS

1) Equipment
Plyometric can be performed indoors or outdoors. Floor-
ing or playing surface is probably the most important 
equipment needed for plyometric training. Jumping on 
concrete or asphalt can lead to knee, ankle, and hip prob-
lems; as such these surfaces should be avoided. The land-
ing surface should be able to absorb some of the shock 
of landing. Gymnastic or wrestling mats are good indoor 
surfaces as are the sprung wood floors found in many 
aerobics studios. Outdoors, plyometrics are done on the 
grass or sand. 19 Footwear should provide good cushion 
and also sturdy support. A standard cross training shoe 
is best suited for lower extremity plyometrics for support 
and shock absorption. Equipments like; Solid boxes 6 to 
24 inches or more in height can be used. Plastic cones, 
hurdles, slide board, plyometric/weighted balls, elastic 
band, trampoline are very useful for both upper and low-
er extremity plyometric.4

2) Pre training consideration
Plyometrics are a very high intensity form of training, 
placing substantial stress on the bones, joints, and con-
nective tissue. While plyometrics can enhance an ath-
lete’s speed, power, and performance, it also places them 
at a greater risk of injury than less intense training meth-
ods. Prior to starting a program there are several vari-
ables to consider so the training sessions are performed 
in a safe and effective manner.

A person should have an adequate base of muscle strength 
and endurance as well as flexibility of the muscles to be 
exercised. Criteria to begin plyometric training usually 
include an 80% to 85% level of strength and 90% to 95% 
ROM.7 Power squat test is a good closed chain exercise to 
determine whether a patient has an adequate strength 
base for lower extremity plyometrics. It is performed 
with 60% of athlete’s body weight. Squat repetitions are 
done in 5seconds, and the depth should be knee flexion 
close to 900 for each repetition. 5 Although static stretch-
ing is important in the performance of plyometrics, some 
ballistic stretching is warranted. An individual must be 
able to perform a 30 seconds one leg stance with eye 
open and closed for proprioception and single leg half 
squat for strength.20 For shock and high intensity lower 
extremity plyometrics, it is recommended that healthy 
athletes have enough leg and hip strength to be able to 
perform a squat with 1.5 to 2.5 times the athlete’s body 
weight. For high intensity upper extremity plyometrics, 
it has been suggested that an athlete be able to perform 
five clap push-ups in row. 5
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Although static stretching is important in the perfor-
mance of plyometrics, some ballistic stretching is war-
ranted.4 sufficient warm up is required before engaging 
to plyometric training.21

3) Load
The training with light-load (30% of 1 RM) jump squats 
results in increased movement velocity, Peak force, peak 
velocity capabilities than high load (80% of 1 RM).22 

However, no extra benefits were found to be gained from 
doing plyometrics with added weight.23 

4) Speed
Drills should be performed rapidly but safely. The rate 
of stretch of the contracting muscle is more important 
than the length of the stretch. If a jumping activity is per-
formed, for example, progression of the plyometrics ac-
tivity should centre on reducing the time on the ground 
between each jump.20

5) Frequency
Plyometrics should not be performed more than two to 
three times per week unless you are alternating days of up-
per and lower body plyometric drills. Off-season plyometric 
routines are performed twice per week. In season, one ses-
sion per week is appropriate for most sports. Track and field 
athletes may perform two to three time per week.4

6) Intensity
The intensity of plyometric drills is typically classified 
as low, medium, or high. When high-intensity levels are 
reached by the athlete, volume should decrease. The in-
tensity of plyometric drills for the lower extremities has 
been related to foot contacts, direction of jump, speed, 
jump height and body weight.4

7) Classification of plyometric drill 

Low intensity Lower  
Extremity

Squat jump, Spit squat 
jump, Ankle bounce ,Lateral 
hurdle/cone jump

Upper  
Extremity

Medicine ball chest pass, 
Underhand medicine ball 
throw, Overhead throw

Medium 
intensity

Lower  
Extremity

Pick jump, lateral hope, 
Double and single leg pick 
jump, Double leg tuck jump, 
Standing triple jump, Zigzag 
cone jump, Double leg hop, 
Alternate leg bounds, Com-
bination bound

Upper  
Extremity

Medicine ball push-up, 
Standing or kneeling side 
throw, Backward throw

High intensity Lower Ex-
tremity

In depth jumps, Box jumps, 
Single leg vertical power 
jump, Single leg tuck jump

Upper Ex-
tremity

Drop push-up, Medicine ball 
push-up

8) Volume

Volume is typically expressed as the number of foot con-
tacts, throws of the medicine ball or distance jumped. 
Volume of 10 weeks duration and more than 20 ses-
sions using high intensity programs (> 50 jumps per 
session) seems to maximize the probability of obtaining 
significantly greater improvements in performance.23 
Adolescent athletes should perform low-impact plyo-
metric training once-weekly to increase lower-body 
power resulting in increased Vertical Jump and kicking 
distance.2

9) Rest and recovery
The work to rest ratio should be 1:5 to 1:10 to be certain 
that the intensity and proper execution of movement are 
preserved. It is suggested that 1 to 5 minutes of rest is 
needed between plyometric exercises, depending upon 
the intensity and volume of the workout. Recovery time 
between sessions is recommended 48-72 hours.25

10) Safety consideration 
Following points are considered for prevention of knee 
injuries:

“Stick” the landing, holding the landing for 5 seconds, 
land softly and quietly, keep the shoulders over knees 
when landing, and avoid hyper extension during all ac-
tivities. 4

11) Progression4

Low to high intensity

Two legged jumps to one legged jumps

Raising box jump and heights 

Increasing resistance of elastic band

Increase weight of medicine ball

Increasing number of hurdles
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DISCUSSION
Philo u. Saunders et al in 2013 performed study on “Ef-
fects of knee injury primary prevention programs on an-
terior cruciate ligament injury rates in female athletes in 
different sports: A systematic review”. They concluded 
that three training programs in soccer and one in hand-
ball led to reduced ACL injury incidence. In basketball no 
effective training intervention is found. In season train-
ing is more effective than preseason in ACL injury pre-
vention. A combination of strength training, plyometrics, 
balance training, technique monitoring with feedback, 
produced the most favourable results.16

Goran Markovic et al in 2007 had done a meta-analytical 
review on “Does plyometric training improve vertical 
jump height?” The result of the study showed that Plyo-
metric training provides both statistically significant and 
practically relevant improvement in vertical jump height. 
It also suggest that the effects of PT are likely to be high-
er in slow stretch-shortening cycle (SSC) vertical jumps 
(countermovement jumps and countermovement jumps 
with arm swing) rather than in either concentric (Squat 
Jump) or fast SSC jumps (drop jumps).11

Saunders et al in 2006 performed a study on “Short-term 
plyometric training improves Running economy in highly 
trained middle and long distance runners”. Short-term 
plyometric training showed no significant difference in 
cardio respiratory measures or VO2max in plyometric 
group. But result showed improvement in Running econ-
omy, with likely mechanisms residing in the muscle, or 
alternatively by improving running mechanics.26

Johnson et al had done a Systematic Review on “Plyomet-
ric Training Programs for Young Children”. The current 
evidence suggests that a twice a week program for 8-10 
weeks beginning at 50-60 jumps a session and increas-
ing exercise load weekly results in the largest changes in 
running and jumping performance. An alternative pro-
gram for children who do not have the capability or tol-
erance for a twice a week program would be a low-inten-
sity program for a longer duration. The research suggests 
that plyometric training is safe for children when parents 
provide consent, children agree to participate, and safety 
guidelines are built into the intervention.27

CONCLUSION

Plyometric Training can be safely introduced to improve 
vertical jump ability, speed-strength and power and re-
duce chances of sports specific injury.
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