
C L I N I C A L  C O M M E N T A R Y  

Stretch-Shortening Drills for the Upper 
Extremities: Theory and Clinical Application 
Kevin E. Wilk, PT' 
Michael 1. Voight, MEd, PT, ATC, SCS2 
Michael A. Keirns, MA, PT, ATC, SCS3 
Vern Cambetta, MA4 
lames R. Andrews, MD5 
Charles 1. Dillman, PhD6 

I 
n the rehabilitation of athletic 
injuries and in sport training, 
the concept of specificity is an 
important parameter in de- 
termining the proper exercise 

program (2). T h e  imposed demands 
during training must mirror those 
incurred during athletic competition, 
especially during the advanced 
phases of rehabilitation. In most ath- 
letic events, these stresses center 
around a muscle's capacity to exert 
its maximal force output in a mini- 
mal amount of time. Success de- 
pends on the speed at which muscu- 
lar force can be generated. T o  simu- 
late the explosive strength needed in 
athletics, Verkhoshanski advocated 
the "shock" method of training when 
he introduced the concept of ply- 
ometrics in Russia in 1969 (42, 43). 

While the term plyometric exer- 
cise is relatively new, the basic con- 
cepts have been well established. 
T h e  roots of plyometric training can 
be traced to eastern Europe, where 
it was simply known as jump training 
o r  shock training (44, 45). "Plyo" 
originates from the Greek word, 
"plythein," which means to  increase. 
"Plio" is the Greek word for "more," 
and "metric" literally means to mea- 
sure (48). T h e  practical definition of 
plyometrics is a quick powerful 
movement involving a prestretching 
of the muscle, thereby activating the 
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stretch-shortening cycle. Therefore, 
one purpose of plyometric training is 
to increase the excitability of the 
neurological receptors for improved 
reactivitv of the neuromuscular sys- 
tem. This type of sports perform- 
ance training can be referred to as 
reactive neuromuscular training 

(47). In effect, this type of approach 
is simply a muscle stretch-shortening 
exercise. 

A literature review demonstrates 
that since 1969, many authors have 
used variances of Verkhoshanski's 
methodology in an attempt to estab- 
lish the best stretch-shortening tech- 
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nique and training program (3, 6-8, 
11, 32, 36). There  is agreement on 
the benefits of basic stretch-shorten- 
ing principles, but controversy exists 
regarding an optimal training rou- 
tine (12, 16, 29, 38). Today, the 
chief proponents of the stretch- 
shortening approach are still found 
in the track and field society, since 
they continue to  use Verkhoshanski's 
"reactive neuromuscular apparatus" 
for reproducing and enhancing the 
reactive properties of the lower ex- 
tremity musculature ( I ,  5,  32, 36). 
Numerous authors have documented 
lower quarter stretch-shortening ex- 
ercise drills and programs, but the 
literature is deficient in upper ex- 
tremity stretch-shortening exercise 
programs (1 6-1 8, 42-45). 

Adaptations of the stretch-short- 
ening principles can be used to  en- 
hance the specificity of training in 
other sports that require a maximum 
amount of muscular force in a mini- 
mal amount of time. All movements 
in competitive athletics involve a re- 
peated series of stretch-shortening 
cycles (5, 13, 15). Specific functional 
exercise must be performed to  pre- 
pare the individual for return to  ac- 
tivity. Perhaps in no  one single ath- 
letic endeavor is the use of elastic 
loading to produce a maximal explo- 
sive concentric contraction and the 
rapid decelerative eccentric contrac- 
tion seen more than in the violent 
activity of throwing a baseball. T o  
replicate these forces during rehabil- 
itation is beyond the scope of every 
traditional exercise tool. For exam- 
ple, the isokinetic dynamometer that 
reaches maximal velocities of 450- 
500°/sec is not specific to the 
greater than 7,000 O/scfc of shoulder 
angular velocity seen during a base- 
ball pitch (20, 34). Consequently, 
specific exercise should be an intri- 
cate part of every upper extremity 
training program to facilitate a com- 
plete return to athletic participation. 
T h e  purpose of this paper is to ex- 
plain the theoretical basis of stretch- 
shortening exercise and to present a 
philosophy for utilizing the stretch 

reflex to produce an explosive reac- 
tion in the upper extremity. 

THEORETICAL BASIS OF STRETCH- 
SHORTENING EXERCISE 

Stretch-shortening exercise uses 
the elastic and reactive properties of 
a muscle to generate maximal force 
production. In normal muscle func- 
tion, the muscle is stretched before it 
contracts concentrically. This eccen- 
tric-concentric coupling, also re- 
ferred to  as the stretch-shortening 
cycle, employs the stimulation of the 
body's proprioceptors to  facilitate an 
increase in muscle recruitment over 
a minimal amount of time. 

There is agreement on 
the benefits of basic 
stretch-shortening 

principles, but 
controversy exists 

regarding an optimal 
training routine. 

T h e  proprioceptors of the body 
include the muscle spindle, the golgi 
tendon organ, and the joint capsule/ 
ligamentous receptors (10, 23, 25). 
Stimulation of these receptors can 
cause facilitation, inhibition, and 
modulation of both agonia and an- 
tagonist muscles (25, 26). Both the 
muscle spindle and golgi tendon or- 
gan provide the proprioceptive basis 
for plyometric training. 

T h e  muscle spindle functions 
mainly as a stretch receptor. T h e  
muscle spindle components that are  
primarily sensitive to changes in ve- 
locity are the nuclear bag intrafusal 
muscle fibers, which are innervated 
by a Type l a  phasic nerve fiber (25, 

37, 41). T h e  muscle spindle is pro- 
voked by a quick stretch, which re- 
flexively produces a quick contrac- 
tion of the agonistic and syneriistic 
extrafusal muscle fibers (Figure 1). 
T h e  firing of the Type l a  phasic 
nerve fibers is influenced by the rate 
of stretch; the faster and greater the 
stimulus, the greater the effect of 
the associated extrafusal fibers (4, 
25, 33, 41). This cycle occurs in .3- 
.5 msec and is mediated at the spinal 
cord level in the form of a monosyn- 
aptic reflex, such as the knee jerk (4) 
(Figure 2). 

T h e  golgi tendon unit, which is 
sensitive to tension, is located at the 
junction between the tendon and 
muscle both at the origin and inser- 
tion (22). T h e  unit is arranged in se- 
ries with the extrafusal muscle fibers 
and, therefore, becomes activated 
with stretch. Unlike the muscle spin- 
dle, the golgi tendon organ has an 
inhibitory effect on the muscle. 
Upon activation, impulses are sent to  
the spinal cord, causing an inhibition 
of the alpha motor neurons of the 
contracting muscle and its synergists 
and, thereby, limiting the force pro- 
duced. It has been postulated that 
the golgi tendon organ is the protec- 
tive mechanism against overcontrac- 
tion o r  stretch of the muscle (24). 
Because the golgi tendon organ uses 
a t  least one interneuron in its synap  
tic cycle, inhibition requires more 
time than Type l a  monosynaptic in- 
terneuron excitation (9). 

During concentric muscle con- 
traction, the muscle spindle output is 
reduced because the muscle fibers 
are  either shortening o r  attempting 
to  shorten. During eccentric contrac- 
tion, the muscle stretch reflex gener- 
ates more tension in the lengthening 
muscle (28). When the muscle ten- 
sion increases to  a high o r  potentially 
harmful level, the golgi tendon or- 
gan fires, thereby generating a 
neural pattern that reduces the exci- 
tation of the muscle. Consequently, 
the golgi tendon organ receptors 
may be a protective mechanism, but 
in correctly carried out plyometric 
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FIGURE 1. The muscle spindle complex i s  a receptor consisting of intrafusal muscle fibers. Each spindle 
receives afferent innervation from group la (Aa) fibers and group I1 (A=) fibers. The purpose of the muscle 
spindle is  to provide information regarding muscular length to the central nervous system. 

organ 1 I 

FIGURE 2. Passive stretch (reflex). Both intrafusal and extrafusal muscle fibers are stretched. Sensory 
information is  sent to the spinal cord via la fibers. The la fibers synapse on a motor nerve cell and excite it. As a 
result, motor impulses are sent back to the muscle via the alpha motor neurons, thereby causing muscle 
contraction. 

exercise, their influences a re  over- 
shadowed by the reflex arc pathway 
incorporated with excitation of Type 
l a  nerve fibers (Figure 3). 

Another principle to  consider 
when discussing the quick explosion 
philosophy of plyometrics involves 
determining which muscles are af- 
fected. Patten (35) has embryolog- 
ically classified muscles into phasic 
and tonic groups according to how 
muscles develop from the myotomes. 

Group one muscles (phasic o r  fast 
twitch) are innervated by anterior di- 
visions of the nerve plexus and in- 
clude the flexors, adductors, and in- 
ternal rotators. Also included in this 
category are most two-joint muscles 
(24). Group two muscles (tonic o r  
static) include the extensors, external 
rotators, and the abductors. T h e  
group one  muscles possess more in- 
fluence by the Type l a  phasic nerve 
endings, resulting in a greater 

chance of facilitation by the stretch- 
shortening manuever. 

In addition to the neurophysio- 
logical stimulus, the positive results 
of stretch-shortening exercise can 
also be attributed to the recoil action 
of elastic tissues (1 1, 12, 14). Several 
authors have reported that an eccen- 
tric contraction immediately preced- 
ing a concentric contraction will sig- 
nificantly increase the force gener- 
ated concentrically as a result of the 
storage of elastic energy (3, 6, 8 ,  14). 
T h e  mechanism for this increased 
concentric force is the ability of the 
muscle to  utilize the force produced 
by the elastic component (3, 6-8, 
14). During the loading of the mus- 
cle, which occurs when stretching, 
the load is transferred to  the elastic 
component and stored as elastic en- 
ergy. T h e  elastic elements can then 
deliver increased energy as it is re- 
covered and used for the concentric 
contraction (3, 7, 8). 

T h e  muscle's ability to  use the 
stored elastic energy is affected by 
time, magnitude of stretch, and ve- 
locity of stretch. Increased force 
generation during the concentric 
contraction is most effective when 
the preceding eccentric contraction 
is of short range and is performed 
quickly without delay (3, 6). 

T h e  improved o r  increased mus- 
cle performance that occurs with the 
prestretching of the muscle is the re- 
sult of the combined effects of both 
the storage of elastic energy and the 
myotatic reflex activation of the 
muscle (3, 6, 12). T h e  percentage of 
contribution from each component is 
not known a t  this time (6). In addi- 
tion, the degree of enhanced muscu- 
lar performance is dependent upon 
the time frame between the eccen- 
tric and concentric contractions (1 2). 

PHASES OF STRETCH- 
SHORTENING EXERCISE 

Three  phases of the plyometric 
exercise have been described: the 
setting o r  eccentric phase, the amor- 
tization phase, and the concentric re- 
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FIGURE 3. Active eccentric-muscle contraction in which the muscle fibers lengthen. The muscle spindle and 
golgi tendon organs oppose each other. The regulation of force is controlled by descending pathways from the 
brain. 

sponse phase (Table 1). T h e  eccen- 
tric o r  setting phase begins when the 
athlete mentally prepares for the ac- 
tivity and lasts until the stretch stim- 
ulus is initiated. Advantages of a cor- 
rect setting stage include increasing 
the muscle spindle activity by pre- 
stretching the muscle prior to activa- 
tion and mentally biasing the alpha 
motor neuron for optimal extrafusal 
muscle contraction (2 1, 29). T h e  du- 
ration of the setting phase is deter- 
mined by the degree of impulse de- 
sired for facilitation of the contrac- 
tion. With too much o r  prolonged 
loading, the elapsed time from ec- 
centric to concentric contraction will 
prevent optimal exploitation of the 
stretch-shortening myotatic reflex 
(27. 43). 

T h e  second phase of the stretch- 
shortening response is the amortiza- 
tion phase. This phase is the amount 

Phase I  Eccentric Phase- 
(setting) preloading 
period 

Phase II Amortization Phase- 
time between eccentric 
and concentric phase 

Phase I 1 1  Concentric Phase- 
facilitated contraction 
(pay-off) 

- 

TABLE 1. Stretch-shortening phases. 

In addition to the 
neurophysiological 

stimulus, the positive 
results of stretch- 

shortening exercise 
can also be attributed 
to the recoil action of 

elastic tissues. 

of time between undergoing the 
yielding eccentric contraction and 
initiation of a concentric force. By 
definition, it is the electromechanical 
delay between the eccentric and con- 
centric contractions during which 
the muscle must switch from over- 
coming work to  imparting the neces- 
sary amount of acceleration in the 
required direction (44). 

Successful training using the 
stretch-shortening technique relies 
heavily on the rate of stretch rather 
than the length of the stretch. If the 
amortization phase is slow, elastic en- 
ergy is wasted as heat, and the 

stretch reflex is not activated. T h e  
more quickly the individual is able to 
switch from yielding work to over- 
coming work, the more powerful the 
response. 

T h e  final period of the stretch- 
shortening exercise is the concentric 
response phase. During this phase, 
the athlete concentrates on the effect 
of the exercise and prepares for initi- 
ation of the second repetition. T h e  
response phase is the summation of 
the setting and amortization phases. 
This phase is often referred to  as the 
resultant o r  payoff phase because of 
the enhanced concentric contraction 
( 1  6, 17, 44, 45). 

Theoretically, stretch-shortening 
exercise assists in the improvement 
of physiologic muscle performance 
in several ways. While increasing the 
speed of the myotatic stretch-reflex 
response may increase performance, 
such information has not been docu- 
mented in the literature. Research 
does support that the faster a muscle 
is loaded eccentrically, the greater 
the concentric force produced (29, 
33). Eccentric loading places stress 
on the elastic components, thereby 
increasing the tension of the result- 
ant rebound force. 

A second possible mechanism for 
the increased force production in- 
volves the inhibitory effect of the 
golgi tendon organs on force pro- 
duction. Since the golgi tendon or- 
gan serves as a protective mechanism 
limiting the amount of force pro- 
duced within a muscle, its stimula- 
tion threshold becomes the limiting 
factor. Desensitization of the golgi 
tendon organ may be possible, 
thereby raising the level of inhibition 
and, ultimately, allowing increased 
force production with greater loads 
applied to the musculoskeletal sys- 
tem. 

T h e  last mechanism by which 
plyometric training may increase 
muscular performance centers 
around neuromuscular coordination. 
T h e  ultimate speed of movement 
may be limited by neuromuscular co- 
ordination. Explosive plyometric 
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training may improve neural effi- 
ciency and increase neuromuscular 
performance. Utilizing the pre- 
stretch response may allow the indi- 
vidual to  better coordinate the activi- 
ties of the muscle groups. This en- 
hanced neuromuscular coordination 
could lead to  greater net force pro- 
duction, even in the absence of mor- 
phologic change within the muscles 
themselves, referred to as neural 
adaption (44). In other words. the 
neurological system may be en- 
hanced to  become more automatic. 

T h e  implementation of the 
stretch-shortening program begins 
initially with the development of an 
adequate strength and physical con- 
dition base. T h e  development of a 
greater strength base results in 
greater force generation as a result 
of both the increased cross-sectional 
area of the muscle and the resultant 
elastic component. In order  to  pro- 
duce optimal strength gains, a struc- 
tured plan must be instituted to  pre- 
vent potential over-use injuries. 

Stretch-shortening exercise 
trains the neuromuscular system by 
exposing it to  increased strength 
loads. Utilizing the stretch reflex im- 
proves the ability of the nervous sys- 
tem to  react with maximal speed to  
the lengthening muscle. This im- 
proved stretch reflex allows the mus- 
cle to  contract concentrically with 
maximal force. Since the stretch- 
shortening program attempts to  
modify and retrain the neuromuscu- 
lar system, the exercise program 
should be designed with sport speci- 
ficity in mind. It has been the au- 
thors' clinical observation that pa- 
tients performing stretch-shortening 
exercise drills have accelerated mus- 
cular performance gains compared 
with individuals who have not 
trained in this fashion. It appears the 
muscular performance gains a re  not 
from morphologic change but rather 
from neural adaptation and en- 
hanced neuromuscular coordination. 
It also appears this enhanced muscu- 
lar performance is sensitive to  de- 
training effects. 

AN EXAMPLE OF A STRETCH- 
SHORTENING EXERCISE PROGRAM 

A sample upper extremity 
stretch-shortening exercise program 
is presented in an attempt to  illus- 
trate the clinical applications of such 
a training program. T h e  program is 
organized into four different exer- 
cise groupings: I ) warm-up exer- 
cises, 2) throwing movements, 3) 
trunk extension/flexion exercises, 
and 4) medicine ball wall exercises 
(Table 2). 

Warm-up Exercises 

Warm-up exercises a re  designed 
to provide the body, especially the 

exercise trains the 
neuromuscular system 

by exposing it to 
increased strength 

loads. 

shoulder, arm, and trunk, with an 
adequate physiologic warm-up be- 
fore beginning a plyometric pro- 
gram. An active warm-up should fa- 
cilitate muscular performance by in- 
creasing blood flow, muscle/core 
temperature, speed of contraction, 
oxygen utilization, and nervous sys- 
tem transmission ( I ,  4, 19, 23, 31). 
T h e  warm-up exercises are listed in 
Table 2. T h e  first three warm-up ex- 
ercises utilize a 9-Ib medicine ball o r  
a rubber-coated ball called a plyo- 
ballC~Functional Integrated Tech- 
nologies, Watsonville, CA). These 
warm-up exercises include trunk ro- 
tations (Figure 4). trunk side bends 
(Figure 5), and trunk wood chops 
(Figure 6). Additionally, warm-up 

Warm-up exercises 
Medicine ball rotation 
Medicine ball side bends 
Medicine ball wood chops 
Tubing ER/IR 
Tubing diagonal patterns (D2) 
Tubing biceps 
Push-ups 

Throwing movements 
Mecicine ball soccer throw 
Medicine ball chest pass 
Medicine ball step and pass 
Medicine ball side throw 
Tubing plyos IR/ER 
Tubing plyos diagonals 
Tubing plyos biceps 
Plvo push-up (boxes) 
Push-up (clappers) 

Trunk ext/flexion movements 
Medune ball sit-ups 
Medicine ball back extension 

Medicine ball wall exercises 
Soccer throw 
Chest pass 
Side-to-side throw 
Backward side-to-side throw 
Forward two hands through legs 
One-hand baseball throw 

IR = ~nfernal rofafron. 
ER = external rofafion. 

TABLE 2. A stretch-shortening exercise 
program. 

exercises are performed with exer- 
cise tubing and include internal and 
external rotation movements of the 
shoulder with the arm in a position 
of 90" of shoulder abduction and 
90" of elbow flexion (Figure 7) to 
simulate the throwing position. Fi- 
nally, push-ups with both hands on 
the ground can enhance the warm- 
up period (Figure 8). Athletes should 
perform two to  three sets of 10 repe- 
titions for each of these warm-up ex- 
ercises prior to  beginning the exer- 
cise session. 

Throwing Stretch-Shortening 
Movement Drills 

Throwing movement stretch- 
shortening exercises attempt to  iso- 
late the muscles and muscle groups 
necessary for throwing. These exer- 
cises are performed in combined 
movement patterns similar to the 
throwing motion and are listed in 

JOSPT Volume 17 Number 5 May 1993 



FIGURE 4. M'arrn-up e x e r c w  trunk rotafron\ w t h  
9-lb plvoball. 

FIGURE 5. Warm-up exercise; trunk side bends with 
9-lb plyoball. 

FIGURE 6. Warm-up exercises; wood-chop with 9-lb 
plyoball. 
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FIGURE 7. Warm-up exercises; internallexternal rotation with shoulder ahductron of 90" and elhow ilewd 00" 
utilizing exercise tubing. a) illustrates internal rotation stretch-shortening drill, h) illustrates external rotation 
stretch-shortening drill. 

FIGURE 8. Warm-up exercises; push-ups with two 
hand$ on the ground. 

Table 2. Beginning drills are  throw- 
ing movement plyometrics using a 4- 
Ib plyoball. T h e  first drill is a two- 
hand overhead soccer throw (Figure 
9). followed by a two-hand chest pass 
(Figure 10). T h e  next two throws in- 
corporate a step and pass (Figure 1 1) 
and a side throw (Figure 12). These 
exercises can be performed with a 
partner o r  with the use of a spring- 
loaded, bounce-back device called 
the plyoback" (Functional Integrated 
Technologies, Watsonville. CA) 

Additionally, four stretch-short- 
ening drills require exercise tubing. 
T h e  first movement involves stretch- 

shortening movement for the exter- 
nal rotators (Figure 13). during 
which the athlete brings the tubing 
back into external rotation and holds 
that position for 2 seconds. T h e  ath- 
lete then allows the external rotator 
musculature to release this isometric 
contraction, thus allowing the tubing 
to  pull the arm into internal rota- 
tion. Thus, the external rotators ec- 
centrically control this movement. 
Once the arm reaches full internal 
rotation (horizontal), the external ro- 
tators contract concentrically to  
bring the tubing back into external 
rotation. This constitutes one 
stretch-shortening repetition. Similar 
movements are performed for the 
internal rotators (Figure 14) and for 
proprioceptive neuromuscular facili- 
tation diagonal patterns, including 
D2 flexion (Figure 15) and D2 ex- 
tension of the upper extremity (26. 
39, 40, 46) (Figure 16). T h e  stretch- 
shortening technique can also be 
performed for the elbow flexors uti- 
lizing exercise tubing (Figure 17). 
Push-ups to  enhance the strength of 
the serratrrs anterior, pectoralis ma- 
jor, deltoid, triceps, and biceps mus- 

FIGURE 9. Throwing movement exercises; two-hand 
overhead soccer throw with a 4-lb plyohall. 

culature can also be incorporated 
into the program. Push-ups can be 
advanced to a plyometric exercise by 
utilizing a 6-%in box o r  the ground 
in a depth-jump training manner 
(Figures 18 and 19). All of these ex- 
ercise drills are  performed for two to  
four sets of six to eight repetitions, 
two to three times weekly. 

T h e  purpose of the stretch- 
shortening throwing exercises is to 
provide the athlete with advanced 
strengthening exercises that are  
more aggressive and a t  higher exer- 
cise levels (higher demands on shoul- 
der  musculature) than those pro- 
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FIGURE 10. lhroit  rng mm~rnen t  r> \ r J r t  r\t+ t i t  o- 
hand chest pass throw with a 4-lh plvoball. 

FIGURE 11. Thro\tmg moiernent exercw, one-hmd 
step and pass throw with a 4-lb plyoball. 

FIGURE 12. Throwrng movement exeroses; two-hand 
s~de throw with a 4-lb plyoball. 

FIGURE 14. Thro\r rnq rnoiement r t r r c r w ,  rn tma l  
rotdtorc stretch-chortenmg w t h  exerclce tub~ng 
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vided by a simple isotonic dumbbell 
exercise program. These programs 
can only be utilized once the athlete 
has performed a strengthening pro- 
gram for an extended period of time 
and exhibits a satisfactorv clinical ex- 
amination. 

Trunk Extension/Flexion Stretch- 
Shortening Exercises 

Two groups of stretch-shorten- 
ing drills for trunk strengthening 
purposes emphasize the abdominal 
and trunk extensor muscles. Exer- 
cises in this group include medicine 
ball sit-ups (Figure 20) and prone 
back extension (Figure 21). Trunk 
exercise drills are  performed for 
three to  four sets of six to  eight rep- 
etitions, two to three times weekly. 

Medicine Ball Wall Exercises 

T h e  last group of exercises o r  
drills uses a 2- and a 4-lb medicine 
ball o r  plvoball and a wall, which en- 

ables the athlete to perform plyo- 
metric medicine ball drills without a 
partner. These activities serve as an 
excellent warm-up prior to  sport 
competition. 

In addition, these exercises and 
drills can be performed with the 
plvoback'l? device (Functional Inte- 
grated Technologies, Watsonville, 
CA), which enables the athlete to 
train alone. Sample exercises in the 
plvoball program include a two- 
handed overhead soccer throw (Fig- 
ure 22), a two-handed chest pass 
(Figure 23). a two-handed side-to- 
side throw (Figure 24), a backward 
two-handed side-to-side throw (Fig- 
ure 25). and a forward two-handed 
pass through the legs (Figure 26). 
Lastly, using a smaller 2-lb medicine 
ball, the athlete can perform a one- 
handed plvometric baseball throw 
(Figures 27 and 28). T o  further 
challenge the athlete, exercises can 
be performed in the kneeling posi- 
tion to eliminate the use of the lower 
extremities, which will increase the 

demands on the trunk and upper ex- 
tremities. 

CONTRAINDICATIONS TO 
STRETCH-SHORTENING EXERCISE 

Contraindications to  performing 
plyometric upper extremity exercises 
include acute inflammation o r  pain, 
immediate postoperative pathology, 
and gross shoulder o r  elbow instabil- 
ities. T h e  most significant contrain- 
dication to  an intense stretch-short- 
ening exercise program is nonin- 
volvement in a weight training 
program. Intense stretch-shortening 
exercise programs are intended to be 
advanced strengthening programs 
for the competitive athlete to en- 
hance athletic performance and are 
not recommended for the recrea- 
tional athlete. T h e  clinician should 
be aware of the adverse reactions 
secondary to  this form of exercise, 
such as postexercise soreness and de- 
layed onset muscular soreness. In ad- 
dition, it should be noted that this 
form of exercise should not be per- 
formed for an extended period of 
time because of the large stresses 
that occur during exercise. More a p  
propriately, stretch-shortening exer- 
cise is used during the first and sec- 
ond preparation phases of training. 
utilizing the concept of periodization 
(30) (Figure 29). 

SUMMARY 

T h e  purpose of this paper was to  
provide the reader with an introduc- 
tion to the concept of stretch-short- 
ening exercise. This paper has pro- 
vided the reader with the historical 
review of the concept, a review of 
the neurophysiological response dur- 
ing plvometric training, the theoreti- 
cal basis, and a sample stretch-short- 
ening training program. T h e  clini- 
cian is encouraged to implement 
these concepts when rehabilitating 
the competitive throwing athlete. In 
addition, alterations to  this sample 
program while using the stretch- 
shortening concepts are  encouraged. 
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FIGURE 16. Throwing movement exerclcec; PZ'f d~agonal pattern DI extension stretch-shortening with exercise 
tubing. 
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FIGURE 17. Throwrng movement exercrces; elbow 
ilex~on plyometrics with exercise tubing. 
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FIGURES 18 and 19. Throwing movement exercises; stretch-shorten~ng push-ups utdrzrng a 6-rn hox 

b. 4 h'- 
- .t 

FIGURE 20. Trunk extensor/flexor exercrces, plvohall sit-up5 (4-lh plvohall) 

rP 4 2 
.. .,x 

FIGURE 21. Trunk extensensor/ilexor exercises; prone back extensions with a 4-lb plyoball. 
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.... 

FIGURE 22. Plyoball wall exercises; two-hand soccer throw wrth 4-11) p l i o l ~ l i  

FIGURE 23. Plvohall wall ewrcrcer. two-hand che\t 
pacc ~ r t h  3-lb plvoball. 

FIGURE 24. Pl ioh~i l  n ~ l l  r v r c r w ,  ode-to-crdr throw wrth 4-11, p l ~ o b ~ l l  
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FIGURE 25. Plvoh~ll \vdIl exerosec, h thr r ,~ rd  \~dr-  FIGURE 26. Plyoball wall exercrses; two-hand pass through the legs wrth 4-lh plyohall. 
to-srde throw wrth 4-lb plyohall. 

FIGURE 28. Throwrn~ drill; baseball throw of 2-lh 
FIGURE 27. Plvohall wll rwr t rc~s ,  hdceh~ll thron oi plvohdll rnto the plGback device in the kneelrng 
2-lh plvohall rnto a wall. posrt~on. 
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Vdwne - the amount of work performed (sets, reps, etc) 
Intensity - the quality of effort 
Technique - the activity or skill 
FIGURE 29. Marveyev's model oiperiodization. (From "Plyometric Training: Understanding and Coaching 
Power Development for Sport." Reprinted with permission. Q National Strength and Conditioning Association, 
1988). 
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