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S
tatically, the glenohumeral joint is
inherently unstable based solely on
its bony configuration, composi-

tion, geometry, and somewhat lax ligamen-
tous restraints (18). Glenohumeral joint
geometry is composed of a large convex
humeral head positioned in a relatively
smaller concave glenoid fossa. This affords
the shoulder tremendous mobility at the

expense of stability. The ligamentous re-
straints surrounding the joint (i.e., joint
capsule and the bands of the anterior
glenohumeral ligament) normally provide
for a moderate degree of static stability
(Figure 1). However, static glenohumeral
joint stabilization alone is inadequate for a
pitcher. This is because a pitcher repeatedly
takes his or her arm through an arc of mo-
tion at extreme speeds, placing enormous
amounts of stress about its axis of rotation.
Werner et al. (17) studied the relationships
between throwing mechanics and shoulder
distraction in professional baseball pitch-
ers. They found that shoulder rotational
velocities can reach as high as 10,000 de-
grees per second and that distraction forces
greater than 947 N occurred across the
shoulder joint during the late cocking and
deceleration phases of the overhead throw-
ing motion. Baseball pitchers must rely on
the muscular components of their shoulder
to resist distraction forces and provide dy-
namic stability (2, 5, 7, 10, 17, 18).

Dynamic stability is produced primarily
by the rotator cuff. The rotator cuff
(Figure 2) is a group of muscles consist-
ing of the subscapularis, supraspinatus,
infraspinatus, and teres minor (15). Be-
sides providing dynamic stability, these
muscles, along with the help of other ex-
trinsic shoulder muscles, contract con-

centrically and eccentrically to produce
internal and external rotational torques
during pitching (6, 7, 17, 18). 

When a pitcher throws a baseball, dy-
namic stability can be compromised,
sometimes resulting in rotator cuff
tears, labral tears, and muscle strains (3,

62 December 2004 • Strength and Conditioning Journal

s u m m a r y

Peak performance and injury pre-

vention for the overhead throwing

athlete often depend on shoulder
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Figure 1. Picture of the osseous shoul-
der complex and the anterior
bands of the glenohumeral
ligament (anterior capsule).
A = Anterior capsule,
B = Humerus; C = Scapula



8, 9). A proper training program incor-
porating sound strength and condition-
ing principles like the “Ballistic Six”
(Figure 3) is required to increase the dy-
namic stability of a pitcher’s shoulder.

Plyometric training has been shown to be
an effective way to increase the strength
and performance of the shoulder (4, 6).
The Ballistic Six program includes 6
upper extremity plyometric exercises per-
formed with quick, powerful movements
requiring a prestretch of the involved
shoulder musculature, thereby activating
the stretch-shortening cycle. The stretch-
shortening cycle is what makes a plyo-
metric exercise unique, and it consists of
3 phases: the eccentric phase, the amorti-
zation phase, and the concentric phase. 

The eccentric phase is the first phase of a
plyometric exercise. It is described as a
rapid eccentric contraction that evokes a
stretch reflex. The main mechanism of
the stretch reflex is the muscle spindle.
Muscle spindles are sensory mechanisms
located within muscle fibers. They are
sensitive to the rate and magnitude of a
stretch. When a muscle fiber is quickly
stretched eccentrically, the muscle spin-
dle will be activated. The activation of a
muscle spindle will result in a more
powerful concentric contraction in the
opposite direction (1).

The second phase of the stretch-shorten-
ing cycle is the amortization phase. This
phase is the amount of time between un-
dergoing the yielding eccentric contrac-
tion and the initiation of a concentric
force. By definition, amortization is the
electromechanical delay between the ec-
centric and concentric contractions,
during which the muscle must switch
from overcoming work to imparting the
necessary amount of acceleration in the
required direction. Successful training
using the stretch-shortening cycle relies
heavily on the rate of stretch rather than
the length of the stretch (19). If the
amortization phase is slow, elastic energy
is wasted, and the stretch reflex is not ac-
tivated. The more quickly the individual

is able to switch from yielding work to
overcoming work, the more powerful the
response. 

The final phase of the stretch-shorten-
ing cycle is the concentric phase. During
this phase, the athlete concentrates on
the effect of the exercise and prepares for
initiation of the second repetition. This
phase is the summation of the eccentric
and amortization phases (1, 6, 19). It is
often referred to as the resultant or pay-
off phase because of the enhanced con-
centric contraction.

Biomechanical and 
Physiological Considerations
The Ballistic Six program was created
after analyzing biomechanical and physi-
ological research on the pitching motion.
The biomechanical analysis of the over-
head pitch has been divided into 6 phases
(Figure 4). Shoulder musculature is most
active during the cocking, deceleration,
and follow-through phases (6, 7). Inade-
quate strength of the rotator cuff during
these 3 phases is viewed by many to be the
causative factor of most overhead throw-
ing injuries (3, 8, 9, 17). During these
phases, the muscles of the rotator cuff act
as a steering mechanism, contracting ec-

centrically to hold the humeral head cen-
tered in the glenoid fossa. The subscapu-
laris is most active during the cocking
phase to resist excessive external rotation,
whereas the supraspinatus, infraspinatus,
and teres minor are most active during the
deceleration and follow-through phases
to resist excessive horizontal adduction
and internal rotation (7, 17). 

Adenosine triphosphate (ATP) is re-
quired to provide the necessary energy
to contract the shoulder rotators (14).
Low concentrations of ATP are found in
skeletal muscle. Because of this, the
body relies on 3 chemical energy systems
to regenerate ATP: phosphagen system,
glycolysis, and oxidative energy system
(14). To adequately understand the
physiological responses to pitching, a
distinction must be made between
anaerobic and aerobic metabolism. Aer-
obic metabolism alludes to a series of
chemical reactions that occur in the
presence of oxygen. Aerobic activities
rely on the oxidative energy system.
They are those tasks that are low in in-
tensity but are long in duration, such as
marathon running (14). Anaerobic me-
tabolism refers to a series of chemical re-
actions that occur without the presence
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Figure 2. Picture of the rotator cuff: muscles of the shoulder that provide dynamic
stability. A = infraspinatus; B = Teres Minor; C = Supraspinatus;
D = Subscapularis



of oxygen. Anaerobic activities are re-
ferred to as short, high-intensity tasks
(e.g., weight training and sprinting),
and they rely on the phosphagen energy
system and glycolysis (14). 

Potteiger et al. (13) analyzed the phys-
iological requirements of a pitcher
while throwing a simulated 7-inning
game of baseball. Pitchers in the study
threw 7 innings for a total of 163

pitches, which included warm-up
pitches, pitches thrown per inning,
and pitches thrown between innings.
Physiological analysis revealed that
pitching uses the creatine-phosphate
energy system and is primarily an
anaerobic activity. According to Pot-
teiger et al., maximizing the ability to
generate power repeatedly is an ex-
tremely important consideration to a
pitcher, and training programs should
attempt to improve that component
(12, 13). 

Mullins (11) devised an upper-extremity
conditioning program for pitchers. He
stated that pitchers can throw approxi-
mately 200 pitches in a 9-inning game
and, because of this, it is extremely im-
portant for them to perform high-repe-
tition shoulder exercises to train the en-
durance (oxidative energy system) of a
pitcher’s shoulder. With the above in
mind, a physiological sport-specific
training program should devote time to
train both the anaerobic and aerobic en-
ergy systems. To do this effectively, one
must consider using interval training.
This might be running 100 yd in 15 sec-
onds followed by 45 seconds of rest.
This allows an athlete to perform the ex-
ercise using the phosphagen (anaerobic)
system and use the aerobic system dur-
ing recovery. In terms of the Ballistic Six
program, the baseball pitcher performs
the exercises ballistically for 15–20 repe-
titions and then has a short, but appro-
priate recovery before performing the
exercise again or completing the next ex-
ercise.

Strength-Training Principles
The Ballistic Six incorporates several
strength and conditioning principles
such as specificity, overload, and pro-
gression of training. 

Specificity
According to the SAID principle (spe-
cific adaptation to imposed demands),
an effective strength and conditioning
program must be sport specific (16). In
order for a program to be sport specific,
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Figure 3. The Ballistic Six.



it must closely mimic the biomechanical
and physiological demands of the sport.
The Ballistic Six involves high-intensity
plyometric exercises that closely simu-
late the overhead throwing motion.
They are performed in an interval fash-
ion with appropriate rest periods be-
tween sets to tax the anaerobic and aero-
bic energy systems. 

Progression 
Progression can be described as an ap-
proach to resistance training that builds
variation in exercise intensity and vol-
ume at regular intervals over a specified
period of time (1). The Ballistic Six is a
form of progressive resistance training
and follows the principles of progres-
sion. The program requires the athlete
to gradually increase the volume and in-

tensity of each exercise at regular inter-
vals throughout the 10-week program
(Table 1).

Overload
One goal of a resistance-training pro-
gram is to develop strength. Whether
one is trying to develop muscular
strength, power, or endurance, the over-
load principle must be used to accom-
plish the desired goals. The overload
principle provides a greater stress or load
on the body than it is normally accus-
tomed to handling (16). The Ballistic
Six program is designed to provide a
progressive overload to a pitcher’s shoul-
der. According to the overload principle,
pitchers who perform the Ballistic Six
program should experience both power
and endurance muscular adaptations.

Conclusion
Pitchers who possess poor dynamic sta-
bility of their shoulder are prone to in-
jury or poor performance. There are
conflicting views on how to appropri-
ately train a pitcher’s shoulder. Plyo-
metric training has been shown to be an
effective way to increase the strength
and performance of the shoulder. How-
ever, recommendations for sets, repeti-
tions, and rest periods have not yet been
established. The Ballistic Six program is
comprised of a group of plyometric ex-
ercises performed in an interval fashion
with appropriate rest periods in be-
tween sets to tax both the anaerobic and
aerobic capabilities of the shoulder. The
exercises are performed ballistically and
closely simulate the overhead throwing
motion. Strength and conditioning pro-
fessionals involved with the training of
baseball pitchers may want to use the
Ballistic Six interval training program
to increase shoulder performance and
prevent injury. ♦
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Figure 4 The 6 phases of throwing are wind-up, stride, cocking, acceleration, deceler-
ation, and follow-through

Table 1
Progression of the Ballistic Six
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1-hand baseball throw. If pain exists in the anterior shoulder, revert back to the 2-lb ball.
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