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Plyometric Exercises for Overhead-Throwing Athletes
Please read through the following article and answer the questions at the bottom of the page. You must provide the $15 processing fee and earn a score of 70% or above to pass this quiz (7 or more questions must be correct). If you are CSCS or NSCA-CPT certified, you will earn 0.5 CEU upon passing this quiz. 

Objectives: 
Participants will be able to: Explain the mechanics and physiology of plyometrics. 

Participants will be able to: Understand the role and importance of specificity training for athletes. 

Participants will be able to: Describe methods to effectively train the kinetic chain for the overhead-throwing athlete. 

Plyometric Exercises for Overhead-Throwing Athletes

Ryan Pretz, MPT, CSCS 
Ozark Physical Therapy, LLP, Poplar Bluff, Missouri 

The purpose of this article is to demonstrate exercises designed to tax the entire kinetic chain for training the overhead-throwing athlete. Proper training of the kinetic chain involves exercises designed to train the hip, trunk, and shoulder in a proximalto-distal sequence. Strength and conditioning specialists are encouraged to implement these exercises into their overhead-throwing athlete’s training programs for sport-enhancement. 

The concept of specificity is an important consideration when creating an exercise program for overhead-throwing athletes. This is because it is important for the demands of training to mirror athletic activities. In throwing, the demands center on the capacity of the hip, trunk, and shoulder muscles to exert a maximal amount of force in a minimal amount of time. Research supports that sport-specific training increases overhead throwing performance (1, 3, 6, 10, 14, 17, 18, 22). Plyometric exercises are designed to increase muscular-force output in a minimal amount of time. 

Plyometrics are exercises performed by executing quick, powerful movements that require prestretching of the muscle, thus activating the stretch-shortening cycle (SSC). The SSC uses the elastic and reactive properties of a muscle to generate maximal force production. When performing a plyometric exercise, a muscle is stretched before it contracts concentrically. This eccentric—concentric coupling uses muscle proprioceptor feedback to facilitate an increase in motor-unit recruitment over a minimal amount of time (23). 

Several plyometric exercise programs have been designed for the overheadthrowing athlete (2, 19, 23). The current program is based on the kineticlink model. The kinetic link-model is a biomechanical model used to analyze many sport activities. It depicts the body as a linked system of interdependent segments, working in a proximal-to-distal sequence, to impart a desired action at a distal segment (15). This model emphasizes the contribution of the entire body during sport activities rather than just focusing on the activation of individual segments. Some researchers believe that efficient athletic performance during activities like throwing require muscle activation in a proximal-to-distal sequence (5, 11, 15, 21). This is because the ultimate velocity of a distal segment depends on the velocity of the proximal segment and the interaction of these segments (15). 

During throwing, the proximal segments– the hip and trunk–accelerate the entire system and sequentially transfer momentum to the next distal segment, the shoulder. Conservation of momentum explains this segmental interaction. The equation for angular momentum is segment inertia times its angular velocity (15). The initial acceleration of the proximal segment encompasses all the distal segments as part of its inertia. The sequential deceleration of the proximal segments conserves momentum by transferring segmental velocity distally along the kinetic chain. This proximal-to-distal linkage provides an efficient and effective system to transfer force and produce greater velocity in a distal segment (15). This sequencing should be considered when attempting to train the overheadthrowing athlete. 

This article introduces a new form of plyometric training to the overheadthrowing athlete. The exercises enclosed are termed kinetic chain plyometrics because they are sport-specific and are based on the kinetic-link model. 

Kinetic Chain as It Applies to the Overhead Throw 

The kinetic chain in throwing includes the following proximal-to-distal sequence of motions: stride, pelvis rotation, upper-torso rotation, elbow extension, shoulder internal rotation, and wrist flexion (5). Appropriate use of the kinetic chain allows an athlete to generate and transfer high amounts of energy from the larger lower extremity and torso to the smaller upper extremity. Research shows that aspects of the kinetic chain are important to overheadthrowing performance (9, 12, 13, 21). Stodden et al. (21) measured the position of the pelvis and upper torso during different stages of the overhead throw. They found a correlation between increased amounts of pelvic and upper-torso rotation with increased pitching velocity. Matsuo et al. (13) conducted a study comparing high-velocity pitchers with low-velocity pitchers. High-velocity pitchers have an increased forward-trunk lean during ball release, have greater external rotation in the throwing shoulder, and extend their lead leg with more force and velocity. 

Muscles of the Overhead Throw 

Hip 

The hip serves to stabilize the trunk during the overhead throw. The major muscles being used are the hip extensors (gluteus maximus, biceps femoris, and adductor magnus) and the hip abductors (gluteus medius and tensor fascia lata) (16). 

Trunk 

The trunk is the major power generator during the overhead throw. The serape muscles are the primary muscles used (11, 20). They consist of the (a) rhomboids, (b) serratus anterior, (c) external obliques, and (d) internal obliques. The rhomboids originate from the spinal column and insert on the vertebral border of the scapula (20). The serratus anterior is an extension of the rhomboids. It originates off the vertebral border of the scapula and runs diagonally and downward to insert on the anterior lateral rib cage (20). Continuing in a circular downward and diagonal direction on the rib cage is the external oblique on one side, which continues into the internal oblique on the opposite side. The internal oblique terminates on the pelvis (20). The bilateral pairs of these 4 muscles look like 2 diagonals crossing in front of the body. Some consider the diagonal patterning of these muscles to look like a serape, a woolen blanket worn as an outer garment by people who live in Latin America (11, 20). During overhead throwing, the lower extremity is stabilized so the serape muscles can work as a unit contracting concentrically and eccentrically in a synchronous manner. The act of these muscles working together is termed the serape effect. The serape effect functions in throwing by adding to and transferring the internal forces generated by the lower extremities and pelvis to the throwing upper limb (11). 

Shoulder 

The shoulder functions to propel the throwing hand forward during ball release. The primary overhead throwing muscles are the biceps, triceps, brachialis, pectoralis major, latissimus dorsi, deltoids, and the rotator cuff (subscapularis, supraspinatus, infraspinatus, and teres minor) (7, 8). 
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Figure 1. The 6 phases of throwing are windup, stride, cocking, acceleration, deceleration, and follow-through.

Biomechanical Analyses of the Overhead Throw 

The overhead throw is a complex motion performed in a dynamic manner. Appropriate overhead-throwing performance requires an athlete to use his or her hip, trunk, and shoulder in a proximal- to-distal sequence. The overhead throw can be broken down into 6 phases (Figure 1). Proper muscle function during 4 of the 6 phases (windup, stride, cocking, and acceleration) may be the most important for enhancing throwing performance. Different variations of these phases can occur depending on the sport being performed. For example, javelin throwers start their throws by running, a baseball infielder starts with a hop and skip, and a pitcher winds up from a static position. Despite the different variations, all overhead throwers use their hips, trunk, and shoulders in a similar manner. The following section provides a biomechanical analysis of the hip, trunk, and shoulder during the overhead throw as it relates to a righthanded baseball pitcher. 

Hip,Trunk, and Shoulder Considerations During the Windup Phase 

A pitcher initiates the overhead throw by stepping backward with what will become the stride foot. With the body weight momentarily supported by the stride foot, the supporting foot is placed laterally in front of the rubber. When the weight is shifted back from the stride foot to the supporting foot, the windup is initiated (4). As the windup is initiated, the left hip is flexed, and the pelvis is positioned into left transverse rotation. In other words, the left knee moves superior, and the left iliac crest moves posterior, whereas the right iliac crest moves anterior. The muscles most involved are the hip flexors and the internal and external hip rotators (11). The right hip abductors are also involved to maintain single-leg balance (16). As the pelvis continues to rotate to the left, concentric contractions of the internal and external oblique muscles on their respected side cause the upper torso to rotate to the right (11). This opposite pelvis and upper-torso rotation causes the left external and right internal oblique muscles to be shortened and the right external and left internal oblique muscles to be lengthened (11). Concurrently, the right scapula is being adducted by concentric contractions of the rhomboids and eccentric contractions of the serratus anterior. Thus, 3 of the serape muscles (serratus anterior and internal and external obliques) are on stretch before the acceleration phase of the overhead throw. This is important because a muscle produces its most forceful contraction after it is stretched (11). 

Hip,Trunk, and Shoulder Considerations During the Stride Phase 

After the windup, the supporting leg is flexed, lowering the body, and the left foot and leg is moved toward the plate. Normally the stride is directed toward the catcher. The key element is to keep the trunk back as much as possible to retain its potential for contributing to the velocity of the pitch (4). 

As the striding leg moves downward and toward the catcher, activation of the deltoid, supraspinatus, infraspinatus, and teres minor causes the ball to break from the glove, which moves into abduction and external rotation (8). Removal of the ball from the glove when the stride is initiated ensures that the throwing shoulder will be properly synchronized with the body (4). This coordination is one of the most crucial aspects of throwing. If the throwing shoulder and striding leg are coordinated properly, the shoulder will be up in a semicocked position when the stride foot contacts the ground (4). The stride should be long enough for the pitcher to stretch out the body but not so long that the athlete cannot rotate his or her legs and hips properly. For most pitchers, the stride length from the rubber should be slightly less than the pitchers’ height (4). 

The location of the front foot is another important aspect of proper pitching technique. The stride foot should land almost directly in front of the back foot, with the toes pointing slightly in. If the foot is placed too much toward the pitcher’s right, the pitcher may end up“throwing across his body,” which means that the hips will not be able to rotate and the athlete will end up throwing without much energy contributed by the lower body (4). Conversely, if the foot is placed too much toward the left, the pitcher is too open, which will cause the hips to rotate and face the batter too early. Because of such improper timing, energy from the hips will be applied to the trunk too soon and will not help the upper trunk to rotate (4). 

Table 1 

Kinetic Chain Plyometric Exercises

· Elastic cocking 

· Elastic acceleration 

· Single hand medicine ball deceleration and cocking 

· 2-hand medicine ball cocking and acceleration 

Hip,Trunk, and Shoulder Considerations During the Cocking Phase 

Once the stride toward the plate is completed, the trunk begins to unwind. The serape muscles contract to induce right pelvic rotation and left upper-torso rotation (11). These muscles continue to contract until the trunk faces the batter. Simultaneous activity of the supraspinatus, infraspinatus, and teres minor keep the shoulder in an abducted and externally rotated (cocked) position (8). 

Lower Extremity,Trunk,and Shoulder Considerations During the Acceleration Phase 

The arm acceleration phase starts when the tricep muscle is activated to extend the elbow (7). To pitch properly and efficiently, a short delay between the onset of elbow extension and shoulder internal rotation is crucial (4). By extending the arm at the elbow, the pitcher can reduce the inertia. This will help to increase throwing shoulder angular velocity (4). After the elbow is extended, the subscapularis, pectoralis major, and latissimus dorsi muscles are activated to horizontally adduct and internally rotate the shoulder (7). When the ball is released, the trunk is flexed, the arm is almost in a fully extended position at the elbow, and the shoulder is undergoing internal rotation. At release, the pitcher’s trunk should be tilted forward and the lead knee should be extending. The arm acceleration phase ends with the release of the ball (4). 

Kinetic Chain Plyometrics 

Kinetic chain plyometric exercises (Table 1) are designed to isolate the muscles of the hip, trunk, and shoulder in a proximal-to-distal sequence. Proper performance of the exercises require an athlete to perform them in a quick and powerful manner to simulate the overhead throw. The following sections provide instructions on how to perform each exercise. For convenience, the exercises are broken down into 3 phases. 

Important Considerations for Elastic Resistance and Medicine Ball Exercises

All 3 elastic resistance and medicine ball exercises should be performed in a ballistic manner with no rest between each repetition. This will provide rapid eccentric— concentric motions, thereby producing a plyometric effect on the muscles being used. 
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Figure 2. Overhead-throwing athlete performing (a) the first and third phases of elastic cocking; and (b) the second phase of elastic cocking.

Exercise Description of Elastic Cocking

Phase I. The athlete holds an elastic band and stretches it out twice its length (Figure 2a). The athlete then positions his or her lower extremities into a stride position. The stride should be slightly less than the athlete’s height with the toes pointing slightly in. While maintaining the stride position, the athlete flexes and rotates his or her trunk as far forward as possible (to face an imaginary catcher). The shoulder should then be placed in a horizontally adducted and internally rotated position. 

Phase II. This phase is initiated when the athlete shifts body weight to the back lower extremity and flexes the lead hip (simulating the cocking position; Figure 2b). After the lead hip is flexed, the trunk is quickly rotated away from the imaginary catcher, the scapula is adducted, and the shoulder is powerfully abducted and externally rotated. 

Phase III. This phase begins when the athlete extends the cocked hip to reobtain the stride position (Figure 2a). After the stride position is reobtained, the trunk is rotated back to the imaginary catcher, the elbow is extended, and the shoulder is horizontally adducted and internally rotated. 

Major Muscles Receiving a Plyometric Effect 

The following muscles are plyometrically exercised during the elastic cocking position: 

a. Trunk rotators (internal and external obliques). 

b. Scapular adductors (rhomboids). 

c. Shoulder external rotators (infraspinatus and teres minor). 
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Figure 3. Overhead-throwing athlete performing (a) the first and third phase of elastic acceleration; and (b) the second phase of elastic acceleration.

Exercise Description of Elastic Acceleration 

Phase I. The athlete uses an elastic band and stretches it out twice its length. The athlete then positions his or her lower extremities into the cocking position (weight on back leg with lead hip and flexed; Figure 3a). The trunk is then extended and rotated away from an imaginary catcher. The scapula is then adducted, and the shoulder is abducted and externally rotated. 

Phase II. This phase begins when the athlete extends the cocked hip into a stride position (Figure 3b). The stride should be slightly less than the pitcher’s height, and the toes should be pointed slightly in. While maintaining the stride position, the athlete flexes and rotates the trunk as far as possible (to face an imaginary catcher), then powerfully extends the elbow. The athlete then moves the shoulder into a horizontally adducted and internally rotated position. 

Phase III. This phase begins when the athlete shifts body weight to the back lower extremity and flexes the lead hip (simulating the cocking position; Figure 3a). After the lead hip is flexed, the trunk is rotated away from the imaginary catcher, the scapula is adducted, and the shoulder is abducted and externally rotated. 

Major Muscles Receiving a Plyometric Effect

The following muscles are plyometrically exercised during elastic acceleration: 

a. Trunk rotators (internal and external obliques). 

b. Scapular abductors (serratus anterior). 

c. Shoulder internal rotators (subscapularis, pectoralis major, latissimus dorsi). 
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Figure 4. Overhead-throwing athlete performing (a) the first and third phase of single-hand medicine ball deceleration and cocking; and (b) the second phase of single-hand medicine ball deceleration and cocking.

Exercise Description of Single-Hand Medicine Ball Deceleration and Cocking 

Phase I . A partner is required for this exercise. The partner stands 10—15 ft behind the athlete with a 2-lb medicine ball in hand (Figure 4a). The athlete obtains a single-leg stance with the eventual stride leg and hip in a flexed position (to simulate the cocking phase). While maintaining single-leg balance, the athlete rotates the trunk as far back as possible (to face the partner). The athlete then positions his or her shoulder into 90° of abduction and external rotation. The partner tosses the medicine ball underhanded over the athlete’s shoulder. 

Phase II. This phase begins when the flexed hip and leg is extended into the stride position (Figure 4b). The trunk then flexes and rotates away from the partner to face an imaginary catcher. After the trunk flexes and rotates, the elbow is extended, and the hand catches a 2-lb medicine ball that was tossed by a partner. After catching the medicine ball, the trunk is further flexed and rotated. This occurs while the shoulder horizontally adducts and internally rotates. The combined motion of trunk flexion and rotation with shoulder horizontal adduction and internal rotation should continue until the ball and hand touch the stride foot. 

Phase III. The purpose of this phase is to throw the ball back to the partner. It begins when the medicine ball is lifted off of the stride foot. This occurs when the trunk extends and rotates back toward the partner who threw the ball (Figure 4a). While the trunk is extending and rotating, the athlete’s body weight is shifted off the stride leg. The stride leg and hip are then flexed (to simulate the cocking phase). The elbow is then flexed, and the scapula is adducted. The shoulder is abducted and externally rotated while the wrist extends to release the medicine ball back to the partner. 

Major Muscles Receiving a Plyometric Effect

a. The following muscles are plyometrically exercised during medicine ball deceleration and cocking: Trunk rotators (internal and external obliques). 

b. Scapular adductors (rhomboids). 

c. Shoulder external rotators (infraspinatus and teres minor). 
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Figure 5. Overhead-throwing athlete performing (a) the first and third phase of 2-hand medicine ball cocking and acceleration; and (b) the second phase of 2-hand medicine ball cocking and acceleration.

Exercise Description of 2-Hand Medicine Ball Cocking and Acceleration

Phase I . A partner is required for this exercise. The partner stands 10—15 ft in front of the athlete with a 6-lb medicine ball (Figure 5a). The athlete performs a single-leg stance with the trunk rotated and flexed toward the partner (simulating the follow-through phase). The athlete’s upper extremities should be out in front, flexed at the elbow. 

Phase II. This phase begins when the athlete transfers body weight to the opposite lower extremity (Figure 5b). Once the weight is transferred, the stride leg and hip are flexed, and the trunk is extended and rotated away from the partner (simulating the cocking phase). At this instant, the medicine ball should be over the athlete’s head and ready to throw. The athlete flexes at the shoulder and extends at the elbows to throw the ball. 

Phase III. After the ball is caught with 2 hands, the athlete strides forward with the flexed-up hip and leg (Figure 5a). The trunk is then flexed and rotated back toward the partner. Then, the shoulders are flexed and extended at the elbows to propel the medicine ball toward the partner. 

Major Muscles Receiving the Plyometric Effect

The following muscles are plyometrically exercised during medicine ball cocking and acceleration: 

a. Trunk rotators (internal and external obliques). 

b. Internal shoulder rotators (subscapularis, pectoralis major, latissimus dorsi). 

c. Elbow extensors (triceps). 

Conclusion

The purpose of this article is to provide the reader with an introduction to kinetic chain plyometric training. The article has reviewed the theoretical basis behind kinetic chain plyometric training and has provided instructions on how to perform 4 different exercises. Strength and conditioning specialists are encouraged to implement these exercises into their overhead-throwing athletes’ training programs for sport enhancement. 

About the Author 

Ryan Pretz is a strength and conditioning consultant for the Three Rivers Community College baseball team and a physical therapist at Ozark Physical Therapy, LLP, in Poplar Bluff, Missouri. 
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Top of Form

1. 

Which of the following is the proper proximal-to-distal sequence of motions for the overhead throw?
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A.   shoulder internal rotation, pelvis rotation, stride, upper-torso rotation, wrist flexion, elbow extension
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B.   upper-torso rotation, wrist flexion, pelvis rotation, stride, elbow extension, shoulder internal rotation
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C.   pelvis rotation, shoulder internal rotation, stride, elbow extension, upper-torso rotation, wrist flexion
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D.   stride, pelvis rotation, upper-torso rotation, elbow extension, shoulder internal rotation, wrist flexion 

 

2. 

To improve throwing performance, proper muscle function is the MOST critical during which of the following phases of the baseball pitch? 

I. follow-through 

II. acceleration 

III. deceleration 

IV. stride 

     

[image: image12.wmf]
A.   I and II only
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B.   II and III only
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C.   I and IV only
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D.   II and IV only

 

3. 

According to the article, the biomechanical paradigm that portrays the body as “interdependent segments functioning in a proximal-to-distal sequence” is the
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A.   kinetic-link model. 
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B.   specificity principle.
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C.   stretch-shortening cycle.
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D.   eccentric-concentric coupling.

 

4. 

The muscles of which of the following body areas or joints create the majority of the power generation during a baseball pitch?
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A.   hip
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B.   trunk

     

[image: image22.wmf]
C.   shoulder
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D.   arm

 

5. 

Which of the following occurs when an athlete extends the elbow of the throwing arm during the acceleration phase of the baseball pitch?
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A.   inertia decreases
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B.   external rotation of the shoulder increases
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C.   shoulder angular velocity decreases
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D.   flexion of the lead knee increases

 

6. 

Which of the following describes the INITIAL body position of the elastic cocking plyometric exercise? 

 

Stride position (length)
Foot position 
A.

slightly less than the athlete's height

toes pointing in

B.

slightly more than the athlete's height

toes pointing in 

C.

slightly less than the athlete's height

toes pointing out

D.

slightly more than the athlete's height

toes pointing out
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A.   A
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B.   B
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C.   C
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D.   D

 

7. 

According to the article, which of the following actions will increase the speed of the ball the MOST during a baseball pitch?
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A.   forward-trunk lean
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B.   flexion of the lead leg
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C.   a split-grip of the ball
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D.   stepping over the mound

 

8. 

Which of the following is an outcome of a plyometric training program?

     

[image: image36.wmf]
A.   decreased muscular force
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B.   increased reaction time
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C.   increased motor recruitment 
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D.   decreased proprioceptor feedback

 

9. 

Following the kinetic-link model, the proper sequencing of the phases in the baseball pitch is the
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A.   windup, stride, cocking, acceleration, deceleration, and follow-through.
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B.   cocking, windup, stride, acceleration, deceleration, and follow-through.
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C.   cocking, windup, stride, acceleration, follow-through, and deceleration.
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D.   windup, stride, cocking, acceleration, follow-through, and deceleration.

 

10. 

Activation of which of the following muscles initiates the acceleration phase of the throwing arm of a baseball pitch? 

     

[image: image44.wmf]
A.   biceps brachii 
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B.   triceps brachii 
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C.   pectoralis major
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D.   serratus anterior
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