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SUMMARY 

The purpose of the present study was to describe the 

characteristics of the glenohumeral configuration exhibited 

during cocking phase in the baseball-pitching. An 

electromagnetic tracking devise operating at 240Hz was used 

to determine the glenohumeral configurations exhibited during 

the two cycles of controlled humeral internal-external rotation 

(Active-ROM) and the baseball-pitching. The glenohumeral 

external rotation attained at the end of the cocking phase (119 

±17º) was substantially greater than that attained at the end-

range of the active external rotation (73±19º). In addition, the 

glenohumeral elevation exhibited at the end of the coking 

phase (81±10º) was significantly greater than that exhibited at 

the end-range of active external rotation (63±7º). These 

movements might be a characteristic configuration attributable 

to the whip-like movement exhibited in the baseball-pitching. 

 

INTRODUCTION 

In baseball-pitching, the rapid humeral internal rotation 

facilitated by the whip-like movement of the throwing arm 

contributes greatly to produce a high-velocity performance 

outcome. During the whip-like movement, a large external 

rotation of the humerus is attained at the end of the cocking 

phase. The glenohumeral joint appears to exceed the normal 

range of external rotation at this instant. This range of external 

rotation of the humerus, however, is attained by a 

synchronized combination of the scapular posterior tilt and 

glenohumeral external rotation [1,2], and thereby the apparent 

excessiveness of the humeral range of motion may not 

necessarily indicate that the glenohumeral joint is at the risk of 

developing injuries. The glenohumeral joint might be attained 

a suitable configuration to execute the whip-like movement 

with preventing the risk of developing injuries. The purpose of 

the present study was to describe the characteristic 

configuration of the glenohumeral joint exhibited during the 

cocking phase in the baseball-pitching. In the present study, 

the glenohumeral configuration exhibited during the 

controlled active humeral external rotation (Active-ROM) was 

used as a reference movement to characterize the 

glenohumeral configuration exhibited during the cocking 

phase in the baseball-pitching. 

 

 

METHODS 

Seven professional baseball-pitchers participated in this study. 

After warm-up exercises, each subject was asked to perform 

two cycles of humeral internal-external rotation at, or around, 

the 90º humeral abduction near the frontal plane in a 

controlled manner at 0.25Hz (Active-ROM). The humeral 

configuration was not strictly constrained so that the subject 

performed the natural humeral internal-external rotation 

throughout the full-range of motion. The subject was then 

asked to pitch three fastballs at a sub-maximal effort targeting 

at the catcher sitting behind the homebase located at 18.44m 

from the pitcher’s plate. Three-dimensional kinematic data 

were recorded using an electromagnetic tracking device 

(Liberty, Polhemus) operating at 240Hz. The sensors were 

attached with double-sided tape to the skin overlying the 

sternum, flat part of the acromion, and on a plastic cuff 

strapped around the distal humerus. Several bony landmarks 

were manually digitized with the stylus to define the 

anatomical coordinate systems embedded to the thorax, 

scapula and humerus. Three-dimensional anatomical 

orientation of the scapula and humerus with respect to the 

thoracic orientation, and the humeral orientation with respect 

to the scapular orientation (glenohumeral configuration) were 

expressed as Euler angles, respectively. The glenohumeral 

configuration at the instant at which the peak value for the 

humeral external rotation with respect to the thorax was 

recorded was determined for the pitching and the Active-ROM. 

A paired t-test was conducted to determine the characteristics 

of the glenohumral configuration at the end of the cocking 

phase in the baseball-pitching compared with that exhibited at 

the end-range of the Active-ROM.  

 

 

RESULTS AND DISCUSSION 

The humeral and glenohumeral external rotations exhibited 

during the coking phase were substantially greater than those 

exhibited during the Active-ROM, whereas the scapular 

posterior tilt was not significantly different between the two 

conditions (Table 1).  

 

Table 1: Glenohumeral range of the external rotation and 

associated scapulo-humeral rotation 

 

 

 

 

 

 

 

 

 

 

 

Pitching Active-ROM

glenohumeral 

external rotation
119±17° 73±19° p<0.001

humeral

external rotation
135±13° 87±16° p<0.001

scapular

posterior tilt
12±7° 7±6° n. s.



In addition, the glenohumeral elevation at which the maximum 

humeral external rotation was attained during the cocking was 

found to be greater than that attained during the Active-ROM 

(Table 2). During the cocking phase, the amount of scapular 

upward rotation was found smaller and the amount of humeral 

elevation was found greater than the corresponding value 

observed during the Active-ROM (Table 2). The ratio of the 

scapular upward rotation and the glenohumeral elevation is 

known as the scapulohumeral rhythm [3]. The altered 

scapulohumeral rhythm was observed during the cocking 

phase, whereas the scapulohumeral rhythm exhibited during 

the Active-ROM corresponded to the previously reported 

normal ratio (Table 2). 

 

Table 2: Glenohumeral elevation and associated scapulo-

humeral rotation 

 

 

 

 

 

 

 

 

 

These results demonstrate the characteristics of the 

glenohumeral configurations exhibited during the cocking 

phase in the baseball-pitching,  as follows; (a) the greater 

range of apparent humeral external rotation is attributed to the 

greater range of the glenohumeral external rotation, and (b) 

the greater amount of glenohumeral elevation was attained 

with a reduced amount of scapular upward rotation. During 

the cocking phase, the humerus appeared passively to undergo 

the increased amount of elevation, and external rotation as a 

result of motion-dependent interactions among the body 

segments involved in the whip-like movement, whereas the 

humerus was actively elevated and rotated during the Active-

ROM.  

 

The increased amount of glenohumeral elevation with the 

reduced scapular upward rotation resulted in the alteration of 

the scapulohumeral rhythm when compared with normal that 

exhibited during the natural humeral internal-external rotation 

(Active-ROM). It suggests that the larger ranges of 

glenohumeral external rotation and elevation might be a 

characteristic motion required for the cocking phase in the 

whip-like movement of baseball-pitching. 

 

 

CONCLUSIONS 

The present study was conducted to describe the 

characteristics of the glenohumeral configuration exhibited 

during cocking phase in the baseball-pitching. The greater 

range of the external rotation at the glenohumeral joint was 

observed with the increased amount of glenohumeral elevation 

when compared with the end-range of the Active-ROM. These 

movements might be a characteristic configuration attributable 

to the whip-like movement exhibited in the baseball-pitching. 
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Pitching Active-ROM

glenohumeral

elevation
81±10° 63±7° P<0.01

humeral

elevation
105±8° 91±6° P<0.05

scapular

upward rotation
26±5° 31±5° P<0.05


