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Introduction: Fastpitch softball has become more of a mainstream sport over the past decade or so. 
There has been a lot of attention given to the motion of the windmill pitch and comparisons to the 
motion of the shoulder have been made to the overhead throw as seen in baseball. There has not, 
however, been much research into the understanding of the forearm musculature during the windmill 
pitch as well as the forces generated at the elbow. This study, we believe, is the first to define the 
muscle activity in the forearm musculature (pronator teres, flexor carpi radialis, flexor carpi ulnaris, and 
flexor digitourm superficialis) during the windmill pitch. The purpose of the study was to define the 
muscle activity noted in the forearm and to note the potential forces generated at the medial aspect of 
the elbow.  
 
Methods: IRB approval was received from both Mercy St. Vincent’s and the University of Toledo 
National Collegiate Athletic Association (NCAA) compliance was confirmed.  This direct observational 
laboratory study utilized 10 female collegiate softball pitchers from 3 different college programs. The 
study was performed at the Department of Kinesiology Motion Analysis Lab on the campus of the 
University of Toledo. Each pitcher threw 5 pitches of each of the following the pitch types: fastball, 
change-up, curveball, screwball, rise-ball, and drop-ball. The pitches were thrown into a safety net 20 
feet away from the point of release. Skin electrodes were attached to the pitching arm of the respective 
pitchers and securely taped before being connected to a transmitter worn at the waist. Retroflective 
video markers were attached to designated anatomical positions.  Subjects threw as many warm-up 
pitches as desired before data collection began. The EMG data was collected on the throwing arm by a 
Noraxon Telemyo 2400 EMG system at a sampling rate of 2000 Hz using bipolar surface electrodes.  
Pitchers wore the portable telemetry unit strapped around the waist. Once pitching trials were 
completed, the subject completed 3 trials each of 3 different maximum voluntary contraction (MVC) 
exercises, each intended to elicit an MVC of one or more of the muscles being tested.  The EMG data 
from the MVC trials were processed in the same manner as those of the pitching trials.  The motion was 
captured on A 12 camera Motion Analysis Eagle motion capture system operating at a rate of 200 Hz 
recorded pitcher movements using 24 retroflective video markers placed at designated anatomical 
positions on each subject. A video camcorder also recorded each trial.  
 
Results: We found that there were some similar characteristics among the 6 varieties of the pitches 
thrown, as well as some distinct differences. During the first 4 phases of the 6 phase pitching motion, 
the forearm musculature was rather uniform in activity. Beginning in the 5th and 6th phases, however, 
the forearm muscles generated larger amounts of activity to impart the appropriate spin on the ball. The 
largest amount of activity generated was noted in the curveball, screwball, and riseball. The muscle 
activity noted reached approximately 450-500% of the MVC.  
 
Discussion: The forces repetitively generated can result in significant forces at the medial epicondyle of 
the elbow where these muscles originate. Fifty percent of our athletes had used NSAID’s prior to 
participating in games throughout the season, and 70% had used NSAID’s following their participation in 
games. Of note, none of our athletes missed any game time due to elbow pain. The results of this study 
are the first to define the muscle activity in the forearm during the windmill pitch. This information can 



be used for future studies to help design injury prevention as well as injury rehabilitation of the elbow 
and forearm in windmill softball pitchers.  
 
 
 
 
 
 


