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Women’s fastpitch softball has seen a dramatic 
increase in popularity over the past decade with 
more girls beginning to play this sport at younger 
ages. The biomechanics of the shoulder motion of 
the windmill softball pitch  has been studied in 
detail.  We believe our study is the first to identify 
the activity of the forearm musculature around the 
elbow during the windmill softball pitch. 

Our purpose was to examine the function and 
levels of activation of the forearm musculature  as 
different types of windmill pitches were thrown. This 
information could potentially be translated into 
therapeutic exercises for injury prevention and 
injury rehabilitation.  

Approvals: IRB approval was received from both 
Mercy St. Vincent’s and the University of Toledo 

National Collegiate Athletic Association (NCAA) 
compliance was confirmed.  

Design:  Direct observational laboratory study 

Sample size: 10 female collegiate softball pitchers 
from 3 different college programs 

Clinical setting: Department of Kinesiology Motion 
Analysis Lab, University of Toledo 

Outcome measures: Parameters representing the 
timing and levels of muscle activation during pre-
defined phases of the windmill pitching motion 

Procedures: 

Subject warmed up 

Electrodes, video markers, and transmitter attached 
(Figure 2 and Figure 3) 

Trial data collected – all pitches thrown at a net 
target 20 feet in front of the pitcher.  Video, force, and 
EMG data were collected on 5 pitches of each of the 
6 pitching styles (Figure 4) 

MVC trials collected during isometric contractions 
at the midpoint of the ROM for each of the muscles 

Subjects completed a demographics survey and a 
self-assessment of pain and fatigue levels before and 
after the pitching trial. 

Data analysis:  For every pitch/phase of a pitch, 
average normalized (%MVC) EMG was calculated for 
each muscle, and was averaged across each 
subject, and then all subjects.  Results are presented 
as group means for each phase of each of the 6  
types of pitches 

With the vast information that has been published 
about the shoulder biomechanics, the added 
information from this study gives new insight into a 
complete understanding of the upper extremity 
during the windmill softball pitch. What we have 
shown is the relatively quiescent motor function in 
the forearm during the first phases of the windmill 
softball pitch. Prior to ball release, there is a large 
spike in the forearm and finger flexors with small 
contributions from the pronator to generate the 
specific spin characteristics of the desired pitches. 
This has the potential to increase the risk of injury to 
these specific forearm muscles as well as stress to 
their areas of skeletal attachments, and will become 
a focus of further understanding in the 
biomechanics of the windmill softball pitch.  

Twelve camera Motion Analysis Inc. system 
operating at 200 Hz recorded 24 retroflective video 
markers.  A video camcorder recorded each trial.   
 
Noraxon Inc. Telemyo 2400 EMG system sampled at 
2000 Hz, using bipolar surface electrodes. 
 
Ground reaction force data from the lead foot was 
recorded at 2000 Hz via an AMTI Inc. force platform. 
 
Recording, time-matching and processing of all data 
done with Cortex v2.5.1 software. 

Evaluate forearm muscle activation during the 
windmill softball pitch utilizing surface 
electromyography and high speed videography. 

Compare differences in forearm muscle activation 
during 6 pre-determined muscle phases for 5 
pitching styles: fastball, riseball, dropball, curveball, 
screwball, and change-up.   

Specific forearm muscles included the  pronator 
teres, flexor carpi ulnaris, flexor carpi radialis and 
flexor digitorum superficialis. (Figure 1) 

Analyze demographics for pitching history, previous 
injuries, pain & fatigue levels pre and post study. 
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The 6 pre-defined muscle phases for the windmill 
softball pitch are illustrated in Figure 5. 

Graph 1 and Graph 2 illustrate group data for two 
of the six pitches. 

For both pitches, what can be seen is an increase in 
muscle activity in the later phases of the pitch, as 
the forearm and finger flexors demonstrated 
increasing activation prior to ball release. 
Contractile intensity for the change-up pitch was 
substantially less than for the fast ball. This was 
anticipated, and is a likely reflection of the 
differences in velocity between the two pitch types. 
We see across the extent of the graphs, subtle 
alterations in all the forearm muscle groups  
depending on the desired spin of the designated 
pitch. There does seem to be a smaller than 
expected activity of the pronator muscle, but this is 
likely due to a  large proportion of internal rotation at 
the shoulder.   

Figure 5 

Figure 1 Figure 2 

Figure 3 

Figure 4 

Graph 1 

Graph 2 


	Slide Number 1

