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Abstract: Softball pitching is a complex and dynamic movement involving the integration of multiple joints, muscles, 

and biomechanical principles. Unlike the overhand motion in baseball, softball pitching utilizes a windmill or underhand 

motion that places unique stresses on the musculoskeletal system. This review aims to synthesize current biomechanical 

research related to softball pitching, focusing on kinematic and kinetic variables, energy transfer through the kinetic 

chain, muscle activation patterns, and common mechanical inefficiencies that can lead to injury. 

 

The literature indicates that the windmill pitch consists of six phases: wind-up, stride, arm rotation, release, deceleration, 

and follow-through. Proper sequencing of these phases is critical for performance and injury prevention. Peak angular 

velocities at the shoulder often exceed 5000°/s during release, emphasizing the importance of trunk-shoulder 

coordination. The kinetic chain concept plays a central role, as energy generated from the lower body and core must 

efficiently transfer to the upper limbs. Ground reaction force (GRF) data suggest the importance of stride and drive leg 

strength, while EMG analyses highlight high muscular demand in the deltoids, latissimus dorsi, gluteals, and rectus 

femoris. 

 

A common finding across studies is that mechanical deficiencies, such as early trunk rotation or inadequate stride length, 

increase the risk of overuse injuries, particularly in the shoulder and lumbar spine. This review also explores the impact 

of fatigue, developmental differences (e.g., youth vs. collegiate pitchers), and training interventions aimed at improving 

mechanics. 

 

Overall, this review highlights the critical role of biomechanical analysis in understanding softball pitching. By applying 

these insights, coaches and clinicians can better tailor strength training, corrective exercises, and pitching technique to 

enhance performance and reduce injury risks. Continued interdisciplinary research combining biomechanics, motor 

control, and sports medicine is essential for advancing the science of softball pitching. 
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I.     INTRODUCTION 

 

The sport of fast-pitch softball has grown significantly in competitive popularity, leading to increased interest in 

understanding the biomechanics of pitching. Unlike baseball’s overhand delivery, softball utilizes a windmill pitching 

motion—a full 360-degree circumduction of the arm—which creates different demands on the body (Barrentine et al., 

1998). This unique motion requires the integration of multiple body segments functioning as a coordinated system, 

commonly referred to as the "kinetic chain." The effectiveness of a pitch relies heavily on energy transfer through this 

chain, beginning with the legs and culminating in the wrist and hand during ball release (Putnam, 1993). 

 

Recent research has emphasized the role of proper sequencing, timing, and muscle recruitment in injury prevention and 

performance optimization (Oliver & Plummer, 2011). Improper mechanics or fatigue can disrupt this sequence, resulting 

in altered force distribution and increased injury risk, especially in the shoulder and lower back (Maffet et al., 1997). 

Ground reaction forces and joint torques recorded during softball pitching often rival or exceed those in baseball, despite 

the shorter distance to home plate and underhand delivery (Werner et al., 2005). 

 

Given the biomechanical complexity of softball pitching, a growing body of literature has investigated the movement 

using 3D motion analysis, force plates, and electromyography (EMG). These methods have allowed researchers to 

identify critical phases of the pitch, determine mechanical faults, and assess the impact of various training or rehabilitation 

strategies. 
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This review aims to consolidate the current biomechanical findings of softball pitching, highlighting kinematic patterns, 

kinetic forces, muscle activity, and performance-injury correlations. By synthesizing this knowledge, we seek to provide 

valuable insights for coaches, sports scientists, therapists, and athletes involved in softball at all levels. 

 

II.       METHODS 

 

This review followed a structured literature search methodology using the PRISMA framework. Academic databases 

including PubMed, Scopus, Web of Science, and Google Scholar were searched for peer-reviewed articles published 

between 1995 and 2025. Search terms included: softball pitching, biomechanics, windmill pitch, kinematic analysis, 

ground reaction force, and injury risk. 

Inclusion criteria were: 

• Studies involving female fast-pitch softball players 

• Research utilizing motion capture, EMG, force plates, or musculoskeletal modeling 

• Articles published in English and peer-reviewed journals 

Exclusion criteria: 

• Baseball pitching studies 

• Opinion pieces or anecdotal reports 

• Studies lacking objective biomechanical data 

A total of 52 studies were initially identified. After screening titles, abstracts, and full texts, 28 studies met the inclusion 

criteria and were analyzed for findings related to the mechanics, performance outcomes, and injury implications of 

softball pitching. 

 

III.         RESULTS 

 

1. Kinematic Patterns:  

Softball pitching includes six biomechanical phases. Studies consistently show that peak angular velocities during the 

arm circle can exceed 5000°/s (Barrentine et al., 1998). Timing of hip-shoulder separation and stride length 

(approximately 90% of height) are crucial for pitch efficiency. 

2. Ground Reaction Forces:  

Peak vertical GRFs during the stride phase are reported to be 2.5–3.5 times body weight. Drive leg force is essential for 

push-off and energy generation, while the stride leg is responsible for deceleration and stabilization. 

3. Muscle Activation:  

EMG data indicate high muscle activity in gluteus maximus, hamstrings, deltoids, and rotator cuff muscles. Peak 

activation in upper limb muscles occurs just before and during ball release. 

4. Mechanical Faults and Injury Risk:  

Common mechanical errors include early trunk rotation, insufficient hip-shoulder separation, and lumbar hyperextension. 

These faults correlate with increased injury rates, particularly impingement and labral tears in the shoulder and lower 

back strain. 

5. Fatigue Effects:  

Several studies show significant deterioration in kinematics and increased joint loads following repeated pitches, 

especially in tournaments or double-header games. 

 

IV.        DISCUSSION 

 

The mechanical analysis of softball pitching reveals a finely tuned athletic action reliant on synchronized movements and 

energy transfer through the kinetic chain. Proper technique requires not only upper body strength but also lower limb and 

core engagement to generate and transfer energy effectively (Putnam, 1993). Disruptions to this sequence—whether from 

poor technique, fatigue, or lack of strength—can significantly reduce performance and heighten injury risk. 

 

A consistent theme across reviewed literature is the critical role of stride leg braking and hip-shoulder separation in pitch 

velocity. Furthermore, the shoulder and elbow experience extreme torques, comparable to those in baseball, underscoring 

the misconception that underhand pitching is inherently safer (Werner et al., 2005). 

 

Injury prevention strategies must include strength conditioning (especially posterior chain and rotator cuff), core 

stabilization, and mechanical coaching. Coaches should monitor pitch counts, enforce rest periods, and educate athletes 

on early warning signs of overuse. Additionally, integrating biomechanical screening into training can help identify 

asymmetries or mechanical faults before they lead to injury. 
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The review also identifies a gap in longitudinal and intervention studies that link mechanical improvements to injury 

reduction. Future research should also consider the effects of fatigue, psychological stress, and hormonal variations in 

female athletes. 

 

V.        LIMITATIONS 

 

• Limited number of longitudinal studies assessing injury outcomes over time. 

• Variability in sample populations, with most studies focusing on collegiate or elite pitchers. 

• Lack of uniformity in data collection methods (e.g., EMG placement, motion capture systems). 

• Minimal research on the impact of gender-specific anatomical and physiological differences. 
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