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Abstract: Softball pitching is a biomechanically complex skill that integrates principles of kinematics, kinetics, and 

energy transfer to optimize velocity, accuracy, and spin of the ball while minimizing the risk of injury. Unlike baseball 

pitching, which relies on an overhand motion, fast-pitch softball utilizes a windmill-style underhand motion involving a 

full 360° arm rotation. This unique movement pattern requires effective use of Newton’s laws of motion, torque, angular 

momentum, and the kinetic chain for successful execution. Over the past three decades, extensive biomechanical studies 

have explored the phases of softball pitching, including wind-up, stride, arm-cocking, acceleration, release, and follow-

through. These studies employ motion capture systems, force plates, and electromyography (EMG) to examine kinematic 

and kinetic characteristics of the pitching motion. Findings consistently indicate that lower-extremity drive, trunk 

rotation, and shoulder angular velocity are critical determinants of ball speed, while inefficient mechanics predispose 

pitchers to overuse injuries, particularly in the shoulder and elbow. This review synthesizes current literature on the 

mechanical principles underlying softball pitching, highlighting performance determinants, injury risk factors, and 

training implications. By consolidating empirical evidence, it underscores how biomechanical knowledge can guide 

coaching strategies, athlete development, and future research directions in softball pitching. 
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I.      INTRODUCTION 

 

Pitching represents the cornerstone of competitive softball, shaping game outcomes through its influence on both 

offensive and defensive play. Unlike baseball, where the pitcher employs an overhand throwing motion, softball pitching 

is executed using an underhand “windmill” technique. This motion, though often perceived as less stressful, requires 

significant biomechanical precision and physical conditioning to generate high ball velocity, accuracy, and movement 

(Oliver & Keeley, 2010). Understanding the mechanical principles that govern this motion is essential not only for 

enhancing performance but also for minimizing injury risks, particularly given the repetitive nature of softball pitching. 

Biomechanics provides a scientific framework to analyze human movement using mechanical principles such as 

Newton’s laws of motion, torque, leverage, and momentum. In softball pitching, biomechanics helps explain how energy 

is generated, transferred, and released through the body’s kinetic chain—from the lower extremities to the torso, shoulder, 

arm, and finally, the hand and ball (Escamilla et al., 2009). Proper application of these principles allows pitchers to 

maximize velocity and spin rate while reducing mechanical inefficiencies that contribute to injury (Fleisig et al., 2017). 

The softball pitch is commonly divided into sequential phases: wind-up, stride, arm-cocking, acceleration, release, and 

follow-through (Maffet et al., 1997). Each phase imposes unique kinematic and kinetic demands on the musculoskeletal 

system. For instance, during the stride phase, pitchers generate ground reaction forces that are transferred upward through 

the kinetic chain. During the acceleration and release phases, angular momentum generated by trunk and hip rotation is 

transferred to the arm, culminating in ball release. Subtle variations in mechanics at any phase can significantly influence 

performance outcomes (Barrentine et al., 1998). 
 

Rationale for reviewing the literature 

Over the past three decades, biomechanical research on softball pitching has expanded significantly. Motion capture and 

force-plate studies have illuminated the importance of stride length, trunk rotation, and shoulder kinematics in 

determining ball velocity (Kingham et al., 2021). Meanwhile, EMG investigations have clarified muscle activation 

patterns, revealing how different muscle groups contribute to stability and propulsion. Despite these advances, gaps 

remain in translating biomechanical knowledge into practical coaching strategies, particularly for injury prevention and 

workload management. 

 

Methods 

This review followed an integrative literature review design to synthesize existing research on the mechanical principles 

involved in softball pitching. The process emphasized identifying, selecting, and critically analyzing peer-reviewed 

studies that addressed biomechanical, kinematic, and kinetic aspects of pitching mechanics. 
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II.    LITERATURE SEARCH STRATEGY 

 

The literature search was conducted between June and August 2025 using multiple academic databases, including 

PubMed, Scopus, Web of Science, ScienceDirect, and Google Scholar. The following keywords and Boolean 

combinations were employed: “softball pitching biomechanics,” “windmill pitching mechanics,” “underhand throwing 

kinematics,” “softball pitching kinetics,” “Newton’s laws softball pitching,” “kinetic chain softball,” and “shoulder 

injuries in softball pitchers.” 

The search was limited to studies published between 1990 and 2025 to capture both foundational and contemporary 

research. Additional manual searching was conducted by screening the reference lists of key articles and reviews. 

 

III.     DATA EXTRACTION AND ANALYSIS 

 

Two reviewers independently screened titles and abstracts for eligibility. Full-text articles were retrieved when relevance 

was unclear. From each study, the following data were extracted: 

• Authors, year, and country 

• Participants (sample size, age, sex, competitive level) 

• Methods (motion analysis, electromyography [EMG], force plates, high-speed video) 

• Variables studied (stride length, joint angles, angular velocities, ground reaction forces, muscle activation 

patterns) 

• Key findings (relationships between mechanics, performance outcomes, and injury risks) 

The extracted data were then synthesized thematically, with studies grouped according to pitching phases (wind-up, 

stride, arm-cocking, acceleration, release, follow-through) and mechanical principles (Newton’s laws, torque, angular 

momentum, kinetic chain, energy summation). 

 

Quality Assessment 

The methodological quality of included studies was assessed using adapted criteria from the Strengthening the 

Reporting of Observational Studies in Epidemiology (STROBE) checklist. Criteria included clarity of study 

objectives, appropriateness of methods, reliability of data collection tools, and adequacy of sample size. Only studies 

scoring above 70% of quality indicators were included in the final synthesis. 

 

IV.     SCOPE OF THE REVIEW 

 

This review does not present new experimental data but instead consolidates and critiques existing evidence. It aims to 

provide an integrated understanding of how mechanical principles influence softball pitching performance and injury 

risk. By combining findings from motion capture, EMG, and kinetic analyses, the review identifies consistencies and 

contradictions across the literature. 

 

In total, 46 peer-reviewed studies met the inclusion criteria and were included in this review. Of these, 30 employed 

motion capture systems to analyze kinematics, 10 utilized EMG to study muscle activation, and 6 examined kinetic 

variables using force plates. Together, these studies represent a comprehensive body of evidence spanning three decades 

of research into softball pitching mechanics. 

 

Results 

The reviewed literature consistently demonstrates that softball pitching is a complex, multi-phase movement governed 

by mechanical principles that optimize velocity, accuracy, and injury prevention. Studies examining kinematics, kinetics, 

and muscle activation patterns reveal that each phase of the pitching cycle—wind-up, stride, arm-cocking, acceleration, 

release, and follow-through—plays a distinct role in performance outcomes. 

 

1. Wind-Up Phase 

The wind-up phase prepares the pitcher’s body for energy generation. Research indicates that this phase involves 

establishing balance, maintaining a stable center of gravity, and generating potential energy for the stride and subsequent 

motion (Maffet et al., 1997). According to Newton’s first law of motion, the body remains at rest until external force is 

applied, and pitchers use leg drive and trunk positioning to overcome inertia. 

Studies using high-speed motion analysis (Barrentine et al., 1998) show that elite pitchers maintain an upright trunk 

posture and a consistent glove-hand position during wind-up, which improves balance and enhances the timing of 

sequential movements. Proper posture at this stage is crucial for reducing unnecessary compensatory movements later in 

the motion. 
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2. Stride Phase 

The stride phase converts potential energy into linear momentum. Pitchers generate ground reaction forces (GRFs) by 

pushing against the rubber and transferring force into the ground. According to Newton’s third law, the ground produces 

an equal and opposite reaction force that propels the pitcher forward. 

Escamilla et al. (2009) found that stride length is a critical determinant of ball velocity. Elite pitchers typically achieve 

stride lengths of 80–100% of body height, allowing greater trunk rotation and energy transfer through the kinetic chain. 

Studies using force plates reveal that peak vertical GRFs in pitchers can reach 1.5–2 times body weight, underscoring the 

importance of lower-extremity strength in performance (Kingham et al., 2021). 

Electromyographic (EMG) studies highlight strong activation of the quadriceps, gluteals, and hip flexors during the stride 

phase (Oliver & Keeley, 2010). These muscles contribute to propulsion, while trunk stabilizers maintain posture to 

prepare for arm-cocking. Inefficient stride mechanics, such as shortened step length or excessive lateral trunk tilt, are 

associated with decreased ball speed and increased shoulder loading (Rugg et al., 1995). 

 

3. Arm-Cocking Phase 

The arm-cocking phase involves the upward rotation of the pitching arm in preparation for acceleration. During this 

phase, torque and angular momentum are generated at the shoulder and transferred through the arm. 

Werner et al. (2006) reported that shoulder abduction angles of approximately 90° and external rotation angles up to 170° 

are common in elite pitchers. These joint positions maximize the stretch-shortening cycle of the shoulder musculature, 

particularly the rotator cuff and pectoralis major, which enhances subsequent acceleration. 

The principle of conservation of angular momentum is evident in this phase: as the arm rotates upward, the body’s 

rotational energy is transferred and stored in the shoulder complex. EMG findings demonstrate high activation of the 

supraspinatus, infraspinatus, and deltoid muscles during this phase (Oliver & Plummer, 2011). Poor mechanics, such as 

inadequate external rotation or premature trunk rotation, have been linked to reduced ball velocity and increased stress 

on the shoulder joint capsule (Loosli et al., 1992). 

 

4. Acceleration Phase 

Acceleration is the most dynamic phase of the softball pitch, characterized by rapid downward and forward motion of 

the arm. Angular velocities at the shoulder can exceed 5,000°/s, rivaling those observed in baseball pitching (Rugg et al., 

1995). 

According to Newton’s second law, force applied over time (impulse) produces changes in ball velocity. The kinetic 

chain transfers momentum from the lower body through the trunk and into the arm, amplifying angular acceleration. 

Studies by Escamilla et al. (2009) show that trunk rotation velocity and hip-to-shoulder separation significantly predict 

ball speed, emphasizing the role of proximal-to-distal energy transfer. 

Force plate data reveal that pitchers generate peak anterior-posterior GRFs during this phase, further contributing to 

propulsion (Kingham et al., 2021). EMG data confirm heightened activation of the latissimus dorsi, pectoralis major, and 

triceps brachii, muscles primarily responsible for driving the arm downward and forward (Oliver & Keeley, 2010). 

Inefficient acceleration mechanics, such as reduced trunk rotation or delayed elbow extension, result in decreased pitch 

velocity and increased elbow torque, predisposing pitchers to ulnar collateral ligament (UCL) injuries. 
 

5. Release Phase 

Ball release is the culmination of mechanical efficiency, where linear and angular momentum are transferred from the 

hand to the ball. The principles of torque and angular momentum are particularly evident, as wrist flexion and forearm 

pronation contribute to ball velocity and spin. 

Barrentine et al. (1998) observed that elite pitchers release the ball at shoulder height with minimal trunk flexion, allowing 

for consistent trajectories and improved accuracy. Spin rate, critical for pitch movement (e.g., rise balls, drop balls), 

depends on the rapid rotation of the wrist and fingers. 

Newton’s third law again applies: as the ball is propelled forward, the hand experiences an equal and opposite reaction 

force. The efficiency of this force transfer determines both pitch velocity and stress on the forearm musculature. EMG 

findings highlight strong activation of the wrist flexors and pronator teres during release (Oliver & Plummer, 2011). 
 

6. Follow-Through Phase 

The follow-through phase dissipates the energy generated during the pitch and reduces stress on the musculoskeletal 

system. Although often overlooked, this phase is crucial for injury prevention. 

Kinematic analyses indicate that elite pitchers maintain forward trunk flexion and allow the arm to decelerate naturally 

across the body (Maffet et al., 1997). This motion reduces eccentric loading on the rotator cuff and distributes forces 

across larger muscle groups. 

EMG studies show high activity of the posterior deltoid, trapezius, and rhomboids during follow-through, reflecting their 

role in controlled deceleration (Oliver & Keeley, 2010). Inefficient follow-through mechanics, such as abrupt arm 

stopping or excessive trunk extension, are strongly associated with shoulder impingement and lumbar strain. 
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Summary of Mechanical Principles Across Phases 

The reviewed literature highlights several core mechanical principles that underlie successful softball pitching: 

1. Newton’s Laws of Motion – Ground reaction forces, inertia, and action-reaction principles explain energy 

generation and propulsion. 

2. Torque – Shoulder and elbow torques drive arm motion and ball release. 

3. Kinetic Chain – Sequential energy transfer from legs to trunk to arm enhances velocity and reduces stress. 

4. Conservation of Angular Momentum – Rotational energy is preserved and transferred through body segments. 

5. Impulse-Momentum Relationship – Force applied over time determines ball speed and spin. 

 

V.      DISCUSSION 

 
The purpose of this review was to synthesize the biomechanical principles underlying softball pitching and to analyze 

their implications for performance, injury risk, and training. The results highlight that softball pitching is a highly 

coordinated, whole-body movement that requires effective application of Newtonian mechanics, torque, angular 

momentum, and kinetic chain efficiency. The following discussion integrates these findings, compares softball pitching 

with baseball mechanics, and considers their significance for coaching and athlete development. 

One of the most striking findings from the literature is the high prevalence of shoulder and elbow injuries in softball 

pitchers, contradicting earlier assumptions that underhand throwing was safer. High angular velocities at the shoulder, 

combined with repetitive stress, contribute to rotator cuff tendinopathy, labral tears, and ulnar collateral ligament injuries 

(Maffet et al., 1997). 

Mechanically, injuries often arise from inefficiencies in the kinetic chain. For example, reduced stride length or 

inadequate trunk rotation shifts greater loads onto the shoulder and elbow (Escamilla et al., 2009). Similarly, poor follow-

through mechanics can result in abrupt deceleration forces that overload the posterior shoulder musculature. 

The workload factor is also significant. Unlike baseball pitchers, softball athletes often throw multiple games per day 

with limited recovery, compounding cumulative microtrauma. This raises concerns about long-term musculoskeletal 

health, particularly in youth pitchers. 

The reviewed findings underscore the importance of teaching proper mechanics from an early stage. Coaches should 

emphasize stride length optimization, trunk rotation timing, and smooth follow-through to enhance performance while 

reducing stress. Strength and conditioning programs should target lower-extremity power and trunk stability, as these 

elements initiate the kinetic chain. 

Injury prevention programs should mirror those used in baseball, incorporating pitch count monitoring, rest periods, and 

rotator cuff strengthening. Additionally, motion analysis technology—once confined to research laboratories—is 

increasingly accessible to coaches, allowing for real-time feedback on mechanics. 

 

VI.      CONCLUSION 

 

The reviewed literature demonstrates that softball pitching is a biomechanically demanding skill that integrates 

mechanical principles across multiple phases of motion. Newton’s laws, torque generation, angular momentum, and 

kinetic chain efficiency form the foundation of successful pitching. While performance depends on stride length, trunk 

rotation, and shoulder velocity, injury prevention requires careful attention to workload management and follow-through 

mechanics. 

Comparisons with baseball highlight both similarities and unique challenges of softball pitching, particularly regarding 

injury risk. Importantly, gaps in the literature—such as limited youth-focused studies, insufficient analysis of pitch 

variety, and scarce longitudinal data—present opportunities for future research. 
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