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Abstract: Softball is often perceived as less injurious than overhand throwing, but evolving epidemiological and
biomechanical data show that softball pitchers sustain a substantial proportion of upper-extremity injuries, many related
to repetitive loading and mechanical factors. This narrative literature review synthesizes biomechanical principles of the
windmill pitch, identifies kinematic and kinetic variables associated with shoulder and elbow tissue stress, and examines
how mechanical faults, workload, and fatigue interact to produce injury. Major mechanical contributors include poor
kinetic-chain sequencing (lower-extremity/trunk deficits), excessive shoulder distraction and rotational torques,
increased elbow valgus moments, altered timing of trunk rotation and arm acceleration, and suboptimal landing/stride
mechanics. Overuse (pitch count, insufficient rest) compounds these mechanical stresses and is strongly associated with
pain and pathology. Laboratory and field studies demonstrate associations between specific kinematic patterns (e.g., late
trunk rotation, early arm abduction, decreased hip-trunk separation) and elevated peak shoulder distraction forces and
elbow torques—mechanical mediators for tendinopathy, labral injury, biceps pathology, and medial elbow stress.
Evidence supports targeted interventions: kinetic-chain strengthening, pitching mechanics retraining, structured
workload limits, neuromuscular control programs, and fatigue-monitoring. However, disparities remain in quantity and
quality of softball-specific research compared to baseball, limiting definitive causal attribution. Future studies should
standardize biomechanical protocols, include prospective designs with workload monitoring, and evaluate injury-
prevention programs specific to windmill mechanics. This review provides practitioners and researchers a mechanical
framework to reduce injury risk in softball pitchers.

Keywords: windmill pitch, biomechanics, softball pitching, shoulder distraction, elbow valgus, kinetic chain, injury
prevention, workload

I. INTRODUCTION

Softball is one of the most widely played sports among female athletes worldwide. Although the underhand windmill
motion appears mechanically distinct and often less injurious than overhand baseball throwing, modern data indicate
pitchers experience considerable shoulder and elbow morbidity—ranging from overuse tendinopathy and biceps/labral
pathology to growth-plate injuries in youth and ulnar collateral ligament strain in older players. Recent narrative and
systematic reviews emphasize that biomechanics—how forces are generated and transferred through the kinetic chain—
are central to understanding injury mechanisms in softball pitchers. Several contemporary reviews and laboratory studies
link elevated shoulder distraction forces and elbow torques to specific kinematic patterns and to increased injury risk in
pitchers.

Mechanically, the pitch is a complex, coordinated sequence: energy is generated from the lower extremity and trunk,
transmitted through the shoulder and elbow, and finally expressed at ball release. Faults anywhere in this kinetic chain—
reduced hip/leg drive, poor trunk rotation timing, or suboptimal arm path—can increase demands on shoulder and elbow
tissues. Moreover, the repetitive nature of tournament play (multiple outings over short intervals) contributes to
cumulative load and fatigue that exacerbate injury risk. Historically, softball biomechanics research has lagged behind
baseball in volume and standardization, but recent work is closing this gap with more rigorous lab-based kinetic and
kinematic analyses. This review synthesizes key mechanical principles of the windmill pitch, examines how these
mechanics relate to common injuries in softball pitchers, and evaluates evidence for prevention strategies rooted in
biomechanical understanding.

II. METHODS

A focused literature search was performed up to September 2024 using PubMed/PMC, Google Scholar, ScienceDirect,
and sport-medicine journals. Search terms included combinations of: “softball pitching biomechanics”, “windmill
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pitch”, “softball injuries”, “shoulder distraction force”, “elbow valgus”, “kinetic chain’
“injury prevention”. 1 prioritized:
e Systematic reviews and narrative reviews on softball pitching biomechanics and injuries.
e Laboratory biomechanical studies quantifying kinematics/kinetics (shoulder distraction, elbow valgus torque,
trunk/hip timing).
e Epidemiological studies and cohort/survey articles linking workload/mechanics to injury.
e Clinical commentaries and practical guides addressing injury-prevention strategies.

, “pitch count”, “fatigue”,

III. RESULTS — SYNTHESIS OF BIOMECHANICAL PRINCIPLES AND INJURY LINKS

This section synthesizes main biomechanical principles of the windmill pitch, then summarizes evidence linking
mechanical variables to specific injury types.

1. Phases of the windmill pitch and primary mechanical demands

Multiple authors break the windmill pitch into phases: (1) preparation/wind-up, (2) stride/early release preparation,
(3) arm acceleration and ball release, and (4) follow-through/decay. Each phase involves coordinated multi-joint
action. In contrast to the overhand pitch, windmill pitching generates substantial shoulder distraction forces during
acceleration, with high biceps and anterior shoulder loading as the humerus rotates through the circular arc. Trunk rotation
and timing of stride foot contact are critical determinants of how much force is transmitted to the upper extremity.

2. Kinetic chain: lower limb and trunk contributions

A central mechanical principle is the kinetic chain: effective force generation begins at the legs and pelvis, continues
through trunk rotation, and is transferred to the throwing arm. Several biomechanical studies show that pitchers with
reduced hip drive, decreased trunk rotation velocity, or poor hip-trunk separation display higher peak shoulder distraction
forces—because inadequate proximal force requires greater distal muscular/tendinous output to achieve velocity. Thus,
deficits in lower-extremity or trunk mechanics are mechanically linked to elevated shoulder and elbow loading.

3. Shoulder distraction and anterior structures (biceps, labrum)

Windmill pitching produces large shoulder distraction forces—axial traction on the glenohumeral joint—particularly
near ball release. These distractive loads, combined with repetitive motion, are implicated in biceps tendinopathy and
superior labrum anterior-posterior (SLAP) lesions. Laboratory work quantifying shoulder kinetics links specific
kinematic patterns (e.g., increased arm abduction or altered timing of humeral rotation) to elevated distraction forces.
Clinically, repetitive distraction loads are associated with anterior shoulder pain among pitchers.

4. Elbow loads: valgus stress and medial tension

Although less emphasized historically in underhand throwing, the elbow experiences valgus stress during parts of the
windmill cycle, and medial elbow structures (including UCL and medial epicondylar apophyses in youth pitchers) are
vulnerable to repetitive valgus loading. Case series and biomechanical studies show that particular arm paths, early arm
abduction, or late trunk rotation can increase elbow torque. Growing evidence finds UCL pathology and medial overuse
injuries in softball pitchers, especially in those with high seasonal throwing volumes and insufficient rest.

5. Timing, sequencing, and shoulder—trunk coordination

Timing—when trunk rotation, hip drive, and arm acceleration occur relative to stride foot contact—is a robust
determinant of upper-extremity stress. Late trunk rotation (i.e., trunk rotating after arm acceleration begins) short-circuits
proximal-to-distal energy transfer and increases shoulder distraction and elbow torque. Conversely, early and coordinated
trunk rotation reduces distal joint loading. Several investigations have identified timing deficits as correlated with
elevated peak shoulder distraction force.

6. Pitch velocity, repetition, and fatigue as mechanical multipliers

Higher pitch velocity correlates with increased joint torques and forces. Additionally, repetition (pitch counts, innings,
tournament density) and fatigue shift mechanics: fatigued pitchers show altered kinematics (reduced hip/trunk
contribution, increased arm decoupling), which mechanically increase shoulder and elbow loads. Epidemiology and
workload studies indicate a relationship between cumulative pitching exposure and arm pain.

7. Epidemiology: injury types and prevalence patterns

Recent reviews report that shoulder and elbow injuries are common among pitchers; a substantial portion are overuse-
related. Softball pitchers are often used more intensely (multiple outings per tournament) than baseball pitchers,
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increasing cumulative load. While lower-extremity injuries also occur, upper-extremity disorders (rotator cuff
tendinopathy, biceps pathology, labral disease, medial elbow pain) predominate in pitchers.

IV. DISCUSSION — MECHANISMS, IMPLICATIONS, AND PREVENTION

This section interprets the synthesized results, highlights mechanistic pathways from mechanics to injury, discusses
evidence for interventions, and identifies gaps.

Mechanistic interpretation: how mechanics produce tissue injury

The literature converges on a mechanistic model: (1) poor proximal force generation or mistimed sequencing increases
demand on the shoulder and elbow; (2) increased shoulder distraction and elbow valgus torque represent the immediate
mechanical stresses that strain tissues; (3) repetition and insufficient recovery allow microtrauma to accumulate,
progressing to tendinopathy, labral damage, or growth-plate injury. For example, decreased hip/trunk contribution forces
the shoulder musculature (including biceps and rotator cuff) to generate more force, increasing distraction across the
glenohumeral joint and shear on labral attachments—the mechanical pathway to anterior shoulder pain noted across
studies. Similarly, altered arm path or early arm abduction can increase medial elbow torque—exposing the UCL or
medial epicondyle in younger athletes to overload.

Practical implications for coaches, clinicians, and strength staff

1. Kinetic-chain training: Strength, power, and coordination training of the lower extremity and trunk are
essential. Enhancing hip drive and trunk rotational power reduces distal joint loading by improving proximal-
to-distal energy transfer. Mechanics retraining: Video-based mechanical analysis and cueing to correct late
trunk rotation, excessive arm abduction, or stride deficits can reduce shoulder distraction and elbow torque.
Clinician-led motor control programs targeting trunk-arm timing show promise in lab settings.

2. Workload management: Implement pitch-count and rest protocols tailored to softball—considering
tournament-style play where pitchers may throw multiple games in short windows. Evidence supports limiting
repetitive high-volume outings and ensuring adequate recovery to minimize fatigue-related mechanical
breakdown.

3. Fatigue monitoring and periodization: Objective or subjective fatigue monitoring during tournaments (player-
reported fatigue scales, simple performance metrics) can guide in-game decisions to withdraw pitchers before
mechanical breakdown occurs.

4. Youth-specific precautions: For skeletally immature athletes, early specialization and high seasonal pitch
volumes are risk factors for growth-plate injuries; enforce age-appropriate limits and emphasize multi-sport
development.

5. Evidence for injury-prevention programs

While baseball has more randomized and cohort-based injury-prevention trials, softball-specific RCTs are scarce.
Surveys indicate many coaches recognize overuse as a problem but implementation of structured prevention programs
varies. Interventions with plausible benefit include kinetic-chain strengthening, trunk stabilization, throwing mechanics
retraining, and workload limits—these are mechanistically justified and supported by laboratory data showing reduced
joint loads with improved mechanics. However, high-quality prospective intervention trials in softball pitchers remain a
research priority.

V. LIMITATIONS IN THE LITERATURE

o Heterogeneity of methods: Studies vary in phase definitions, measurement systems, and outcome metrics (e.g.,
how shoulder distraction is computed), complicating cross-study synthesis.

o Cross-sectional designs dominate: Many studies are lab-based, cross-sectional comparisons between injured vs.
healthy pitchers; definitive causal inference requires prospective cohorts linking baseline mechanics and workload
to subsequent injury.

e Underrepresentation of diverse populations: Most research focuses on high-school and collegiate pitchers in
North America; more global and youth-focused data are needed.

e Comparative scarcity vs. baseball: Systematic reviews highlight a quantitative disparity in pitching research
between baseball and softball, limiting ability to translate baseball evidence wholesale to windmill pitching.

VI. CONCLUSION
Mechanical principles provide a coherent framework linking windmill pitching kinematics and kinetics to upper-

extremity injuries in softball pitchers. Key drivers include deficits in the kinetic chain (lower-extremity/trunk), altered
timing and sequencing, increased shoulder distraction and elbow valgus torques, and cumulative effects of high repetition
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and fatigue. While mechanistic and epidemiological evidence supports targeted interventions—Kkinetic-chain training,
mechanics retraining, and workload management—high-quality prospective and interventional softball-specific studies
are needed to quantify effect sizes and optimize prevention strategies. Coaches and clinicians should integrate mechanical
assessment with workload monitoring to reduce injury burden among softball pitchers.
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