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Abstract: Ground Reaction Force (GRF) is a critical biomechanical variable that directly influences athletic performance
and injury risk. GRF represents the force exerted by the ground on the body during physical activity and is a key factor
in movements such as jumping, sprinting, landing, and changing direction. Excessive or improperly absorbed GRFs have
been associated with a wide range of sports-related injuries, particularly in the lower extremities. This review paper aims
to explore the relationship between GRF and sports injuries by analyzing current research across different sports
disciplines, including running, soccer, basketball, gymnastics, and volleyball.

Research indicates that high vertical and horizontal GRF magnitudes, rapid loading rates, and asymmetrical force
distribution are strongly correlated with the development of stress fractures, anterior cruciate ligament (ACL) injuries,
patellofemoral pain syndrome (PFPS), and Achilles tendinopathy. For example, abrupt landings or deceleration
movements often expose athletes to peak GRFs of 2.5 to 6 times body weight, significantly increasing tissue loading and
injury potential. Moreover, poor neuromuscular control, fatigued muscles, and inadequate footwear or playing surfaces
exacerbate the effects of high GRFs.

Studies utilizing force plates, motion capture, and musculoskeletal modeling have provided deeper insights into how
GREF contributes to both acute and overuse injuries. Preventive interventions, such as strength training, proprioceptive
exercises, plyometric drills, and footwear design, have shown promising results in modifying GRF patterns and reducing
injury incidence.

This review emphasizes the importance of understanding GRF dynamics in sports biomechanics, injury surveillance, and
prevention strategies. Monitoring and optimizing GRF through training, technique modification, and equipment can
significantly mitigate injury risk while enhancing athletic performance. Continued interdisciplinary research combining
biomechanics, sports medicine, and rehabilitation sciences is essential for developing effective interventions targeting
GRF-related injury mechanisms.
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L. INTRODUCTION

Ground Reaction Force (GRF) is defined as the force exerted by the ground on a body in contact with it, playing a
fundamental role in human locomotion and athletic performance (Winter, 2009). In sports, GRFs are generated during
activities such as running, jumping, landing, and cutting, where the body interacts dynamically with the ground. These
forces, especially when applied repeatedly or inappropriately, can contribute to both acute and chronic musculoskeletal
injuries (Zhang et al., 2000).

High-magnitude GRFs and steep loading rates are particularly concerning in sports requiring explosive or high-impact
movements, such as basketball, soccer, gymnastics, and track and field (Fong et al., 2007). For instance, vertical GRFs
exceeding 5 times body weight have been recorded during jump landings in volleyball players, significantly increasing
the risk for anterior cruciate ligament (ACL) tears and stress-related injuries (Yu & Garrett, 2007). Asymmetries in GRF
distribution between limbs are also linked to overuse injuries and biomechanical imbalances, especially in running and
pivoting sports (Hewett et al., 2005).

Advanced technologies such as force plates, pressure sensors, and 3D motion capture systems have enabled researchers
and clinicians to quantify GRF variables accurately. These tools help identify risky movement patterns, evaluate training
effects, and design injury prevention strategies. Additionally, recent interest in wearable sensors and real-time GRF
feedback has expanded opportunities for on-field assessment and injury risk management.
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This review seeks to examine the relationship between GRF and injury risk in sports by synthesizing findings from
biomechanical and clinical studies. Emphasis is placed on the magnitude, direction, rate of loading, and symmetry of
GREF and their implications for injury mechanisms. The review also highlights the preventive role of training interventions
aimed at optimizing GRF characteristics to reduce injury rates and improve athletic longevity.

I1. METHODS

This review was conducted following PRISMA guidelines for systematic reviews. Databases searched included PubMed,
ScienceDirect, Web of Science, and Google Scholar for publications between 2000 and 2025. Search terms included:
"ground reaction force", "sports injuries", "biomechanics", "ACL injuries", "stress fractures"”, and "force plate analysis".
Inclusion criteria:

e  Peer-reviewed journal articles

e  Studies focused on GRF and its relation to injury in athletes

e Use of biomechanical tools (e.g., force plates, motion capture)

e  Articles written in English
Exclusion criteria:

e  Non-athletic populations

e  Case studies without GRF measurement

e  Opinion pieces or editorials
From an initial pool of 176 articles, 41 met the inclusion criteria and were analyzed. Data extracted included study design,
sample size, sport, GRF variables measured (magnitude, direction, rate), injury type, and conclusions.

III. RESULTS

1. Injury Types Linked to GRF:
e ACL injuries: High anterior-posterior and vertical GRF during landings are major risk factors (Hewett et al.,
2005).
e Stress fractures: Repetitive high GRF and loading rates, particularly in runners, are correlated with tibial and
metatarsal fractures (Milner et al., 2006).
e PFPS & Achilles tendinopathy: Elevated impact peaks and slow shock absorption increase joint stress (Dugan
& Frontera, 2000).
2. Sport-Specific Observations:
e Basketball/Volleyball: Landings generate peak vertical GRF > 4—6x body weight.
¢ Running: Higher GRFs observed in rearfoot strikers; forefoot runners exhibit lower loading rates.
e  Gymnastics: Abrupt landings without sufficient joint flexion increase GRF transmission to joints.
3. GRF Asymmetry:
e  Athletes recovering from injury often display >15% asymmetry in GRF, increasing risk of reinjury.
4. Preventive Interventions:
e Plyometric and balance training shown to lower peak GRF and improve shock attenuation (Myer et al., 2006).
e Custom footwear and insoles help redistribute force and minimize peak pressure areas.

IV.  DISCUSSION

The reviewed literature clearly demonstrates that excessive or mismanaged GRFs are strongly associated with a wide
range of sports injuries. Vertical and posterior GRFs, particularly when combined with high loading rates and poor
neuromuscular control, contribute significantly to injuries like ACL tears, stress fractures, and tendinopathies (Yu &
Garrett, 2007). GRF's are not inherently harmful but become problematic when they exceed the body’s capacity to absorb
or redirect force.

Asymmetry in GRF, often seen in athletes post-injury or those with dominant-limb dependence, serves as both a marker
and contributor to overuse injuries. GRF analysis is therefore a valuable diagnostic and monitoring tool in both clinical
and field settings. It enables early identification of risky movement patterns and biomechanical deficits.

Evidence supports that neuromuscular training, proprioceptive drills, plyometrics, and tailored strength programs
significantly reduce GRF magnitudes and loading rates. Interventions targeting landing mechanics and muscular
coordination are particularly effective in reducing injury risk in female athletes, who are generally more vulnerable to
high-impact injuries due to biomechanical and anatomical factors (Hewett et al., 2005).
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While laboratory tools like force plates offer high accuracy, wearable sensors are making GRF monitoring accessible in
real-world settings. However, long-term intervention studies linking GRF modification to injury reduction are still
limited. Future research should focus on sport-specific GRF profiles, personalized training interventions, and longitudinal
tracking of GRF-injury relationships.
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