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Introduction 
Running is one of the most widely performed locomotor activities in sport and exercise, forming the foundation of performance in athletics, team sports, and endurance-based disciplines. Efficient running gait is crucial not only for enhancing speed and endurance but also for reducing injury risk and optimising long-term physical performance.
Due to its repetitive nature, even small biomechanical inefficiencies can accumulate over time, leading to decreased performance or overuse injuries such as patellofemoral pain, iliotibial band syndrome and Achilles tendinopathy (Anderson et al., 2020).
Therefore, biomechanical analysis of running gait is essential for understanding the mechanical and kinetic demands placed on the body, identifying technique-related risk factors, and informing evidence-based recommendations for training, rehabilitation, and performance enhancement.
The aim of this report is to investigate the biomechanics of a runner’s gait with respect to mechanical efficiency, performance demands, and injury risk, using qualitative and quantitative data collected via video analysis. The analysis focuses on key biomechanical principles including kinematics, kinetics and relevant mechanical concepts such as the stretch–shortening cycle, Newton’s Laws of Motion, and the application of levers during locomotion.
Running is influenced by multiple biomechanical variables: lower-limb alignment during stance, step frequency, centre of mass displacement, and the coordination of segmental motions throughout the gait cycle. Efficient running is typically characterised by optimal stride length and cadence, reduced vertical oscillation, appropriate foot strike pattern, and effective utilisation of elastic energy during push-off. Conversely, deviations from efficient gait mechanics, such as excessive knee valgus, overstriding, or poor trunk control are associated with increased loading on the joints and heightened injury risk (Van Hooren et al., 2025)
This report will first outline the methods used for data collection and analysis, followed by a presentation of the results. The subsequent discussion will interpret these findings in relation to existing literature, addressing implications for efficiency, safety, and performance. The report concludes with evidence-based recommendations for improving running technique and reducing injury risk.
Methods 
Biomechanical data was collected using two‑dimensional video analysis during a practical laboratory session. I was the sole participant performing a running trial on a h/p/cosmos pluto treadmill at 13km/h.  The participant performed a 2-minute familiarisation run at 13km/h. Three running trials of 30 seconds at 13km/h was captured, and the best-quality trial (clear visibility and minimal occlusion) was analysed.
Markers were placed on the lateral malleolus, lateral femoral epicondyle, 5th metatarsal and greater trochanter. These four markers were used to measure joint angles using the Dartfish Express app.
An Apple iPad (9th generation) was positioned 3 metres laterally to capture sagittal plane motion. The iPad was mounted at hip height and placed perpendicular to the line of travel to minimise parallax error. Video footage was processed using the Dartfish Express for IOS app (version 10.16.10611), which enabled frame‑by‑frame analysis and angle measurement of key joints at critical events in the gait cycle: initial contact, mid‑stance, and toe‑off. The in-app camera settings used were 720p at 120 frame per second. Key variables measured included joint angles of the knee and ankle, foot strike type and step frequency (cadence).
No force plates or 3D motion capture systems were available; therefore, kinetic interpretation is based on kinematic indicators rather than direct force measurements.
Limitations included the use of 2D analysis, which restricts accuracy when assessing complex multi‑planar motions. Lighting, camera alignment, and potential parallax error may also have influenced the precision of angle measurements. Despite these limitations, the methods used are appropriate for foundational gait analysis and align with typical applied biomechanical approaches in field settings.
Results 
The analysis identified several key kinematic variables that characterised the participant’s running gait, providing insight into both their technical proficiency and underlying movement strategies. At initial contact, the participant demonstrated a mid-‑ to rearfoot strike pattern, with the ankle positioned at approximately 110.7° of dorsiflexion. Although dorsiflexion angles presented here follow a segment‑angle convention rather than a joint‑angle convention, the values nevertheless indicate a foot position consistent with a lightly rearfoot‑oriented landing. This type of strike pattern is frequently observed among well‑trained distance runners during submaximal running, as it allows for controlled impact attenuation and efficient transition into the loading response. Concurrently, the knee displayed 35.6° of flexion at touchdown, a value suggestive of an effective shock‑absorbing strategy. Moderate knee flexion at initial contact is associated with reduced vertical loading rates and improved mechanical resilience and is typical of experienced endurance athletes who have refined impact‑mitigation strategies through long‑term training exposure.
The participant’s cadence of 176 steps per minute aligns closely with values commonly reported in trained marathon runners at easy or aerobic running intensities. Such a cadence is indicative of relaxed, economical gait mechanics, and is consistent with an athlete whose marathon performance (2:37) implies high aerobic efficiency and refined neuromuscular coordination. Importantly, this cadence provides capacity for natural increases as running intensity rises, a characteristic associated with effective pacing and scalable stride mechanics across different training zones.
During mid‑stance, knee flexion increased substantially to 99.4°, reflecting the participant’s ability to utilise the lower limb as a compliant spring. Simultaneously, ankle dorsiflexion increased to 123.6°, suggesting the ankle was moving toward a more neutral or slightly flexed orientation as load was absorbed. This combination supports controlled deceleration and effective storage of elastic energy within the muscle–tendon units.
In the toe‑off phase, the ankle transitioned into 133.9°, representing a clear plantarflexion action, while the knee flexed to 25.2°. These values indicate a strong, coordinated push‑off with appropriate sequencing of distal‑to‑proximal joint actions, reflecting efficient propulsion.
Table 1 (findings)
	Phase
	Time (s)
	Knee (degrees)
	Ankle (degrees)

	Initial contact
	3.47
	35.6
	110.7

	Mid-stance
	4.52
	99.4
	123.6

	Toe-off
	5.06
	25.2
	133.9



Table 2 (angular displacement)
	Joint
	Initial contact to toe-off (degrees)
	Toe-off to mid-stance (degrees)
	Mid-stance to initial contact (degrees)

	Knee
	-10.4
	74.2
	-63.8

	Ankle
	23.2
	-10.3
	-12.9


Positive (+) = knee moved into flexion, ankle moved into plantarflexion
Negative (-) = knee moved into extension, ankle moved into dorsiflexion
Table 3 (angular velocity)
	Phase
	Knee (degrees/second)
	Ankle (degrees/second)

	Initial contact to toe-off
	-6.54
	14.59

	Toe-off to mid-stance
	-137.41
	19.07

	Mid-stance to initial contact
	60.76
	12.29


Positive (+) = knee flexed, ankle plantarflexed, Negative (-) = knee extended
The implications of these findings for performance, safety, and broader biomechanical principles will be explored in detail in the discussion section.
Discussion 
The biomechanical data obtained from the participant’s running gait reveal several important kinematic characteristics that reflect both their technical proficiency and the underlying mechanical strategies employed during submaximal distance running. Interpreting these results through a biomechanical lens allows for a clearer understanding of how specific joint actions contribute to efficiency, performance, and potential injury risk.
The participant’s mid‑ to rearfoot strike pattern, accompanied by approximately 110.7° of dorsiflexion at initial contact, reflects a landing strategy commonly seen in well‑trained endurance runners performing at easy or aerobic intensity (Lieberman et al., 2010). Rearfoot striking at lower speeds has been shown to facilitate passive shock absorption via the heel pad and to allow a longer ground contact time that reduces metabolic cost (Gruber et al., 2013). The associated 35.6° knee flexion at touchdown is biomechanically meaningful, as greater knee flexion is linked to enhanced impact attenuation through eccentric quadriceps action (Heiderscheit et al., 2011). This aligns with established findings that experienced runners display more controlled, less abrupt loading mechanics compared to novice runners (Moore, 2016).
When compared to published literature, these kinematic patterns are largely consistent with typical characteristics of trained marathon runners at submaximal pace. For example, Cavanagh and Williams (1982) reported that experienced distance runners tend to adopt a moderate knee flexion and controlled dorsiflexed posture at ground contact to minimise peak impact forces. Similarities between the participant’s technique and these findings suggest a well-practised, economical landing strategy. Any differences observed, such as slightly deeper knee flexion during stance compared to average values, may be attributable to individual anatomical differences, unique training history, or fatigue‑resistant adaptations commonly found in high‑mileage athletes (Zandbergen et al., 2023).
Mechanical efficiency is further evident in the participant’s cadence of 176 steps per minute, which falls within the range widely associated with economical, low‑impact running (Heiderscheit et al., 2011). Research indicates that increasing cadence, even by 5–10%, reduces vertical loading rates and braking forces while improving running economy (Moore, 2016). The participant’s cadence appears to strike a balance between stride length and frequency, supporting efficient forward progression at the given speed of 13 km/h. This cadence is especially typical of a 2:37 marathon runner executing an easy run, where economical movement patterns should dominate and energy expenditure should remain low relative to higher-intensity efforts.
The kinematic changes observed during mid‑stance, including increased knee flexion to 99.4° and dorsiflexion to 123.6°, illustrate a well‑controlled load absorption phase. This deepening of joint angles allows optimal exploitation of the stretch–shortening cycle within the quadriceps and Achilles tendon structures. The literature consistently highlights this mechanism as key to efficient running, enabling runners to store and release elastic energy with minimal metabolic cost (Schache et al., 2013). The participant’s joint excursions therefore reflect a mechanically efficient strategy aligned with the demands of distance running.
In the toe‑off phase, the transition into 133.9° of ankle plantarflexion and 25.2° of knee flexion indicates coordinated propulsion. This is consistent with effective force transmission through the lower limb, facilitating forward momentum with reduced vertical displacement. Efficient toe‑off mechanics, characterised by sequenced joint extension followed by flexion, are well‑documented contributors to running economy (Moore, 2016). Thus, the participant’s propulsion phase appears biomechanically sound and reflective of trained movement patterns.
From a safety and injury-risk perspective, the sagittal‑plane data alone suggest relatively low risk. The strike pattern and moderate knee flexion at touchdown are associated with reduced vertical loading rates, lowering risk for tibial stress injuries and patellofemoral pain (Powers, 2010). Controlled dorsiflexion at mid‑stance further minimises excessive ankle loading and reduces tensile stress on the Achilles tendon. However, without comprehensive frontal‑plane or kinetic data, potential risks such as pelvic drop, knee valgus, or asymmetrical loading cannot be fully evaluated. This limitation is important, as many clinically significant gait deviations—particularly those related to hip stability—manifest outside the sagittal plane (Leetun et al., 2004).
Performance implications of these findings are strongly positive. The participant demonstrates hallmark features of experienced endurance running controlled loading, efficient cadence, and coordinated propulsion. These characteristics are associated with reduced metabolic cost, improved running economy, and effective utilisation of elastic structures (Moore, 2016). Such efficiency is especially relevant for marathon performance, where long-term energy conservation is critical.
However, several methodological considerations must be acknowledged. The use of 2D video analysis provides valuable insight into sagittal‑plane kinematics but is inherently limited for capturing three‑dimensional movements. Joint angles obtained from 2D analysis are sensitive to camera positioning and may not accurately represent true anatomical joint angles due to parallax or out‑of‑plane motion (Moore, 2016). 
Additionally, the absence of force‑plate data restricts the ability to interpret kinetic variables such as ground reaction force or loading rate, which play a crucial role in injury risk and performance. The sample size (a single participant) also limits generalisability.
Despite these limitations, the findings have meaningful implications for training and injury prevention. The participant’s efficient mechanics indicate major technique modifications are unnecessary. However, targeted strength training, particularly focusing on the hip extensors and calf complex may enhance propulsion and support performance at higher speeds (Llanos-Lagos et al., 2024). Additionally, ensuring continued development of hip abductor and core strength may help prevent potential compensatory frontal‑plane deviations not visible in the present analysis.
Overall, the participant demonstrates an efficient, mechanically sound running gait consistent with the literature on trained endurance athletes. Further analysis incorporating frontal‑plane assessment and kinetic measurement would provide more comprehensive insight into injury risk and performance optimisation.
Conclusion and Recommendations 
The biomechanical analysis indicated the participant demonstrated a technically efficient running gait characterised by a controlled mid‑to-rearfoot strike, moderate knee flexion at initial contact, and smooth joint excursions through mid‑stance and toe‑off. These features are consistent with economical distance‑running mechanics and reflect effective utilisation of shock‑attenuation and elastic‑energy mechanisms (Schache et al., 2011). The participant’s cadence of 176SPM aligns with values associated with reduced braking forces and improved running economy at submaximal speeds (Moore, 2016). While sagittal‑plane kinematics did not suggest elevated injury risk, the literature emphasises that clinically significant deviations often emerge in the frontal plane, warranting further assessment (Powers, 2010).
To enhance performance efficiency, targeted strengthening of the hip extensors and calf–Achilles complex is recommended, as both contribute significantly to propulsion and elastic‑energy return during running (Gruber et al., 2013). These adaptations are likely to support improved running economy at higher intensities.
For injury‑risk reduction, ongoing development of hip abductor and core stability is advisable to help prevent frontal‑plane compensations such as pelvic drop and knee valgus, which have been linked to patellofemoral and iliotibial band issues (Powers, 2010). Managing training load progressively and maintaining an awareness of cadence can further minimise excessive loading rates (Heiderscheit et al., 2011).
Regarding rehabilitation, should symptoms of overload arise, incorporating running‑retraining strategies, such as modest cadence increases or soft‑landing cues can help reduce impact forces and support a safe return to running (Barton et al., 2019).
Overall, the participant’s gait presents as efficient and low‑risk, with opportunities for targeted refinement to further optimise performance and resilience.
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