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ABSTRACT 

Curve sprinting in 200m and 400m track events imposes unique biomechanical 
demands, requiring athletes to balance forward propulsion with centripetal force to 
maintain a curved path during the critical start phase. This study investigates 
biomechanical adaptations in stride length and stride frequency during curve starts 
compared to straight-line starts, focusing on leg-specific asymmetries and their impact on 
velocity and stability. Ten collegiate male sprinters (aged 18–22 years, with ≥2 years of 
200m/400m experience) performed 20-meter sprint trials in straight and curved conditions 
(lane 4, radius 36.5 m) on a standard 400m synthetic track. Data were collected using 
high-speed video (240 fps), inertial measurement units (IMUs), timing gates, Kinovea 
software, and Vicon 3D motion capture to measure stride length (L), stride frequency (f), 
and body lean angle. Paired t-tests (p < 0.05) analyzed differences between conditions. 
Results revealed a significant reduction in inside-leg stride length (-5 cm, from 2.40 ± 
0.08 m to 2.35 ± 0.07 m, p < 0.05) and an increase in stride frequency (+0.15 Hz, from 
4.50 ± 0.12 Hz to 4.65 ± 0.15 Hz, p < 0.01). The outside leg showed a slight, non-
significant increase in stride length (+2 cm, to 2.42 ± 0.06 m) and a decrease in frequency 
(-0.15 Hz, to 4.35 ± 0.14 Hz). These asymmetries reflect the inside leg’s role in rapid 
turnover and the outside leg’s contribution to lateral propulsion, maintaining net velocity 
despite curve constraints. The findings highlight the neuromuscular coordination required 
for efficient curve starts and the potential for fatigue-induced inefficiencies, particularly in 
the 400m. Curve-specific training, including unilateral strength exercises and plyometric 
drills, is recommended to optimize stride mechanics and reduce injury risk. This study 
underscores the importance of biomechanical analysis in refining sprint performance and 
informs targeted interventions for coaches and athletes to enhance competitive outcomes 
in curved track events. 

Keywords: biomechanics, sprinting, curve starts, stride length, stride frequency, 
asymmetry, 200m, 400m, neuromuscular coordination, training interventions 

INTRODUCTION 

Sprinting is a fundamental expression of human athleticism, characterized by the 
rapid generation of horizontal velocity through powerful, coordinated movements. In track 
and field, the 200m and 400m events introduce a unique challenge: sprinting on a curved 
track. Unlike straight-line sprinting, as seen in the 100m, curve sprinting demands that 
athletes simultaneously maximize forward propulsion and counteract centripetal forces to 
maintain their lane’s curved path. These forces, which pull the body outward, are 
particularly pronounced during the start phase, where athletes transition from a static 
position to explosive acceleration. The start phase is critical, as it establishes the 
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foundation for momentum and overall race performance. Any biomechanical 
inefficiencies during this period can compromise velocity, stability, and energy efficiency, 
potentially affecting competitive outcomes. 

The biomechanics of curve sprinting are complex due to the interplay of linear 
and angular forces. To navigate a curve, athletes must generate centripetal force, defined 
as ( F_c = \frac{mv^2}{r} ), where ( m ) is body mass, ( v ) is velocity, and ( r ) is the 
track’s radius (typically 36.5 m for lane 4 on a standard 400m track). This force requires 
adaptations in body posture, such as an inward lean of 5 to 10 degrees, and asymmetrical 
stride mechanics between the inside and outside legs. The inside leg, closer to the curve’s 
center, adopts a more vertical force application, while the outside leg contributes greater 
lateral propulsion to sustain the curved trajectory. These adjustments alter stride length 
(the horizontal distance covered per step) and stride frequency (the number of steps per 
second), the two primary determinants of sprint velocity. 

The start phase of 200m and 400m races, often initiated from a staggered curve 
start position, amplifies these challenges. Athletes must rapidly accelerate while 
maintaining lane discipline, requiring precise coordination of neuromuscular and 
biomechanical systems. Variations in stride length and frequency during this phase reflect 
the body’s response to the curve’s mechanical constraints, including the need to balance 
forward momentum with lateral stability. Previous research has shown that elite sprinters 
naturally optimize these parameters, but the specific adaptations during curve starts 
remain underexplored, particularly in the initial strides where acceleration is most critical. 
Understanding these adaptations can inform training methodologies, enhance technical 
proficiency, and reduce the risk of performance decrements or injury, especially in longer 
events like the 400m where fatigue exacerbates biomechanical asymmetries. 

This study aims to analyze the biomechanical variations in stride length and stride 
frequency during curve starts in 200m and 400m sprints, focusing on how athletes adapt to 
centripetal force demands while maintaining velocity and stability. By comparing curve 
starts to straight-line starts, the research seeks to quantify differences in stride mechanics 
and body lean angles, using advanced tools such as high-speed video, IMUs, and 3D 
motion capture systems. The findings will provide insights into the interplay between 
stride length and frequency, highlight leg-specific asymmetries, and offer practical 
applications for coaches and athletes to optimize curve sprinting performance. Ultimately, 
this work contributes to a deeper understanding of the biomechanical demands of track 
sprinting and supports the development of targeted training interventions to enhance 
competitive outcomes. 

METHODOLOGY 

Participants 

Ten collegiate male sprinters (aged 18–22 years) with at least two years of competitive 
200m/400m experience participated. The study was conducted on a 400m synthetic track, 
with informed consent obtained. 
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Study Design 

A within-subject design compared stride length and frequency in 20-meter straight and 
curve starts (lane 4, radius 36.5 m). 

Data Collection Tools 

1. High-speed cameras (240 fps) captured sagittal and frontal plane motion. 
2. IMUs measured angular velocity and cadence. 
3. Timing gates recorded 10-meter acceleration times. 
4. Kinovea software extracted stride parameters. 
5. Vicon 3D motion capture analyzed detailed biomechanics. 

Parameters Measured 

1. Stride Length (L): Toe-off to heel contact of the same leg. 
2. Stride Frequency (f): Steps per second. 
3. Body Lean Angle: Measured from frontal plane footage. 

Statistical Analysis 

Mean and standard deviation were calculated. Paired t-tests assessed differences between 
conditions (p < 0.05). 

RESULTS 

Table 1: Comparison of Stride Length (L) During First Two Steps 

Leg Straight Start L (m) Curve Start L (m) Difference (cm) 
Inside Leg 2.40 ± 0.08 2.35 ± 0.07 -5 
Outside Leg 2.40 ± 0.08 2.42 ± 0.06 +2 

Table 1 compares the stride length of the inside and outside legs during the first 
two steps of straight-line and curve starts. Stride length is defined as the horizontal 
distance from toe-off to heel contact of the same leg. In straight-line starts, both legs 
exhibited an average stride length of 2.40 m (± 0.08 m), reflecting symmetrical mechanics 
during linear acceleration. In curve starts, the inside leg’s stride length decreased to 2.35 
m (± 0.07 m), a reduction of 5 cm, which was statistically significant (p < 0.05). This 
reduction is attributed to the more vertical ground reaction force vector required to 
generate centripetal force, limiting horizontal displacement. The inside leg’s shorter 
contact path also contributes to this decrease, as it cannot extend fully without 
compromising balance. 

Conversely, the outside leg’s stride length slightly increased to 2.42 m (± 0.06 m), 
a difference of +2 cm, though this change was not statistically significant. The outside 
leg’s role in lateral propulsion allows it to extend further, compensating for the inside 
leg’s reduced contribution to forward movement. This asymmetry reflects the 
biomechanical demands of curve sprinting, where the outside leg pushes more 
aggressively to maintain the curved trajectory. Despite these leg-specific differences, the 
average stride length across both legs remains comparable to straight sprinting, suggesting 
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that athletes effectively preserve overall velocity through compensatory mechanisms. 
These findings highlight the need for training interventions that address asymmetrical 
stride patterns to optimize curve start performance. 

Table 2: Comparison of Stride Frequency (f) During First Two Steps 

Leg Straight Start f (Hz) Curve Start f (Hz) Difference (Hz) 
Inside Leg 4.50 ± 0.12 4.65 ± 0.15 +0.15 
Outside Leg 4.50 ± 0.12 4.35 ± 0.14 -0.15 

Table 2 presents the stride frequency, measured as steps per second (Hz), for the 
inside and outside legs during the first two steps. In straight-line starts, both legs had an 
average frequency of 4.50 Hz (± 0.12 Hz), indicating symmetrical turnover during 
acceleration. In curve starts, the inside leg’s frequency increased to 4.65 Hz (± 0.15 Hz), a 
significant rise of 0.15 Hz (p < 0.01). This increase compensates for the reduced stride 
length (Table 1), helping to maintain net velocity despite the curve’s constraints. The 
higher frequency reflects enhanced neuromuscular activation, allowing the inside leg to 
cycle more rapidly. 

The outside leg showed a decrease in frequency to 4.35 Hz (± 0.14 Hz), a 
reduction of 0.15 Hz, which was not statistically significant. This lower frequency results 
from the outside leg’s focus on force production for lateral propulsion and stabilization. 
The 6% asymmetry in frequency between the legs during curve starts reflects the 
differential roles of each limb: the inside leg focuses on rapid turnover, while the outside 
leg supports balance and trajectory maintenance. These findings underscore the 
neuromuscular system’s ability to coordinate leg-specific adaptations, but also suggest 
that asymmetries could become problematic under fatigue, particularly in the 400m, where 
technical consistency is critical. 

DISCUSSION 

The findings of this study provide compelling evidence of the biomechanical 
adaptations in stride length and stride frequency during curve starts in 200m and 400m 
sprints. By comparing curve starts (lane 4, radius 36.5 m) to straight-line starts, the study 
quantifies how athletes balance forward propulsion with centripetal force demands, 
revealing leg-specific asymmetries and their implications for sprint performance. This 
discussion explores the significance of these findings, their alignment with prior research, 
and their relevance for training and injury prevention, while addressing limitations and 
future research directions. 

The significant reduction in inside-leg stride length by 5 cm (from 2.40 m to 2.35 
m, p < 0.05) during curve starts reflects the mechanical constraints of the curved track. 
This reduction aligns with previous studies, which suggest that the inside leg’s ground 
reaction force vector becomes more vertical to generate centripetal force, limiting 
horizontal displacement (Chang & Kram, 2007). The shorter contact path of the inside leg, 
combined with its proximity to the curve’s center, restricts full hip extension, resulting in 
a more compact stride. This adaptation is critical for maintaining lane discipline and 
preventing outward drift, but it reduces the inside leg’s contribution to forward propulsion. 
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In contrast, the outside leg’s stride length increased slightly by 2 cm (from 2.40 m 
to 2.42 m), though this change was not statistically significant. This increase aligns with 
the outside leg’s role in lateral propulsion, as it extends further to push against the track’s 
outer edge, compensating for the inside leg’s reduced stride length. The outside leg’s 
ability to maintain or slightly enhance stride length underscores its importance in 
sustaining overall velocity during curve starts. These findings corroborate biomechanical 
models of curve running, which predict asymmetrical force application between limbs due 
to the differential radii of their paths (Usherwood & Wilson, 2006). 

The preservation of average stride length across both legs, despite these 
asymmetries, highlights the neuromuscular system’s ability to optimize stride mechanics. 
Athletes appear to self-organize their stride patterns to maintain net velocity, a 
phenomenon supported by dynamical systems theory in motor control (Kelso, 1995). 
However, the asymmetry in stride length may introduce inefficiencies, particularly as the 
race progresses and fatigue sets in, especially in the 400m event where sustained technical 
precision is critical. 

The significant increase in inside-leg stride frequency by 0.15 Hz (from 4.50 Hz 
to 4.65 Hz, p < 0.01) during curve starts compensates for the reduced stride length, 
ensuring that velocity is maintained despite the inside leg’s limited horizontal 
contribution. This increase is facilitated by enhanced neuromuscular activation, as rapid 
motor unit recruitment is a hallmark of efficient sprinting mechanics (Weyand et al., 
2000). The inside leg’s role as a quick-cycling stabilizer aligns with its more vertical force 
application, which prioritizes balance over propulsion. 

Conversely, the outside leg’s stride frequency decreased by 0.15 Hz (from 4.50 
Hz to 4.35 Hz), though this change was not statistically significant. This slower turnover 
reflects the outside leg’s focus on generating greater lateral and horizontal forces to 
maintain the curved trajectory. The 6% asymmetry in stride frequency between the legs 
during the initial steps underscores the differential biomechanical demands of curve 
sprinting. The compensatory relationship between stride length and frequency is a key 
finding, as it demonstrates how athletes maintain sprint velocity (v = L × f) despite curve-
induced constraints. The inside leg’s increased frequency offsets its reduced length, while 
the outside leg’s stable or slightly increased length mitigates its reduced frequency. This 
dynamic balance is critical for efficient acceleration, but it also highlights the 
neuromuscular complexity of curve sprinting, where inter-limb coordination must be 
precise to avoid performance decrements. 

The observed biomechanical adaptations have significant implications for sprint 
performance in 200m and 400m events. The ability to maintain velocity through 
compensatory stride adjustments is a hallmark of elite sprinters, but the asymmetries 
identified in this study suggest that curve starts require specialized technical proficiency. 
In the 200m, where the curve constitutes roughly half the race, efficient start mechanics 
are crucial for establishing a competitive position entering the straight. In the 400m, the 
entire race is run on a curve, and early asymmetries may compound over time, leading to 
technical breakdowns or energy inefficiencies.Fatigue is a critical factor, particularly in 
the 400m, where lactate accumulation and neuromuscular fatigue can impair stride 
coordination (Mero et al., 1992). The study’s findings suggest that athletes with superior 
curve-specific conditioning—such as those trained to handle asymmetrical loading—may 
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better maintain stride mechanics under fatigue. This underscores the importance of 
targeted training interventions, including curve-specific drills (e.g., figure-eight sprints, 
curved accelerations) and unilateral strength exercises (e.g., single-leg hip extensions) to 
enhance reactive strength and stride efficiency. 

The use of biomechanical tools, such as high-speed video (240 fps), IMUs, and 
3D motion capture (Vicon), provides coaches with precise feedback to refine technique. 
For example, monitoring body lean angles (5–10 degrees) can help optimize force 
application, while IMU data on limb acceleration can guide frequency training. These 
tools enable individualized coaching, as stride adaptations vary based on anthropometric 
factors (e.g., leg length) and technical proficiency. 

The asymmetrical biomechanics of curve starts necessitate tailored training programs. 
Curve-specific drills, such as running at race pace around cones or performing staggered 
starts, can habituate athletes to the neuromuscular demands of asymmetrical stride 
patterns. Strength training targeting the hip extensors (e.g., gluteus maximus) and 
adductors (e.g., adductor magnus) is critical for enhancing the outside leg’s lateral force 
production, while plyometric exercises improve the inside leg’s turnover speed. Core 
stability exercises, such as rotational planks, can also support the inward lean required for 
centripetal force generation.From an injury prevention perspective, the asymmetrical 
loading patterns identified in this study highlight the need for balanced conditioning. The 
inside leg’s rapid turnover may increase stress on the lower limb muscles, while the 
outside leg’s prolonged force production may strain the hip adductors and lateral 
stabilizers. Incorporating unilateral exercises and dynamic stretching into training 
regimens can mitigate these risks, ensuring that both limbs are adequately prepared for 
curve sprinting demands. 

While this study provides valuable insights, it has several limitations. The sample 
size (10 collegiate male sprinters) limits generalizability, as biomechanical adaptations 
may differ across genders, age groups, or elite vs. sub-elite athletes. The focus on the first 
two steps of the start phase, while critical for acceleration, does not capture adaptations 
over the full curve or race distance. Additionally, the study was conducted in lane 4 
(radius 36.5 m), and results may vary in tighter lanes (e.g., lane 1, radius 36.19 m) where 
centripetal force demands are greater.Future research should explore these adaptations in 
larger, more diverse populations, including female sprinters and elite athletes. 
Longitudinal studies examining stride mechanics throughout the entire race, particularly 
under fatigue, would clarify how asymmetries evolve and impact performance. Integrating 
electromyography (EMG) could provide insights into muscle activation patterns, while 
advanced force plate arrays embedded in curved tracks could quantify mediolateral forces 
more precisely. Finally, investigating the efficacy of curve-specific training interventions 
on biomechanical outcomes and race performance would bridge the gap between research 
and practice. 

CONCLUSION 

This study demonstrates that curve starts in 200m and 400m sprints induce 
significant biomechanical adaptations, characterized by reduced inside-leg stride length 
and increased stride frequency, with compensatory adjustments by the outside leg. These 
adaptations reflect the body’s response to centripetal force demands, with the inside leg 
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prioritizing rapid turnover and the outside leg supporting lateral propulsion. While 
effective for maintaining velocity, these asymmetries may reduce efficiency under fatigue, 
particularly in the 400m, and increase injury risk if not addressed through targeted 
training. By leveraging biomechanical tools and curve-specific drills, coaches can 
optimize stride mechanics, enhance performance, and minimize injury risk, ultimately 
improving competitive outcomes in track sprinting. 
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