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Abstract: Biomechanics of sprinters’ posture is critical to maximizing speed and efficiency. 

Inspired by high-speed organisms in nature, such as cheetahs and falcons, this research 

examines biomimetic principles to optimize sprinters’ running posture. High-speed animals 

possess unique anatomical and mechanical traits, allowing remarkable acceleration, stability, 

and energy efficiency. These characteristics provide valuable insights into improving human 

sprinting performance. The investigation begins with an in-depth analysis of these organisms’ 

musculoskeletal systems and movement patterns, focusing on their body alignment, limb 

positioning, and force application during high-speed locomotion. This data is the foundation 

for developing biomechanical models applicable to human sprinters. The models are further 

validated through motion capture technology and simulations, where adjustments to sprinters’ 

postures are tested for speed, stride length, and energy efficiency improvements. Results from 

the experiments show a significant reduction in energy wastage and increased propulsion when 

sprinters adopt optimized postures inspired by natural high-speed organisms. Key adaptations 

include adjustments in trunk alignment, arm movement coordination, and lower limb force 

generation, closely mirroring the dynamic posture control seen in nature. This research 

demonstrates that adopting biomimetic insights leads to measurable sprinting efficiency and 

performance enhancements. The findings also contribute to developing training protocols for 

athletes, focusing on optimizing posture based on natural biomechanics. 

Keywords: biomimetics; sprinting posture; biomechanics; high-speed organisms; motion 

capture; energy efficiency; athletic performance 

1. Introduction 

Sprinting is one of the most strenuous activities in athleticism, and athletes are 

expected to perform optimally within small distances. Several aspects, such as muscle 

power, aerobic fitness, and biomechanics, play a vital role in predicting the potential 

performance in sprint movements. However, biomechanical effectiveness is one of the 

most significant and usually undervalued aspects. Biomechanical efficiency can be 

defined as the ability to use energy and muscle power to achieve the highest speed with 

the least wastage. The sprinter’s body position, the limbs’ attitudes, and the forces exerted 

all contribute to the total efficiency. In the present times of advanced training 

methodologies and technological inputs, human sprinters are seen to be far from achieving 

the kind of mechanical perfection observed in the migrated fastest animals [1]. These 

Olympic sportsmen are subjected to intense, strategic training involving strength 

exercises and proper running techniques. Still, even the fastest human runners need help 

approaching the speeds of cheetahs, falcons, and other high-speed animals. 

Significantly, humans, too, are unique distance runners who can sustain distance running 

as well as moderate-speed running; on the other hand, specialized high-speed animals 
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have evolved biomechanical properties that facilitate high acceleration, agility, and 

efficiency. The need to develop solutions that place human sprinters between these two 

extremes becomes even more imperative as competition in athletics advances. One 

potential approach lies in biomimicry, an innovative field that aims to replace existing 

systems or create new, more efficient ones from the natural world. With knowledge of 

the posture and movement of high-speed animals, researchers can conclude what could 

be done to improve the biomechanics of sprinting for humans [1]. 

Biomimicry can be defined as the emulation of the processes and structures found 

in nature to address specific human problems. There is scarcity in biomechanics, as 

high-speed organisms have well-organized anatomical and biomechanical 

organizations, giving them the ability to reach high speeds. These animals, such as 

cheetahs, falcons, gazelles, and antelopes, have specific features that enable them to 

move faster than humans and even reach high velocities. These organisms have some 

of the most well-developed movement strategies due to various evolutionary 

adaptations concerning speed, stability, and energy cost [2]. These animals provide 

fundamental knowledge of correct posture, force, and limb placement while moving 

at high velocities. Scientists have started investigating how these findings can be 

applied to human performance, particularly in sprinting. Applying biomimetic 

solutions, as one of the vital aspects of sports science, enables the grand advancement 

of human ability by mimicking natural designs. The application of these principles to 

sprinting, in particular, is an exciting area that has the potential to impact the training 

of athletes and their performance positively. Another goal of biomimetic studies of 

sprinting is to define the essential structure and movement patterns that allow high-

speed animals to succeed. Thus, by optimizing all these aspects and incorporating 

them into human biomechanics, researchers seek to develop optimum movements that 

enable human sprinters to realize their full potential, avoid excessive energy 

expenditure, and achieve magnificent performance [2]. 

Numerous high-speed organisms possess specific musculoskeletal systems and 

locomotion techniques that make them promising models for biomimetic analysis. 

These animals provide a great model for understanding human sprinting posture and 

kinematics, vital in performance enhancement [3]. Three creatures stand out, 

especially in speed and conformational strain: the Cheetah, the falcon, and the gazelle. 

Cheetahs are known to be the fastest-running animals on earth, and they can run from 

0 to 60 miles per hour within a few seconds. Here are the various biomechanical 

adaptations contributing to the Cheetah’s incredible speed: Its limbs are longer than 

those of other creatures, and its front feet can reach the ground at quite a distance. This 

structure provides a large stride length, allowing it to move large distances without 

much effort. This flexible spine works as a spring that lets the Cheetah stretch out to 

its full length to cover more ground and contract suddenly to prepare for the next cycle. 

This leads to a flexible spine and the muscle groups in the limbs and trunk, making it 

a highly efficient mechanism that transmits force and energy to the body. In addition, 

the Cheetah’s muscular and skeletal work in tandem to enable minimal wastage of 

energy. The large nostrils and lungs also provide fast breathing rates to support the 

muscular action necessary for sprinting. The Cheetah, for example, has semi-elastic 

sharp claws, which give it firm ground contact and better control during its accelerated 

chasing, which helps it in balance and adhesion. These characteristics provide useful 
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information on how the human sprinting posture should be managed in that aspect, 

where the focus is on the human body’s stride length, the spine’s flexibility, and how 

the limbs should be aligned during the sprint. Falcon, on the other hand, exhibits 

tremendous aerial maneuverability. For instance, peregrine falcons can fly over 240 

miles per hour during a stoop and are considered the fastest animals in the world. 

Therefore, the fact that falcons move in a different environment—air—does not mean 

that one cannot borrow a trick or two from their repertoire of speed and efficiency to 

the ground. Even though falcons are fast-flying birds, they get their speed through the 

adaptation of the streamlined body that helps minimize the drag and, hence, minimize 

the required energy. 

To summarize, falcons maintain their shapes to reduce the energy they need to 

move their large masses, and they also make sure that their shapes adapt to facilitate 

powerful accelerations [3,4]. This call to reduce energy wastage is especially 

important for sprints as the priority is speed and energy conservation while performing 

repeated bouts of activity. Another impressive maneuver that falcons use is the wing 

and the body coordination, which is the same way human limb and torse coordination 

is used in sprinting. Analyzing how falcons manage forces and regulate their body 

positioning during high-speed dives, biologists suggest how human runners can 

improve limb coordination with the trunk to enhance stability, balance, and force 

distribution. Gazelles and Antelopes are comparatively not as fast as cheetahs and 

falcons, but they can accelerate at very high speeds and are also very handy animals. 

These fast-moving animals need to change their direction from time to time to escape 

from predators, which requires turning at high speeds most of the time. These animals 

are flexible because their trunks are strong and stable, and their limbs are well 

coordinated. Gazelles utilize their trunk movements to keep the hind limbs off the 

ground while at the same time generating force and following through to accelerate 

without falling over. The ability to maintain balance or generate force through the 

trunk is also important in sprinting, as even the slightest changes in body position can 

be detrimental to the Production of power. Acceleration phases of the gazelles and 

antelopes mainly focus on well-coordinated and controlled movements of the animals. 

In sprinters, control of the trunk movements and the coordination of the limbs during 

the acceleration phase is critical to ensure maximal velocities without compromising 

stability. In studying how these animals counterbalance power with speed and agility, 

science can develop effective models for effective sprints, particularly the mechanisms 

of trunk stabilization and force transfer [4]. 

2. Related works 

2.1. Biomechanics in human sprinting: Posture optimization studies 

A study found that posture influences speed and energy expenditure throughout 

a run, especially during a sprint. Several researchers have researched the effects of 

posture on factors such as stride length, ground contact time, and force generation. For 

example, the study by Uchida and Delp [5] showed that more forward inclinations of 

the trunk among elite sprinters are realized during acceleration phases to generate 

more force on the ground to attain higher initial velocities. The study also stated that 

even minute changes in the trunk angle meant a lot to the force felt while sprinting and 
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the general efficiency of the sprint. Along the same line, McGowan et al. [6] indicated 

that body position, particularly of the trunk, significantly influences the forces exerted 

during a sprint by the limbs; this gives credit to the idea that the proper positioning of 

the trunk may minimize energy costs. Research on biomechanics has also targeted the 

synchronization of upper and lower limbs during running events, especially sprints. 

Certain studies have focused on the impact of arm swing on stability and velocity. 

Wang et al. [7] showed that arm swing plays a role in balance and propulsion, 

particularly in the acceleration and top speed stages of the race. Reducing arm swing 

contributed to enhanced sprinting speed, highlighting a connection between arm 

movement, trunk rotation, and sprint effectiveness. Another comparative field of study 

is the energy expenditure during a sprint. Experiments conducted by Wang et al. [7] 

and Jiang et al. [8] have looked into how muscle recruitment affects velocity during a 

run. These studies discovered that posture is crucial in determining which muscle 

groups are utilized at what time and the amount of energy expended. Inefficient 

posture is the posture that is associated with the dominance of certain muscle groups, 

which leads to faster fatigue and thus decreases performance. Therefore, correct 

biomechanics may work so that there would be less muscle imbalance during running 

and less fatigue during the advanced stages of a race. 

2.2. Biomimetic applications in robotics and prosthetics 

In robotics, biomimetic concepts have been applied in the development of 

machines that mimic the actions of animals. One classic example is the creation of the 

Cheetah robot by Boston Dynamics, which possesses a speed of up to 45 kph. The 

mechanical design of the robot is inspired by the Cheetah’s biomechanics, involving 

multiple spines, proper positioning of the limbs, and force control. A study carried out 

by Jiang et al. [8] further proves that changes in the spine flexibility of robots enhance 

speed and stability, which forms the basis of sprinting. Passive and active flexibility 

concepts can be applied to human athletes in terms of trunk flexibility and force 

distribution. Another instance of biomimetic mobility in robots is the RoboFalcon, 

which imitates the flight dynamics of falcons. This robot by Shield et al. [9] uses wing 

settings and body orientation to consume less energy to allow the bird to fly at high 

speeds. To what extent can neo-chromatics principles be applied to the biomechanics 

of sprinting and the coordination of upper and lower limbs? Biomimicry has been 

applied in prosthetics, where artificial limbs have been designed to mimic the natural 

movement of human limbs. The iWalk BiOM is another creation of Hugh Herr and 

his team at MIT; it is a prosthetic foot and ankle system replicating the human’s natural 

walking gait pattern. This enables it to maneuver through rough terrains and offer the 

best gait to the amputees as they use it. Although primarily related to walking, the 

modulation of limb forces and their distribution can be applied to sprinting, where the 

position of limbs and how force is applied are crucial. Moryl [10], in his study on 

prosthetics, reported that biomimetic limbs increase balance, decrease energy use, and 

enhance speed, and the closeness to biomimetic human motion determines these. 

These principles imply that the same approach can be used to determine the enhanced 

posture of sprinting in non-disabled athletes by understanding how the limb position 

and the coordination of the same can be beneficial. 



Molecular & Cellular Biomechanics 2024, 21(3), 445.  

5 

2.3. Comparative biomechanics across animal species 

It is well-known that cheetahs are some of the quickest animals on land, and 

these big cats can reach speeds of up to 60 miles per hour in a few seconds after the 

start signal. Their structure is straightened up for speed, including flexible spine, 

extended limbs, and muscles that provide great length to their strides and a short 

amount of time to touch the ground. According to the research conducted by Shield 

et al. [9] and Moryl [10], the spine of the Cheetah functions like a spring where the 

animal can store and release energy with every step it takes. This enables the Cheetah 

to run fast without tiring easily due to the conservation of energy as it runs. Ideas 

like crouching like the Olympian god in the human sprinting race and having a 

similar force generation as the trunk flexibility could enhance stride length and 

velocity. Birds of prey, especially the peregrine falcon, are known to move at high 

speed because they have been recorded to fly more than 240 miles per hour while 

diving. As opposed to cheetahs, falcons do not use acceleration-sustaining or 

acceleration-deceleration locomotion and exhibit aspects such as streamlined body 

and limb positions to reduce drag forces and achieve optimal alignment for forward-

backward speed. Zhao [11] observed that the wing and body posture of the falcon in 

flight meant that the wastage of energy was kept to a minimum, and the bird was in 

a position to maintain high speeds for extended periods. While falcons travel through 

the air and sprinters travel the ground, the same concept of conserving energy and 

maintaining good bodily posture can be adopted in human running. Massas could be 

managed to avoid energy wastage, and this would have made sprinters more prone 

to sustained speed. Both gazelles and antelopes are fast runners capable of quickly 

changing direction. Their musculoskeletal structure is well-developed and optimized 

for stability and mobility, with well-developed lower torso sections and long limbs 

providing powerful brief acceleration and flexibility. Zhao [11] showed how these 

animals use their stable cores to transmit force from their limbs to the ground, thus 

providing them with speedy acceleration without toppling over. In the case of human 

sprinters, stronger trunk stability might improve balance and help minimize the risk 

of injury at high rates of acceleration or deceleration. A comparative analysis of 

cheetahs, falcons, and gazelles illustrates that diverse species employ unique 

techniques to accelerate effectively, maintain balance, and reduce energy 

expenditure. For human sprinters, it is possible to adapt some of these features to 

enhance the posture of an animal, limb placement, and application of force. For 

instance, more cheetah-like lumbar-sacral curvature might be beneficial for 

increasing the stride length in the horizontal plane, and more falciform limb 

coordination might help minimize energy consumption and movement in the vertical 

plane. 

3. Biomechanical model construction 

The groundwork for constructing this model is the exhaustive analysis of the 

high-speed organisms’ musculoskeletal system and their possible movement patterns. 

These animals have the highest levels of locomotion efficiency and thus offer valuable 

information about posture, limb positioning, and force Production in musculoskeletal 

systems. These animals have traits that can be useful when constructing biomechanical 
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models. Cheetahs are among some of the most analyzed animals concerning high-

speed movement [12]. They can run up to 70 miles an hour because they possess a 

flexible spine, long legs and arms, and suitable muscles (See Figure 1). For instance, 

the spine of the Cheetah, which can expand and compress its body with appropriate 

leaping during each step, helps enhance stride length and efficiency. The limbs are 

like power levers during the push-off phase, but they must be lightweight and highly 

maneuverable during the running phase. Also, the coordination of the trunk and limbs 

ensures that the force produced is well distributed throughout the body to avoid losing 

energy. Nonetheless, falcons employ a different finesse approach to high-speed flight 

biomechanics.  

 

Figure 1. A cheetah’s musculoskeletal system diagram, highlighting key features 

such as limb positioning and spinal flexibility. 

Although falcon movement occurs in the air, it is possible to draw parallels 

between it and terrestrial sprinting. They also depend on the body posture to control 

force distribution, enabling the falcon to attain a diving speed of more than 240 miles 

per hour. The measures they use to reduce energy expenditure by avoiding extraneous 

motion and how they distribute force throughout their wings and body are essential 

for understanding how human sprinters can optimize energy economy [12,13]. For 

instance, falcons have well-coordinated wing and torso movements that can be used 

to model the coordination of the upper and lower limbs in sprinters. Hence, gazelles 

and antelopes run fast through powerful hind limbs and a stable trunk for trunk 

acceleration. They apply a great deal of strength in their limbs, which is transferred 

effectively by the rigid center; this allows them to balance and move at high rates when 

making turns. This synergy between force generation in the limbs and stability of the 

trunk translates well for human sprinters, primarily in the acceleration phase of the 

sprint [13]. 
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The trunk is vital in balance and force distribution during sprinting. The bridging 

of the spine in cheetahs enhances the length of stride and swiftness of the feline. In the 

case of human sprinters, the model shall, therefore, focus on the perfect spine 

positioning to provide stability and a certain degree of flexibility while performing the 

sprint. The purpose is to enable the efficient transfer of forces from the lower part of 

the body to the higher part without compromising balance and energy [14]. 

𝐹𝑡𝑟𝑢𝑛𝑘 = 𝑚𝑠𝑝𝑟𝑖𝑛𝑡𝑒𝑟 ∙ 𝑎𝑠𝑡𝑟𝑖𝑑𝑒 ∙ cos(𝜃𝑡𝑟𝑢𝑛𝑘) (1) 

The overall positioning and coordination of the limbs are essential for efficient 

force production while avoiding excessive energy loss. In cheetahs, the limb 

proportions and muscle-pulling forces give this advantage, meaning the animal could 

generate high forward force during its strides [15]. The last element of the human 

sprinters’ model remains in the angles at which the limbs are positioned at the moment 

of contacting the surface and the follow-through angles to make sure that the force 

delivered from the ground is used most effectively. It will also replicate the degree of 

coupling between the limbs and the trunk to ensure they are all as fast as possible. 

𝐹𝑝𝑢𝑠ℎ = 𝑘𝑙𝑖𝑚𝑏 ∙ 𝐿𝑙𝑖𝑚𝑏 ∙ sin(𝜃𝑙𝑖𝑚𝑏) (2) 

In Figure 2, sprinting consists of various phases requiring different 

biomechanical strategies. The model will simulate force application during the 

acceleration, top-speed, and deceleration phases, ensuring that posture and limb 

positioning are optimized for each phase. The goal is to maintain maximum speed 

while reducing the energy required for each sprint phase [15]. 

𝐸𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 =
𝑃𝑜𝑢𝑡𝑝𝑢𝑡

𝐸𝑖𝑛𝑝𝑢𝑡
 (3) 

 

Figure 2. A comparative illustration of the human sprinting posture before and after biomechanical adjustments based 

on biomimetic principles. 

4. Experiment and analysis 

Experimental trials were conducted in a controlled indoor environment on a 50m 

track, with consistent lighting and temperature conditions to minimize external 

influences. The track material was designed to optimize ground contact and ensure the 

accurate measurement of force application. Each athlete performed three trials at their 

maximum sprinting speed, and the best trial was used for detailed analysis. The Vicon 
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motion capture system used in this study was calibrated before each session to ensure 

precise data collection. High-speed cameras, operating at 200 frames per second, 

captured the motion of markers placed on the athletes’ head, trunk, hip, knee, ankle, 

and foot joints. These markers allowed for accurate tracking of joint movements and 

limb positioning throughout the sprint phases [14]. Force plates embedded in the track 

recorded ground reaction forces with high precision, enabling the detailed analysis of 

force distribution (Figure 3). The athletes involved in the study were professional 

sprinters aged between 20 and 25, with an average of 5 years of sprinting experience. 

All participants must complete a standardized warm-up before the trials to ensure 

consistency. The oxygen consumption (VO2) masks worn by the athletes provided 

accurate measurements of oxygen consumption during the trials, as illustrated in 

Table 1. 

 
Figure 3. Force distribution analysis. 

Table 1. Key parameters collected during motion capture trials. 

Parameter  Measurement Unit Description 

Limb Movement Degrees (º) Range of motion in hip, knee, ankle 

Joint Angles Degrees (º) Joint angles at different sprint phases 

Stride Length Meters (m) Distance covered per stride 

Stride frequency Strides per second (Hz) Number of strides per second 

Force distribution Newtons (N) Ground reaction forces across the foot 

Energy expenditure ml/kg/min (Oxygen uptake) Oxygen consumption during sprints 

The biomechanical models developed from studying high-speed organisms like 

cheetahs, falcons, and gazelles were validated by comparing the simulated sprinting 

postures with real-world data collected from the motion capture trials [16]. The 

simulation predicted key metrics: speed, energy expenditure, and mechanical 

efficiency. 

In Figure 4, a comparison of predicted and actual results demonstrated a strong 

correlation between the biomechanically optimized postures and improved sprint 

performance. The model’s predicted top speed closely matched the recorded speeds, 
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with less than a 1% difference. This indicates that the optimized posture contributes 

to faster sprinting [17]. The small difference between predicted and actual stride 

lengths suggests that the biomechanical model successfully emulated the stride 

dynamics of high-speed animals like cheetahs (See Figure 4). Oxygen consumption 

data closely matched the model’s predicted energy efficiency, reinforcing that posture 

optimization can enhance energy utilization. The biomechanical model slightly 

underestimated ground contact time, though the error remained within an acceptable 

range. 

 

Figure 4. Predicted vs. actual performance metrics. 

5. Results and discussion 

Observing various types of animals like cheetahs, falcons, and gazelles to 

construct the biomechanical model, researchers identified several posture 

improvements essential for effective sprinting by humans [17]. By imitating the above 

animals in trunk alignment, arm coordination, and lower limb force generation, the 

mechanical efficacy of sprinters can be enhanced to a great extent. Drawing inspiration 

from the Cheetah’s strong, supple spine, a small degree of anterior incline was 

incorporated into the biomechanics of human speed running. As evidenced in the 

simulation and experimental runs, this alteration made it easier for sprinters to activate 

their core muscles, improving balance at high velocities. Cheetah and falcon models 

in animal studies show that coordinated and balanced arm (or wings) motion is vital 

for dynamic stability. Human sprinting followed this up by increasing the coordination 

of the arm movements to decrease side-to-side movements and increase forward 

thrust. High-speed animals produce large forces through their limbs by coordinating 

joint position and muscle contraction. Studying their limb movements, human 

sprinters adapted superior force application techniques, especially in the push-off 

phase of stride, which resulted in enhanced propulsion. Given in Table 2 below. 
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Table 2. Key posture adjustments derived from biomimicry. 

Posture Aspect Biomimetic source Human Adjustment Effect on Performance 

Trunk Alignment Cheetah 
Slight forward tilt, 
enhanced core engagement 

Increased stability, reduced 
drag 

Arm Movement Cheetah, Falcon 
Coordinated and 
symmetrical arm swing 

Improved balance, enhanced 
forward propulsion 

Lower Limb Force Cheetah, Gazelle 
Optimized joint angles for 
better push-off 

Increased stride power, 
longer stride length 

Table 2 compares traditional human sprinting posture with the biomimetic 

approach, highlighting improved trunk alignment and arm coordination. The results 

from the sprinting trials indicate that the biomimetic adjustments resulted in a notable 

increase in average top speed and stride length [18]. The enhanced trunk alignment 

allowed sprinters to maintain forward momentum more effectively, while the 

optimized lower limb force generation produced longer strides with each step. See 

Table 3 below. 

Table 3. Speed and stride length improvements with biomimetic posture. 

Posture Type Average top speed (m/s) Average stride length (m) 

Traditional posture 9.20% 2.32 

Biomimetic posture 9.48% 2.40 

Improvement (%) 3.04% 3.45 

Energy efficiency was measured using oxygen consumption (VO2) data collected 

during the sprinting trials [18]. The biomimetic posture led to a measurable reduction 

in energy wastage, as sprinters using this approach consumed less oxygen per meter 

covered than their traditional posture. See Table 4 below. 

Table 4. Oxygen consumption during sprinting trials. 

Posture Type Oxygen consumption (ml/kg/min) Energy efficiency 

Traditional posture 54.0 62% 

Biomimetic posture 51.8 65% 

Improvement  4.07% 4.84% 

Table 4 and Figure 5 depict the oxygen consumption rates for the sprinters in 

both the traditional and biomimetic positions, which depicts how the energy costs are 

minimized by employing biomimetic postures. When comparing the biomimetic 

technique to the conventional human sprinting style, one realizes that the biomimetic 

technique is far superior in speed and energy expenditure. Most popular sprinting 

methods are based on muscle power and aerobic fitness but do not account for multiple 

factors such as body position, limb movements, and force production patterns [19]. 

The biomimetic approach proves effective through these elements taken from high-

speed animals, which gives better results. Conventional approaches to sprinting would 

advise runners to strengthen their legs’ muscles to achieve greater speeds; however, 

an aspect of biomechanics needs to be properly addressed in this scenario of running. 

The biomimetic approach, in contrast, concerns itself with the kinematics of 
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movement—joint angles, muscle activation patterns, and body posture, which allows 

cyclists to cruise at higher speeds without expending more energy. See Table 5. 

 

Figure 5. Oxygen consumption during sprinting trials. 

Table 5. Comparative performance of traditional vs. biomimetic sprinting 

techniques. 

Metric  Predicted value Actual Value Percentage Difference 

Top speed (m/s) 9.20 9.48 3.04 

Stride length (m)energy  2.32 2.40 3.45% 

Energy Efficiency 65% 64.5% 0.77% 

Ground contact time 0.12 sec 0.13 sec 8.33% 

Oxygen consumption 54.0 ml/kg/min 51.8 ml/kg/min 4.07% 

Force Application Moderate Optimized  Enhanced propulsion 

One of the main areas for improvement of traditional sprinting techniques is the 

need for more focus on stability during the acceleration and deceleration phases [20]. 

The biomimetic approach, mimicking the dynamic posture control observed in animals 

like cheetahs, provides sprinters greater balance and stability, particularly during these 

critical phases. This leads to fewer imbalances, which can cause energy loss or even 

injury. See Table 6. 

Table 6. Stability and balance during acceleration/deceleration phases. 

Posture Type Ground Contact Stability (N) Balance Deviation (%) 

Traditional Sprinting 900 12.0% 

Biomimetic Sprinting 875 9.5% 

Improvement (%) 2.78 20.83% 

The ground reaction force analysis indicated that the biomimetic posture allowed 

for more even force distribution across the foot during sprints. In traditional sprinting, 

uneven force application often leads to inefficiencies and reduced propulsion [21]. By 

optimizing the limb positioning and force generation strategies, as inspired by high-



Molecular & Cellular Biomechanics 2024, 21(3), 445.  

12 

speed animals, the biomimetic approach ensures that forces are applied more 

effectively during the sprint’s acceleration and maximum velocity phases. See Table 

7 and Figure 5. 

Table 7. Oxygen consumption comparison between traditional and biomimetic 

postures during sprint trials. 

Sprint Trial Traditional posture (ml/kg/min) Biomimetic posture (ml/kg/min) 

Trial 1 54.5 52.1 

Trial 2 54.0 51.8 

Trial 3 53.8 51.6 

Trial 4 54.2 51.9 

Trial 5 53.9 51.7 

Average  54.0 51.8 

The purpose of Figure 5 is to visually compare the oxygen consumption rates of 

sprinters using traditional posture versus biomimetic posture during sprint trials. It 

highlights the improvements in energy efficiency brought about by adopting the 

biomimetic posture. By showing the decrease in oxygen consumption, the figure 

supports the claim that the biomimetic approach leads to better energy utilization, 

which is critical for sustained high performance during sprints [20]. 

 

Figure 6. Trunk and limb alignment adjustments. 

In Figure 6, the biomechanically proper posture, especially in the lower limbs 

and the trunk movements, brought more efficiency in propulsion. Less ground contact 

time and increased stride length explained increased sprinting speeds with lesser 

energy costs. The change in posture according to biomimetic principles also meant 

more efficient energy use, as evidenced by the decrease in oxygen requirement. Such 

improvement is important for sprinters who want to sustain their performance in 

consecutive sprints or longer races [21]. By focusing more on symmetrical and 
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synchronous arm swings and enhancing the force production in the limbs, stability 

increases in the run’s acceleration and subsequent deceleration phase. This not only 

improved performance but also decreased the chance of getting injured in the process 

of sprinting, as commonly witnessed in most conventional sprinting methods due to 

instabilities. It is evident from the comparative analysis that the biomimetic approach 

performs better in almost all the strategically important parameters. While classic 

running styles certainly work up to a point, they are not an optimal use of 

biomechanical advantages, such as the ideal body position, which is essential for 

getting faster and more energy-efficient [21]. 

Biomechanical data gathered from motion capture technology, as outlined in 

Table 1, provides a clear insight into how biomimetic posture adjustments improve 

sprinting performance. Joint angles and stride length show a notable improvement, 

with an average increase in stride length of 3.45% (Table 3). This enhancement in 

stride length directly correlates with the increase in top speed, with the optimized 

biomechanical posture resulting in a 3.04% increase in average top speed. 

Furthermore, the data on force distribution (Figure 4) illustrates how optimizing limb 

positioning reduces energy loss, enabling more efficient propulsion during the sprint. 

The oxygen consumption data in Table 4, which shows a 4.07% reduction in oxygen 

usage, signifies a substantial improvement in energy efficiency [21]. This 

improvement is especially crucial in the later stages of sprints, where energy reserves 

become depleted. Reducing oxygen consumption leads to better stamina during 

repeated bouts of activity or longer distances, allowing sprinters to maintain high 

performance with less fatigue. The predicted vs. actual metrics in Table 5 also 

demonstrate the accuracy of the biomechanical model. The small discrepancies (e.g., 

< 1% difference in top speed and stride length) indicate that the model successfully 

mirrors real-world performance, validating its application in sprinting biomechanics. 

6. Conclusion 

This study examined how posture optimization could enhance human sprinting 

performance based on concepts borrowed from cheetahs, falcons, and gazelles. The 

study proved that implementing posture changes from such creatures improved 

performance parameters, principally mobility rate, gait length, and energy 

expenditure. The study elaborated on how these factors can affect sprinting by using 

the theory and biomechanical simulation on the Alignment of the Trunk, Arm Swing, 

and Lower limb force Production. Thus, the discovery reaffirms that human sprinters 

can improve their performance by applying biomechanically enabled methods that 

mimic the inherent nature of these animals’ movements. The study also revealed other 

long-term benefits of biomimetic posture changes that help the economy, which is 

vital for continued efficiency in sprinting events. Lowering the consumption of oxygen 

and increasing mechanical output proves to be valid rationales behind this strategy, 

providing athletes with a way to improve their velocity and augment their stamina 

without expanding energy expenditure, which would not generate benefits. Moving 

forward, the biomechanical models employed in this study need to be developed in 

more detail to monitor human movement in a better way. Subsequent research efforts 

could focus on other variables, including muscle fatigue and joint flexibility, the 
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external environment, the type of surface used, and the aerodynamics force. The ability 

to expand future works on these principles into other sports involving quick spurts of 

energy and speed and sudden slowdowns poses a certain level of biomimetic 

possibility in training and application to various athletic disciplines. In addition to 

using the results of this research to enhance training, the findings may also contribute 

to developing sports equipment and athletic apparel. Sprinting blocks, shoes, and 

performance clothing that provide biomechanical support may assist athletes in 

sustaining proper alignment and execution during competition. In the future, as 

biomimicry develops further, implementing these discoveries may revolutionize how 

sports technology and coaching methodologies interact with athletic training, 

consequently revolutionizing the performance enhancement process not only in 

sprinting but in sports in general. 
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