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SUMMARY 

The mechanics of constant speed running are frequently 

analyzed in locomotion research. Few studies exist on 

mechanical differences of accelerated or decelerated running, 

especially when moderate running speeds are to be considered. 

Therefore, the purpose of this study was to investigate 

mechanical differences between slight acceleration and 

deceleration during the stance phase in long distance running. 

A standard 3D inverse dynamics model was used to calculate 

kinematics and kinetics of 19 subjects running at 3,5m/s over a 

25m track. Data capturing was done with a Vicon Nexus 

system (250Hz) and a Kistler platform (1250Hz). Speed 

changes of the center of mass (CoM) were controlled by 

calculating the ratio of propulsive to braking impulse (RPBI) 

of the anterio posterior ground reaction force component. 

Decreasing CoM speed was associated with an increase of 

CoM to center of pressure (CoP) distance at touchdown. This 

was accompanied by an increase in negative joint power in the 

first half of stance. Increasing CoM speed was achieved by 

enlarging CoM to CoP distance at toe off, together with an 

increase of positive ankle joint power in the second half of 

stance. 

 

INTRODUCTION 

Studying the kinetics of running is and has been a frequently 

applied practice to gain insight into mechanisms relating to 

injury development and performance[1,2]. Very often 

experimental setups were designed to keep the average speed 

of the CoM at a constant level. This seems reasonable since, at 

least in long distance running quick velocity changes should 

be avoided. Nonetheless, in a natural environment braking and 

accelerating frequently occurs, for example to accommodate 

for obstacle clearing or changes in running direction.  

Therefore the purpose of this study was to investigate the 

differences in joint mechanics and ground reaction forces 

leading to an acceleration or deceleration of average CoM 

speed during the stance phase of running. 

 

METHODS 

30 subjects (13 men, 17 women, age: 38.5±14.7, mass: 

68.1±12.2kg, height: 1.73±0.1m) participated in this study. 

Subjects were asked to run with 3,5m/s +- 5% along a 25m 

track incorporating a Kistler force platform (1250Hz). Lower 

extremity kinematics of the right leg were captured using a 10 

camera Vicon Nexus system running at 250Hz. 3D joint 

moments and powers were calculated using a standard 5 

segments inverse dynamics model. CoM position was 

calculated as the center of the pelvis segment, assuming that 

no major differences in upper body movement would occur. 

Overall leg orientation was estimated by calculating the 

horizontal distance of the CoM to the position of a marker 

placed on the posterior aspect of the heel at the instant of 

touch down of the foot. This was assumed to represent the 

distance of CoM to CoP. Only sagittal plane mechanics and 

ground reaction forces were analyzed, since braking and 

propulsion were assumed to affect mechanics in this plane the 

most. All subjects wore the same kind of neutral running 

shoes. Overall CoM speed changes were checked for each trial 

by means of the RPBI using customized software. Each 

subject was performing running trials until 5 trials with a 

RPBI of 1 +- 10% were captured. All trials captured until this 

point with acceptable speed and foot placements on the force 

platform (without obvious changes in running technique and 

stride rhythm) were included into the analysis. 3 groups of 

trials based on RPBI (braking: 0.7-0.9, neutral: 0.9-1.1, 

accelerating: 1.1-1.3) were created for each subject. Each 

subject contributed at least one trial to each group.  

 

RESULTS AND DISCUSSION 

Figure 1 shows the differences between groups for the anterio-

posterior component of the GRF. 

 

 

Figure 1:  anterio-posterior component of GRF. Curves 

represent means (bold lines) ± 1 standard deviation (thin lines) 

for each RPBI group. 

 

It is obvious that higher RPBI values were achieved by 

decreasing braking forces in the first half of stance and 

increasing propulsion forces in the second half of stance. The 

same holds for lower RPBI values, just the other way round. 

Greater braking forces in the first half of stance were related to 

an increase of (negative) CoM to center of pressure (CoP)   

distance at touchdown (ΔCoM-Cop TD) of the foot. An 

increase in negative knee joint work with higher negative 



power  peaks (Pkneemin) during the first part of stance was 

found for the groups with lower RPBIs (see fig. 2).  

On the other hand greater propulsion forces in the second part 

of stance were related to an increased (positive) CoM – CoP 

distance (ΔCoM-Cop TO). This was achieved by an increase 

of positive plantar flexion work at the ankle with higher peak 

joint powers (Panklemax) in the second half of stance (see fig. 

3). The differences in leg geometry at touchdown led to a 

change in impact force characteristics. Higher RPBI values 

were associated with an increase in impact force (Fimpact) and 

average loading rate (RFDIF) of that force (fig. 4). Differences 

between main parameters of the study are summarized in table 

1. The results found in this study show that the orientation of 

the GRF vector in the sagittal plane strongly depends on CoM 

– CoP distance. 

 
Figure 2:  Mean ± 1 standard deviation of knee joint power 

curves of the  3 RPBI groups. 

Figure 3:  Mean ± 1 standard deviation of ankle joint power 

curves in the sagittal plane of  the 3 RPBI groups. 

 

 
Figure 4:  Mean ± 1 standard deviation of the vertical GRF 

components of  the 3 RPBI groups. 

 

This is in line with resent research of sprint running 

acceleration [3], which found that greater propulsive forces 

were achieved by a greater forward lean of the body at toe off. 

On the joint level braking was associated with increased 

negative joint power in the first half of stance and increased 

positive work of the ankle plantar flexors in the second phase 

of stance. This is in line with current findings of Hamner et al. 

[3], stating that in distance running braking of the CoM in the 

first half stance is achieved mainly by negative work of the 

quadriceps femoris muscles, while acceleration of the CoM in 

the second half of stance is achieved mostly due to positive 

work of the triceps surae muscle tendon units.  

 

CONCLUSIONS 
Body orientation seems to be a main factor in the application 

of horizontal forces when observing slight speed changes of 

the CoM in distance running. Greater braking forces are 

associated with higher negative joint powers at the knee in the 

first half of stance, while greater propulsive forces are mainly 

generated by greater positive joint power at the ankle in the 

second half of stance. 

The results of this study clearly indicate that RPBIs should be 

accurately controlled in studying the mechanics of running to 

give reliable results, especially when joint powers or GRFs are 

in the focus of interest. 

 

REFERENCES 

1. Cymet CT, Sinkov V. J Am Osteopath Assoc. 106(6), 

342-345, 2006 

2. Saunders PU et al., Sports Med. 34(7):465-485, 2004. 

3. Hamner SR, et al. JBiomech 43, 2709-2716, 2010 

4. Kugler F, Janshen, L JBiomech 43, 343-348, 2010

Table 1: Means and standard deviations of main parameters of interest. All parameters are significantly different to each other with 

a p level of at least <0.05. 

group Running Speed (m/s)  

 RPBI FImpact 

[N/kg] 

RFDIF 

[N/kg/s] 

ΔCoP-CoM 

TD [mm] 

ΔCoP-CoM 

TO [mm] 

Pkneemin 

[Watt/kg] 

Panklemax 

[Watt/kg] 

0.7 - 0.9 0.82±0.03
 

17.42±3.0 590.3±116.8 -193.1±33.3 646.2±49.5 -18.83±5.72 0.81±0.15 

0.9 – 1.1 1.00±0.03
 

16.89±2.5 551.0±102.0 -185.6±33.6 657,4±47.8 -17.97±5.38 0.84±0.19 

1.1 – 1.3 1.17±0.03
 

16.48±2.7 523.1±123.9 -180.8±33.6 662.7±48.2 -17.16± 0.87±0.15 


