
 
 

TREADMILL VS OVERGROUND ACCELERATED RUNNING 
1
 Ine Van Caekenberghe, 

1
 Veerle Segers, 

3 
Patrick Willems, 

1, 2  
Peter Aerts and 

1 
Dirk De Clercq 

1
 Belgium, Ghent University, Department of Movement and Sport Sciences, email: ine.vancaekenberghe@ugent.be 
2 
Belgium, University of Antwerp, Functional Morphology; 

3 
Belgium, Université Catholique de Louvain, LOCO 

 

SUMMARY 

Treadmills are often used in research and are considered a 

valid tool to study steady-state gait as known overground. Yet 

no comparison was made for non-steady-state gait, even 

though studies involving accelerations have been conducted in 

both conditions. Therefore we compared kinetics (a first 

indication of mechanical equality) of accelerated running 

overground and running on an accelerating treadmill. 

Overground a net accelerating impulse of the fore-after ground 

reaction forces is generated to proportionally accelerate the 

body centre of mass. On treadmill no such impulse is 

remarked because no net acceleration in the earthbound 

reference frame during stance is needed (absence of fore-after 

whole body inertia). Nevertheless this doesn‟t implicate that 

running on an accelerating belt equals running on a constant-

speed belt, because of two reasons. 1/ Even though no net 

acceleration should be generated during a running bout, linear 

inertia is present in the individual stance phases during which 

the subject can move forward-backward on the treadmill. 2/ 

The subject still has to deal with the accelerating belt. These 

first insights reveal that non-steady-state gait on treadmill and 

overground are different and motivate further analyses to 

discover to what extent these mechanical differences impose 

different constraints to the locomotor system. 

 

INTRODUCTION 

Treadmills (TM) are often used to study steady state 

locomotion because of practical advantages. During recent 

years, research has gained interest in non-steady state 

locomotion (eg. the walk-to-run transition [1-4]), which was 

also partially conducted on TM. 

It has been theoretically and experimentally demonstrated that, 

on a high powered motor-driven TM, steady state locomotion 

on TM [5] mechanically resembles the overground (OV) 

condition if the subject remains stationary during a locomotion 

cycle. Nevertheless small differences in kinematics, kinetics 

and EMG have been reported [6-7]. 

For non-steady state locomotion (thus OV a net average COM 

acceleration (aCOM AVG) and a net average TM belt acceleration 

(aTM AVG)), experimental evidence exists which demonstrates 

spatiotemporal and kinematical differences in the realization 

of OV versus TM WRT at matched accelerations [8]. Besides 

the cognitive-perceptual aspects (cf. supra), an important 

mechanical difference is the absence of fore-after whole-body 

inertia on TM, as the subject does not actually need a net  

aCOM AVG in the earth reference frame, but has to “follow” the 

accelerating belt (figure 1). Due to non-availability of 

comparable ground reaction forces this hypothesis has never 

been examined. Nevertheless this is necessary to comprehend 

the mechanical differences between accelerating overground 

and following an accelerating TM belt, and in a later stage 

their consequences for the human locomotor system. 

We hypothesize that acceleration calculated from the impulse 

of the fore-after forces (aGRF AVG) will change proportionally to 

aCOM AVG OV, but no such relationship will be observed on 

TM, since aCOM AVG is not related to aTM AVG. Because the   

aGRF AVG is one of the many outcome measures of the 

interaction between the intrinsic dynamics and neural control, 

studying this measure is a first attempt to describe whether 

TM acceleration imposes the same constraints to the 

locomotion system as an OV acceleration. 

 

aCOMAVG

a 
G

R
F

af
te

r-
fo

re

aTM AVG

aCOMAVG = 0

steady state

=

≠
non-steady

state

fore-after
EARTH

OV TMtic tto
tic tto  

Figure 1: mechanical comparison of OV to TM 1/ steady 

state running (▬) and 2/ accelerations (---). 

 

 

METHODS 

We investigate the biomechanical differences between TM 

and OV non-steady state running. Results are given for one 

trained subject (F, 31y, 165cm, 59kg). The subjects ran OV 

and on a motor-driven TM at various speeds (1.5 to 7m/s) and 

accelerations (-1.5 to 3m/s
2
). Overground forces were 

measured by means of 4 consecutive force plates embedded in 
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a walkway. A motor-driven treadmill (HP COSMOS) was 

equipped with four custom-built (Arsalis) force measuring 

strain-gauge transducers and a sensor measuring actual TM 

belt speed [9]. Kinematical data were collected at 200Hz using 

12 Qualisys Pro-Reflex cameras OV and 6 Oqus cameras on 

TM. An 11-segment model (trunk, upper arms, fore arms, 

pelvis, thighs, shanks, feet) was developed using Visual3D (C-

Motion) and was used to assess the body centre of mass 

(COM). Belt acceleration was calculated for each stance phase 

separately. Mean COM acceleration for each stance phase was 

calculated using the second derivative of the COM-position. 

aGRF AVG is calculated as depicted in figure 1. 

 

RESULTS AND DISCUSSION 

When plotting acceleration derived from the net impulse of the 

fore-after forces (one representative subject, Figure2, y-axis) 

vs. acceleration of the body centre of mass (OV) and belt 

acceleration (TM) (both on x-axis) during stance, a clear 

difference between OV and TM can be remarked. 
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TM linear regression: y  =  0.013 * x  -  0.0570  (R² = 0.00)

OV linear regression: y  =  1.000 * x  -  0.0034  (R² = 0.95)

TM stance phases

OV stance phases

 
Figure 2:  Individual measurements and linear regressions of 

imposed mean TM acceleration (aTM AVG) and mean COM 

acceleration (aCOM AVG) OV during stance vs mean acceleration 

calculated from fore-after ground reaction forces (aGRF AVG) 

during stance for TM (°, ▬) and OV (◊, ▬) running stance 

phases (only a limited range of the data is plotted for clarity). 

 

 

Whereas OV aGRF AVG is clearly equal to aCOM AVG  

(▬ R²=0.95, y = 1x – 0.003), no such proportionality is 

observed on TM between aGRF AVG and aCOM AVG  

(▬ R²=0.00, y = 0.013x – 0.057). OV a one on one 

relationship is expected and observed, since the only forces 

acting on the COM in horizontal direction are the ground 

reaction forces. On TM the net horizontal impulse is, 

regardless of belt acceleration, centered around zero, which is 

expected due to the absence of an actual acceleration of the 

body COM in the earth reference frame. In this case the TM 

belt accelerates underneath the subject, whereas the subject 

remains in place (in the lab reference frame) during the course 

of a trial. 

Yet explained variance for this relation on TM is low because 

of the high variability (large band in the order of magnitude of 

OV accelerations centered around zero). On TM, mean  

aCOM AVG during a running bout (consisting of multiple stance 

phases) is more or less zero in the earth reference frame, since 

the subject remains on the limited surface of the treadmill. 

However, this is not the case for aCOM AVG during each 

individual stance phase in which as well net zero accelerations 

(▬), but also net accelerations (- -) or decelerations (···) could 

be present (figure 3), since even over a cycle the subject 

moves slightly forward and backward on the TM. A correction 

was proposed [8] to control for this effect. 
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Figure 3:  Fore-after ground reaction forces for three running 

stances on treadmill (aTM AVG = 0m/s
2
, TM speed = 3m/s) with 

net zero (▬), propulsive (- -) and decelerating (···) aCOM AVG. 

 

 

The former results are analyzed in the earthbound reference 

frame, and then running on an accelerating treadmill seems to 

resemble steady state running on treadmill mechanically at 

first sight. However, the subject still has to „follow‟ the 

accelerating belt, which might induce other constraints to the 

locomotor system. 

 

Further research is still required to investigate to what extent 

these mechanical differences (partial absence of fore-after 

inertia and belt acceleration) influence the characteristics of 

accelerated running biomechanics on TM. 

 

CONCLUSIONS 

Our theoretical expectations regarding the differences between 

accelerated running OV and on TM were experimentally 

confirmed. Overground net propulsive forces have to be 

generated to increase running velocity whereas no net 

propulsive forces are remarked when running on a speed-

increasing TM. This indeed indicates the mechanical 

inequality of both situations. As such, the treadmill cannot be 

used to assess non-steady state overground locomotion 

properly. 
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