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SUMMARY 

Human gallop is an asymmetrical locomotion pattern where 

always one leg is in front of the other, discriminating a leading 

and a trailing leg.  In contrast to symmetrical human gaits, 

little is known about kinetics of human gallop.  This study 

compares ground reaction forces of galloping with those of 

running at preferred speed.  Preferred galloping and running 

speed are similar but stride length and stride frequency differ.  

Analysis of ground reaction forces showed gallop as a stable 

gait with comparable variability to running and revealed a 

difference in leg function between those gaits.  In running 

each leg generates an acceleration and a deceleration of the 

body COM, while in gallop those functions are spread over 

both legs.  The trailing leg provides most of the acceleration, 

while most of the braking is executed by the leading leg.  

Based on the horizontal impulses, this functional separation 

causes high accelerations and decelerations within one stride 

and could be the reason why gallop is energetically less 

efficient compared to running. 

 

I�TRODUCTIO� 
When humans move by foot, they prefer to walk or run.  

Walking is the preferred gait at lower speeds, while running is 

preferred at higher speeds.  Both gaits are symmetrical, 

meaning that the legs are in opposite phase (one leg completes 

its cycle as the other leg is halfway through its cycle) and that 

both legs execute the same action and have the same function . 

Besides these intensively studied and well described gaits, 

humans are also capable of skipping; an asymmetrical gait 

pattern where the legs are oriented one in front of the other.  A 

leading (front) and trailing (rear) leg with distinct functions 

can be discriminated.  Skipping can be bilateral alternating left 

and right leg as leading leg or unilateral (i.e. gallop) where the 

same leg is always in front [1,2,3].  Whitall and Caldwell 

(1992) already analyzed the spatiotemporal and kinematical 

parameters of gallop.   

Gallop can be performed without practice and can be 

mimicked by only presenting the rhythmical pattern of 

galloping [3].  Despite the ease with which gallop is executed, 

it is not a spontaneous gait pattern giving rise to the question 

of movement variability [4]. 

Minetti (1998) examined the energetics of bilateral skipping 

and showed the ground reaction forces (GRFs) of one gallop 

trial.  As such kinetics are a rather undiscovered area.  This 

study aims to fill this gap by executing a full kinematical and 

kinetic analysis of gallop.   

At this point we analyzed spatio-temporal parameters and 

ground reaction forces.  In the future, joint kinematics,  

 

 

energetics, joint moments and joint powers will be calculated 

and analyzed. 

This first analysis focused on the GRFs from human gallop 

and running.  In line with Whitall and Caldwell (1992), 

following questions were asked:  (1)  How do GRFs differ 

between the gaits?  (2)  Do both gaits show the same degree of 

variability? 

 

METHODS 

Twelve female subjects (age 20.1 ± 1.3 years, mass 57.7 ± 6.5 

kg, leg length 86.2 ± 3.6 cm) walked, ran and galloped (with 

preferred leading leg) over a 30 m long instrumented walkway 

at self-selected speed.  For each gait 5 trials with at least 3 foot 

contacts on a force platform were collected. 

3D kinematics were recorded using motion capture (Qualisys). 

Ground reaction forces were measured at 1000 Hz using 6 

force plates mounted in the walkway (one Kistler and 5 

AMTI's).  Individual GRFs were filtered using a Butterworth 

low-pass filter (cut-off 10 Hz). 

To reveal the differences in GRF pattern, we compared 

ensemble average GRFs first qualitatively then quantitatively.  

For the quantitative comparison, distinct values and 

coefficients of variation (CV) were analyzed [5].   

For statistical analysis, a Friedman's two-way ANOVA by 

ranking and a Wilcoxon signed-rank test (SPSS) are used. 

 

RESULTS A�D DISCUSSIO� 

Spatiotemporal 

There is no significant difference in velocity between 

preferred galloping and running speed.  This is in contrast with 

results of earlier studies where preferred galloping speed was 

found to be lower than preferred running speed [1,2].   

Despite the speed was similar, spatiotemporal parameters 

differ (Table 1).  When galloping, stride length (SL) is smaller 

and stride frequency (SF) is higher. 

   

Table 1:      Spatiotemporal parameters of gallop and run (v:  

velocity of a stride;  SL: stride length;  SF: stride frequency;  

t_fc:  foot contact time) 

Statistics:  * = significantly different between running and 

gallop (p < 0.05) 
 

 
 

mean SD mean SD mean SD mean SD

3.23 0.29 2.33 0.20 1.385 0.054 0.233 0.020

3.05 0.35 1.87 0.20 1.640 0.098

--> Trailing leg 0.223 0.024

--> Leading leg 0.232 0.018

RU�

GALLOP

SF * t_fcv SL *



Ground reaction forces 

The GRFs of a galloping stride show a stance phase which 

consists of the consecutive foot contacts of a trailing and 

leading leg (short double stance phase of 0.023s) followed by 

a flight phase.  In running each individual foot contact is 

followed by a flight phase. 
 

 

Figure 1: Ensemble average of GRFv during one 

stride of (a) gallop and (b) run 

 

The vertical component of the GRF (GRFv) of a galloping leg 

shows a single hump that is roughly similar to the pattern in 

running (Figure 1).  The maximum is 2.3 ± 0.2 time body 

weight (BW) while it is 2.5 ± 0.2 BW for running (p-value < 

0.05).  The impact transient is smaller in the trailing leg than 

in the leading leg, but both are less pronounced than those in 

running. 

 

 
Figure 2: Ensemble average of GRFh during one 

stride of (a) gallop and (b) run 

 

The biggest difference in GRFs between gallop and run is 

situated in the horizontal component of the GRF pattern 

(GRFh) (Figure 2).  As the gaits are at steady state speed, the 

net impulse during stance must be zero.  In both gaits each leg 

shows a braking phase (negative impulse) and an accelerating 

phase (positive impulse).  In run the stance phase consists of 

one foot contact in which both phases are equal in magnitude; 

one foot first decelerates and then accelerates the COM of the 

body in an equal magnitude (± 12.7 Ns).  In gallop most of the 

braking is executed by the leading leg (± 22.0 Ns), while the 

trailing leg provides most of the acceleration (± 22.2 Ns).  As 

such trailing and leading leg have different functions. 

During the stance phase of gallop net positive and negative 

impulses (± 26.8 Ns) are much higher compared with those 

during running (12.7 Ns).  These higher impulses might be the 

reason why human gallop is energetically less inefficient 

compared to running and seldom used spontaneously [2,3]. In 

peculiar situations this functional difference may have some 

advantages and might be the reason why humans adopt this 

gait spontaneously descending stairs. 

 

Variability 

There is no significant difference in variability of the GRFs 

during the stance phase of running compared to both foot 

contacts of gallop (p-value 0.18 for GRFv and 0.57 for GRFh) 

(Table 2).  The GRFv show a very stable pattern in both 

galloping and running.  The GRFh patterns show more 

variability, but the range was equal for both galloping and 

running. 

While gallop is not a common locomotion pattern, it is a stable 

gait with comparable variability to running. 

 

Table 2:  GRF parameters of one  stride during gallop 

and run  (VC: coefficient of variation;  I-: negative impulse;  

I+:  positive impulse)   
 

 

 

CO�CLUSIO�S 

The asymmetry of gallop is confirmed by the different 

functions of the legs.  The trailing leg accelerates the total 

body COM while the leading leg executes a deceleration.  

Based on the impulses, this functional separation causes high 

accelerations and decelerations within one stride and could be 

the reason why gallop is energetically less efficient compared 

to running.   

Although the legs have a different function, the variability in 

GRFs is comparable to those of running.  
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0.284 12.92 12.52

27.35 26.24

--> Trailing leg 0.254 5.49 22.18
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