
 
 

FORCE MEASUREMENT DURING A STRIDE IN HOCKEY SKATES 
 

 Justin P. Silverman and Stephen D. Perry 
Department of Kinesiology & Physical Education, Wilfrid Laurier University, Waterloo, ON, CANADA 

Email: biomch@wlu.ca 
 

SUMMARY 
The purpose of this study was to determine the force patterns 
of the interaction between the skate and an acrylic ice surface. 
Hockey players (n=6, age=20.3 yrs) were analyzed while 
skating over a force plate covered with acrylic ice. The force 
plates produced replicable and accurate measurements of the 
kinetics of the skating stride. The average maximum total 
ground reaction force was determined to be 149.2% of body 
weight (BW) (sd ±29.4%), with an average maximum shear 
force of 50.3%BW (sd ±22.3%). The impulse of the ground 
reaction force was 26.4% (sd ±10.9%) and the impulse of the 
shear force was 50.3% (±22.3%). Average contact time was 
0.259 seconds (±0.099). Further utilization of this force 
measurement method in combination with kinematics, muscle 
activity and pressure distribution would be valuable to 
determine how interventions would affect the performance of 
a skating stride. This proceeding will focus on the 
measurement of forces produced during a skating stride. 
 
INTRODUCTION 
Performance in hockey is strongly correlated to the athlete’s 
ability to produce high levels of force during a skating stride. 
The skating stride can be broken down into the glide, push off 
and swing phases [1], with the push off phase producing the 
force necessary for forward progression of the skater. The 
hockey stride produces replicable vertical, anterior-posterior 
and lateral forces, which can be analyzed using force plate 
technology [2]. Force plates have rarely been utilized during 
the analysis of skating due to several difficulties in 
experimental protocol, such as space, skating surface and 
general practicality. 
 
The use of strain gauges [3] on the blade holder of the skate is 
a novel idea, but lacks anterior-posterior force measurement as 
it only measures the force produced at the skate blade holder. 
However the ground reaction force is equivalent to the 
summation of three force vectors: one in each the anterior-
posterior, medial-lateral and vertical directions. By utilizing a 
force plate to evaluate the amount of force production at the 
point of application (blade and ice) a more detailed kinetic of 
the skating stride can be accomplished. 
 
By improving the transfer of force from the skater’s foot to the 
ice, the performance of the player can be increased. This 
research will assist in bridging the gap between the research 
lab and the hockey arena to promote a greater understanding 
of the biomechanics of hockey. The purpose of this study was 
to develop a method to measure the forces at the interface 

between the skate and the ice. The ultimate goal is to use this 
methodology to test interventions targeted at improving 
skating performance. 
 
METHODS 
Participants were healthy male hockey players (n=6, age=20.3 
years, height=1.81m, weight=856.5N) were recruited from the 
general population. Participants were required to be active 
hockey players, with no significant injuries or ailments that 
could hinder their ability to skate.  
 
Panels of acrylic “ice” were positioned to cover a 9 metre long 
by 4 metre wide area. A section of the panel with dimensions 
of the force plate (OR-6-2000, AMTI, Watertown, Mass) was 
sectioned and affixed to the force plate. The surrounding 
acrylic “ice” was drilled, secured and countersunk to the floor. 
A glycerol solution was generously sprayed on the acrylic 
prior to each testing session to lubricate the testing area and 
reduce the coefficient of friction so as to replicate the 
properties of real ice. The participants were instructed to skate 
at a consistent velocity, with the research staff shifting their 
starting point to naturally generate the propulsion (toe off) 
phase occur on top of the force plate. Five trials were recorded 
(sampling frequency=1000 hz) for each participant.  
 
Total ground reaction force (tGRF) was calculated as the 
resultant vector of the three components of the forces 
measured by the force plates. Whereas the total shear force 
(tShear) was calculated as the resultant force vector of the 
anterior-posterior and medial-lateral forces recorded. The 
impulses pertaining to tGRF and tShear were calculated and 
normalized to each participant’s body weight. Ice contact time 
was also recorded. 
 
RESULTS AND DISCUSSION 
Typical force-time traces of the vertical force component (Fz), 
the tGRF and tShear during a contact phase of the skating 
stride is illustrated in Figure 1. The average maximum total 
ground reaction force was determined to be 149.2% of body 
weight (sd ± 29.4%). The total ground reaction force impulse 
(26.4%, sd ± 10.9%) provides a comprehensive statistic in 
determining force production because it demonstrates the total 
amount of force produced throughout the propulsion phase. 
An average maximum shear force of 50.3% BW (sd ± 22.3%) 
was produced.  The impulse of the shear force was 6.9% BW 
(sd ± 3.0%). The impulse of the shear force is a vital statistic 
as it is a function of the magnitude and duration of the force 
that propels the skater. Average contact time was 0.259 



seconds (±0.099). Even with large variations, which were 
mostly a result of between-subject differences, the within-
subject variations were smaller. 
The disadvantage of the limited number of subjects analyzed 
was exhibited through the high amount of variance in the 
statistical data. Even with the large variance, it was 
demonstrated, via capture of the entire contact phase of the 
skating stride, that this methodology was effective in capturing 
the forces during the naturally occurring skating stride. 
Additionally, the kinetic measurements in Table 1 are similar 
to previous reported force values [3] for a skating stride. 
 
CONCLUSIONS 
This study determined that force plates can be a viable method 
of measuring the force transferred to the ice. The results 
demonstrated the successful capture of the forces exerted by 
the skate on the skating surface during the contact phase of the 
skating stride. 
 
Further utilization of this force measurement method in 
combination with kinematics, muscle activity and pressure 
distribution would be valuable to determine how interventions 
would affect the performance of a skating stride. 
 

 
Figure 1: Example of forces of a skating stride relative to 
body weight. 
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Table 1: Kinetic measurements of a skating stride with a force plate. 

Measure Mean Std Dev Range 
Ground Reaction Force (BW%) 149.15% ±29.37% 104.56 - 208.01% 

GRF Impulse (BW%/s) 26.38% ±10.89% 6.62 - 59.63% 
Shear Force (BW%) 50.33% ±22.26% 9.86 - 89.85% 

Shear Impulse (BW%/s) 6.87% ±3.01% 1.10 - 12.22% 
Contact Time (sec) 0.259 ±0.010 0.10 - 0.51 
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