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Executive Summary 

ROKET GEAR has developed a wearable training system for hockey skating. The system 
consists of a carrier device that is securely attached to the shank or lower leg. The device 
has a series of pockets to which weights can be incrementally added and distributed on 
the leg to increase the workload during skate training. The additional load is meant to 
provide an opportunity to increase strength of the lower leg muscles through sport specific 
movement training.  

The purpose of this investigation was to determine the relationship between 
added mass and changes in skating kinematics. 

Ten hockey athletes performed forward skating, backward skating, forward crossovers 
and backward crossovers. Each movement was performed with five different conditions, 
one control (no added system) and four experimental conditions with the ROKET GEAR 
training system and different weights added to both right and left legs. The four 
experimental conditions had the following mass added to each leg: 0.907 kg, 1.360 kg, 
1.814 kg and 2.267 kg (2, 3, 4, 5 lbs respectively). This range coincided with the addition 
of 8, 12, 16 and 20 of the ROKET GEAR mass pieces to the carrier. 

During the trials lower leg kinematics (knee and hip angles) were measured using an 
inertial measurement unit motion capture suit. Multiple trials for each movement and 
condition were collected and skating speed was monitored using timing lights for each 
trial. 

The athletes were able to maintain their skating speeds with the added masses. Absolute 
movement patterns remained relatively unchanged as knee and hip angles did not 
change with with added mass.
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Introduction 

Hockey performance is highly linked to skating performance. Skating is a unique 
movement pattern that is a combination of strength and technique. Locomotion in skating 
is based on a glide technique with the motion of each leg undergoing a glide phase, a 
push phase and a recovery phase (Boer, Vos, Hutter, Groot and Ingen Schenau, 1986; 
Ingen Schenau, Boer and Groot, 1987). The push-off leg generates push-off forces that 
are at an angle to the direction of the gliding skate blade and the energy is provided by 
the ankle, knee and hip extensors. Hockey players generate horizontal speed with a 
sideways push off since ice does not provide enough friction to generate propulsive forces 
during a backwards pushing movement. The angle that the athlete pushes with respect 
to the direction of motion is approximately 20-30 degrees (Humble and Gastwirth, 1988). 
Thus, propulsion in skating is unlike most forms of locomotion where the propulsive forces 
are in the opposite direction of the movement, for example pushing backward to move 
forward in running. 

Sport specific training is becoming increasingly popular. An underlying premise in training 
specificity is that the physiological training response will be dependent on the training 
stimulus (Kraemer et al., 2002). Thus, it is believed that responses to specific training 
exercises will be best suited to cope with future execution of such exercises. In other 
words, if you want to increase a sport performance, you need to train the specific 
movement patterns associated with that sport. This is especially true for movements or 
activities that require unique movement patterns, such as skating as described above. 
Ankle and wrist weights have been used for many years to increase workload during 
different locomotion activities. These interventions have been shown to increase energy 
expenditure during walking (Skinner and Barrick, 1990) and running (Claremont and Hall, 
1988). Although this concept shows promise for increasing intensity during sport specific 
training, scientific knowledge about actual application in sport and specifically in hockey 
is limited. Additionally, the point mass designs of ankle and wrist weights have shown to 
alter movement patterns (Bhambhani, Gomes and Wheeler, 1990), which may have a 
negative influence on technique if applied for sport specific training.  
  
ROKET GEAR have developed a wearable training system that allows weight to be added 
to the lower leg for sport specific training during skating. The system is easy to implement 
and can be used in conjunction with current protective equipment. ROCKET GEAR’s 
unique design has two main improvements over previous designs, namely 1) the amount 
of added weight is easily adjusted and 2) the position of the added weight is also easily 
adjusted. As a result, it is believed that this proprietary design will allow for an increased 
sport specific workload without the negative consequences of changing the technique or 
skating movement. However, this needs to be confirmed.  
  
Therefore, the purpose of this investigation was to determine the relationship 
between added mass and changes in skating kinematics. 
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Methods  
 
General 
Ten hockey athletes (Table 1) performed four movements: forward skating, backward 
skating, forward crossovers, backward crossovers. Each participant wore their own 
helmet, gloves, skates and shin pads. Each movement was performed with five different 
conditions, one control (no added system) and four experimental conditions with the 
ROKET GEAR training system and different weights added to both right and left legs. 
During the trials, lower leg kinematics (knee and hip angles) were measured using an 
inertial measurement unit (IMU) motion capture suit that the participants wore. Multiple 
trials for each movement and condition were collected and skating speed was monitored 
using timing lights for each trial. 
 
Table 1. Characteristics of the ten participants recruited for the study. 
 

Athlete Age Height [m] Mass [kg] Skating Speed [ms-1] 
1 41 1.84 77 6.1 
2 24 1.68 87 5.3 
3 34 1.77 86 7.2 
4 33 1.68 77 6.6 
5 24 1.73 98 6.6 
6 28 1.66 65 3.4 
7 32 1.64 75 6.4 
8 27 1.93 91 6.7 
9 54 1.82 72 5.9 

10 29 1.88 75 4.6 
Mean 32.6 1.76 80.3 5.9 

 
Movements 
For the forward skating trials, Brower timing lights were placed at both blue lines. The 
timing lights were used to measure the time required to complete each trial, which was 
then used to determine an average skating velocity. Athletes started a few meters before 
the blue line, accelerated to the blue line and then maintained a relatively constant speed 
skating to the opposite blue line. Similarly, for the backward skating trials, athletes 
accelerated to the blue line and then data were collected while skating backwards 
between the two blue lines. For both the forward and backward skating trials the distance 
covered was approximately 17.7m. Three trials per condition were performed for each of 
the forward and backwards skating movements.  
 
For the forward cross-over trials, athletes completed a full lap around one of the face off 
circles (radius = 4.5m). Athletes were allowed to accelerate before triggering a set of 
timing lights. They then performed skating cross overs traveling around one full face off 
circle before again triggering the same set of timing lights to complete the trial. Backwards 
cross-over trials followed the same protocol. Timing lights were moved to a new face off 
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circle for each condition to avoid any effect of ice degredation on the data. Three trials 
per condition were performed for each of the forward and backward cross over skating 
movements. 
 
Conditions 
The control condition consisted of each participant skating without the weighted wearable 
system. The four experimental conditions were performed with the ROKET GEAR training 
system securely placed over top of the participants’ shin pads on both right and left legs 
(Figure 1). The four experimental conditions varied with respect to the amount of mass 
added to each leg: 0.907 kg, 1.360 kg, 1.814 kg and 2.267 kg (2, 3, 4, 5 lbs respectively). 
This range coincided with the addition of 8, 12, 16 and 20 of the ROKET GEAR mass 
pieces to the carrier.  
 

      
 

Figure 1.  Photograph of an athlete wearing the weighted wearable system and 
instrumentation. 

 
 
Data Collection 
Three-dimensional kinematics of the skaters were measured at 240 Hz using a full body 
inertial motion capture system (Xsens, Xsens Technologies B.V.). The motion capture 
system consisted of 17 motion trackers placed at various locations on the body with each 
tracker containing a 3D linear accelerometer, 3D rate gyroscope, 3D magnetometer and 
a barometer (Figures 2 and 3). Following placement of the trackers a neutral pose was 
taken that defined the anatomical axis while also determining the relative 
orientation/location of each tracker. Following completion of the calibration pose, a joint 
coordinate system was established allowing 3D kinematics to be measured during each 
task (Zhang, Novak, Brouwer and Qingguo, L, 2013).  
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Figure 2.  Photograph of a participant wearing the Xsens motion capture system. 
 
 

 
Figure 3. Diagram of the inertial sensor locations (left), the corresponding joint 

coordinate system (middle) and the 3D motion data (right).  
 
Data Analysis  
For each forward skate, backward skate, forward cross over and backward cross over 
trial, data were analyzed for four strides. Thus in total, 12 strides per condition and 
movement were analyzed for each athlete. Peak flexion and extension angles of the knee 
and hip were calculated from the motion capture data. Joint range of motion (the 
difference between the peak flexion and the peak extension angles) of each of the joints 
was also determined and used to quantify peak joint angular velocities.  
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Results and Discussion 
 
Skating Speed 
The average skating speeds with the different conditions are found in Table 2. Skaters 
were asked to maintain constant speeds across conditions and as can be seen, skating 
speed remained fairly consistent even as weights were added to the their legs. Forward 
and backward skating speeds appeared to decline slightly as the amount of weight 
increased. Cross over speeds tended to remain constant as the amount of weight 
increased.  
 
Table 2. Average skating speed (and standard deviation) when the participants 

skated with the different conditions.  
 

Condition  
Forward 

[m/s] 
Backward  

[m/s] 
Forward Cross Over 

[m/s] 
Backward Cross Over 

[m/s] 
Control 7.7(1.9) 5.8(1.6) 5.4(1.0) 4.4(1.0) 

     
8 pcs 7.7(1.9) 5.8(1.6) 5.4(0.9) 4.5(0.9) 

     
12 pcs 7.4(1.7) 5.8(1.4) 5.4(0.8) 4.6(0.8) 

     
16 pcs 7.6(1.6) 5.7(1.3) 5.5(0.9) 4.6(0.9) 

     
20 pcs 7.4(1.5) 5.6(1.3) 5.4(1.0) 4.6(0.9) 

     
     

 
Kinematics 
Minimal changes were found in the knee and hip angles (min, max) when additional 
weight was added to the skaters with the ROKET GEAR system (Figures 4 and 5). Thus, 
the general movement patterns were maintained even with as much as five lbs of 
additional weight added to each leg. However, differences were seen in the joint angular 
velocities (Figures 6 and 7).  
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Figure 4. Average knee joint angles during the various skating movements with the 

different weighted wearable conditions.  
 
 

 
 
Figure 5. Average hip joint angles during the various skating movements with the 

different weighted wearable conditions.  
 
As the amount of added weight increased, peak knee extension velocities tended to 
decrease. There was a slight increase in average knee extension velocity when the first 
two pounds were added but then a fairly consistent decrease in velocity as additional 
mass was added. This was true for all the movements but was especially pronounced 
during forward skating.  
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Figure 6. Peak knee joint extension angular velocity during the various skating 

movements with the different weighted wearable conditions.  
 

 
 
Figure 7. Peak hip joint extension angular velocity during the various skating 

movements with the different weighted wearable conditions.  
 
Hip extension velocities stayed fairly consistent as the amount of added weight increased.  
The average hip extension velocities appeared to possibly decrease slightly with added 
mass, to a much lesser extent than the knee angular velocities.  
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Summary 
ROKET GEAR developed their weighted wearable system as a skating training tool. The 
premise of the design is to increase the workload during skating with the ultimate goal of 
increasing muscle strength. It was hypothesized that skating movements would remain 
fairly constant until a substantial amount of mass was added, at which point skaters would 
have to modify their movement pattern to adjust to the added mass. 

The athletes were able to maintain their skating speeds with the added masses, with only 
minor reductions in forward and backward skating speeds with added mass. Absolute 
movement patterns remained relatively unchanged as knee and hip angles did not 
change with with added mass.
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