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INTRODUCTION 

Each year many knee or ankle injuries occur in soccer. In 

the U.S alone, there are approximately 80 000 ACL injuries 

per year [1]. In soccer, ACL injuries are mostly prevalent 

during non-contact situations such as sidestepping 

maneuvers or a sudden change of direction [2, 3]. The most 

likely extrinsic risk factors for injuries relate to the traction, 

the interaction between shoe and playing surface [4]. It is 

recommended that the traction between a shoe and the 

playing surface lies within an optimal range, i.e. the shoe-

surface interaction has to generate sufficient traction for 

dynamic movements, to prevent slipping incidents [5], 

without generating excessive rotational traction which leads 

to an increased risk of serious injuries. 

Previously reported devices to test the interaction between 

shoe and surface have limitations such as the fact that only 

the forefoot cleats are tested [1], or that only the rotational 

interaction is tested [6]. 

To measure the traction between the shoe and the surface, a 

testing device has been developed. The main difference with 

existing devices is that this device is able to simulate both 

rotational and translational (sidestepping) movements.  

 

 

METHODS 

The operation of the testing device is based on the 

application of forces on a shaft with lever arm, attached to a 

prosthetic foot. Figure 1 shows in a schematic way the 

applied forces for the rotational and the translational mode. 

These forces originate from the weight of a water-filled 

container suspended in the device (Figure 2). A system of 

pulleys connects the container with the lever arm/shaft in the 

respective modes.   

 
 

Figure 1: Schematic overview of applied forces to test 

rotational (left) and translational (right) interaction.  

 

The use of the pulleys in both the rotational (Figure 3) and 

the translational mode (Figure 4) is different in such a way 

that the forces apply on different locations (on the lever arm 

or on the shaft) to provide the needed torque (rotational 

mode) or forces (translational mode). During the 

experiments, the applied force must increase. To this end, 

the weight of the container builds up during the carrying out 

of the experiment, because water from a reservoir on top of 

the measuring device (part 1 in Figure 2) is poured in a 

controlled way into the container. Tests can start with initial 

weights placed in the container, e.g. in case of huge friction 

between shoe and surface.  

The device consists of an upper and lower part, to ease 

transportation and to enable the placement of weights of 5 to 

60 kg on top of the prosthetic foot, to increase the normal 

force.  

The shaft with the foot is either placed in cylindrical 

bearings or it is connected to a sliding part using linear 

bearings. In case of a rotational test, the sliders are blocked, 

in case of a translational test, rotation is blocked 

mechanically.  
 

 

Figure 2:  Shoe-surface interaction testing device (in 

translational mode):  (1) reservoir, (2) tap and tubes, (3) 

upper part, (4) lower part, (5) surface to be tested.  

 

A load cell (ZFA25, Scaime, France) continuously measures 

the applied forces. The testing device is further equipped 

with a Hall sensor (SS490 series, Honeywell, USA) to 

measure the relative rotation between shaft and testing 

device in rotational mode, and with an IR distance sensor 

(GP2IR, SHARP, Japan) to measure the displacement in 

translational mode. All signals are collected and converted 

in a 12-bit DAQ (NI USB-6008, National Instruments, 

USA) and further analyzed on a standard PC. All cables are 

shielded to prevent noise.  



The experiments are performed with a LabVIEW program 

(LabVIEW 8.5, National Instruments, U.S.A.). This 

program consists of following parts: set-up (choice of mode, 

choice of data store location, check of initial position), 

execution (user can follow progress of experiment on a 

displacement versus torque/force graph), output 

(information is sent to .txt file). These data are further 

analyzed using Excel. 
 

 

Figure 3:  Inner part of testing device in translational mode 

of operation: (6) container, (7) pulleys, (8) reinforced anti-

tilting frame, (9) load cell, (10) rope, (11) translational 

guiding system. 

 

Figure 4: Inner part of testing device in rotational mode: 

(12) pulleys, (13) load cell, (14, 15) rope, (16) support 

pulley.  

 

 

RESULTS AND DISCUSSION 

The device was constructed and tested with a soccer shoe 

(Mundial Team, Adidas, Germany) on an artificial turf 

soccer field (Desso Chalenge Pro, Desso Sports Systems, 

Belgium). An extra weight of 5 kg was placed in the device, 

resulting in a total weight of the leg and foot of 9.7 kg. 

Hence, the normal force was 95.2 N.  These tests resulted in 

a series of force versus displacement (for the translational 

mode) and torque versus angular displacement (for the 

rotational mode) curves (Figures 5 and 6). These curves 

show an initial build up of force (torque) followed by a 

relatively continuous force (torque). This is in line with 

other research [1, 6]. There, this continuous force is often 

followed by a decreasing force. This is not expected with the 

present device because it is designed to investigate the 

increase of force (torque) and the maximum force (torque). 

Both the force (torque) in function of the displacement 

(rotation) and the maximum force (torque) will be used to 

test different shoe-surface combinations.  
 

 

Figure 5: Example of translational force versus 

displacement curve in translational mode. 

 
 

Figure 6: Example of torque versus angular displacement in 

rotational mode.  

 

 

CONCLUSIONS 

A new testing device has been developed to test the 

interaction between shoe and surface. Its main advantage is 

that this device is able to simulate both rotational and 

translational (sidestepping) movements. Moreover, this 

device is able to perform tests with the ankle in 0°, 5° and 

10° of varus/valgus and extension/flexion. The first results 

with the device are in line with the literature.   
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