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INTRODUCTION 

In sport, a large percentage of ankle injuries are inversion 

sprains (22-65%) [1], with the primary cause thought to be an 

excessive inversion moment, which exceeds the internal 

eversion moment provided by the peroneal muscles when the 

ankle is in a plantarflexed and inverted position [2]. As well it 

is thought that if the foot is placed in a dangerous position that 

the reaction time of the peroneal muscles may be too slow to 

prevent injury [3].  

 

Performance is also an important aspect of sports footwear, 

and running on a banked curve has been thought to increase 

performance by realigning the ground reaction force vector, 

providing less vertical component and a greater horizontal 

component [4]. As well force generation by leg extensor 

muscles may be compromised when the joints are not aligned. 

A theoretical model has shown performance increases of up to 

10% for banked situations [5] with performance decreases of 

up to 10% being seen with ankle eversion of only 30
o
. 

 

Not many studies have determined how banking affects the 

kinematics and kinetics of the lower extremity during lateral 

sport movements. Therefore the purpose of this project was to 

determine how different lateral bank angles during lateral 

movements would affect kinematic and kinetic measures of 

the lower extremities. 

 

METHODS 

Kinematic and kinetic data were collected on 6 recreational 

athletes performing v-cuts and side shuffles on different 

banked surfaces. The different surfaces consisted of a flat 

surface, a surface with a bank angle of 10
o
, and a surface with 

a bank angle of 20
o
. All surfaces were constructed of the same 

plywood material. Five trials per condition were performed of 

both a v-cut and side shuffle with reflective markers placed on 

the right shank,  rearfoot and forefoot of the shoe of each 

subject. Eight high speed cameras (240Hz) were used to 

record kinematic data and a Kistler force plate (2400Hz) was 

used to record kinetic data. Each sample surface was rigidly 

attached to the force platform. Joint moments were calculated 

with inverse dynamics and a repeated measures ANOVA was 

used to compare the conditions using a bonferroni correction 

for multiple comparisons (α=0.05).  

 

RESULTS AND DISCUSSION 

The effect of the banking angle on the kinematics and kinetics 

of the lower extremity of the six subjects can be seen in tables 

1 and 2 for the side shuffle and v-cut respectively.  

 

For the ankle joint, the transverse plane ankle joint angular 

impulse was significantly reduced for the side shuffle and v-

cut with the 20
o
 bank angle (p=0.005 and p=0.044 

respectively). As well the frontal plane ankle joint angular 

impulse was significantly reduced in the 10
o
 bank during the 

side shuffle (p<0.001) and showed the trend of being reduced 

with the 20
o
 bank for the v-cut (p=0.1). This reduction of 

transverse and frontal plane loading with the bank may help to 

reduce the risk of injury. No significant differences were seen 

with regards to knee joint loading in these two planes. Joint 

loading curves during the side shuffle and v-cut can be seen in 

figure 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In terms of performance, the horizontal ground reaction 

impulse was significantly increased in the 20
o
 bank for the 

side shuffle and v-cut (p<0.001 and p=0.002 respectively), and 

showed the trend of increasing for the 10
o
 bank during the v-

cut (p=0.061). The vertical ground reaction impulse also was 

significantly decreased for the 20
o
 bank for the side shuffle 

(p=0.007) and showed the same trend of being reduced for the 

v-cut (p=0.093). As well the sagittal plane angular impulse at 

the ankle was significantly higher in the 10
o
 bank during the 

side shuffle (p=0.05) and 20
o
 bank during the v-cut (0.011). 

For the v-cut the sagittal plane knee joint angular impulse 

were significantly increased with the 10
o
 bank (p=0.029). The 

sagittal plane is the plane with which flexion and extension of 

the ankle and knee joints occur, so the increase provided by 

the banking will likely lead to an increase in performance by 

facilitating these movements. The reorientation of the ground 

reaction force vector has also been seen previously [4] and 

would allow the athlete to perform quicker horizontal 

movements. 

 

The reduction of the loading in the transverse and frontal 

planes was due to the alignment of the foot and shank at the 

ankle joint during touchdown. When comparing the magnitude 

of the ground reaction impulse vector across conditions no 

significant differences were seen (480Ns and 347Ns for 0
o
, 

Figure 1: Average joint loading curves during normalized 

stance time for the side shuffle (left) and v-cut 

(right) for the three external banking angles.  
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Figure 3: Average moment arm values for the side 

shuffle (left) and v-cut (right) for the three 

external banking angles. Data are from 6 

subjects. Solid black lines indicate a 

significant difference between conditions. 

 

462Ns and 368Ns for 10
o
, 358 and 352Ns for 20

o
). Therefore 

the changes in moments were due to the positioning of the 

limbs. As can be seen in figure 2, the ankle inversion angle is 

significantly reduced for both the 10
o
 and 20

o
 bank during the 

side shuffle (p<0.001 and p=0.005 respectively) and for the 

20
o
 bank during the v-cut (p=0.026), which caused a reduction 

in the moments by reducing the moment arm, causing the 

ground reaction force vector to pass closer to the ankle joint 

center (figure 3). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CONCLUSIONS 

It can be seen that banking had a pronounced effect most 

notably at the ankle joint. As banking angle increased, the 

amount of joint loading in the transverse and frontal planes 

decreased, likely reducing the risk of injury. Conversely 

loading in the sagittal plane at the knee and ankle increased 

with banking, and coupled with a reorientation of the ground 

reaction force vector may facilitate a performance increase. 
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Table 1:  Average values of ground reaction impulse, ankle angular impulse, knee angular impulse and ankle inversion, rearfoot 

eversion, forefoot eversion and torsion angle for the 0
o
, 10

o
 and 20

o
 bank conditions during the side shuffle. Bold 

values indicate a significant difference between the banked condition (10
o
 and 20

o
) and the flat condition (0

o
). 

Bank Ground Reaction Impulse [Ns] Ankle Angular Impulse [Nms] Knee Angular Impulse [Nms] Angles [deg] 

 

Vertical  Horizontal  Transverse Frontal Sagittal Transverse Frontal Sagittal Ankle Rearfoot Forefoot Torsion 

0 407 254 27.7 17.0 44.8 7.82 16.7 19.8 32.1 0.88 -10.8 18.7 

10 373 272 23.5 11.7 52.4 8.41 14.8 21.2 27.1 9.59 1.55 17.5 

20 328 282 17.9 13.1 51.0 7.09 15.8 16.8 21.5 16.8 10.8 14.7 

 

 

Table 2:  Average values of ground reaction impulse, ankle angular impulse, knee angular impulse and ankle inversion, rearfoot 

eversion, forefoot eversion and torsion angle for the 0
o
, 10

o
 and 20

o
 bank conditions during the v-cut. Bold values 

indicate a significant difference between the banked condition (10
o
 and 20

o
) and the flat condition (0

o
). 

Bank Ground Reaction Impulse [Ns] Ankle Angular Impulse [Nms] Knee Angular Impulse [Nms] Angles [deg] 

 

Vertical  Horizontal  Transverse Frontal Sagittal Transverse Frontal Sagittal Ankle Rearfoot Forefoot Torsion 

0 301 173 17.76 13.34 32.37 5.15 14.93 11.42 29.80 2.14 4.10 12.95 

10 302 209 16.46 11.09 36.23 5.90 17.32 14.87 25.43 9.55 6.72 10.86 

20 275 219 11.82 10.02 37.19 4.73 18.38 11.53 22.21 15.56 9.94 8.27 

Figure 2:  Average kinematic curves during normalized 

stance time for the side shuffle (left) and v-cut 

(right) for the three external banking angles.  
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