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INTRODUCTION

Indoor running facilities have evolved with various configurations and sizes. Often tracks may incorporate banked curves in an attempt to compensate for body lean presumably to enhance running performance and / or reduce lower limb injuries. More specifically, it is thought that a banked curve put less torque on the ankles and that it is easier to reach maximum speed without being injured (Greene 1987). However, the validity of this rationale has not been vetted with scientific verification; indeed, some evidence suggested that, conversely, indoor track running may adversely alter running symmetry and increase risks of injury (Beukeboom et al. 2000). Hence, the intent of this study was to investigate the mechanics of curved running with and without banked surfaces on an indoor track.

METHODS

Seven male elite mid-distance runners ran at 3.8 m/s and 7.0 m/s in three different conditions: (1) straight, and curve with (2) 0% side inclination or (3) 19% (11°) side inclination (Fig 1). Subjects’ mean (±SD) age, height and body mass of the participants were as follows: 20.6 ± 3.0 years, 67.8 ± 3.9 kg and 178.2 ± 4.7 cm.  The turn radius at 0% incline was 24.8m and at 19% it was 25.7m: a difference of 3.5%.  
Figure 1. 
Rear view of a subject running for each curved condition and speed. 
A) Curve 19% at 7.0 m/s; 
B) Curve 19% at 3.8 m/s; 
C) Curve   0% at 7.0 m/s; 
D) Curve   0% at 3.8 m/s

Measures of lower limb kinematics (knee flexion / extension; ankle plantar / dorsi flexion and ankle inversion / eversion), muscle activation (tibialis anterior -TA- peroneus longus -PL- and gastrocnemius lateralis -GL), and plantar pressures were obtained bilaterally during the running conditions.  Joint angular measures were obtained using electro-goniometers (XM 110 Penny & Giles, UK) placed lateral to the knee and poster to the ankle (aligned with the long axes of the Achilles and calcaneus) while EMG measures were obtained using six surface bipolar pre-amplifier sensors SX230 (Biometrics Ltd., UK) with a gain of 1000, bandwidth of 20-450 Hz then normalized to isometric MVCs.  Data were recorded at 200 and 1000 Hz, respectively, to a DataLOGII P3X8 (Biometrics Ltd., UK) contained within camel backpack. For plantar pressure, a total of 8 piezo-resistive sensors (Force Sensor Array, Verg Inc., CAN) were placed under the plantar surface of each foot. For each foot, the pressure sensors were positioned under the following anatomical sites: lateral heel, medial heel, lateral mid-foot, medial mid-foot, first, third and fourth metatarsal heads, and hallux.  From the know positions of the sensors for each foot, the center of pressure path on the plantar surface was estimated during the stance. Pressure values were recorded to a portable data logger at a sampling rate of 100 Hz.  Concurrent digital video records were collected to assess whole body lean.
Testing order was block randomized. A within-subject repeated measures analysis of variance (ANOVA) was used to test the main effect of running condition, speed, and leg side (Statistica, 5.1)

RESULTS AND DISCUSSION
Significant differences were found in body lean angle between speeds but not between curve inclinations (5.7° and 14.9° at 3.8 m/s and. 7.0 m/s respectively).  As expected, differences were observed for dependant variables between speeds (p<0.001); however, minimal differences existed between sloped conditions.  Trends in muscle activation differences were seen for TA, GL, and PL.  For example, TA tended to be more active in the curves compared to straight running condition at 7.0 m/s bilaterally.  TA measures were found to be greater on the right versus left limb for all conditions at 3.8 m/s.  The left GL activation were higher than the right at Curve 19% at both speeds.  A similar trend was present for PL with greater EMG activity for the left leg for condition Curve 19%. With regards to plantar pressures, a significant main effect was identified with respect to 4th metatarsal head location between 0% curve and straight running (p< 0.01).
In summary, despite clear evidence of whole body lean, minimal gross differences in running mechanics were observed in the lower limb.  Possibly, this may in part be explained by prior adaptations of the subjects due to their habitual running within the same indoor track. Nonetheless, the question of how the body accommodates to the asymmetric bilateral foot support conditions during curved running still remains.  Refinement in the test protocol is warranted e.g. measurement of fore-foot varus-valgus as opposed to rear-foot would better identify foot strike changes in orientation for mid-foot strikers.  Similarly, the ability to account for shear as opposed to perpendicular induced plantar pressures may be more relevant in locomotion involving changes in trajectory.
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