Evaluation of forefoot structure with increasing of heel height using weight-bearing plantar ultrasound imaging device.
_______________________________________________________________

【Background】
[bookmark: _GoBack]90% of women experience forefoot pain when they wear high heels. Therefore, it is important to monitor the forefoot structure when they wear heels. Although there are a lot of imaging methods to evaluate forefoot structure, most of them are not convenient to use and none of them could measure forefoot structure under weight-bearing conditions. This study aims to evaluate forefoot structures during increased heel height using Ultrasound machine which can measure feet under weight-bearing environment.

【Objectives】
We assessed how heel height relates to forefoot structure and transverse arch with weight-bearing.

【Methods】
90 women (n=178 feet) participated in this study. We prepared two modified high heels that inclined 15 and 30 degree, and we developed weight-bearing plantar ultrasound imaging device(WPUID) to evaluate the height of each metatarsal bones, the length between medial sesamoid bone and 5th metatarsal bone, transverse arch height, and the gross area under transverse arch. Data were statistically analyzed using One-Way ANOVA (p<0.05).

【Results】
With the increase of heel height, the height of lateral sesamoid bone and 2nd to 5th metatarsal head bones statistically dropped down, and the length between medial sesamoid bone and 5th metatarsal bone statistically shortened. There is no significant difference between transverse arch height and heel height. The gross area under transverse arch is statistically reduced, especially the area between under the lateral sesamoid bone and 2nd metatarsal head bone was extremely reduced.

【Discussion】
These results show that the increase of heel height reduces soft-tissue under transverse arch. High heel makes metatarsophalangeal joints dorsiflexed position and it causes windlass mechanism of foot which is known to support the longitudinal arch in a higher arched position and reduce ground reaction force in normal environment. Windlass mechanism in high-heeled situation brought forefoot structure to shorten the length between metatarsal bones and it reduced the gross area under transverse arch. 

【Conclusion】
We investigated how heel height relate to forefoot structure with weight-bearing situation using WPUID and found that the middle to lateral side of forefoot bones dropped down, the length between forefoot bones shortened, and the gross area under transverse arch was reduced with the increase of heel height.
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