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RESULTS

The  exported mesh model with texture and color (See Figure 3) were processed through the steps of noise and
redundant data removal, smoothing and marker enhancement in Geomagic Studio 11. Meshlab 3.2(64-bit) was used
for final check and three-dimensional demonstration. The normal standing, medium heel and high heel postures are
the three main categories for measurement. The XY datum plane is determined by 3-point method through randomly
picking 3 points far apart to each other and distributed uniformly on the ground mesh data. 

Afterwards, the distances from the XY datum plane to each landmark and the linear distances between some of the
landmarks in the three postures are measured in Geomagic Studio 11, too. The result can be seen in Table 3.  
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Figure 3. Three-dimensional mesh model, a: low heel (20mm); b: medium heel (40mm); c: high heel (70mm)
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Table 3. Distances between the landmarks and the XY datum plane (8 key landmarks of the 14 are chosen)

Anatomical landmark

Distance to XY datum plane (mm)

Low(20mm)
Medium
(40mm)

High (70mm)

Lateral malleolus 67.519 125.218 136.200

Fifth metatarsophalangeal joints 28.390 42.704 43.610

Tuberosity of fifth metatarsalis 20.653 62.380 69.758

Medial malleolus 78.772 123.758 142.690

Navicular tubercle 43.055 81.426 91.735

First metatarso-phalangeal joint 35.601 47.463 42.783

Second metatarso-phalangeal joint 33.826 49.224 48.286

Calcaneal tuberosity 29.895 86.257 114.373

CONCLUSIONS

Through measurements on the textured foot mesh model, we can draw the posture features through key landmarks’
location. Since it  is widely accepted that  the anatomical landmarks  can  reflect  the  inner structure  status  during
different postures, they can be regarded as descriptions of foot postures in terms of their distinguishing status of
different anatomical parts, such as tensioning and compressing. What the new representing method presented in this
paper  contributes  to  foot  anatomy  status  analysis  most  is  its  qualitative  conclusion  from  the  quantitative
measurements.  For  instance,  through  the  measured  distances  of  head  of  1st  metatarsal  bone  and  the  medial
cuneiform in Table 3,  the angles  in terms of  the  1st  metatarsal  bone (regarded  as a line segment)  between its
geometrical status from the normal standing to the medium posture, and from medium to high heel posture, can be
calculated. Although due to skin movements and touching errors caused by manual operation by the occupational
therapist, the angles may be effectively used for analyzing the stress status of the 1st metatarsal bone and even the
whole foot arch. 
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