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The Visible Korean: Movable Surface Models of the Foot
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Abstract : Movable surface models are needed for anatomy education and the electromagnetic radiation industry.
The purpose of this study is to present how to make movable surface models in detail, so that anyone can make
movable surface models for the desired purpose. In addition, it helps students and researchers who need to know
joint motion to study anatomy. Using Photoshop software, the segmented images of 53 structures of leg and foot
were created based on the female sectioned images of Visible Korean. In Mimics software, the surface models were
created by stacking and surface-reconstructing the segmented images. In Maya software, two virtual joints were
inserted in the ankle joint and subtalar joint of the surface models, and in Ziva software, the properties of the bone
and muscle surface models were made like real bones and muscles. By rotating the bones on virtual joints in Maya,
plantar flexion, dorsiflexion, inversion, or eversion of the foot surface models were checked. The surface models
were made as PDF using Deep Exploration software and Adobe Acrobat software. All surface models were saved
as MB files, OblJ files, and PDF files. In Maya software and Adobe Reader software, the surface models could
be moved in anatomical position, plantar flexion, dorsiflexion, inversion, and eversion. In this study, commercial
software was used to find a way to move the structure of surface models as if it were real. In the near future, using
the technology developed in this study, the movements on all joints in the surface models of Visible Korean will be
materialized. When the movable surface models with these movements are made, it will be very useful not only for

anatomy education but also for industrial use.
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Table 1. 53 structures of surface models for four movements of foot
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Photoshop CC 2018 (Adobe Systems, Inc., San Jose,
CA, USA)2] Magnetic Lasso TS A Tk gA o] A
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System Structures of surface models

Skeletal

Tibia, Fibula, Talus, Calcaneus, Navicular, Medial cuneiform, Intermediate cuneiform, Lateral cuneiform, Cuboid,

first metatarsal bone, Second metatarsal bone, Third metatarsal bone, Forth metatarsal bone, Fifth metatarsal bone,
first Proximal phalanx, Second proximal phalanx, Third proximal phalanx, Forth proximal phalanx, Fifth proximal
phalanx, Second middle phalanx, Third middle phalanx, Forth middle phalanx, Fifth middle phalanx, first distal
phalanx, Second distal phalanx, Third distal phalanx, Forth distal phalanx, Fifth distal phalanx

Muscular

Tibialis anterior muscle™, Extensor digitorum longus muscle Fibularis tertius muscle’, Extensor hallucis longus
muscle, Fibularis longus muscle*§ Fibularis brevis muscle™

, Gastrocnemius muscle*, Soleus muscle*, Calcaneal

tendon*, Tibialis posterior muscle"‘Jr Flexor digitorum longus muscle, Flexor hallucis longus muscle, Extensor
hallucis brevis muscle, Extensor digitorum brevis muscle, Abductor hallucis muscle, Flexor hallucis brevis muscle,
Adductor hallucis muscle Oblique head, Adductor hallucis muscle Transverse head, Abductor digiti minimi muscle,
Flexor digiti minimi brevis muscle, Flexor digitorum brevis muscle, Quadratus plantae muscle, Lumbrical muscles,
Dorsal interossei muscles, Plantar interossei muscles

Integumentary Skin

*Plantar flexion, "Dorsiflexion, *Inversion, ‘Eversion; Plantar flexion and dorsiflexion occur in ankle joint (between distal end of tibia and fibula and the
superior part of the talus) and inversion and eversion occur subtalar joint (between calcaneus and talus).
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Fig. 1. Full process for making movable surface models of the Leg and foot. After importing the surface models of Visible Korean in Maya,
(A) two virtual joints were created in the ankle and subtalar joints of the surface models using the Create joints tool in Maya. (B) Using the
Bind Skin tool in Maya, the virtual joints were combined with surface models of bones, muscles, and skin. (e.g., both virtual joint and an-
kle joint moved together in plantar joint). (C) Using the Paint Skin Weight tool in Maya, the original shape of the bone surface models was
preserved. (D) Using the Tissue tool in Ziva, the muscle surface models were converted to be deformable. (E) Using the Attachment - Fixed
type tool in Ziva, both ends of the muscle surface models were attached to their origin and insertion spots on the bone surface models (red). (F)
Using Attachment-Sliding type tool in Ziva, invasion (adjoining surface) between the muscle surface models (e.g., tibialis anterior muscle
and extensor digitorum muscle) was prevented. (G) Using Set driven Key in Outliner of Maya, four movements (plantar flexion, dorsiflex-
ion, inversion, and eversion) were assigned in buttons for the four movements of foot. Using Set Key tool in Maya, two movies of the four
movements of foot were generated. (H) Using Deep Exploration, structures folders to show in the PDF file were made, and each structure
of the four movements were put into the folders. (I) Using Adobe Acrobat, bookmarks for the four movements were set.
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Fig. 2. Surface models for plantar flexion and dorsiflexion on ankle joint in a PDF file. (A) In the anatomical position of lateral view, (B)
inferior rotation (plantar flexion) by contraction of the fibularis longus muscle, tibialis posterior muscle, and soleus muscle and (C) superior
rotation (dorsiflexion) by contraction of the tibialis anterior muscle, fibularis tertius muscle, and fibularis brevis muscle occurs on the X-axis

at center in the talus and the YZ plane (sagittal plane).
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Fig. 3. Surface models for inversion and eversion on the subtalar joint in a PDF file. (A) In the anatomical position of anterior view, (B)
medial rotation (inversion) by contraction of the two tibialis muscles and (C) lateral rotation (eversion) by contraction of the three fibularis
muscles occurs on the Y-axis at the subtalar and the XZ plane (coronal plane).
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