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Computer Simulation of Double Osteotomy in Tibia Using Double-Hexapod Extemal Fixator

8. M. Joo{College of Adv. Tech., KHU), ¥. H. Kim{College of Adv. Tech., KHU)

ABSTRACT

In this paper, we proposed a new method of pre-operative planning for tibial deformity correction using double hexapod

external fixator in pseudoacondroplasia. The 3-D computer graphic model of deformed tibia was reconstructed from 3 mm
sliced CT data, and CAD model of double hexapod external fixator was developed. The fixator was composed of 170 mm

diameter of three rings and 90 mm of twelve struts. The bone deformities and the osteotomy lines for double osteotomy were

measured using X-rays, and the necessary joint values to correct the given deformities were obtained by inverse kinematics

analysis. The computer graphie simulation was performed to visualize the deformity correction process and evaluate the

analysis result. By examining the pre-op and post-op X-rays, the simulation result was in good agreement with the clinical

outcomes.
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Fig 1. 3-D CAD models of a double hexapod external
fixator system and a tibia in pseudoachondroplasia
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Fig 2. Bone cutting lines of tibia for the double osteotomy
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Fig 3. The positions of 12 struts and the centers of rotation
for deformity correction
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Proximal Struts (mm)

Struts L1 L2 | L3 [ L4 | L5 | Le

Inc/Dec -1.7 [ +37.9]+75.9 |+64.0(-16.3 [+39.2
Digtal Struts (mm

Struts L7 | L8 | 1LY |L10] L1l | L12

Ine/Dec +41.1(-17.3 |-38.3 |+16.5{+26.7|+55.4

{ (+) : increase strut length, (-) : decrease strut length )

Table 1. Changes of strut lengths for tibial deformity
correction
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Fig 4. The graphic simulation of sequential adjustment for
the deformity correction process
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Health Simulation
Tibia  Pre-op Post-op Pre-op Post-op
Frontal mMPTA 85.0-90.0° 43.0° 82.0° 48.0° 82.0°
Plane mLDTA 86.0~92.0° 56.5 76.0° 57.5° 77.0°
Sagittal aPPTA 77.0~84.0° 89.0° 86.5° 90.0° 86.0°
Plane aADTA 78.0-82.0° 86.5° 83.0° 87.0° 86.0°

(mMPTA : the mechanical medial proximal tibia angle,
mLDTA : the mechanical lateral distal tibia angle,
aPPTA : the anatomic posterior proximal tibia angle,
aADTA : the anatomic anterior distal tibia angle)

X-tays

Table 2. Tibial joint orientation angles of the pre-op and
the post-op
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(a)Pre-op (b) Post-op
Fig 5. Comparison of the clinical X-rays and the
simulation before and after the deformity correction in
frontal and sagittal plane
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