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Fig. 1 Finite element mesh for T9-T10

Table 1 Material properties

Elements (histology) Young’s modulus [MPa]  Poisson’s ratio [-]
Cortical bone 17000 0.3
Cancellous bone 200 0.3
Costal cartilage 500 0.3
Nucleus pulposus 0.1 0.3
Anulus fibrosus 2.5* 0.3
Articular capsule for C2-T12 7.5 0.3
Articular capsule for L1-L5 0.6 0.3
Head of rib joint 1.1 0.3
Costotransverse joint 11 0.3

*Shearing modulus is 5[MPa]
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Fig.2 Comparison of stiffness for lateral bending between experimental results reported by Lucas and Bresler ) and
computed results with constructed finite element model

(a) Fourth buckling mode (b) Radiograph

Fig. 3 The fourth buckling mode and a radiograph of a 11-year-old female
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Fig. 4 Typical buckling modes
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Fig. 5 Critical growth at generating buckling phenomena
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Fig. 6 Comparison of thoracic transverse sections at apex
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Fig. 7 Deformations by bone remodeling

Table 2 Growth rate of normal female par year

Years old 7-8 8-9 9-10
Thoracic vertebrae [-] | 0.053 0.070 0.045
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Table 3 Initial growth strain « in hyaline cartilage plate and epiphyseal ring

Vertebrae | T4 T5 T6 T7 T8 T9 TI10
al]]005 010 0125 0.15 0.125 0.10 0.05

Table 4 Loading factors A at characteristic points

Points Py P, Ps3 P4 Ps
A[-]|0.718 0.612 0.703 0.635 0.806
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Fig. 8 Loading factor vs. displacement at the front-center point on the eighth thoracic vertebra for (a) to (c) and
displacement of the center points in all vertebrae at A = 0.671 for (d).
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Fig. 9 Sensitivity for the critical growth at generating the fourth buckling mode with T4-T10 growth
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(a) Normal model (b) First try of traction method (c) Second try  (d) X-ray photograph and model (c)

Fig. 10 Morphing of a finite-element model of the spine to agree with that of a patient with idiopathic scoliosis

(a) CT image data (b) Distance function (c) Initial model (d) Fitted model

Fig. 11 Fitting a finite-element model of the third lumber vertebra to a CT image data
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Front Side Front Side
X-ray photogram Patient model by morphing method The best fitted buckling mode
(Second mode at T5-T11 growth)

Fig. 12 Case 1 with single curve

Table 5 Coefficients of correlation with respect to the most similar buckling mode for Case 1 with single curve

Center T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 L1 L2 L3
n=5 0.008 | 0.950 | 0.953 | 0.954 | 0.939 0.964 0.964 | 0.840 | 0.961 | 0.959 | 0.502 | 0.949 | 0.436
n=7 0.954 | 0.957 | 0.958 | 0.908 0.965 0.964 | 0.962 | 0.957 | 0.953 | 0.949 | 0.949

n=9 0.959 | 0.958 | 0.963 0.963 0.962 | 0.958 | 0.952 | 0.948 | 0.947

n=11 0.962 | 0.963 0.962 0.959 | 0.900 | 0.006 | 0.948

n=13 0.962 0.959 0.956 | 0.953 | 0.951

n=15 0.956 0.953 | 0.953

n=17 0.953

T: Thoracic vertebra, L: Lumbar vertebra, n : Number of growth vertebrae

Table 6 Mode numbers of the most similar buckling mode for Case 1 with single curve

Center T3 | T4 | T5 | T6 | T7 T8 T9 | T10 | T11 | T12 | L1 | L2 | L3
n=5 4 3 3 3 2 4 4 2 2 2 2 2 1
n=7 4 5 4 2 2 2 2 2 2 2 2

n=9 4 4 3 2 2 2 2 2 2

n=11 4 3 2 2 1 3 2

n=13 3 2 2 2 2

n=15 2 2 2

n=17 2
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Front Side Front Side
X-ray photogram Patient model by morphing method The best fitted buckling mode
(Third mode at T5-L3 growth)

Fig. 13 Case 2 with double-major curves

Table 7 Coefficients of correlation with respect to the most similar buckling mode for Case 2 with double-major curves

Center T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 L1 L2 L3
n=5 0.469 - 0.269 | 0.292 | 0.459 | 0.357 | 0.113 - 0.270 | 0.091 | 0.439 | 0.349 | 0.620
n=7 0.149 | 0.158 | 0.207 | 0.476 | 0.374 | 0.196 0.044 0.269 | 0.468 | 0.557 | 0.550

n=9 0.460 | 0.473 | 0.442 | 0.346 | 0.137 0.234 0.223 | 0.586 | 0.591

n=11 0.458 | 0.411 | 0.291 | 0.005 0.658 0.524 | 0.578

n=13 0.329 | 0.124 | 0.158 0.382 0.467

n=15 0.104 | 0.280 0.340

n=17 0.296

Table 8 Mode numbers of the most similar buckling mode for Case 2 with double-major curves

Center || T3 | T4 | 15 | 16 | 77 | 18 | T9 | 710 | 111 | Ti2z | L1 | L2 | L3
n=5 51 -1 452 2] 2 - 6 7 6 | 5 | 5
n=7 6 | 5| 4| 3| 3] 4 4 4 5 5 | 5
n=9 4 | 4| 4| 4| 4 4 4 5 5

n=11 4 | 4| 4| 4 3 4 5

n=13 4 | 4| 4 4 4

n=15 4 | 4 4

n=17 5
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