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[ Abstract]

dict the curative effect of brace with the finite element method. Methods

Objective To analyze the distribution change of disc stress at the convex side and concave side in order to pre-
The disc stress changes of the convex side and con-
cave side at main thoracic curve were analyzed based on a constructed finite model of Lenke 1A-type adolescent idiopathic scolio-
sis with finite element method, and the increased height and wedge angle of vertebrae after 1 year were calculated according to
formula. Results With the increase of transverse orthopedic force, the wedge angle of T, , decreases gradually, and the
change of total wedge angle was predicted to be in a downward trend. And when the force added up to 100 N, the change of total

wedge angle in main thoracic curve was predicted to become negative. Conclusion Finite element method can be applied to

research disc stress in the convex side and concave side, and the disc stress in the convex side and concave side can be applied

to predict therapeutic efficacy of the brace, which provides a new method for predicting therapeutic efficacy of the brace.
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Fig.1 Mesh model.

model in left bending position.
genograph and model in standing position.

Fig.2 Comparison between roentgenograph and model in supine position.
Fig.4 Comparison between roentgenograph and model in right bending position.

EeR I A= R A VAR A 2

Fig.3 Comparison between roentgenograph and
Fig.5 Comparison between roent-

R KR X LR S Z AR 3 H0 25 Cobb FRXT UL (x 25, ©)

Tab.1 Comparison of major thoracic Cobb’ s angle under different positions between clinical roentgenograph and model(x +s, °)

ML BN 2 s A ) Je 52
Supine position Standing position Left bending position Right bending position
e
X 26 F 3] 44 19
Roentgenograph
i
e 31 40 20

Model
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R2 K X LR SEALZ AR FEIALL TS Cobb M RYX HIFHL (x 25, ©)
Tab.2 Comparison of upper thoracic Cobb’ s angle under different positions between clinical roentgenograph and model (x s, °)
ML BN Je i 3z A 0 Je 52
Supine position Standing position Left bending position Right bending position
7
Roer)l(lgjliraph 25 30 16 32
1\1:1%(?31 24 32 20 30
3 EHESAWBZ AT
Tab.3 Force distribution of each vertebral level
WA %WAWKEFE& FHEAR AT 2 %ﬁiﬁi [ii%ﬁ;% *Hiﬁ@ﬁilmﬂﬁ *H@B?ﬁﬂﬂi@ﬁ‘ﬁ
Vertebral REE (%) 7] Lok (kg) KOoRE R (kg) B2 8 (kg) JIM2E{E(N)
Percentage of total Cumulative mass of Each mass on vertebral Mass difference between Force difference between
segment mass for each level (% ) each vertebral level (kg) upper surface (kg) adjacent vertebrae ( kg) adjacent vertebrae (N)
T, 14.0 7.70 31.17 31.17 305.78
T, 16.6 9.13 34.17 3.00 29.46
Ty 19.2 10.56 37.18 3.00 29.46
Ty 21.8 11.99 40.18 3.00 29.46
Ts 24.4 13.42 43.18 3.00 29.46
Te 27.0 14.85 46.19 3.00 29.46
T, 29.6 16.28 49.19 3.00 29.46
Tg 32.2 17.71 52.19 3.00 29.46
Ty 34.8 19.14 55.19 3.00 29.46
Ty 37.4 20.57 58.20 3.00 29.46
Ty 40.0 22.00 61.20 3.00 29.46
T, 42.6 23.43 64.20 3.00 29.46
L, 45.2 24.86 67.20 3.00 29.46
L, 47.8 26.29 70.21 3.00 29.46
Ly 50.4 27.72 73.21 3.00 29.46
Ly 53.0 29.15 76.22 3.00 29.46
Ls 55.6 30.58 79.22 3.00 29.46
M A Koe, =66, (1 +B,0) " I HEEMEE BN (a-B).
B
2 & R
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Tab.4 The mean value of Ty/T; intervertebral disc stress in different orthopedic force( MPa)

0N 10 N 20 N 30 N 40 N 60 N 80 N 100 N
12 fi)
. 0.302 0.304 0.312 0.323 0.334 0.356 0.377 0.396
Convex side
1] 4
0.361 0.341 0.331 0.322 0.312 0.290 0.282 0.271

Concave side
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x5 ARG AT T,/T, M SN 118 (MPa)

Tab.5 The mean value of T,/ Ty intervertebral disc stress in different orthopedic force( MPa)
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0N 10 N 20 N 30 N 40 N 60 N 80 N 100 N
Ryl
. 0.273 0.284 0.295 0.307 0.316 0.337 0.354 0.375
Convex side
M)
. 0.345 0.334 0.322 0.310 0.301 0.282 0.267 0.254
Concave side
x6 ARFEFHIIT Ty/T, HEBIELR J1 F3E (MPa)
Tab.6 The mean value of Tg/Ty intervertebral disc stress in different orthopedic force( MPa)
ON 10N 20 N 30 N 40 N 60 N 80 N 100 N
1A
. 0.198 0.220 0.246 0.280 0.302 0.358 0.395 0.422
Convex side
1)
. 0.868 0.857 0.822 0.800 0.781 0.740 0.702 0.656
Concave side
F7 AT T,/T, HER £ 1715 {H ( MPa)
Tab.7 The mean value of Ty/T, intervertebral disc stress in different orthopedic force( MPa)
0N 10N 20 N 30 N 40 N 60 N 80 N 100 N
Ryl
. 0.221 0.234 0.254 0.278 0.301 0.343 0.368 0.400
Convex side
1)
. 0.689 0.662 0.641 0.618 0.592 0.559 0.512 0.473
Concave side
x8 AR ST T /T, M S F7FHE (MPa)
Tab.8 The mean value of T,,/T,; intervertebral disc stress in different orthopedic force( MPa)
0N 10 N 20 N 30 N 40 N 60 N 80 N 100 N
Ryl
. 0.474 0.483 0.494 0.505 0.516 0.537 0.555 0.574
Convex side
LR
. 0.602 0.593 0.571 0.556 0.541 0.522 0.501 0.481
Concave side
RO W 1 AFESFHEINAIREETIE I3 T AR N 14 =5 BE (A (mm)
Tab.9 Prediction of Ty increased vertebral height in different orthopedic force after 1 year( mm )
0N 10 N 20 N 30 N 40 N 60 N 80 N 100 N
|
ﬂlfJJ 0.482 ~0.585 0.473 ~0.583 0.506 ~0.572 0.487 ~0.569 0.480 ~0.559 0.464 ~0.541 0.449 ~0.524 0.435 ~0.507
Convex side
I
i . 0.463 ~0.537 0.475 ~0.554 0.482 ~0.562 0.488 ~0.570 0.496 ~0.578 0.511 ~0.596 0.517 ~0.604 0.525 ~0.613
Concave side
R0 T 1 AREIEINASRIEIE IR T, MRS N = B (mm)
Tab.10 Prediction of T, increased vertebral height in different orthopedic force after 1 year(mm)
ON 10N 20 N 30 N 40 N 60 N 80 N 100 N
I
&OJ 0.993 ~1.189 0.961 ~1.183 1.025~1.159 0.990 ~1.151 0.951 ~1.109 0.941 ~1.098 0.914 ~1.066 0.885 ~1.032
Convex side
I
ry . 0.932~1.088 0.954 ~1.113 0.970 ~1.132 0.985 ~1.149 0.999 ~1.166 1.028 ~1.200 1.045 ~1.219 1.063 ~1.240
Concave side
11 B 1 AREREINARIEIE SR o ARSI = A (mm)
Tab.11 Prediction of Ty increased vertebral height in different orthopedic force after 1 year(mm)
0N 10 N 20 N 30 N 40 N 60 N 80 N 100 N
|
ﬂlfJJ 1.119 ~1.263 1.078 ~1.257 1.062 ~1.272 1.020 ~1.187 0.974 ~1.136 0.949 ~1.107 0.901 ~1.051 0.939 ~0.979
Convex side
|
I 0.515~0.684 0.531 ~0.705 0.617 ~0.719 0.612 ~0.761 0.665 ~0.786 0.673 ~0.838 0.709 ~0.883 0.732 ~0.933

Concave side
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FA12 B 1 AEEREIARRIEE 3R T, HEASE AN 5 BEE (mm)

Tab.12 Prediction of Ty increased vertebral height in different orthopedic force after 1 year(mm)

0N 10 N 20 N

30N 40 N 60 N 80 N 100 N

]

Convex side
1] 4

Concave side

1.139 ~1.306 1.151 ~1.283 1.104 ~1.248 1.038 ~1.211 1.006 ~1.174 0.936 ~1.092 0.891 ~1.039 0.848 ~0.990

0.290 ~0.386 0.323 ~0.416 0.353 ~0.469 0.396 ~0.501 0.426 ~0.539 0.477 ~0.603 0.535 ~0.676 0.592 ~0.749

R3S ARSI 1T T, MEASE AN 25 B (mm)

Tab.13 Prediction of Ty, increased vertebral height in different orthopedic force after 1 year( mm)

0N 10 N 20 N

30 N 40 N 60 N 80 N 100 N

]

Convex side
7 fi)

Concave side

0.940 ~1.079 0.965 ~1.064 0.922 ~1.042 0.876 ~1.022 0.852 ~0.993 0.806 ~0.941 0.775 ~0.904 0.739 ~0.862

0.476 ~0.612 0.331 ~0.412 0.530 ~0.681 0.562 ~0.711 0.590 ~0.746 0.625 ~0.790 0.671 ~0.849 0.711 ~0.890

R 14 T 1 AFE A FIEIE IR T, HECRIE N4 25 B2 {E (mm)

Tab.14 Prediction of T,; increased vertebral height in different orthopedic force after 1 year( mm)

0N 10 N 20 N

30N 40 N 60 N 80 N 100 N

T
Convex side
] fi)

Concave side

0.366 ~0.448 0.389 ~0.429 0.373 ~0.421 0.357 ~0.410 0.348 ~0.451 0.333 ~0.432 0.320 ~0.415 0.307 ~0.398

0.270 ~0.342 0.273 ~0.348 0.288 ~0.367 0.302 ~0.382 0.312~0.395 0.325 ~0.411 0.339 ~0.429 0.353 ~0.446

RS WO AR T3 J5 HER B f BERE I (°)

Tab. 15 Predict the increased wedge degree in different orthopedic force (°)

0N 10 N 20 N 30 N 40 N 60 N 80 N 100 N

Ts 0.18 ~0.21 0.10~0.15 0.02~0.10 -0.05~0.04 -0.14~-0.02 -0.32~-0.16 -0.47~-0.22 -0.67~ -0.29
T, 1.46 ~1.53 0.21 ~0.28 0.08 ~0.15 0.02~0.10 -0.28~-0.16 -0.499~-0.26 -0.89~ -0.32 -0.89~ -0.58
Ty 1.72 ~1.98 1.56 ~1.81 1.34 ~1.61 1.06 ~1.42 0.90~1.12 0.69 ~0.96 0.34 ~0.60 0.07 ~0.21
Ty 2.46 ~3.02 2.23~2.89 1.97 ~2.53 1.93~2.19 1.77~2.01 1.21 ~1.63 0.81~1.29 0.59 ~0.75
T 1.39 ~1.58 1.75 ~2.21 1.05~1.23 0.88~1.04 0.65~0.87 0.40 ~0.62 0.01~0.37 -0.12~0.03
T, 0.94 ~1.04 0.22 ~0.30 0.14 ~0.22 0.06 ~0.16  0.04 ~0.08 -0.12~0.02 -0.28~-0.03 -0.38~ -0.18
Js¥il

Sum 8.15~9.36 6.07 ~7.64 4.60 ~5.84 3.90 ~4.95 2.94-~3.90 1.46 ~2.81 -0.48~1.69 -1.40 ~ -0.06
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