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Digitalized scoliosis correction based on finite element simulation
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Abstract: Objective To study the relationship between orthopedic angle and orthopedic load after extracting the digital information
from the entire spine of patients with scoliosis, and to perform three-dimensional reconstruction of the scoliosis spine based on
the CT data for verifying the reliability of the correction scheme, thereby providing patients with the optimal individualized scoliosis
correction scheme. Methods According to the CT data, the scoliosis spine was digitally modeled in MATLAB software, and the
relationship between orthopedic angle and orthopedic load was derived based on the principles of mechanics, so as to determine
the optimal scoliosis correction scheme. Mimics19.0, 3-Matic and other medical three-dimensional software were used to complete
the three-dimensional reconstruction of the scoliosis, and the efficacy of the scoliosis correction scheme was verified using a finite
element simulation based on AnsysWorkbench. Results The reconstructed three-dimensional model of the spine could accurately
reflect the actual scoliosis, and the optimal correction scheme calculated by MATLAB software could be verified by finite element
simulation. Conclusion Scoliosis correction based on digital three-dimensional reconstruction can provide the optimal scoliosis

correction scheme for the patient's individual situation, and assist the clinicians to choose a treatment plan that meets the actual

needs of the patients.

Keywords: scoliosis; orthopedics; digitalization; finite element simulation

AL M 25— ™ E R R R B R E R R E
P, 8 H 2B B AR K R E MR N, O HL

(= B HA]2021-01-10

(BEE&TE Jdea 1A A A 364 00F AT H (WI2018H0042)

(VeI ViR W5 A, WF52 7 1l - R B 42 Al HL , E-mail: shen-
gran1996@163.com

[BE 1% IXIfl, E-mail: dr_liurong@whu.edu.cn

AR R RPN T A R . dR ST, H AT
T B A2 fR R I 300 7 A, LLARAE 30 0T A
(B 4 R R BOE AR h R
FEM S Z2 4 o B AR TR 25 5 A1 0 50 | 18 U] 2 52 T
BE MO ITEE, AR S AR B LA R ER
MR ) 5 G A FF AT I AR T 2R
I, SC T AN S 1 e R AT BOR B2 B R K E A
D&y s R U e S = N 1IN ES | T N /AN AN ES € = 1B
BT IR REA WA, FAREITY SRSIRIT . FAR
TR ANMG  XUR E IR YT 2 R, — Mk U Cobb £y
KT 40°BF HL AT FA , REZHE DEE AR FR



-_1034 -

] 22

.

538 %:

FRAE, WAE R R T ARG o IR ST IR 7 8K
N T BB, PRSI LA R A% R
U4l o Sl BB R o ORI 2 A U 25 B I T 56
AU = 5 19 0B 35 I PRAA T 28 36 % A
PEATHRIEAGRST T o X 3 R/ i 1 it T 1)
SEIFBAT W LR B, 72 IR 4 0 il o 5
A NI S BUST I o sl 2 SR R B AT
HEIE S DA PRIE R 2w O S8 U IR RT3
— R RR A B R GBTIE T B TE R BE

1 BRI RSN

1.1 HEHEMSHFUEDRK

R TSI B YA B A AL, I Matlab 1
AT g PRI 5R, F 3h 315 83 Cobb i 5 e K%
SR, O HoE o B AT SR R i R 1 5
&,

ZHA R+ 5 A AMEHE A A Mimics 19.0
A EE T CT WZ s Bdst , I TARER 2K,
P ERIR AR 19 BEHEIAR L T 24P, 32 A Matlab
Bk o I cftools T ELAR X 25 85 Bt w24 7
GG LA HEIUEROER TR 2E (RMSE) JFk 2
1% 2218 (adjusted R-square ) S5 521, fie 24356 78 — B = 17
PREGHATILA . WA 1 PR,

Results

General model Fourierd:
fix) = a0l + al*cos{x*w) + b1*sin{x*w) +
a2*cos(2*%*w) + b2*sin(2*x*w) + a3*cos(3%*w) + b3%sin(3%x'w) +
ad*cos(4**w) + bd*sin(4*x"w)
Coefficients (with 95% confidence bounds):

ad= 1152 (1053, 12.51)
al=  -9.941 (-13.67, -6.214)
bl= 1627 (1493 1761)
a2= 05217 (-3.863, 2.82)
b2=  -6.842 (-8.192 -5.493)
a3=  -1478 (-2.153, -0.8023)
b3 = -0.2254 (-2.059, 1.509)
ad= 04028 (-0.8622, 1.668)
bd= 0483 (-0.1504, 1.126)

w= 001532 (0.01403, 0.0166)

Goodness of fit:
SSE: 33.06
R-square: 0.995
Adjusted R-square: 0.9932
RMSE: 1.174
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Fig.1 Third—order Gaussian function fitting curve
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Fig.2 Programming algorithm pseudocode
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Fig.3 Calculation results of programming
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Fig.4 Diagram of equivalent cross section diameter
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Fig.5 Force analysis diagram of equivalent curved beam model
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Fig.6 Digital simulation of the scoliosis
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Fig.7 Finite element simulation results of scoliosis model
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