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Axial loading to predict the posture deviation of the tibial fragment elongated with llizarov external
fixation

Li Kai', Tan Qi*, Zhang Tao? Hou Shu-jun’, Liu Yan-shi?, Zhang Xing-peng? (*School of Mechanical Engineering, Hebei University of
Technology, Tianjin 300130, China; Department of Orthopedics, Tianjin Hospital, Tianjin 300211, China)

Abstract

BACKGROUND: ltis difficult to predict the spatial displacement accurately and timely during the elongation of tibia in the osteotomy by using
llizarov external fixation.

OBJECTIVE: To load axial load, simulate the acquisition of three-dimensional (3D) models with llizarov external fixation by finite element
analysis software (ANSYS), establish the calculation method of the axial relative displacement, and provide theoretical basis and adjustment
method for clinical monitoring the quality of osteotomy length.

METHODS: The 3D model was built in Mimics by using CT scan of the bone-llizarov external fixator (four-bar eccentric distribution) in a
patient. The model was optimized in Solidworks. The tibia elongation was assumed to be 20 mm. The model was established according to the
horizontal displacement of distal fragment in coronal sections (0, 4, 7, 10, 13 and 16 mm). The axial force of llizarov external fixator was set to
200 N and it was analyzed by finite element method through ANSYS static module. The coordinate position of net force was calculated
according to the load data, and the magnitude and direction of the tibial osteotoma were calculated.

RESULTS AND CONCLUSION: (1) The models of different horizontal displacement of the distal fragment in coronal section (0, 4, 7, 10, 13
and 16 mm) were loaded. The horizontal offset (0.8, 2.9, 5.4, 8.3, 11.8, 14.9 mm) and errors (0.8, 1.1, 1.6, 1.7, 1.2, 1.1 mm) were calculated
respectively. (2) When the calculation error was not less than 1.7 mm, the displacement direction of the distal fragment could be determined,
which provided a quantitative basis for clinical treatment; it calculated the external fixed adjustment method and corrected the deformity. (3) In
conclusion, the model of llizarov external fixation is analyzed by using finite element method, and the mathematical model is established to
calculate the axial offset of the distal fragment. When the calculation error is not less than 1.7 mm, the distal fragment displacement can be
determined according to the coordinate position of net force, which can guide the regulation of llizarov external fixation in clinic, and avoid

bone lengthening complications.

Subject headings: Bone Lengthening; Finite Element Analysis; External Fixators; Tissue Engineering

0 3IF Introduction

BEAE AR AL S PO R i, e A B R TR
T AT B B 1 JR s 451 48 2 13, ] R
YU AT P e A S5 G . 18 4% S5t 1k I R T
T i) BT, 19544F lizarov i 45 SR F A0 ) 5 2 5k e 4
ARG EIGI R BB @E W), RS &) Z N T IR
PR R A T BB S 2SI TT
E BIARG LR E R B B YRR R AR K S
Zem it SR llizarov i A G ARAIRAE AL Z AL,
TE AT A1 [ e 52 B AR R 25K D jg i, 2545 %
FO T B AL IR BT R R A ), P
FILET RS . Ala . WE e,

llizarovE AR IEK: . ALl B2 P o S A% Wl & — I o
FPPM R AR, R S A T i O T R AT
PR S KRR AR, S AR REM . H T IR R 2E
A = LA T 2D- XSS LRk A, M LURE B VPN oy 25 )
P AR,k 24 i s R SR P Hlizarov i A i 5 #3047 i
B HE A1 T v S = R T T AR v 6 2 A 2 A i)
Y S ibu R VA 28 as N ibre S i s Rith 7w TN = R N |
TE R AR NGO, IR R W PAT ) R
AN 52 A R A 77 AR BRI AR AR O i A A
Wi, A9 A TIUI At o o P v it 7 228 U 00 R A i {1t
— B IVENY i
1 M&IAE  Subjects and methods
1.1 ot SR RITCTHIE 247,
1.2 B AHE T20174E55 11 H A R B 5o 5 %

3676

SEMK o
1.3 % EBELEIB6 R L VRN A S K lizarov ik
[ii] 5 2% (VU AT O /Lo 23 A0 ) AT A /D R AE K AR5 (B LAY, S
166 cm, {AJTE60 kg. ZAITFTIRAT S0 IRl E R e
Y BEZE s bt
1.4 7%
141 JEE—EAE e s SR T B CTH
(GE750, EHEMHAF), HfiSH: 64HIRIECT, ZE
0.625 mm, 12#H0.75 mm, dicom#iE 5 AMimics 17.0%
e Sl = A ] AR, SRR AR A I A R TR R
JIUH

Mimics &b 2L i e B 3D A AL it Ol STLICA I 3 A
Geomagic 9.0k, SR E BT i 4e . iy A
AR BT G ) — 4 SR (B1B) . AR S5 IR AT My stephk 3,
F A Solidworks 201432 % & llizarovs b AT 32 &
{7 & R 2 illlizarov i S e LAY, 1R — A [ e AL A
ZHERL Ly, i FH Solidworks & 37 B Jii B 7 I A2 B v 5 1R
BREMD, by e AR S 2 2 T /3 W) llizarov i 41 il € 4%
b WAL RS TR, B R . AE
Solidworks H il jof 2 B 18 S i 1) A O S B 2 01
SEARN AW (0, 4, 7, 10, 13, 16 mm)A[FI3DA
T (E2).

AR 4B i il 1) AH R A% 5 2 £ Solidworks £ 71 43
A NANsys 15.05k AT E: ) F A AT 5.
1.4.2 AMRIOHRE KA SAERTINEL K Solidworks '
A x5 N Ansys workbench 15.0% 4 24
BEHe, XPRE . FA R EPAME E A B SR A R T

ISSN 2095-4344 CN 21-1581/R  CODEN: ZLKHAH



Li K, Tan Q, Zhang T, Hou SJ, Liu YS, Zhang XP. Axial loading to predict the posture deviation of the tibial fragment elongated with llizarov external fixation.
Zhongguo Zuzhi Gongcheng Yanjiu. 2018;22(23):3675-3680. DOI:10.3969/j.issn.2095-4344.0246

1 ZfE36 5 A/ lizarov SNEER BLE K BERETTHEAXE R
Figure 1 Treatment-related images of a 36-year-old female patient
with tibia elongation by llizarov external fixation
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Figure 2 Tibia and llizarov external fixation model establishment
and grid division
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Table 1 Material properties of the tibia and external fixation
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Figure 3 Schematic diagram of the load distribution at the callus
with tibia-llizarov external fixation
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Table 2 Pressure and displacement of llizarov external fixation support rod in finite element analysis

sy B LA KPS x(mm) Fi(N)  Fa(N)  Fs(N)  Fs(N)  Fs(N)  fWEHiTAAbR(mm) P J5 A4 bR (mm) AR = AX(mm) TR 2 (mm)
0 31.4 316 567 564 239 (20, 0) (20.8, 0) 0.8 0.8
4 203 297 600 598 212 (20, 0) (22.9, 0) 2.9 1.1
7 269 275 641 639 176 (20, 0) (25.4, 0) 5.4 1.6
10 241 248 687 687 137 (20, 0) (283, 0) 8.3 17
13 198 197 745 744 116 (20, 0) (318, 0) 11.8 1.2
16 16.4 163 794 791 88 (20, 0) (34.9, 0) 14.9 1.1
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