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Abstract: The tibial shaft fracture model was customized by reverse engineering and 3D printing technology, and
the biomechanics of the Orthofix Unilateral External Fixator for tibial shaft fracture was studied. Through the design
of an orthogonal experiment scheme, the distribution of the Schanz’s nails on the clamp, the distance from the lateral
the Schanz’s nails to the fracture end, and the distance from the tibia to the external fixture were measured by the
XTDIC-CONST 3D Full-Field Strain Measurement and Analysis System. The experimental results show that when
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the number of the Schanz’s nails decreased, the bending deformation of the Schanz’s nails will increase from

pressure load, which increases the possibility of plastic deformation and fatigue fracture of the external fixator. Ac-

cording to the mechanical analysis results of the nine schemes, the distance from the external fixture to the tibia has

the most significant effect on the deformation of the Schanz nail. When installing six Schanz pins in the clip, the

distance from the lateral Schanz’s nail to the fracture end is 120 mm, and the distance from the external fixture to the

tibia is 30 mm. The comprehensive performance of the scheme is the best.

Keywords: 3D printing; external fixation; orthogonal experiment; biomechanics

1 581 &

3D FTEHE A RIS CAD B PSR b LA
BINE T IR SRR, AR T A
R WRE . B E01, ZARBH AU 2]
T RN, 3D FTENER 5By tH4S & e Bl A MR
FAR . MEETF e, HEUTR | EHE SHE
RHIF 7 TG0 B LERO LIRS, Je R A R
B 7O 2 1 5 SO AT

AN 72 A [ R YT B TR LAY [ E T
—, A AR S I BRI S E AR | A
J% Schanz £ RO, anlE 1 s AR E- ST AN E
SR, MR R A T i WA S AL
% S Schanz 5TWFEL. TEIE G0 BHRATT 04 )1
2ERRgE R, H R A A AR AR Bl Rl T RE
“FRIHL . IR . R R B B IR M E
HIRASEFEEATIGE 1 T AL O BB 5 R ELMASHS A
W EITIEOAFEZE R, BRI Z (A1) 124 R RE
TETEElE, ELRMSHR . RF— BB U
AR, I R R T RE 2R AL IC A AR
Schanz £] 07L& . WA FI RS AL B R AR 2 B 1

SMEIE R

Schanz £

B SERERALEETTEA

Fig. 1 Schematic diagram of the external fixator fixing tibia
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Fig. 2 The flow chart of the fracture model making
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Table 1 Factor and level table
K- HZ A 2 B/mm 2 C/mm
1 1.2, 3 100 40
2 1.2 120 30
3 1.3 140 50
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Fig. 3 Experiment display diagram
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B 4 Schanz4T1i# =K. (@) 7% AB1Cr; (b) 7K AiB2Co; (€) # % A1B3Cs; (d) 7% A2B1C2; (e) 7 K A2B2Cs;
(f) 7% AB3Cr; (g) 7% AsB1Cs; (h) # % AsBoCq; (i) F % AsBsCo
Fig. 4 Schanz nail displacement cloud map. (a) Scheme A;B1Cy; (b) Scheme A1B,Cy; (c) Scheme A1B3Cs; (d) Scheme A;B1Cy;
(e) Scheme A,B,Cs; (f) Scheme A2B3Cy; (g) Scheme A3B4Cs; (h) Scheme A3B,C1; (i) Scheme A3B3C,
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Fig. 5 The relationship between the deformation of Schanz’s nails and the distance. (a) Scheme A1B4C4; (b) Scheme A{B,C,; (c) Scheme
A1B3Cs3; (d) Scheme A;B1Cy; (e) Scheme A;B,Cs; (f) Scheme A;B3C+; (g) Scheme A3B4Cs; (h) Scheme A3B,Cy; (i) Scheme A3B3C,
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Table 3 Deformation of Schanz’s nail in
each experimental group

R YIES Schanz £] 925 JF f/mm
A1B1C4 0.42+0.03
A1B,C, 0.21£0.02
A1B3Cs3 0.60+0.06
A:B1C, 0.44+0.01
A2B,C3 0.7940.11
A2B3Cy 0.62+0.07
AsB1C3 0.69£0.21
A3B2C4 0.48+0.05
AsB3C, 0.31£0.06
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Fig. 6 Comparison of the stiffness of 9 groups of tibial
fracture external fixation models
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Table 4 Intuitive analysis table of deformation
EN
A B (¢}
Ki 1.2367 1.5517 1.5171
Kz 1.8568 1.4817 0.9667
Ks 1.4721 1.5322 2.0818
W% R 0.2067 0.0233 0.3717
S/ C A B
53 WIES Aq B C
A5 FRERTMFHEF E5HA
Table 5 Analysis of variance table of experimental results deformation data
Z5IR N B5F-J5 41 SS HhJE df ¥ MS F{E B
HZE A 0.0653 2 0.0327 5689.2903 0.00018
H#%B 0.0009 2 0.0004 75.7741 0.013
K% C 0.2073 2 0.1036 18049.8767 0.00006
R 1.148E-5 2 5.741E-6
it 0.2735 8
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Overview: The combination of 3D printing technology and medical treatment has excellent application prospects in
auxiliary surgery, personalized medical devices, tissue engineering, medical education, and basic scientific research, es-
pecially in orthopedics, which has received more and more attention and application research. The external fixture is an
effective treatment for the fracture. Different patients have different external fixation parameters due to different frac-
ture locations. The implantation effect of external fixations is not ideal, which may bring the risk of the secondary oper-
ation. Therefore, a detailed and appropriate preoperative surgical plan is particularly important. With the wide applica-
tion of 3D printing technology in orthopedics, preoperative biomechanical analysis of customized medicine has become
a research hotspot.

Doctors usually choose the type of external fixation, the location of the installation, and the number of Schanz’s nails
according to their experience. When the fixation scheme is unreasonable, it will cause poor stability of external fixations
and even lead to the fracture of Schanz’s nail. In this paper, a biomechanical study was conducted on the parameters of
external fixation for a patient with a tibial fracture, in order to finding a more reasonable fixation scheme, providing the
basis of doctors to formulate the operation plan, reducing the operation time, and relieving the pain of patients.

The 1:1 tibial fracture model of patients with fracture was reconstructed by combining reverse engineering and 3D
printing technology, which could be simulated more accurately according to the patient’s situation. Through the design
of the orthogonal experiment, the external fixation system was loaded with 0 N to 370 N for 5 times on a self-made
compression testing machine. The deformation of the external fixture was measured by XTDIC-CONST 3D Full-Field
Strain Measurement and Analysis System, including the distribution of Schanz’s nail on the pin clamp, the distance
from the outermost Schanz’s nail to the fracture end, and the distance from the tibia to the external fixture.

According to the mechanical analysis results of the nine schemes, the 3D printing customized tibial fracture model is
helpful to formulate a personalized treatment plan according to the patient’s condition more accurately. The distance
from the external fixture to the tibia has the most significant influence on the deformation of Schanz’s nail. When in-
stalling six Schanz pins in the clip, the distance from the lateral Schanz’s nail to the fracture end is 120 mm, and the dis-
tance from the external fixture to the tibia is 30 mm, and the stiffness of the external fixture is the largest.

Wang J, Aiyiti W, Yusufu A. Biomechanical study on external fixation of tibial fractures based on 3D printing[J]. Opto-
Electron Eng, 2021, 48(7): 200383; DOI: 10.12086/0ee.2021.200383
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