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Abstract; Objective
titanium mesh main body and the positioning wings at both ends, including thickness, width and connection

To optimize the connection between the three-dimensional (3D) printed self-positioning

configuration of the positioning wings at the connection, and to analyze and optimize structural performance of the
simulation model before and after the improvement, ultimately obtain the optimal design of a novel self-positioning
titanium mesh. Methods A self-positioning titanium mesh simulation model was built in software SolidWorks to
optimize and improve dimension parameters. Then, the multi-objective optimization design for thickness and
width of the connection was conducted using the simulation software ANSYS Workbench. A discontinuous
connection configuration was designed at the connection to obtain an optimized self-positioning titanium mesh.
Results

crest, the maximum strain at the connection did not exceed fracture strain of the titanium mesh, and the stress

When the 40 N load was applied to outer surface of the novel self-positioning titanium mesh alveolar

and deformation were within an acceptable range. When the 10 N bending force at 45° angle was applied to free
end of the positioning wing on one side, the maximum strain at the connection exceeded the fracture strain of the
titanium mesh, and the crack propagation path was concentrated at the connecting line. The experimental results
of the virtual model were basically consistent with the results of mechanical performance verification test.
Conclusions By optimizing the dimension and configuration of the individualized self-positioning titanium mesh
connectome, the connectome does not break or shift significantly when the individualized titanium mesh is placed
and pressed during surgery. After surgery, simply bending free end of the positioning wing can achieve a neat
fracture and separation of the connector along the connecting line, with a smooth and flat cross-section. This

study has achieved ideal clinical results by optimizing the dimension and configuration of the individualized self-

positioning titanium mesh connectome.

Key words: individualized titanium mesh; connectome; self-positioning; optimization design
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Fig. 1 Individualized self-positioning titanium mesh structure
and standardized simulation model (a) Individualized
self-positioning titanium mesh structure, (b) Simulation
model of standardized self-positioning titanium mesh,
(¢) Schematic diagram of applying load during vertical
pressing, (d) Schematic diagram of applying load during
45° bending
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the connection (a) Rectangular connecting hole,

(b) Arc connecting hole
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Tab. 1  Design point grouping of standardized self-positioning
titanium mesh model during vertical pressing and 45°
bending
- g A BRI 45° LTI
FoRE/mm  JREREE/mm BORSFRNAE BRSSO AR
1 4.5 0.3 3.72x1077 0.011 918
2 3 0.3 3.72x1077 0.011 918
3 6 0.3 3.72x1077 0.011 918
4 4.5 0.2 7.66x1077 0. 496 770
5 4.5 0.4 3.39%1077 0. 008 419
6 3 0.2 7.66x1077 0. 496 770
7 6 0.2 7.66x1077 0. 496 770
8 3 0.4 3.39%x1077 0.008 419
9 6 0.4 3.39x1077 0.008 419
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Fig. 3 Response surface model of standardized self-positioning
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Tab.2 Comparison of mechanical properties before and after optimization of the novel self-positioning titanium mesh under 40 N load during

vertical compression

po SZEIE/mm RN AR SR 1/ MPa
) wAME RO P H/ME PN XA /M BRME P
ATl 0 0.112  0.069 2.923x107'" 3.806x107° 3.552x10™* 3.214x107> 418.76  32.063
N EVR A 0 0.282 0.209 5.038x107" 1.423x1072 6.668x10™* 4.257x107% 1566.30  58.026
ReF 58 KL 0 0.284  0.212  1.232x107"% 1.302x1072  7.213x10™* 1.356x107® 1096.40  60.342
BifkE  IUBEEAL 0 0.282  0.206 1.434x10°"° 1.078x1072 7.374x10™* 1.578x10°° 1113.00  62.881

R3 10 NmMBEATEME 45° SHEFE AR KRN RALETF N ZHAE LR

Tab.3 Comparison of mechanical properties before and after optimization of the novel self-positioning titanium mesh under 10 N load during

45° bending of the positioning wing

- B/ mm SR N AR 52N 11/ MPa
- wME O RKE THE /M KM T e/ ME wKME FHE
AL HT 0 2.41 0.128 7.185x107% 0.022 4.892x107* 5.942x107%* 1133.2  44.381
R s 0 277.62 6.914  1.618x107% 1.206 1.333x107% 1.365x107* 3509.5  62.981
ReF 5k KFHEAL 0 96. 61 2.216  7.762x107%° 2. 060 8.555%x107° 0 5286.9  42.385
Bfes  IOEEEAL 0 51.62 1.100  6.558%x107%° 0. 627 3.541x107° 0 2165.4  35.661
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Fig. 4 Distributions of equivalent total strain before and after optimization of the novel self-positioning titanium mesh

(a) Before optimization, (b) After optimization, (c) After optimization of dimension and configuration
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Fig.5 Mechanical test curve (a) Vertical compression

test, (b) 45° bending test on the positioning wing
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Fig. 6 Results after 45° bending test on the positioning wings
for various types of standardized self-positioning
titanium mesh (a) Before optimization, (b) Dimension
optimization of the connection, ( ¢ ) Dimension and

configuration optimization of the connection
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