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Abstract: Objective To establish a mathematical model for fracture suture load relationship of C1_1, C2_1,
C3_1 type distal radius fractures fixed by the splint with different pad thicknesses by using static analysis, design
of experiment (DOE) and cuckoo-support vector machine prediction. Methods The shape of each tissue in the
forearm was obtained from CT images, the corresponding solid models were established, and the modeling was
achieved by noise reduction, assembly processes. The mechanical situation of bone tissues under one condition
was obtained by applying load to the model according to load data measured by the Workbench. Then through
the DOE method, the mechanical conditions of bone tissues under various conditions of the applied load were
simulated. Finally, the mathematical models for various fracture types were obtained by cuckoo search-support
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vector regression (CS-SVR) prediction. Results The load was applied to the fixed position of 12 pressure pads
divided by the B surface, and 460 samples were solved in DOE module in Workbench by the DOE method, and
400 of the 460 samples were randomly selected as the training set to obtain the mathematical model. The
remaining 60 samples were used as the test set for comparison with prediction result of the mathematical model.
The high precision mathematical models for different loads on the fixed position of the splint and the load at
fracture suture could be established. The highest prediction accuracy of the model was 99. 659% , and the lowest
was 95.653% . From the accuracy analysis, there was a fuzzy mathematical relationship between the pad load
and fracture suture load, indicating that the support vector machine prediction model was effective. Conclusions
The study on the effect of pressure splint fixation mode and pressure splint stress on fracture suture is beneficial
for the combination of traditional fixation splint and modern science and technology, and it can provide references
for the selection of fixators and the design of external fixation devices in clinical treatment of distal radius
fractures.
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Fig.1 Schematic diagram of distal radius fracture
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(a) C1_1 type fracture, (b) C2_1 type fracture,
(¢) C3_1 type fracture
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Fig.2 Schematic diagram of the fixed position of the pressure pad

(a) Dorsal direction, (b) Volar direction
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Fig. 4 Distributions of fracture suture stress for distal radius fractures (a) Seam of fracture F-1-1, (b) Seam of fracture F-2-1,
(c¢) Seam of fracture F-2-2, (d) Seam of fracture F-3-1, (e) Seam of fracture F-3-2, (f) Seam of fracture F-3-3
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Fig.5 Technical roadmap for fracture suture stress prediction
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Fig. 6 Comparison of fracture suture stress prediction results for different fracture types
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Tab.1 Predicted maximum stress of fracture suture

HYT4E 24 Bl B2 B3 B4 R1 R2 71 72 73 74 cl 2 s
N 71/kPa

C1_1/ HAT/N 14.5 16.2 153 156 145 18.2 17.8 16.2 181 17.8 17.5 16.2

F-1-1 JEJE/mm 5 6.5 5.5 6 5 9.5 8.5 6.5 9 8.5 8 6.5 13291
c2_1/ /N 153 18.2 156 145 145 17.8 18.1 17.8 17.8 18.2 16.6 17.8

F-2-1 JERE/mm 5.5 9.5 6 5 5 8.5 9 8.5 8.5 9.5 7 8.5 83.73
c2_1/ /N 16.6 18.1 18.1 16.6 16.2 182 17.8 17.8 18.2 17.2 17.8 16.6

F-2-2 JEJE/mm 7 9 9 7 6.5 9.5 8.5 8.5 9.5 7.5 8.5 7 66.58
C3_1/ BHAT/N 18.1 17.5 18.2 182 182 145 166 162 153 153 181 17.2

F-3-1 JEJE/mm 9 8 9.5 9.5 9.5 5 7 6.5 5.5 5.5 9 7.5 01.08
C3_1/ /N 17.5 145 145 16.2 17.2 17.5 16.6 18.1 17.8 18.2 17.2 16.2

F-3-2 JEJE/mm 8 5 5 6.5 1.5 8 7 9 8.5 9.5 7.5 6.5 68.59
C3_1/ FHfii/N 15.3  18.2 156 145 145 17.8 181 17.8 17.8 18.2 16.6 17.8

F-3-3 JEEE/mm 5.5 9.5 6 5 5 8.5 9 8.5 8.5 9.5 7 8.5 127.25

BB B I AR B 25 A T 58 A Je A [ E 3 AR Y W g4 sE F-3-1 F-3-2 F-33 WESAE R 0.5,
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Tab.2 Optimal prediction values of weighted fracture seam stress

HrEH e Bl B2 B3 B4 RI1 R2 71 72 73 74 Cl1 2 AT
=7 % 71/kPa
Cl_1 /N 14.5 16.2 153 156 145 18.2 17.8 16.2 18.1 17.8  17.5 16.2 FL1.132.91

JEE/mm 5 6.5 5.5 6 5 9.5 8.5 6.5 9 8.5 8 6.5 T
C2_1 #Hm/N 153 18.2 156 145 145 17.8 181 17.8 17.8 18.2 16.6 17.8 F-2-1.83.75
JERE/mm 5.5 9.5 6 5 5 8.5 9 8.5 8.5 9.5 7 8.5 F-2-2:65.19
C3_1 HA/N 0 17.5 145 145 16.2  17.2  17.5 16.6 18.1 17.8  18.2 17.2  16.2 F-3-1.60.77
. F-3-2.68. 592
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Tab.3 Main parameters of cuckoo-support vector machine

prediction model

HPHA HPrak MSE R C y
Cl_1 F-1-1  4.5500x107 0.9829 153.40 0.0436
1 F-2-1  2.341 1x107° 0.9951  5.68 0.0100

- F-2-2  2.2756x107° 0.9926  7.54 0.0100
F-3-1  5.7280x107 0.9575 197.92 0.0100
C3_1 F-32  6.097 010> 0.9565 130.79 0.0100
F-3-3  1.9446x107° 0.9966 12.02 0.0100
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