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Bone plates made of biodegradable polymers have been used to fix broken bones. 3D printers are used to produce the
bone plates for fracture fixing in the industry. The dimensional accuracy of the product printed by a 3D printer is less than
80%. Fracture fixing plates with less than 80% dimensional accuracy cause problems during surgery. There is an urgent
need to improve the dimensional accuracy of the product in the industry. In this paper, a methodology using machine
learning was proposed to improve the dimensional accuracy. The proposed methodology was evaluated through case
studies. The results predicted by the machine learning methodology proposed in this paper and the experimental results
were compared through the experiment. After verification, results of the proposed prediction model and the experimental
results were in good agreement with each other.
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Fig. 1 Fracture treatment using bone plates and screws
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Fig. 2 Shape and dimension of bone plates
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Table 1 Algorithm types based on the machine learning

Table 2 The PLGA material properties

Learning type Algorithm Specification Value
. . Support vector machine Lactic glycolic rate 80:20
Supervised learning -
Regression Melting temperature [°C] 150-180
. . Dimension reduction Glass transition temperature [°C] 45-60
Unsupervised learning - —
Clustering Viscosity [dl/g] 1.5-2.0
. Q-learning
Reinforcement learning
Attificial neural network
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Table 3 Print factors and levels used to a prediction model

Table 5 Other parameters used to prediction model production

Lamination Nozzle Bed Print Extrusion Parameter Value
Level thickness temperature temperature  speed speed Activation function ReLU
[mm] [°C] [°C] [mm/min] [mm/min]
Learning rate 0.001
1 0.1 180 32 120 510
Layer quantity 2
2 0.15 182 34 240 520 L 20
. ayer 1:
3 0.2 184 36 360 530 Node quantity Layer 2: 40
4 0.25 186 38 480 540 Dropout 03
5 0.3 188 40 600 550
6 0.35 190 42 720 560 Table 6 The loss value as learning quantity
7 0.4 192 44 840 570 Learning quantity Loss
8 045 194 46 960 580 0 0.569
9 0.5 196 48 1,080 590 500 0.337
10 0.55 200 50 1,200 600 1,000 0.148
1,500 0.079
Table 4 The PC specification used for prediction model production 2.000 0.016
Element Specification 2500 0.01
GPU Geforce RTX 2070 4.000 0.002
RAM 32GB 4,500 0.001
5,000 0.001
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Table 7 Predicted dimensi

onal accuracy according to print

conditions
Lamination Nozzle Bed Print  Extrusion Predicted
thickness temperature temperature  speed speed  accuracy
[mm] [°C] [°C] [mm/min] [mm/min]  [%]
0.4 188 38 600 550 89.27
0.4 188 38 600 560 90.19
0.4 188 38 720 550 91.91
0.4 188 38 720 560 92.83
0.4 188 40 600 550 95.66
0.4 190 40 600 560 92.69
0.4 190 40 720 550 91.31
0.4 190 40 720 560 90.92
0.4 190 38 600 550 89.73
0.45 190 38 600 560 89.21
0.45 190 38 720 550 88.08
0.4 190 38 720 560 87.31
0.4 190 40 600 550 85.81
0.45 190 40 600 560 89.75
0.45 190 40 720 550 92.71
0.45 190 40 720 560 91.17
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Fig. 5 The 3D scanner used for measuring dimensional accuracy of
bone plates

Table 8 Print conditions used for bone plates printing

Lamination Nozzle Bed Print Extrusion
thickness  temperature temperature speed speed
[mm] [°C] [°C] [mm/min]  [mm/min]
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Table 9 Predicted accuracy and measured accuracy

Type Width Depth Thickness Hole diameter Roundness Accuracy
P [mm)] [mm)] [mm] [mm] error [mm] [%]
Predicted bone plate 483 48.1 1.9 1.9 0.09 95.66
Measured bone plate 48.1 48.1 1.9 1.9 0.12 95.28
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Fig. 6 The modeled bone plate and the bone plate made with an
optimization process
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