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Abstract

Patients’ bone maturity analysis plays an important role in determining clinical management. At
present, skeletal maturity assessment is still highly depended on physicians' evaluation. This
process is time-consuming and often contains interrater variability. In this paper, based on the
skeletal maturity evaluation criteria and the clinical applications, the authors propose an auto-
matic bone age recognition scheme using convolutional neural network models. The scheme will
first accurately extract distal radius and ulna regions from hand radiographs, then it will help us
classify the bone age phases automatically. After parameters optimization and data augmentation,
our deep learning model finally achieves 90% and 92% recognition accuracies on radius and ulna
datasets respectively.
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Figure 1. Radius and ulna at various stages
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Table 1. The relationship between growth change and radius and ulna stage
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Figure 2. The corresponding relationship between the stages of development and radius
and ulna
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Figure 3. Radius and ulna at various stages of classification in this paper
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Figure 4. Data sample
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Table 3. Sample size of each stage of radius of four classifications
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Figure 5. Overall architecture
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Figure 6. Overall flow chart
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Figure 7. Network structure diagram
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Figure 8. The basic structure of convolution neural network
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Table 4. Classification accuracy under different sample distribution of basic network

T4 BAMBERADHTOLEE

ZUGEE N BLCILEIN
FUB 5 AN L 68.7% 70.7%
BeH 4 A5 83% 84%
Table 5. Classification accuracy before and after data augment
5. BAMEHIEERAIE S LBE
ZUGEE N el H o
FUB 5 AL 68.7% 78.7%
BeH 43 A5 83% 88%
Table 6. Different network structures
= 6. TREIMLKLE
) 2% 45 4
P £
BRZ SRR
1024-256 1
32c7-64c5-64¢3-32¢3 1024-1024 2
4096-1024 3
1024-1024 4
32c3-64c3-64¢3-32¢3
4096-1024 5
1024-1024 6
32¢3-64¢3-64c3-128¢3-128¢3
4096-1024 7
1024-1024 8
32¢7-64¢5-64c3-128¢3-128¢3
4096-1024 9
= n . G| pro A
A i I k :/;I_;' 1 =% u_. RN
A AN A R0 ST TMA A b g REUR
1 FARAT T AT WA S AL R U T ATRTVA Mesang, 70
TRV WAV R A G P 3.0 R A Wi A T R VA
!'|_‘_l'( l{ P v P f !i' i PR 65
3 (- 0 254 !
= — 160 ~
X« 155 S 4 2.0 S
=, X K RRE
S04 :x 1.5 ) »50%
N r45 1.04 e 45
40 0.5 10
0 35 00 135
0 20 40 60 80 100 0 20 40 6 80 100
IR AR
(@) (W)
Figure 9. Comparison of convergence rates between imbalanced samples and balanced samples
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Figure 10. Curve: classification accuracy of ulna and radius under different network structures
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Figure 11. Curve: classification accuracy of ulna and radius under different learning rates and optimizer
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