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Abstract

The purpose of this study was to measure bone age using an artificial intelligence
program based on the Greulich-Pyle (GP) method to find out the bone age
corresponding to each stage of cervical vertebral maturation (CVM) and the middle
phalanx of the third finger (MP3). This study was conducted on 3,118 patients who
visited pediatric dentistry at Kyung Hee University Dental Hospital and Pusan
National University Dental Hospital from 2013 to 2021. The CVM stage was divided
into 5 stages according to the classification by Baccetti, and the MP3 stage was
divided into 5 stages according to the methods of Hagg and Taranger. Based on the
GP method, bone age was evaluated using an artificial intelligence program. The
pubertal growth spurt in the CVM stage was CVM II and III. The mean bone age in
CVM II was 11.00 = 1.81 years for males and 10.00 £ 1.49 years for females, and in
CVM I1I, 13.00 =+ 1.46 years for males and 12.00 * 1.44 years for females (p < 0.0001).
The pubertal growth spurt in the MP3 stage was MP3 - G stage. The bone age at the
MP3 - G stage was 13.14 £ 1.07 years for males and 11.40 * 1.09 years for females (p
< 0.0001). Bone age evaluation using artificial intelligence is worth using in clinical
practice, and it is expected that a faster and more accurate diagnosis will be possible. [J
Korean Acad Pediatr Dent 2023;50(1):89-103]
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Utilization of an Artificial Infelligence Program Using the Greulich-Pyle Method to Evaluate Bone Age in the Skeletal Maturation Stage

maturation, CVM)&A 2 F2] F8Z(Middle phalanx of
the third finger, MP3)2] & & =5 7tsto] 2 THAof 5f
Fote TS mtetotazt silct. o] & Falf 7 Aof AW
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Table 1. Sample distribution of chronological age and bone age for gender

n

CA (year) Male Female BA (year) Male Female
4.0-4.9 - - 4.0-4.9 7
5.0-5.9 - - 5.0-59 36 29
6.0-6.9 - - 6.0-6.9 139 167
7.0-79 386 378 7.0-79 238 304
8.0-8.9 371 356 8.0-8.9 281 276
9.0-9.9 246 233 9.0-9.9 193 56
10.0-10.9 200 196 10.0-10.9 186 232
11.0-11.9 130 173 11.0-11.9 182 192
12.0-12.9 70 4 12.0-129 100 132
13.0-13.9 38 61 13.0-13.9 88 93
14.0-14.9 28 42 14.0-14.9 53 51
15.0-15.9 37 44 15.0-15.9 16 32
16.0-16.9 12 27 16.0-16.9 3 22
17.0-179 10 4 17.0-17.9 5 3
18.0-18.9 1 1 18.0-18.9 2
Total 1529 1589 1529 1589

CA: Chronological age; BA: Bone age.
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N=3118

(Males : 1529, Females : 1589)

Lateral cephalogram

Hand-wrist radiograph

CVMI
(Baccetti’'s method)

(Hagg & Taranger method)

MP3 VUNO Med
(Greulich & Pyle method)

Skeletal maturity

Bone Age

Fig. 1. Schematic summary of the study protocol. CVMI: Cervical vertebral maturation index; MP3: Middle phalanx of the third finger.

N
=

CVMI IV

[wiv/==)
5=l
D>

i
DD
k|

CVMIT

A

CvmI I

CVMIII

Fig. 2. 5 stages of cervical vertebral maturation. CYMI: Cervical
vertebral maturation index.
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Fig. 3. 5 stages of the middle phalanx of the third finger. MP3:
Middle phalanx of the third finger.
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Fig. 4. Automatic bone age assessment using an artificial intelligence program based on the Greulich-Pyle method. (A) Analyze the
hand radiographs entered into the software and (B) the shape and density of each bone part were used to form a heat map, then (C)
the 3 most probable estimated bone age values are presented as percentages.
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1. 40| mE Y A APt SF H|w

glo] w2 ot A At -2 FRbollA] 9.534], 9.32
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Hop gt 0.214] I3t ofzfolAlA e FFo] A AP R}
Bt 0.034] =kt FAFE T ofz2fol| A Al g2 B 0.23
A, 3L 0.47A4] =JUTHTable 2). Ao A3} Z3 v A|
Azl A A= o5t atol= gl al(Table 2, p = 0.7642), ‘&
Aol AM = f-2lg o) 7t QL{tHTable 2, p = 0.002). ==}
Aol Aol AL FA}0.85, oJ#F 0.882 i BF &&
$HBAE YEFATHTable 3, p < 0.0001).

Table 2. The mean and standard deviation of chronological
age and bone age for gender

Gender Male Female p
M?;r(]yiagD 953213 976%221 o
= (7.00-18.00)  (7.00-18.17) :
(range)
BA (year)
932 £251 9.79 +2.33
+
Mean £ SD (450-1800)  (5.00-17.00) 0002
(range)
p 0.002 0.7642

p value from Mann-Whitney U test.
CA: Chronological age; BA: Bone age; SD: Standard deviation.

Table 3. Spearman rank correlation coefficient between
chronological age and bone age measured with an artificial
intelligence program based on the Greulich-Pyle method

Male Female Total

r p r p r p
CAandBA 0.85 <0.0001 0.88 <0.0001 0.87 <0.0001

p value from Spearman’s rank-order test.
CA: Chronological age; BA: Bone age.

https://doi.org/10.5933/JKAPD.2023.501.89 93



Jihoon Kim, Hyejun Seo, Soyoung Park, Eungyung Lee, Taesung Jeong, Ok Hyung Nam, Sungchul Choi, Jonghyun Shin

2.CVMEAO E SE =X

CVM 7—| Aol S5t AdHol ‘I]'E I3 4 ZEuas
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Fig. 5. Bone age distribution according to cervical vertebral maturation stage in males and females. CVM: Cervical vertebral maturation.

Table 4. The mean bone age and standard deviation according to cervical vertebral maturation stage

BA
Stage Gender n
& Mean £ SD (year) P
CVM | Male 1031 8.00 £ 1.72
0.093
Female 930 8.17 £ 1.37
CVMII Male 276 11.00 £1.81
<0.0001
Female 304 10.00 £ 1.49
CVM I Male 189 13.00 £ 1.46
<0.0001
Female 231 12.00 £ 1.44
CVM IV Male 28 14.38 = 0.98
0.158
Female 109 1417 £1.25
CVMV Male 5 17.00 £ 0.84
0.007
Female 15 16.00 = 0.90

p value from Mann-Whitney U test.

CVM: Cervical vertebral maturation; BA: Bone age; SD: Standard deviation.
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Fig. 6. Bone age distribution according to cervical vertebral maturation stage in males and females. MP3: Middle phalanx of the

third finger.

Table 5. The mean bone age and standard deviation according to the middle phalanx of the third finger stage

BA
Stage Gender n
& Mean £ SD (year) P
MP3 F Male 1183 833174
<0.0001
Female 789 8.06 £ 1.13
MP3 FG Male 170 11.74 £ 1.16
<0.0001
Female 303 9.90 = 0.95
MP3 G Male 102 13.14 £ 1.07
<0.0001
Female 240 11.40 £ 1.09
MP3 H Male 52 13.92 +0.78
<0.0001
Female 136 12.50 = 1.03
MP3 | Male 22 15.50 = 1.53
0.013
Female 121 1458 £ 1.11

p value from Mann-Whitney U test.

MP3: Middle phalanx of the third finger; BA: Bone age; SD: Standard deviation.
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331, oJ2H= MP3 - G, H, I ©Aofl 23] Bx3jch. CVM V &
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ot CVM} 239 /g2 ol A 0.68, fAtollA] 0.74%
1, MP3¢F Z ol A AgHd-2 Aol A 0.69, oAl A 0.862
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Table 6. Distribution of the cervical vertebral maturation and the middle phalanx of the third finger stages in male

MP3 F FG G H | r p
CVM
| 976 (82.5%) 51 (30.0%) 4(3.9%) -
Il 168 (14.2%) 77 (45.3%) 24 (23.5%) 7(13.5%)
M 39 (3.3%) 41(24.1%)  70(68.6%)  33(63.5%) 6(27.3%) 0.67 <0.0001
v - 1(0.6%) 4 (3.9%) 12(23.1%)  11(50.0%)
v - - 5(22.7%)
Total 1183 170 102 52 22 1529
p value from Spearman’s rank-order test.
CVM: Cervical vertebral maturation; MP3: Middle phalanx of the third finger.
Table 7. Distribution of the cervical vertebral maturation and the middle phalanx of the third finger stages in female
MP3 F FG G H | r p
CVM
| 681 (86.3%) 184 (60.7%) 60 (25.0%) 6 (4.4%)
Il 101(12.8%) 102(33.7%) 73(30.4%)  24(17.6%) 4(3.3%)
Il 7(0.9%) 17 (5.6%) 97 (40.4%)  72(52.9%)  38(31.4%) 0.72 <0.0001
vV - - 10 (4.2%) 32(23.5%) 66 (54.5%)
v - - 2 (1.5%) 13 (10.7%)
Total 789 303 240 136 121 1589

p value from Spearman’s rank-order test.

CVM: Cervical vertebral maturation; MP3: Middle phalanx of the third finger.

Table 8. Spearman rank correlation coefficient between cervical vertebral maturation, the middle phalanx of the third finger, and

bone age in both genders

Male Female Total
r p r p r p
CVM and BA 0.68 <0.0001 0.74 <0.0001 0.71 <0.0001
MP3 and BA 0.69 <0.0001 0.86 <0.0001 0.75 <0.0001
CVM and MP3 0.67 <0.0001 0.72 <0.0001 0.68 <0.0001

p value from Spearman’s rank-order test.

CVM: Cervical vertebral maturation; MP3: Middle phalanx of the third finger; BA: Bone age.
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