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Har, dobql Aol 11548 154174 670d a9z AAdd o Atk of7]ellA, ofo} 1149k 11.54] Afo]
TZRL 11,2541 R dob 13419k 13,541 Afo]l ]l 13.25400l tiEE EEAvE] 54 vlEel o AdAd
Ak, = 8S Fxeiw, VAdAE ARE ZEAHE 54 VIEREAM, ooF)e] A" dothe] fFE &
wAME 543 el A AS & 5 Ak, ook 11419 ol 1341, oJof 11.5419F dof 13,54, & ofo}
12419} ol 14410l = Zh2zF DAl B D e, LAl 3L L'eAl, GeAl B G Al sidsks FrhA et
ek & e ol =3t A & Aol whek vebE ¢ sl el sl B e

un FAHeR, MAR AWE BERAYE B4 Fe BEAMLe] TAFUS RIAFH §F A
weh AL 23 #Y % Az B2 i 2 A olF
vele) FhFAa FISFAC WA FFHE A

B0l WA §YIW A2 T3k o WY

, £ 98 F=xed, Al =3 4L,

- ofo} 104 2 ol 1249 st 039A [ZEAHE 52 Fol7t 50% o]/l e FEA e =35
Al @A (An enlarged olecranon ossification center (>50% height of olecranon body))],
- ofof 10.54 % o} 12.54d st BEAl [F-=3ksAe &8 YAl (Appearance of an accessory
ossification center (two ossification centers))]
- ofo} 11A 9 o} 13AMe] sEske DEAl [FEAHE st FaEseAe §F dAE =
%) (Fusion of two ossification centers (a half-moon shape))l,
- ofo} 11.54] 2 o} 13.549 3|3l LaA [58F =34l S dA (A2 2%F) (Enlargement of
fused ossification centers (a rectangular shape))],
- ofo} 124] E o} 14AMe) sdste (A [FEAHeE wWE7]e 50% vvh Fi7E4 53
(<50%) of olecranon apophysis)],

o)

Al (Partial fusion

- ofo} 12.54] 2 ol 14.54 ] OH“’LO}E HEHA [FEAHE wEZ7]9 50% o F4 &3 oAl (Partial
fusion (>50%) of olecranon apophysis)], %

- oo} 134 # Fo} 1549 sFst= FoAl [ZaXHe wWEr]e] 4Ast §3 9A (Complete fusion of
olecranon apophysis)]® 7A€ 4 A},

So2, k95 FZx3H4, A2 F3 AHe

)

- ofo} 9. 54 E ol 11.5A90 slFst= 02 EA [FuXHeE] #58Y =o]7F 20~50% 22 e g
Al @A (A small ossification center (20~50% height of olecranon body)]

i

35
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- oo} 1041 2 o} 124le] gk 03aA [BEAME BE o7k 506 o)l HehE BEAvIe

Al @A (enlarged olecranon ossification center (>50% height of olecranon body))],

g

st

- oo} 10.54 H ol 12549 ddsteE BHAl [FEstEAe] &3 ©A (Appearance of an accessory
ossification center (two ossification centers))],

- ofo} 114 & ol 1341 @ 3h= D'AAl [F=3k54
ossification center and olecranon body),

- ofo} 11.54 & o} 13.5M9 sFsts L'eA [§8E FF3a4-ZEAHE 557 §3HA &2 TEA

] F3kFAe] & oA (Enlargement of unfused olecranon ossification center and fused accessory

X
i)

A ve] E52 §3 @A (Fusion of accessory

ossification center-olecranon body)],

- ool 124 % ol WAlel Algse Gl [BEAND BAEA S3E HBAEA-REAN BE)
50% wwk REA gt thA(Partial fusion (<50%) of fused accessory ossification center-olecranon body
and olecranon ossification center)]

- oo} 12.54 & o} 14.549 dFsts HeA [FEXwE] wE7]9 50% °] FE4 &3 Al (Partial
fusion (>50%) of olecranon apophysis)], 2

- oo} 134 ¢ ol 15Ale] st FabAl [ mME7|e e g% oAl(Complete fusion of
olecranon apophysis)]& TA4=E 4 AT},

A7 A, Al F3 B4 DA & LA Abolet A2 3 A DA E LA Alojol] oo} 11.254] ¥
ol 113.25410 sid3stE BDEAl [ZEAHE] ZslsAy Fastsade &3 o)Fdd tE FIsisale 9
A (Appearance of another accessory ossification center (after fusion of previous ossification
centers; a half-moon shapetadditional accessory ossification center))]7} ©] Z3= 4 t}.

%, 29% $AHE(40)E FH BR300 E T3 g58 FEAHe =3 4
B FEAHE B4 71EY 4 @A T v EHE dAld dldsiE dEes =

=102 & AAdel whE =dy F@7F W Aes AWy fd =weln,

T 108 =xstd, 7 W Ao JAYst AEYe dldete HEAN dAEE U AS=ZA, B A
e ZdAd #H7} 9g (Novel classification @ Olecranon BA(Olecranon Bone Age))S 83 A$71 7]1&9
)

Fdaxme] =d8 F7F E< Elbow BA_Dimeglio @ Elbow BA_Sauvegrain EUF #& 7S E 4 git}. o7
J, Novel classificatione 02 WA FE FdHE dAZE 7|02 2X3 232 vJeERH L Olecranon BAE

AHS 7|FEoR BN AdE YelE Ao ZA, DAY D'EAl, LebAS L'dAl, 2 GaAY G HAE 7

T dAVE EA EREEE FES 24F o).

Tk, olge [® 1]S s, B 2y w2 =A% Hub W

Sauvegrain(Elbow BA_Sauvegrain) % Dimeglio(Elbow BA Dime 11 0)54

—|—‘

]
z
)
o,
N
L
I
z
g
-0,

NE FE = 7
Pyle and Tanner-Whitehouse hybrid(Hand BA_GP/TW3) % 3F=<l %o} F+ ZFA® (Hand BAKS) T} HlnA] FL
AFEE HAS & F U,
#£ 1
Girls Boys
ICC 95% CI ICC 95% CI
Olecranon BA VS. Elbow BA_ 0.965 0.962-0.968 0.966 0.957-0.974
Sauvegrain
Olecranon BA VS. Elbow BA Dimeglio 0.978 0.976-0.980 0.978 0.971-0.983
Olecranon BA vS. Hand BA GP/TW3 0.825 0.811-0.839 0.887 0.860-0.910
Olecranon BA VS. Hand BA_KS 0.891 0.883-0.899 0.915 0.891-0.931
Elbow BA_Sauvegrain| vs. Elbow BA_ 0.927 0.919-0.935 0.943 0.923-0.958
Dimeglio
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gale], & dgd mE ZdE H@rF e HEEHE Held ¢ugsdd Al REe 52 AR e
5 HAY. FAXSZ, Novel classification?] W4 dlo]EJA| E 9 7§~r°ﬂ‘“ %% (accuracy) 0.96,
E(sensitivity) 0.80, % Eo|%(specificity) 0.98S YERNI 9 =

accuracy) 0.87, ¥1Z+%=(sensitivity) 0.76, 2@ Eo]%=(specificity) 0.912 L}E‘r‘ﬂ\?‘r w3 =
ﬂ%‘(OIecranon bone age)2] 7% WE #A5< %ol MSE 0.088 2 RMSE 0.296< vtelhiar, €% A
$-oll&= MSE 0.125, RMSE 0.398% ‘/]’E]"’H‘:]' A7 A, WF AFS =A% H7F IHE —’Fsﬂﬂﬂ A3 A 8==

Faeld BY wE BF Pl S dloled Avht @ WEAE W] A% §rolm, 9Y AFe Um
9% B9 EE BF Pyol AR dolHd Urht & AusEEAE B 98 gl

g, 2 I o] AAldof skl AiE AEL =R FAF FaFAY, =
dlofoll of3f A== AZE o] HER FHHAY, = o5 At i FdEE F Uk, AXE O B

2  RAM(Random Access Memory), ROM(Read Only Memory), EPROM(Erasable Programmable ROM),
EEPROM(Electrically Erasable Programmable ROM), =#jA] wlX22](Flash Memory), 3= tlx==, &3
Y23, CD-ROM, &= B oHo] £Hal= Ve Hokda Z &exl Ao e AFH 57t ZISuA

=L =~
45 FE 9o,

H ol 4 8AEL st=doldd AFE S AFE A= ] T2 (Ee AR F4E
5101 Al Agd ¢ vk, 2 e 34 }\Fé’g‘ AXEo] TR HEE AXEJ SAER AT
2 oglon, o9} fAEHAl, AAdE dHeolHFx, TRALE, FEHE EE UE Z2aYW FAHEY 2F
o2 FEEE gokd dudgEs T3, C, C++ ZFuk(Java), oJ4lE2i(assembler) 53 £ T2
T 2399 A2 7dE F Avk. 715 AHA SHELS S o] ZRAAENA AdEHE dagEFeR

rze 49

100: =1% H7F 4=

110: 978 5+
120: 99 £8F
1300 FE A
1400 =99 A5
150: AJof+-

_13_



k1

)

F1

g
~

sk
fo)
o

e EEEsE | A EHE2EZ 7130
N p
\‘7\. L /{:)
HoE .
4 7 3 "
R TS 4 b Do oEe
2o EEEYEE P / =0E BEE 140
150
R
"
TSN 9 dano Bas g5 M52 10
w
A1ed: S SBNOE] SEE £ T S220
¥

8230

5240

Training

Ingut image Elbow detection stage

[CEC

Lateral wiew

Elbow area

———————————————————— ]
5 pEaEEE gy

o .

L

) {
EfficientDer | |

| Bonezge

| infamation

EEE

IEERe By v Morphological classification stage

Movel classification + Bone age

_14_

10-2024-0120646



(a2

(b}

(b)

EECEEELCE
EcCEELRELE
EECEEEEE

¥

1 I A
L A A
I A

o R

I L A

A R

¥
adedo ). oo |
EEEEEEE
HEEEEER

_15_

ZIHSd 10-2024-0120646



ZIHSd 10-2024-0120646

k1
N2
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s /32 +
Py /16 +

Py/8
1\

P, /4 !

g BiFFN Layer
Py f2 Segmentation logits

Irput
Efficenthet Backoone

1
g
3

Efliclentet Backlsne MB o MEBCoavh

| comvaxs | bxw [ Deprrwise Corv Kk MS) | | Conv (1% 1M1 ]
et o e — e : )
H 31 | < Al

Eatch nermalization

MRConvd kY % 3 |— ! ¥
b'S = wis I "I MRComwd k3 = 3 [ SE(R=4} | [ Prpth-wist Cony (KX 3=0.5) ]
'—IMJ*‘ ElERs [ Ceny 1':!<1=E.1I ] [ 4
6% w16 s MBConv6LI xS [—

MBCOmVEKS %8 |+ 37 o wia [ Belch mormakratioa | [ Swrish ]
e o +

b2 =z

Hatcl normealization J

L2 % w32 ”,l WRBConvé I < 3 % | SF (R=d} |
,_| 3w W =
Conv i1 *— bEZxws2 [ Ratch mermalization ]

heats w3l S+ Pooling & ¥C
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