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1. XAI2F:E
1.1. SAELA
A 1
A= Is the Greulich and Pyle atlas applicable to all ethnicities? A systematic review and
B meta—analysis.

HNKRHAE) Alshamrani(2019)
=7t &=, AFRC|or2HH[0F
fipa Greulich and Pyle(G&P) atlas7} CiF5t QIEQ| QIR0 METHSSIX| O =01

- Z4MH|0|EJH|O]A: MEDLINE, Embase, Cochrane databases

- M0 & ZATZ

CO|EH|O1A | ZHMTZE F= il
(Greulich and Pyle) OR Greulich Pyle

M= MEDLINE 1959.1.1.-2017.2.15. | (bone age assessment OR bone age

determination) AND (left hand)

Embase 1959.1.1.-2017.2.15.

Greulich and Pyle

Cochrane 1959.1.1.-2017.2.15.

Greulich and Pyle
Age Determination by Skeleton [MeSH]

M/ IE

- PR
- UPEE FE QUES we X(EY

%2 0I5C0Z BoXiE)E Ml

0| XL Of TIEE HOZ BORls ZHBIA|

AR GEP WY S IOl WANEY Q0f TIE WS NS 2

od 4+ 2
- §20| 80l Brf53t Z2
- g2 BuEx| g2 F9
- 2lg 28
- BOR eie WRAOS BIoHD

S ofsl AME 4 el= 3%

o
= S o1

UR| 7L ZR0IN HAE 2SS WAL 2R

REEE] ~ Nlek2s © 40H
- ol oioie), B9 FFANI
oI5 g4 B4 | mean difference(95%Cl) 2 %
Caucasians o 15 0.13(-0.17, 0.43) 76.73
= 17 -0.10(-0.24, 0.04) 22.44
Africans o4 3 0.37(0.04, 0.69) 0]
= 5 0.62(-0.01, 1.26) 78.89
A1zat Asians oy 9 -0.10(-0.32, 0.12) 27.92
=) 10 0.15(-0.30, 0.59) 82.06
Hispanics oy 2 0.19(-0.23, 0.61) 0]
=) 3 -0.11(-0.41, 0.19) 11.61
- ol ofd oo, 3o TR A
- Caucasian: 'GA7E): 0.32(13H), OEENOAMEITH, 25 S92t HOIS 2O[X|

A 1
A= Is the Greulich and Pyle atlas applicable to all ethnicities? A systematic review and
B meta-analysis.
AUZ
- Asian: O34(5H): -0.27(6M)~0.5E(15M)), 25t XIS HOIX| IUS
Y Rt A0IE =Y
- Caucasians, Hispanics §2/5t X0| 20|X| &S
over mean difference BA-CA
6Al -1.08 years(95%Cl -1.49, -0.67)
7 -1.35 years(95%Cl -1.85, -0.85)
8A| -1.07 years(95%C| -1.97, -0.17)
oM -0.80 years(95%C| -1.43, -0.18)
17M 0.50 years(95%Cl -0.08, 0.93)
. G&P standard= HELGHK| LQBZ ORAOF e, OFZ2|7t 044 Q10| &g M, S5l
= Qe X SXO= JAUHS ZAFol/| flet SHUM FOfohA ARESHOF B
401 oy
A ISMA) A H I# BA-CA(in years) Xt0| =42
7 2 -0.40, 0.20
8 2 -0.59, -0.20
9 2 -0.97, 0.47
10 2 -0.47, 0.40
il 2 -0.63, 0.58
12 2 -0.39, 0.57
13 2 -0.19, 0.75
14 2 -0.25, 1.40
15 2 -0.32, 1.20
16 1 0.95
17 2 -0.65, 0.58
18 1 -0.90
01y
= =) o H 7 BA-CA(in years) Xt0|
7 2 -0.70, 0.20
8 2 -0.85, 0.15
ATX2 9 2 -0.54, 0.30
10 2 -0.43, 0.58
1" 2 -0.45, 0.65
12 2 -0.27, 0.59
13 2 -0.70, 0.45
14 2 -0.70, 0.50
15 2 -1.3,13
16 2 -0.66, 0.98
17 2 -0.02, 0.95
18 2 -0.02, 0.60
OfAloL Ofed
oY JS(M) G, 7 BA-CA(in years) Xt0] =42
6 2 -0.07, -0.42
7 2 -0.47, 0.22
8 2 -0.84, 0.11
9 2 -0.60, 0.52
10 2 -1, 0.23
n 2 -079, 0
12 2 -0.87, 0.22
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A 2
A= A systematic review of the agreement between chronological age and skeletal age
B based on the Greulich and Pyle atlas
H1KAAEE) Dahlberg(2019)
=7t E290]
o= Glr;ulg;%and Pyle atlas(GP skeletal age)2t S&(chronological age)?| skeletal age &
X
- ZMH|0|EH|0]A: Cochrane Central Register of Controlled Trials, MEDLINE(Ovid),
PubMed, Embase(Ovid), Google Scholar
—- Ml 2016.5.771K| AlZt A{KIGIRA0 ZA 2017.1.0 GP atlasOil CHEH 71 A G|
0|E
P - ZM0f: Medical Subject Headings descriptors and free text words included terms

to find studies of age estimation based on radiographs of the teeth or handwrist,
and computed tomography (CT) or magnetic resonance imaging (MRI) of the
clavicle, knee and ankle in children, adolescents and young adults (to cover
several parallel systematic reviews in order to evaluate some of the most used
methods for age estimation of adolescents).

A 1
A= Is the Greulich and Pyle atlas applicable to all ethnicities? A systematic review and
B meta-analysis.

13 1 -0.7

14 1 -0.51

15 1 -1.21

16 2 -0.50, 0.29
17 2 -0.01, 0.51

OfAloF =
oY JSM) My ® I# BA-CA(in years) Xt0| =42

6 2 -1.47, -1
7 2 -1.9, -0.9
8 2 -2.11, -0.27
9 2 -1.71, 0.32
10 1 -1.11

" 1 -1.11

12 1 -1.46, 0.12
13 1 -1.39, 0.45
14 1 -1.75, 0.19
15 1 -1.08, 0.58
16 2 -0.68, 1.21
17 2 0.22, 0.82

BA, bone age; CA, chronologic age

M/ IR

-HF7IE
- GP skeletal age®t 74019 HHH(SA] MEaHRUD 1040114 256M A0S SISt Zaprt
QD AHHZ 2= T20jA ‘3@‘.._%ﬁ GP skeletal age AfO|2] HHXIOIE MAlGHD UAH
Lt 2t GP skeletal age0i| CHSt B HAFS MAlHL U= &7
- X1|9\7|§
go| o= Zo

S AZH1040lM 25K AODOfIA 50K 0|21 H

- Mei2st 17H

S

[E=T
HIHRYEE) | gt | mame | wo | o)
Bala (2010) Ol Northwest 160 80/80 8-14A
Northwest _
Buken (2007) Ef7| Caucasian 492 251/292 11-20A|
Cantekin (2012) B7| East 767 342/425 7-17M|
Ethnic _
Chaumoitre (2017) oA variation 2614 1423/1191 1-20A
Chiang (2005) CHEt - 370 230/140 0-18A|
Griffith (2007) 5= Hong Kong 535 276/259 0-18A)
Jimenez-Castellanos
ez (1996) B South 239 139/100 | 0-144
Johnston(1963) 0= White 120 58/62 7-17M
Koc (2001) Ef7| Southeast 255 255/0 7-17M
Andhra .
Mohammed (2015) Ol Pradesh 660 330/330 9-20M
Nahid (2010) W= Kurdistan 228 102/126 2-22M
Patel(2015) ol Gujarat 180 90/90 6-16A|
Patil (2012) ol Maharashtra 375 194/181 0-19A|
Suri (2013) FHLiCE White 68 35/33 9-18M|
Tise (2011) O|=k2jot Caucasian 484 349/125 11-194|
Van Rijn (2001) HEHE Caucasian 572 278/294 5-20A
Ethnic _
Zafar (2010) I}7 | AE variation 889 535/354 0-18A|
- oignt S XI00f Chet HEREA Znt
o4 CA 28 d CA-SA%(94%Cl) 2 %
gy 14 15 0.13(-0.15, 0.41) 89
=L 15 12 -0.13(-0.51, 0.25) 81
16 il -0.24(-0.66, 0.19) 93
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A systematic review of the agreement between chronological age and skeletal age

bl 3
H= Accuracy of three age determination X-ray methods on the left hand-wrist:
B A systematic review and meta-analysis
HIKMAHHE) | Serinelli (2011)
=7t UECY;
ommxy Greulich and Pyle (GP), Tanner-Whitehouse, the Fels Institute (Fels) 37FX| X-ray &t
- 2 0|85 ZHFLAS| Fehd Hot
- ZAMG|0|EH|0|A: Medline, Trip database
- EWAT: 1956-2009.12.20.
Zuixier - ZAMO0J: Tanner Whitehouse; Tanner White house method; Fels method; Greulich

Pyle; Greulich and Pyle; hand wrist, age, age determination; age estimation,
radiograph*, radiolog*, application; TW1, TW2, TW3, TW1 method; TW2 method;
TW3 method; Fels logitudinal study; forens*

HE/HAEPIE

- iR IE

- BB EE WS oKt

- il et Ht gl 29

- YU B2 X|2WE gRt

- BOtRfT} iRtz 0|, BAKR! MBIT, BARL MZITO| Cfst Heot 22 He, Naie
B} g 29

- HAIE BoiziAEo] 2HE WS 0183 49
- 2R

- HOiLt O|EZ2[0tHZ MOfRIX| k2 B2

=
- & MRS 46H, HERRMO= 278 23

R based on the Greulich and Pyle atlas
17 11 -0.33(-0.59, -0.06) 86
18 7 0.14(-0.23, 0.51) 81
19 2 0.47(0.35, 0.58) 0
14 14 -0.49(-0.73, -0.25) 78
15 10 -0.52(-0.94, -0.1) 89
04Xt 16 " -0.39(-0.67, -0.11) 90
17 10 -0.13(-0.37, 0.1) 85
18 7 0.42(0.27, 0.58) 53
*YAAHRI0|
- A} BHE HAHZ 22(Chaumoitre S 2017)
95%Cl
SA n mean SD Lower I
10 75 10.42 1.18 8.05 12.78
11 58 11.09 1.11 8.86 13.33
1156 54 1.71 1.16 9.37 14.06
1256 50 12.28 1.12 10.02 14.55
13 92 13.15 1.00 11.16 15.14
1356 62 13.66 0.98 11.68 15.64
14 64 14.44 1.05 12.33 16.55
15 25 15.01 1.01 12.89 17.12
15.5 14 15.19 0.99 12.98 17.40
16 25 16.28 1.39 13.36 19.21
17 76 16.52 1.13 14.25 18.78
18 53 17.79 1.07 15.62 19.95
19 238 19.35 1.20 16.99 21.72
2z - GP skeletal age® Br AAIH= Z2 Ma(correlation)s E0[1 Q. CIgH QI1E

o L JHOIO] HE H0[9} APzt O120| = LEtE

CA, chronological age; Cl, confidence interval; SA, skeletal age; SD, standard deviation

TW120 | TW220 | TW2 | TW3
GP Fels | Total
MenSy bone bone RUS | RUS
e Caucasians | 20 2 8 8 2 2 42
Mongoloids | 9 3 4 4 20
Africans 4 4
- BA Wi CAFQ| BHESME BrXI0| HERZAZL
o o BA BA-CA, SMD 2, %
5 GP 0.05(-0.04, 0.13) 0
males 4 TW2 20 bone | -0.17(-0.28, -0.06) 223
3 TW2 RUS -0.06(-0.17, 0.05) 0
Caucasian 2 TW3 RUS 0.14(-0.39, 0.68) 81.9
5 GP 0.12(-0.04, 0.28) 69.5
4 TW2 20 bone 0.02(-0.08, 0.13) 0
aran females 4 TW2 RUS 0.07(-0.18, 0.33) | 78.1
2 TW3 RUS -0.08(-0.27, 0.11) 37.9
males 4 GP -0.17(-0.83, 0.49) 92.9
Mongoloid 3 TW3 RUS -0.69(-2.15, 0.77) 98.3
femalos 4 GP 0.45(0.32, 0.59) 52.9
3 TW3 RUS 0.06(-0.10, 0.21) 0
- Fels(Fels, the Fels Institute, X-rayS 0|28t ZCZZAL T ofLp): 1HOA SHZL
3 X0l= 0.4+0.3192= LIEtd
- GP7h O K= AIS&l= WROX|2 eHolnt 201 25 TW2 2 TW3 BIF Heteh 22 ofd
- O FRO| M8EE Y ¢s OF, SN CIE(TH ¥ BEWEAL UL, SUF(EA
= Y BEWEL Sk, SN A7 IN oY Xo|(T Y BEWAL Sk, HEX U Ak
== S EEAL 2 TRk R HAGHORIL, 0 255 AR =22 s
- IS FMol/| oM SOIFHOE OfLI2t T 0 CisH FRKAM ZAL X[t Y 52 ZA
2 S5 HalohM ABTI00F &




bl 4
Assessment of bone age in prepubertal healthy Korean children: Comparison among
H= the Korean standard bone age chart, Greulich-Pyle method, and Tanner-Whitehouse
method
GP ™W3 KS
A 0.999(p¢0.01) 0.999(p<0.01) 1.000(p€0.01)
=X 0.999(p¢0.01) 1.000(p¢0.01) 1.000(p¢0.01)
Ofx} 0.998(p<0.01) 0.996(p<0.01) 0.999(p¢0.01)
2= KS, GP, TW3 MIX| &2 AE7| M 7448t 8101 0t SA¥S Loiok=dl ZAEE

2 QO[3t R0 Gi0] S48t MRIES 20|17 0| S8 ZAHOZ O

bl 4
Assessment of bone age in prepubertal healthy Korean children: Comparison among
H= the Korean standard bone age chart, Greulich-Pyle method, and Tanner-Whitehouse
method
HIAMAKAE) | Kim(2015)
=7t o=
i ARE7| M A5t 01 0t59] SHBLII0 U0 GP, TW3, KS 2ol M2|E Hiwd
- GOHAR ARET I SH=Q1 OFs(7-12M) 212 (At 1358, OiAt 77%F)
- MQ7IE: LAMADDE SRESIAL XMPE QEAL SRS HERE 2 70| U= B2
YOI LEH|LIFES0| Q= ERe HiAl
— EX{pH
e —
= e
GP method based on radiograph of left hand-wrist
TW3 method | the Radius-Ulna-Short bone(RUS)2t carpal score®| Ha&ez bt
KS 1999 Korean standard bone age chart(TW2-20 0}2)
- SOIELAL SYE HAEL
e Bone age, month
CA GP TWE KS
Tx(n=212) 119.2+£21.74 116.4+26.79 123.2+26.26 | 120.33+27.42
HxKn=135) 121.16+£21.80 | 115.34+28.40 | 126.76+27.38 | 120.28+27.98
0XKn=77) 115.64+21.34 | 118.29+23.77 | 117.06+23.06 | 120.42+26.59
ZiRL EeREA
- SoiFn SHHTAE AEEA)
Sex GP ™W3 KS
A 0.88(p<0.01) 0.88(p<0.01) 0.89(p¢0.01)
=0 0.9(p¢0.01) 0.88(p¢0.01) 0.9(p¢0.01)
OfRt 0.87(p0.01) 0.87(p0.01) 0.89(p0.01)
- GP, TW3, KS2| YR it
T ey 7 BFEHZL | F ratio P
TW3 10.256 8.36
HH| GP 10.39 8.35 0.10 0.90
i< niy KS 10.04 7.75
TW3 10.84 9.06
L GP 11.01 8.83 1.0 0.34
KS 9.60 8.07
TW3 9.19 6.89
OIxt GP 9.30 7.37 1.23 0.29
KS 10.81 7.14
- SHEHAE BERRE XI0|
T= GP TW3 KS
| 0.45%1.79 0.45+1.81 0.21£1.19
- (0-12) (0-19.2) (0-9.8
Uzt 0.43+1.70 0.24+1.09 0.09+0.70
- (0-12) (0-7.8) (0-6)
OiR} 0.49%1.95 0.82+£2.6 0.44+1.74
(0-12) (0-19.2) (0-9.8
ZIRE Bt BEEAES

A (interclass correlation coefficient)

CA, chronologic age: GP, Greulich-Pyle method, KS, 1999 Korean standard bone age chart(TW2-20
0|8); SD, standard deviation; TW3, Tanner-Whitehouse 3 radius ulna-short bones




1.2. MOIF| K|=ZA} A 2
1MXHETMAT)  Bramswig(1990)
. ATAHITP EY
B ! AREY o OueE sy
IMAEBAT) Bertaina(2007) .
o gImaaaTp ojer2lop T
HREY o OHAQIZ: Of2iof - GITLAIR} 21 GIB(IRL 372, OIXF 328)
¢ G MHH ISE G - CHAIRH S5 RAE
- oIRTiARt
- Met7E
- o2 6124
1) AI0| 10| T3 3 HE Ojatel HO
- ChAsRR: 118%(LIRE 702, OIX} 48%)
e BB 108 ° 2) B Greulich-Pyle W OIR)0] 244 0J4} XIS 29
it - ChaRt ST 2125t 01 )
3) SRTE A|HO| HOIZO0| O{AS 18K OJA, 'IAS 204 OjARl 2L
. THAAR: TW3 o
snen ihde 4) FAIO| T3 e §010] AU AR H)

o AR GP-BP
- 2H7|: Tanner SA0|| T2t AAt

ofl) EXt: MPH+6.5¢cm, 04Xt MPH-6.5cm

o RTHZZAF
- g7

*g21719] Hol= AL K| 2

P EY=3)
- 921712} OIE713k A0l (cm)
\ \ Hxt \ Ofxt |
ST \ -9.3,+8.4 | 9.9, +7.9 |
1747} kA "E x L —r Iz
Araiaas P " e ARAY-F Y
Fr-. —% o ———
= - - S [ 4
I ur o LWy 3
= e S Lt A

- OIE719H Ot RIO]

Cl=7[2t 40I7|Zt X{0], cm
BP 287
xt AR 2, B 42 36
- L+ HEHR 3.10%5.49 1.73+5.69
CHAAE 2, B 33 30
ot W+ BEHA} -0.84+3.61 0.65+4.31

g4, 7| 5t
S|M AFZEs: TW3 errors(cm)
A2M IS TW2 errors(cm)

0y, 7| =2t

S|M MZEs: TW3 errors(cm)
A2M MZIS: TW2 errors(cm)

parental height
*HOAXK 7I1E

TW22t TW3' Bl 3O, 0] & TW3Z I Mg AXAt=

-
il Uelz g

TW37t o Fefoltil 28

TW3, Tanner-Whitehouse 3%#<.
MK 7IE

BP, Bayley-Pinneau,

; GP, Greulich-PyleiO2 =Fst SCIZHZAL

_‘IO_

, mid
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de Waal(1996)

R
. OIS YERc

oS

. A BN TSE o7

o AR
- PRt
- Group 1(validation sample): ‘24 16%, {4 16%
- Group 2: 54 55, 0 88,

HIEA TAE |1 90 HEQI4 OJMQI AR

AR GP-BP

FIEZZAL

7| ZEYY: <2l 2

HEAFHAMS G, B

ot uu
=] |IE£

1
o

OB
0Xx
e

22|40j| 2tA] Harpenden stadiometer0| 23 H2XL7} 4-84
+BEHIHHL):

\ =y \ ol |

| 26.0+4.4(18.7-34.4) \ 24.7+4.0(18.7-34.2) \

ikl

=
-

* 20 7| Ko

A7da-gty

[ en ] (mother's height+father's height+12)/2+3 \
‘ oy ‘ (mother's heiht+father's height-12)/2+3 \
* Group 1 &3t
0= 22Hem)
BP

= ot + HEHEH 2.3+4.7

(n=16) Hel -6.6, 10.5

(O Bt + HFHA -0.2+35

(n=16) Hel -6.4,5.4
* Group 2 Z1}

7| Ex:t]

=4, 558 196.0+4.9(186.6-209.3) 187.6+5.4(174.5-200.5)

044, 88 180.5+3.8(171.1-188.3) 175.0+4.4(165.5-187.8)

o E|E7|0| Chst FEFQ2l(backward multiple regression analysis)

A 3
1MAHEHSE) de Waal(1996)
H= \ Regression coefficient \ SE p value
=0
7l 0.56 0.1 <0.0001
=87 0.34 0.09 0.0003
BAgp -3.11 0.87 0.0008
CA 0.68 0.64 0.30
BAgus -0.56 0.71 0.43
it
7| 0.53 0.09 <0.0001
BARrus -1.93 0.40 <0.0001
=87 0.24 0.07 0.0012
=3 -1.85 0.89 0.041
abul] -0.18 0.48 0.71

2tQ0I(stepwise forward multiple regression analysis)

Regression coefficient |

-11 -

Ha S p value
=0
7| 0.75 0.09 <0.0001
BAcp -14.02 1.93 <0.0001
A 11.09 1.94 <0.0001
‘\LJXBAGP 0.74 0.13 <0.0001
7| 0.25 0.07 0.0007
OIxt
7| 0.73 0.08 <0.0001
BArus -8.83 1.60 <0.0001
Qiﬁ%‘ -8.42 1.90 <0.0001
HZEXBARUs 0.55 0.12 <0.0001
B -2.45 0.81 0.0035
SHY| 0.15 0.07 0.029
BA, bone age; BArys, RUS Bf#HO=2 =Xst IMH; BAge, GP WHOZ =Xst 3%, BP, Bayley-Pinneau;
GP-BPZ ZH&= O|ZE AQ17|: GP, Greulich-Pyle#lC2 Z=Xst ZHHZAAL FH, final height; SE, standard error:

TH, target height
*H MK 71E

_12_
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1MXHEHAT) Drayer(1997) 1XMAHEHAE)  Harris(1980)
o HRASHTIP g2 L s e
HTEY + DS Y= AREM o OAOIE: 0|2
o A TEH ISE AP o I Rl TSE G

- TR

- 463 (223 ', 243 O1Y), F, 214 012 ol 0fS

- 1478 7146t B9l Al(height)90 centile; aged 9.9-17A)
ALY © ZAg: GP-BP — © MY GP-BP
o EUBEZHA o FHUHEFEHA
- MH| 91 7|(21.3+2.6Ml, 17.5-27.5M|0] ZX5t 7)) - & 4217|(Mature height)
- o R e RN Y] *ZE 17| Ol PTChyRto] 30CHS N0 L2 2 £2 FXIS= 7|
(M) HB71% A5712t 2Ol (em) - 015719 2ET R A I
=< n BP S HZ(H) 0572t 21F7|2t X101, Bayley, Hrt + BEHA
9.9-11 5 -1.0+45 8.0 +0.3%4.2
11-12 25 1.2+2.9 12.0 +0.1+3.8
12-13 45 0.2+2.4 =y 13.0 +0.9+4.0
13-14 37 1.3+2.5 14.0 -0.0+4.2
AT AN-SakY 14-15 21 0.7+1.8 15.0 +0.0+3.5
15-16 11 0.5+0.9 8.0 -1.4+4.7
16-17 3 0.4+0.2 11.0 -3.2+5.2
Z4H 83 04+2.7 oy 12.0 -2.8+4.2
z4% 64 1.1+2.0 13.0 -0.7+2.9
A 147 0.7£25 14.0 -0.3+1.8
=ha -7.1, 76
*  PH-MHQ| T, 95%Al=| 717t
BP, Bayley-Pinneau; GP-BPZ == 0|EE A917|; GP, Greulich-Pyle'§o2 ZX3t SUIHZAL =
KA Z1E A AN-F A 50

A MALES

- 13- S 14 -



A 5
1XMX(EMIE)  Harris(1980)
e _s0 s 10 20 0 10 A 6
5 rewaes 1MX(EHAHAET) Jeong(2018)
i B ‘ R e i
e =
J 1 . QT TN FSE o
5 | 'I} ‘H T
- : | " } - MAFOIl ol =X S4E LEL= Ot 44F(5d 228, 034 22%)
|
. ‘; 1 25022 022
o i Chronologic age(yr) 10.6+1.2 9.6+1.5
. Bone age by GP(yr) 10.2+1.5 9.5+1.6
Height(cm) 137.2+6.8 130.0£8.8
Height-SDS -0.5+0.6 -0.8+0.7
Midparental height 170.6%£3.0 158.6+£3.0
BP, Bayley-Pinneau; GP-BPZ Z4d OI5E A017|; GP, Greulich-PyledlOz Zat BAZA Midparental _height-SDS -0.4+05 -0.4+0.6
SRR 7|1E GP, Greulich and Pyle; SDS, standard deviation score
oy IS

- TR, s 1R ols Ael

0
c
3
]
Q

rowth hormone B gonadotropin releasing hormone agonist X|22H= 0t |2
- FXEEO| ot OFF X2
- FRTUEAIEO 2B Q17|10 E5HX| 25 ots He

* HAH: GP-BP
H

*NFAH HOl: 7| HESETH0i5H 2cm/yr OI2H0|H, g9 2L SHH0| 16M 014, 0442 &

£ Beizo] 144 0ol 32

* Predicted adult height, final adult height, and their difference

a7da-gty

Variable [ 94(n=22) | o15(n=22)
PAH
BP method(cm) [ 174.7+4.9 | 156.3+3.7
NFAH
oI (M) [ 16.2+1.2 [ 15.2%1.5
7(cm) | 167.8+4.7 | 154.9+5.1
Difference between PAH and NFAH
PAH -NFAH(cm) [ 6.9+4.2(p=0.000) [ 0.4+3.9(p=0.616)
«  PAHSF NFAHZ! AN
Variable =#8(=22) ol8(nh=22)
Pearson correlation(R) P Pearson correlation(R) P
PAH by BP
and 0.619 0.002 0.665 0.001
NFAH(cm)

e PAH2} NFAZH XI0|(Bland-Altman analysis, ¥X|&= $tA): 8.0, -7.1cm

- 15 -
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AHH 6

1XMXHEHSE) Jeong(2018)

100

Mean+1.96 SD

Difference: PAH by BP method - NFAH (cm)
o
7

°
~ B B}
oo\
s R
S
° e 3
°

Mean

e ©
-0.387*X+60.474

Mean-1.96 SD

145

150 155 160
Average PAH and NFAH (cm)

BP, Bayley-Pinneau; GP-BPZ ZHE 0|Z=
final adult height; PAH, predicted adult height
*HOAKK 71E

A017|; GP, Greulich-Pyle#.

-17 -

2 EHT SUFHUAL NFAH, near

el 7
1MXHEMAE)  Joss(1992)
. PRI AQA
ATEY - HAEIAfA
- SR RE BE o
. PR
- AH 323, 4141009 Hof
- Sl2IE| 1 U 2o
EE] o1
CHe At 323 100
QIZPAl HY 12.5+43 11.8+2.1
QI2IYA ZHB(GP) 13.0+2.6 12.1+1.8
oy - HE
- A2 SD score O[A0IRIA AN Ol Aeisl= T2 Fgo] gt 42

*M017| Ho|: ZH(Greulich and Pyle0|) 7|Z0 2 HA0| AR 18.25M| 014, 042 AL

16.754 O[AH0| 7Lt £/Z 49172 99.8%0) EY3t 02 HoiRI

o
42

o O T 7| MF7 12 X0

=24 oy
BP ofm11 8 7 8 18 7 12 -
8l BP 1g_n:7 4 26 13 42 45 21 16 14
ZRI0N!
a4t af
i P s el tes,,
Acm_tz)_ T— J, l T Acm:‘%: —t T I 3
-4k -
ek er
ok ] S U
1 Il 1 1 1 1 9 10 11 12 13 14 15 16
11 12 13 14 15 16
e =3
N = =+ 9| 0= M5t EZFEUAS 2=
Ling S 16M7X= £10cme OIF AZEHAZ HHSHEJAH L7t U2 =
i AFIEOM= LIZEHA7t UA5h= HE B0 O Hetst Aoz LEHH
421 7|= OM| DI2te] 2 DF0AM LHEIHEAS.
10-11M S IE0IM TEFXQI IAETH= £2 23 0149| 714 SUHS 7t
Zl A4S II20/US
i al = 20IUS
o8 SCHO0| 7H&53tE 0] AHS9| MAEIlE SAH0| JI4EX] b2 AUS9
1.3cme HAMORZ 5 0cmAF UL, 12-13M2] SAZZ0|M LTI ISH= &
50| /12, 0] IS O[T 2L HIWE HEfst AUS HES

BP, Bayley-Pinneau;
deviation
*H MK 71E

GP-BPZ Z=X= O|E= MOI7|; GP, Greulich-Pyle#io2 =Xt SHAAAL SD, standard

_18_



A 8

1MXHEMAE)  Lenko(1979)
=
HTEY - CyeIs ERS
o OITEA TIHN ISE 7
CEITeY
- 302 A1, 302 AU, BEIS SE AROITO| 718 A
- 8-17A|
- S5 BYREO0| Q= 1Y
Ay

SHI AIEY

71

=

re

1
MU |0:
=2
Tl

= gel7Iet 2E S1712t A0

L 9
INAHETAE)  Lolli(2021)
s
ATSY - OIS ES0
. AR Fp A5E o
o

MEAN RROR OF PREDICTION

a7da-gaty

Z.“e;,.;...a-'l .

ns-' o R
o

O B S R

BOYS

D SR A
e b

)

W %1%
AGE AT PREDICTI

IoN

T years

BP, Bayley-Pinneau; GP-BPZ ZX%= G|Z= o
*H KR 71E

Q171; GP, Greulich-Pyled22

_19_

gl 0|82 SEAF
AZHS 19.4-27.9 Ml 11.5-17.8 Al
LA 167.5-189.7cm | 137.5-187cm
ity *S0I7]: 18M Ol ZFE 7|12 Ho
o ZAH: GP-BP, TW-III
ZAFEH| BoneXpert® 0|2
o HIHEEZM
- 4017] 1 18M| Ol SHE 7|12 F2|
o S B HI7|9 | E7 |7t R{O]
BoneXpert TW-II
CAUD "Atem) | 95%C1 | Alem)|  95%CI
125 | -0.9 | -16-02 | -2.8 | -3.6, -1.9
13 -11 | -17.-06 | -31 | -3.8, -2.4
135 | -1.3 | -1.8.-09 | -3.1 | -3.7,. -24
14 -1.4 | -19,-1.0 | -25 | -3.1,-1.9
2 -5 A . :
ArEi-any 145 | 1.3 [ -18.-09 | -1.7 | -2.3, -1.1
15 -11 | -15,-07 | -0.9 | -1.4, -0.3
155 | -0.7 | -1.2.-03 | -0.3 -0.8, 0.2
16 -0.4 | -0.8, 0.0 0.0 -0.6, 0.5
16.5 | -0.1 | -0.6, 0.4 0.0 -0.6, 0.6
17 0.1 | -04, 0.6 -0.1 -0.7, 0.6
17.5 0.3 | -05, 1.0 -0.1 -1.1, 0.8
] HaNE S

BP, Bayley-Pinneau; GP-BPZ ZX= 0=

4
chronological age; TW3, Tanner-Whitehouse 38#oz =Xt

*H KL 712

_20_

4017]; GP, Greulich-Pyled22 ZHst ZHZAAL
87| oIEHA
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1MXHEMAE)  Onat(1995)
. omaEAP )
HREY -« opusied|
+ P DE TSE ofn
o OIFOHARE
- 720 EOBE AH(9-13A])
o A
Fal - GP-BP
o HIHEZM
- gel7|

*g017| 71F: Xctol S l0] 18M| SHYAIES 7|

G 10
1MXHEMAE)  Maes(1997)
. ATRHIT W0
Ansy . oieim: @
o A ZICHE FBE 07
. AR
- HAIKOR G5 E AQ17|2 QLS5 OFS 90T(HA 62F, 014 28%)
- Her|E
1) GISE Hol7 |7t Y= BE 7| 7|EC R 25 W2l 0[50 &
2) A0 AL 11-14K, 02| ZS 9-124] AO[0l] GP O 2 DHUZZAE 285t A
3) BHYME XU SRXIA, BOIHAS, QU 01y EE LIRSS et 5717} s 39
 ZAR: GP-BP
LSl o HUEEZA
- Hol7]
*M017| ol K|t 3 13S 2t 1.5cm O|2C 2 YRS 42 E= HRISHH 7o =2 42
(HOIZ|0IM 99% OJ4f Y 2 Q= B0 THBH BQ)
* 4017] ZHNHO| ofeiy
\ ey \ oy |
\ 7+2.6(17-27) | 18.8+2.8(15-27) |
z3) r %& EXTRNHS)
o HOI7|, 0I57] & HOI7|t 0IE7 (7t RIO|
e ofy
CHAR} 2 62 28
oI, cm 165.1%5.1 153.1%3.9
OI% 71, cm 164.7%5.0 150.4%3.9
HER(HR17(2t 015712t X10]), cm
BP [ -0.4+3.5 [ -2.8+2.6
omzn-smy o CIEE HO7I HENeTIZ Ay

correlation cosfficient

i) 0.76
e 0.78
o OISE Hol17|9f 2t X B HEE(EH)
correlation coefficient p
=g -0.31 0.016
=0 XA -0.34 0.008

o S 0571k GR171ZH X0] (cm)

- CHARR XIo[of CHEt Ha XI0|0l CHEt EZFEMXE
9 19 -1.39 4.08
9.5 33 0.09 4.25
10 40 -0.56 3.54
10.5 47 -1.48 3.82
11 74 -2.38 3.55
R ZA-FuHd 11.5 85 -2.10 3.12
12 88 1.97 2.73
12.5 91 -1.58 2.52
13 102 1.27 2.30
13.56 102 -1.01 1.92
14 46 -0.99 1.40
Total 727 -1.45 2.94

BA, bone age: BP, Bayley-Pinneau; GP-BPZ =X 0f

*H AR 7=

M

49217]; GP, Greulich-Pyle2.

_2‘|_

BP, Bayley—-Pinneau; GP-BP2 =
*HOAXK 7I1E

gE o=

_22_

Aol7|; GP, Greulich-Pyle§o2 =45t




i 12 i | 13

1XMXHEMCIE)  Poyrazoglu(2005) 1XMXHEMSE) Reinehr(2019)
L e S =t R e )
ATEY o QIS Y| ATEY o OidelE =Y
o QMY THX ASE G o QA THX ASE G
o QTOHAR o QTOHAER:
- HEY SEXI L AREY| XA HARKEA 30, 014 11F) - Study A: AAH 124 OLHOIIM S MMl XIHE AHCZ 20M OJL7IK| FHEUES
- MEY QEXA T IE 35t 015 68
1) EHYA HYHF(2,5000) A IE:
2) 7| SDS <-2 SDS 1) HEE YEXNCE MY HAEAHZ X2E W ARE HalthM 7|8 S8 7K
3) 2¢F0| 2 014 X[ A< Het2 T K= w2l
4) Li2H|7|SZo7t ele 32 2) YHNREL YAMKGHS, YESER 20| Us 2= M
5) ORYEIEL 718X SZO|LE S0I¥4B0 it 5717t el 32 3) HELET} 25 HERIS 0|21 AR 2#10] YHS 22 XFHAN HHS22 2HS0| Lt
Ay
¢ o A 242 M
- GP-BP - Study B: ME QEXIN0| Q= = AH 32F
o FUHEFEHA HHIEA ARKS Ho|
- 4217 - 14M| 0|20l ARE7[LEO| == 21 20| AE7| X|H0| U1, FHF || SDSet HA|712 SDS
*4017| Ho| Af0|7+ >0.5 Q1 42
1) ZAEE0| <1 om/year® AT AL o — \ Study A \ Study B
TH0| A0 AL Y6A|, 0jAC HQl ZL =8
2) Eﬁ | 249 22 )16, g9 22 21642 42 TRt . 3 58 2
3) fofo |UE0| A2 EH ER ER 14.0(13.2, 15.1) 15.4(14.8, 15.9)
o 05719 SDSet A017|7H A2A(Linear correlation) 7|, cm 149.2(143.5, 156.2) 150.2(146.3, 156.5)
OFX|at ZEAE
Ot 2=, & 68 32
AT etél(n=30) Oi8i(=11) EEN] 22.5(20.3, 25.0) 23.1(22.5, 24.5)
oT = S r 0.57 0.82 7|, cm 174.5(170.9, 178.2) 172.0(165.5, 174.4)
D 0.001 0.04 ZozE SYUIQR)
— - — o BAPAE
BP, Bayley-Pinneau: GP-BPZ =X O|ZE M0I7|; GP, Greulich-Pylegl22 =Fst ZHFZAAL SDS, standard
deviation score - GP-BP

*H KL 712

- 4907|
*{% 401719 Yol= HER HAISH UK 98
*2H7) 3ol

- (OtHX] 7|(cm) + 0{BL] 7|(cm) +13cm)/2

o SUIEE 0157|2017 12E RO

-23- - 24 -



A 13

1XMXHEHSE)  Reinehr(2019)
i . & . o
§ 6 * . s s
e 3 s s Tl
- B R I R !y i
R R e
53 24 ¢ LI o
:;j ~,§;!,:‘ Lol
82 : be .
1o > i : s . .
10 1 12 13 14 15 10 1 12 13 14 15
a Bone age, years < Bone age, years
study A study B
o G712 H21717F X{O] & HEEA
72 \ 2 [ »p
Study A
1.2cm
=x = Z|Z M017|7t
7|0i1= FEHE(OIS7 12t 2B 47|12 X0]) (I0R. 1.4, 2.8) 0.282
EvSEYS] =22 XA~ O| Atxty
7|01 5E=E E%;,I_\XHOEQF—IOJJAL 0.36 {0.0001
r (Pearson correlationi)
+2.8cm
= MO|7|7¢
SH7 |2 H17|7t R{O] (I0R -0.5, 6.7) 0.004
Study B
_ - 4.1cm
= Mo|7|7t
OI=719F gol7 |2t Xt0] (I0R-0.1, 8.4)
o F0IEHEECIST |9 €217 17t Mool FEFS FE= 201
Study A B—coefficient p
SH7|(cm) 0.94+0.18
SHBAFY AAY -1.68+0.60 <0.001
SHBMNF 7(cm) -0.81£0.12 <0.001
=% -2.17+0.65 €0.001
=08 NHEE 0.75+0.49 <0.001
o HN H17|2f0] A
Study A r p
OI=E g217] 0.88 0.001
=87 0.46 0.001

BP, Bayley-Pinneau; GP-BPZ =H= 052
interquartile range, SDS, standard deviation score
*HOAKK 71E

8710 GP,

_25_

Greulich-PylegiC2 =3et Z=FZFZAL

IQR,

bl 14
1MXHEMAHE) Roemmich(1997)
U e i
A7EH o OHYQIE: 017
. oA FIp 38E o
o GPOR
- ARG HHE ST0) FoIS AH 23F
\ | =l | mEvIamAE
A 10.4£1.1 18.4%1.4
oy TR \ \
. 7‘1}\P:H: GP BP
o UHFZAL AT 47|
*EE H017| HO: ELETH QIS (Tem 21 ER
o OIEQXI0l S SIAEDRY
50 —
50 |-
>
2 O mean=285
b SD =529
2
g
w
4
[T
0 - A
20 45 40 -5 0 5 10 15 25
BP RESIDUALS (cm)
RAN-FA o FHFL 0S| 2SI 17 BHR0] (F2M M)
6
5L
N
P
< 2F
3
3 'r
2
S of-—-
2
® Ak
£
2
sl
4l N y ' ) " g .
9 10 . 1" 12 13 14 15 16
CHRONOLOGIC AGE (years)
BP, Bayley-Pinneau; GP-BPZ ZFE 0I5 dQl7l; GP, Greulich-PyleHC2 ZF5t SUZFHA

*H AR 7=

_26_



G 15
1XMXEMeIE)  Sperlich(1995)
. oPsERIN S
HFSY - oHeE sY
. oA HEE F8E oin
o OIFOARL
- 49%, CGD =4, Hx AHH0| 22.9M|(H2 20.4-31.2)2 ZZ 7|0 TS AR
_ N7
1) 94T £20| X-rayE H4 13 BB BX}
2) Z7|UR2A| Zurich BH SHYY A7 7|&0)| M2t AAZE MM SZ5t 7|7t b W2l 0|
orel 42
3) GP Yo = X5t SYO| 6M0|7LE 13 014 XIMIE Z?
4) YA #E0] 2,500g 01421 H<
Fal _ o
5] S5, BES, QRO U8, 521 FEZ0| oy

5) 71 3, TLEg \ =] HEl Z2 Hel
6) HEHLIH0|E(EFMBAXNZLE) L AHZO0|SE LESH INHOR GERRE ¥ Qs
eih= Jel
Mean+SD Range
HHZ(M]) 13.3+2.4 7.3,16.4
71(cm) 141.7£12.1 112.0, 163.0

o HUEFHAL ZE HoI71Q20M AIF| B 7))
= =]

HH 16
1MXHEMSHE)  Unrath(2012)
o A= £
A7EH ¢ OMOIE =Y
o M NITH 3SE A7
o ATCHARE
- HAIEZS 190E(1-194)
- HI<ITHA
1) 2L SEXH7 s ZHEMYA HEY A% Z0[7} 3 #EQa 0|20l Z2)
2) 2 A 53, HUY 352, Ff 57, HASER A7, ZZ0M 539 OIS,
o~ FAF| O, N EE= DHEESH MEI(M2|Y, FIHISE, MAFE S5 (syndromal

short stature) %)
o A
- GP-BP(#=51t BoneXpert 018)

« FuEEHA

*017] Ol FA 67N ASOr HEMST HHEETH0.6cm/year0| 7Lt 224 0|20 ZHEH 7|

c HBI|H AT

Mean+SD Range 2P
AAZA) 22.9%1.9 20.4-31.2
ZZ 7l(cm) 171.3£4.9 161.2-181.7
0I=7|(cm) 171.5+6.0 160.4-186.9 NS

OIZ7|2t 21T 4017 |2+ d2tet: r=0.54(p(0.0001)

[y=066x+58.75)
T =054 .
£ 1e5] [p <0000
3 n =49 .
g .
g1e0f . s "
Iy
3 .
S
F15{ o 0.0 .
< .
§ T .
5 170/ P~ 4
2 ) ®
= D Te *
5165 o c @
2 . ® °
160 =
160 165 170 175 180 185

Final Height (om)

BP, Bayley-Pinneau; CGD, constitutional growth delay; GP-BPZ ZXE O|ZE M0l7|; GP, Greulich-Pyle#io2

235 2o

*H KL 712

A

_27_

a7da-gaty

+ GIEE gol7|et MH| Go17|20] XH0|

20+
*
B £ 107 B
s S -
z T b s
< T ooatp I sl gt
£ T N
< < e $# . *
& & 10 HE
-20 - : — . -20 . - ' :
8 10 12 14 8 10 12 14
manBA manBA
GP-BP, manual, 44 GP-BP, manual, 044
20+ 20
€ = 10 *
E § .
I I LR .
z z st e, B oAvt,
< £ ii L e ™ i’ﬁ +
£ £ il R
o o -10
-20 T T T 1 -20 T T T
8 10 12 14 8 10 12 14
autBA autBA
GP-BP, BoneXpert, 'H4 GP-BP, BoneXpert, 04

BP, Bayley—-Pinneau; GP-BPZ Z&& O|Z& d27]; GP, Greulich-Pyled

*H KL 712
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2. HISEH

°ot

40
o2t

2.1. SHHAAHAAMSTAR-2)

bl 1

1M XHEHST) Alshamrani(2019)

Xl
=

HO

rg
m

HHZA

St 1
1MIHETHAE) Alshamrani(2019)
2 et TEEA
1. ’-‘"741'3' Eﬁﬂ’_g,gl STAZI THTIZ0E= PICOS * P: population of different ethnicity
A SHE|0= :
ol %"‘"'”5:-5%-_7}?  |: Greulich and Pyle(G&P)
Dlo\?"“’—f(P) ) o * Ot mean differences and standard
O ;XH(EI;L ﬂ@.(ﬁﬂ){\@ oo deviation as summary statistics for
O HSIIH(C) [WE2SRIESPNPS] the difference between bonen
O %XH.%EKO) age(BA) and chronological age(CA)
2. HAN BS0E WHEO| MK 2SS AHS| o ESUE 2 whether the Greulich
ZHoj| EHEUCH HIMO|= ZRESERE SOHE and Pyle (G&P) atlas is applicable
O|EH0] U= A2 Ojof| i3t Y aH &St 0|])7t when applied to populations of
HAI=IALE? different ethnicity.
o ZAMHMEE using the keywords
(Greulich and Pyle) and the MeSH
term (Age Determination by
Skeleton).

o HBJ|Z: following exclusion criteria

were then applied:

1. Health status of participants could
not be confirmed from the article or
participants with developmental
disorders or subjected to nutritional
supplementation (these represent
unhealthy children expected to
show delayed or advanced bone

s o) AL mol age)

MR o 2g mast 1oiw nE=SOl SRE0 oy g 2 Usiiga modied metnad of GOP

Cm m2E=s go sl A Of2h ArEt0| HAIZ|0 ooe and/or using modalities other than
= QIC}. conventional radiography

B2 JIND Q0T B T heic mo yensay
o ) =

11 oI = =

E%;ﬂir E=) EEKEN ].ED_»

O ;nﬁz == [ 0= |Qlol| ThEH Z=A
AT 5l

RECT s

O Z2EE 0|20 et

H|=219|3 o7 - _
D HiSReE Bt SRl 0/9)

w

Full text not available within the
resources available to the reviewers
Full text not in English

Review articles

When the mean difference between
bone age (BA) and chronological age
(CA) was not reported or could not
be calculated by the reviewers
based on the study results
presented.

o HISELRE

Two reviewers KA and ACO
independently assessed the quality of
included studies using the tool
developed by the National Institute for
Health and Care Excellence (NICE,
Appendix G). Discrepancies were
resolved by discussion.

The tool considers five aspects of a

o ok

study: population, method of
participant selection, outcomes,
analysis and generalisability of the
study. Then, an overall study quality
grading is given to each study for
internal validity (IV) and a separate
grading for external validity (EV) as
follows:
- ++ All/most of the checklist criteria
have been fulfilled and the conclusions
are unlikely to alter
-+ Some of the checklist criteria have
been fulfilled; the conclusions are
unlikely to alter even when they have
not been fulfilled.
- — Few or no checklist criteria have
been fulfilled, and the conclusions are
likely or very likely to alter.
o MERZA SIS & 01y 2elol
oSt ZAA S
A combination of random effect
meta—analyses by ethnicity (African,
Asian, Caucasian and Hispanic) and
sex was conducted using R Software
[6]. Overall meta—analysis of all
ethnicities was also determined.
Additionally, meta-regression with
covariates analysis (including sex and
ethnicity as explanatory variables) was
determined. Yearly interval subanalysis
of Asians aged 6 to 17 years and
Caucasians aged 10 to 17 years was
carried out in males and females.
Other ethnicities were excluded from
interval sub—analysis as the age
groups were not constant between
studies.

3. BEUE Mih= 2HOE0| 23S A7AA) MEo)
CH3H HESIALL?

o Of2k 5 atLt 53
01 P91 H HIDLAIBRCT)ZH B8t 20 ol
oy
0 22, 57 HIRAIATIHNRS)
3 23
0182, 259 i BTUMNET 5K Bl2ESl o7
S8 mslots 0] Ofsh 8%

e
1=t
ool
Si
rr
N
=2
=]

LIl
ooHe

o GFEA tiSiME REHCR
7|&5IX| UUAOLY HLBHE|0{0F &
AAANE HALCEM HARAHAE
M OZ HMAl

When the mean difference between

bone age (BA) and chronological age

(CA) was not reported or could not be

calculated by the reviewers based on

the study results presented.

_29_

4. 2EDE A= ZTH 28 AN HHS
AZ3AEIN

U 0f (25 EGH0 ) Of - BF EEHOF
O 43t 27) 0ol (8 O Zate eipe) gng
e s N TR
E0IAS ZMGISC, O INE/HT BRAE
Ol ZuEig §l 2 24
Alsigict O 8ig 20F U8 H2JlE
O SEE He0) 20 Baopil xi2g wg
ool YFe 0198 M O aigEe 29, B 2

e

ool
RO
ooHe

o MR

- We searched MEDLINE using
keywords ((Greulich and Pyle)) OR
Greulich Pyle, ((bone age
assessment OR bone age
determination)) AND left hand and
refined the search to include articles
in English published between 1st
January 1959 and 15th February
2017.
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bl 1

o 7
1M XHEHST) Alshamrani(2019)
= et moaA

RCTs

Q% 0f: Of2f BEO Chet O Of2fof CHSt ROB Tt
ROB Tt O 253t 250 oy =

O 8ige, 223 A,

O SHzD Wil &y Jan o RS
9 ZW IO B2 O CIRt SRAL M 5 O
Y= fol AUBI oM Hu oipz
zo mmEol Zz Mg ol
ol =1e)

ol OFZfol Chat ROB H7F
NRS oy ey D01
A of: ofzfof et pop U TE SMEM HAA Ho) g
8 gt e, 1210
ot orst =xiz|Lt o = OO
O ma O Cr¥st ?o}“-f =93 0O RCTSt
D e uise o EIE el
e

10, SEITE XA= DA0| TarE H7S0| A3 EX0|
s HsTF

ol

0] Sstmao0| maHE $no| AZEH| Chsh Haeof ot 01 0f
. moiLe

X I ATHEQIKIE ARG T BTEHK o
e ok s

11, HER2S2 28I, SHATE RKI= 0j0] hat
BCI3 0128 HAGILT, Sinzte] SASE 2
B2 ol3f M WHS AIBIRETR

RCTs W o

o OOl IEw, A, ez 2 Ay

tf.

0 J2(1 MEot 715K |gs 0185 AFZNE ZE
OO 0|20 ACHH 0|S HFOHUCE

0 222|1 O]Z-49| AI0)| Ciet ZALS SHA

[ HEFEAM  HEHEAM5L D meta-regression® =345}
oo

NRSI

o :

O XMAt= HEZAME Sdlf X=2E Zee gt 0IRE
HIABIACY

0 81 HHEst 7HSX|ES 018510
OO0 01290] QULHEH 0

0 22|12 NRSIQ u2H4E H¥et SUFYRIE A
SidAU, B a1t FYXIE 2T + ¢S WX ¥

N=E 2SR

0 22|27 RCTRH NRSI 257+ TR0 ZLSte|ts o,
9l Ui BN YIAED S HIRER(T0) 29
EHXE U E 2SI

ool
ooe
[ HIERZA

He
me

1M XHEHST) Alshamrani(2019)
= et TEEA
- For Embase, we used the term
(Greulich and Pyle) and refined the
search to include articles in English
published between 1st January 1959
and 15th February 2017.
- We also searched the Cochrane
library using the keywords (Greulich
—— and Pyle) and the MeSH term (Age
A G e
AlSIZACY. 0 230z 242 24748 . De;fﬂ'(?ffz_ﬁﬁro‘bl steteton)
O[LHO|| ZHAH A58H 2= , —
ILHCH 44 2 A systematic search of the MEDLINE,
Embase and Cochrane databases was
conducted
o EHRI0]
The search was refined to include
articles in English published between
1st January 1959 and 15th February
2017.
5. BHTH XA 917 HEHS SBOR2 FUSHEIR
- ST The search was independently carried
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However, in this systematic review,
results of the four studies with high
risk of bias [8, 23, 29, 46] had little

o :
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mo impact on (the sta_tis_tica\ significance

oo of) our results. This is bgcause the

O HiEFEA population of these studies contributed

oo ' less than 5% to the total included
population in which only two studies
[8, 29] were included in the
meta—-analysis, which reduced their
impact on sample size and results
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skeletal age for separate age groups
(no more than 1-year intervals) or as
mean chronological age for each GP
skeletal age.

o HIRIZIE

Exclusion criteria were no full text
report and fewer than 50 participants
in the specified age range (between 10
and 25 years).
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13, ESITATAIE D HIFE A /=0l I JHE Additionally, bias in studies can result
A7 HIEHYIRE 1AHSIRA=IR? in poor reproducibly and/or lead to

distorted results and wrong
conclusions. However, in this
systematic review, results of the four
studies with high risk of bias [8, 23,

o o 29, 46] had little impact on (the

[ H|S22/3/0| 42 RCTOIS TaI5IICt ooiue statistical significance of) our results.
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only two studies [8, 29] were included
in the meta—analysis, which reduced
their impact on sample size and
results.
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Medical Subject Headings descriptors
and free text words included terms to
find studies of age estimation based
on radiographs of the teeth or
handwrist, and computed tomography
(CT) or magnetic resonance imaging
(MRI) of the clavicle, knee and ankle in
children, adolescents and young adults
(to cover several parallel systematic
reviews in order to evaluate some of
the most used methods for age
estimation of adolescents).

*  HMHIOJEH|0]A

We searched Cochrane Central
Register of Controlled Trials, MEDLINE
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Brandom-effects model. All estimates
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intervals (95% Cl). Heterogeneity
between included studies was
evaluated by Cochran’s Q test, p value
of 0.10 is used to determine statistical
significance. In addition, 12 is
calculated for quantifying
inconsistency of results between
studies, and summarised results with
high heterogeneity need to be
interpreted with caution
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One study with low risk of age mimicry
bias was Chaumoitre et al (2017) [2].
Even though the chronological age of
the included population is not
completely evenly distributed (for
boys, the smallest age group is 61 and
the largest 102 individuals, see Fig. 4),
we considered the risk of bias as fairly
low due to relatively even age
distribution and large number of
individuals in each age group

SE0IK|= 2oLt AZ0| H7[KAIE
FEZ J|ISE0UAS

it 3
1XMIHEHAL) Serinelli(2011)
iE e mes
1. HAN 280 Eo| HEFn Z57|F0= PICO2| * P: subjects with chronic diseases
THQATL EEIEU=TR? or developmental disorders |2

e |:GP, TW1bone, TW2 RUS, TW3

E RUS, Fels
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O ;XH(E;L MEH(ED)ARSE 0o parameters, i.e. difference
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O SXZ0) chronological age, intra—observer

reproducibility and inter-observer
reproducibility
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Our analyses may be affected by the
over-representation of certain regions
(such as India and Turkey), while other
regions are under-represented (such
as the African continent). Further,
certain studies from the same
countries, such as Turkey [14 15] and
India [21, 24] do not even overlap in
their 95% confidence intervals in
several of the analysed age categories.
Hence, the impact of country or region
on skeletal maturation is still unclear.
Taking the heterogeneity and the
limited representation into account,
the results must be interpreted with
caution.
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o ESIHER

The aim of the present study was to

conduct a systematic review and a

meta—analysis in an effort to better

understand the accuracy of these
three X-ray methods

o ZMEE

The search was refined using the

following MeSH terms and text words:

Tanner Whitehouse; Tanner

Whitehouse method; Fels method;

Greulich Pyle; Greulich and Pyle; hand

wrist; age; age determination; age

estimation; radiograph/, radiolog/:
application; TW1; TW2; TW3; TW1
method; TW2 method; TW3 method;

Fels longitudinal study; forens/.

o HIRIZIE

Titles and abstracts were

independently screened by two

authors (S.S. and M.D.) based on the
following exclusion criteria:

- subjects with chronic diseases or
developmental disorders;

- absence of information about the
state of health;

- people subject to nutritional
supplementation or hormone
therapy:

- absence of accuracy/reproducibility
parameters, i.e. difference between
bone age and chronological age,
intra—observer reproducibility and
inter-observer reproducibility;

- studies that used modified versions
of these methods;

- review articles;

- studies not written in English or
[talian.

o HIERPRE7= S0 2

O

ooHe

A0l CHohM= RITMOR 7|&5HK]
LAOL} IBIE|0JO} & HRANE
HARCEM HPHEAS X2 HAE
accuracy/reproducibility parameters,

_38_



AHH 3 AHH 3

1MXHEHAT) Serinelli(2011) 1M XHEHAT) Serinelli(2011)
= e HEEA s e HEEA
A4y . ) ED)
S0 =y HDEtoo4Ta} of watspe 0 i.e. difference between bone age and Do MBS s
= ;‘Ims H BISARTRHNRSDE! Z3fots 200 o chronological age, intra—observer u 7”&@,3;;3(”' _GES
O 592 Tt 1] HHR HIMUAAIEITE EX) HIS RIS o1 reproducibility and inter-observer O SR 5t 7|15 Eéﬁ})ﬁe_or 2
i;g"r waiahe 210 EHEH ggﬂ reproducibility O q;k”lzloﬂ et 7|
4, 2ENE MXh= ZEHQI 2 HM HHS + MO0l H0]A O XA A
ME3IUE=I1? A systematic review using a 9. _E.f_—v‘ XK 25 TE0| EaHEl 7ie Ho|
computerized  search of articles HIZ2IQIS(ROB)S 7t5}7| QIaH DIEARQ ER2
published from 1956 to 20 December A E35IQE7R
2009 was performed on the Medline
database and the Trip datab ACTs oo
atabase and the Trip database QUL 0of: Oz 250 CHEE  off OfEHO{_I st ROB m7t ous o
o O Ry =1 =N . Huma - DT PAN IS & mole  wZaemEIE 86T uus
= 115 SH): 3 R2E e
EDT;L(?}E%%&'@Z ‘:'(()31 u gi‘:' vy ool Faled The search was refined using the S ErE Jé\ﬂ Ds!\JRSIDf
iy 2458 0l OIAFAIS following MeSH terms and text words: 9l Z7h mIEKO ot AxFILL M x O
FEZ0| MESh G0l O YEAR/ST AXIAE OO0 T Whiteh T S AD GRS =7 O Udst EFAL 24 &
EIHI0IAS ZMGITE 2] M mosg anner Whitehouse: Tanner Y(mE 20l AlYEL 0N Eng oipzHm
O7I9ce) ZMpas il 819 20F g Mevle oje  [hienouse method Felo meshod 22 2ol S Hel ol
AlBieict masiL 2SS Be Gr(_eullch Pyle; Gdreuhch»and_ Pyle; hand -4W|E mQ)
eme el wrist; age; age determination; age - =
o SHO of AR, M o . ) . Of2Hof| Chst i}
. Eﬁgﬁﬂrof oles )Xﬂ = ;H ;EL e = estimation; radiograph/, radiolog/; NRSI 0‘% 1,—'@} ',L}HF;%? g;;*o ool
Mép;a O 2enm 2 2 Al application; TW1; TW2; TW3; TW1 U Of|: Of2H0i CHEF ROB Eﬁ}gg mfﬂ _{aﬁT ogg o
AL O_\T_H()ﬂ 7EA ol = method; TW2 method; TW3 method; ot O Ciorst ’“‘XIM Y goe
g Sudi . i mat = at
Fels longitudinal study; forens/ EMEM . ok B oimzy Dg RCTEt
- EHZ g i T TH EaE eaEs TS
Not written in English or Italian 10. '["—'E—Efmf;'fo" 2 aTSel Xig S0
Full text not available o el 2 SHRE=T1?
5. ZHNE MAt= AT UHS SHOE SHSIRA=IR 0 20| 23 GI70] AIZEA0 sl 2asoF 3t 010 olz01o
5 = i Ct WO =p=iv=
Of: OF2 & ottt 5: Titles and abstracts were :
[ HASH £ 00| Wy} SYXO2 X7 G712 Meff W Of independently ~ screened by two m Ao ols Sixl oF
5111, 2 LEES SOI5IRLCt. OO0 authors (S.S. and M.D.) based on the = 'OO;Z(E}EHEE%EMHB AT KX EIGHA B
032 & Ho| WXt YB HE0)| CHa HAARE M following exclusion criteria: = o1 oo =
Fgéffgﬂ —’;SIQ OtxrlEraeém(Oﬂ l 8H0i/|1 04, :lrl_}l:ﬂx o 1. HERZAS -1‘-"&','5}‘3'&} S8 E MXh= 0]of ChSt Outcome data, extracted from the
= 5t TR} 28 MES ST B3 0|22 HINBIT, A7ZTIe) SAEY Z included studies, were entered into
= e st ’“’“.’3_* WS MESIEIR STATA 10.1 for statistical analysis by
MAl= ABFES S5O +HBIUE=IR two other authors (P.V and P.P.). A
== One review author (S.S.) extracted meta—analysis was performed where
o - these data from the included studies appropriate using a random-effects
o| Ste| 25 o 2 = . -
o] EH;H_|°*—7I(§17I:E”E}@‘EF o oE X=E ggﬂug and a second author checked them model to obtain summary statistics for
| IR} oo o M7 7 BE2OM K22 (M.D). Disagreements were the overall difference in age. The
ZO olx|T2 H0{(0] : 80% O, LIti solved by discussion. standardized mean difference (SMD)
X 3t 'REW Xz =52 ;f"‘Ef ° was calculated (with 95% confidence
n; e qTEE OFEE_, o RCTs M O intervals), which standardizes the
7. 20 S th H“::!_ :!:0" thet S S ags Off : oty outcome for each individual study to
HHRIMRE RISSHRA=1 ool O HE2AS S6) XI2S Z315 3195t 0198 MAIGIY O HEREA  the effect size found in terms of the
A0 01|3 Ofeh At & Og20  Go00 ct. s standard deviation observed (in the
[ MENK| HESIUXS, *XHHOE t}ﬁﬁol Ql MO SEMe [0 J2|7 MAES JIESX[HS 0|2510 GIRZLE Ak study). The SMD is generally the
SEDEOIA HiRIE = A7t 28 DEIN OM 0|&X0| QICHH O\E HYSIFC} method used for pooling data from
0|l LS 222 HA| Hﬂxﬂﬂ SIESH 0| HIA| [ 2|10 0|&IA 0 010f| CHSt ZALS SHICH different scales. Heterogeneity was
8. SHNANXI= H3HE HIEQ| MEAISS XHE| calculated by Chi square with the
JIEsRETR |-square test (12). A p-value was
ERN TR EE) of : of2f )\}g} EEES WO reportgd, near the 12 test va\ue, in
Conutie  DomatAnAEN s DUYO sy e WS oo Tl wots o
O 3o tiet 7|& ot 7I§ gore Wi eity. A p-valu
[ H|m=0] T3t 7| O EXY MEARS0) T3t 7| \ess_than 040.5 was considered to_be
O EHAT0) st 7|5 2(MHE 42 g2 1 statistically significant. The SMD is the

-39 - - 40 -



AHH 3

3
Serinelli(2011)

pd
=

HO

e
e

BHEAZS MHT TUE SHYTR

ol

of :

O G200 220[3H 0]EH0] SR

0 E= 012H0| U= F2, 0129 A0 CHl ZAKSH
1, 0|240| 2 E A0 DIX= S0l CHal
=O[oIALt.

WOt e

15. & 2HYS SIAUCHH, EHDEXKE=
STH|ER(AFR AT HIST)0l CHSt TSt ZAE
S&ola, BHIE A0 0| = U= S0 sl
DESRAEIR?

of :

0 SIS0 tiet I £= AN 35S st

=]

oo
W Ote
0 HER2A

=X
=

£

EUHIE2 R Hef F=0f s DEIRIC
16. 2N MAH= EHNE A2 AT XISXIHS

Z3510] TTX OfsHyS o 2usiR=71?

of :

O MAH= Ol 50| §it e Hsiict. E=

O XMAPLAZEE 7IS5IeH, HIA olsyEs ¢
3t a2 B s

oo
WOt e

ME
H
1o
re
il
g
0jo

1XMIHEHAL) Serinelli(2011)
= e merz
difference in mean effects in the two
methods divided by the pooled
standard deviation of participants’
outcomes. The value of a SMD thus
depends on both the size of the effect
(the difference between means) and
the standard deviation of the
outcomes (the inherent variability
among participants). The 12 test
describes the rate of variation across
studies because of heterogeneity
rather than chance ranging from 0 (no
heterogeneity) to 100 (maximum
heterogeneity).
When data was reported for two or
more groups of ages, we collected
these data according to indications in
the Cochrane handbook When data
were not available for meta—analysis, a
visual comparison was made between
meta—analysis data in graphs and data
of other studies (median or mean
differences) to evaluate possible
sources of bias. A sensibility analysis
was performed to evaluate influences.
All results were reported with 95%
confidence intervals (95% Cl) and all
p-values were two-tailed.
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longitudinal auxological study based on a random two-stage =N
sample of primary and secondary schoolchildren in Turin. The =5=
sample involved 1,384 healthy children between the ages of 6
and 12 years (770 males and 614 females)
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¢ Study sample. Selection of the study population has been
described previously (5). In short, 145 men and 174 women
(date of birth before 1975), seen at adolescence for evaluation oo
of constitutionally tall stature at the Sophia Children's Hospital,
1 S . S ; Mo
Rotterdam, were invited by mail to participate in a follow-up s
tud =t
study.
* None of them had received treatment interfering with growth.
Ultimately, 62 men and 95 women participated in the study
after informed consent was obtained.
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* Radiographs of the left hand and wrist from the age of 8 years <& H%
onwards were retrieved and used for bone age(BA) determinations. Oss
For each subject every first available radiograph was used, providing 0=
only one measurement per subject for analysis.
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* Hand-wrist films were assessed both for bone-specific GP and TW2
skeletal ages. Determinations were made by onoe observer who
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Child Research Council for which GP ages judged by M.M. Maresh O EE_MI
and C. Hansman were obtained. Results of randomized-block =5
analysis of variance showed no significant difference between
assessments made here and those of Whitehouse or of Maresh adn
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SN0 et S
5 = oa%H0] 3 = 5 L U A
SHAALRE ZALY] 3, it 51A0] 2SI UE Q| HMMZI M0 7t U= O=s
o
o SEEN

I 3: FUOEE HA

HIERE

HO B0 Ll 71£51 0 IH0] 0EA 3T SHATUEK] 7S5 L:

- 51 -

_52_



St 6

1XMXHEHAHL): Jeong(2018)

e 6
1MXHEHAE): Jeong(2018)
YIIE m7pzat
o] 1: BExpMEY
HIEIH
SR} B IS 7| S5IAR:
Haze G4 52 = 2A H20(/U=71
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the Pediatric Endocrinology clinic of Kyung Hee University =t
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* BA was rated by an experienced endocrinologist and a radiologist
according to the GP and TW2 methods, and PAH at initial
assessment was estimated using the BP, RWT, and TW Mark 2 2/&: BES
methods.3,5,7) The BP and RWT methods were based on GP BA O=s
and the TW Mark 2 method used TW2 BA. NFAH was measured mE=e

from June 2016 to June 2017 when height velocity was less than 2
cm/yr, and NFAH was defined for patients with a BA>16 years for
males and BA>14 years for females
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¢ This study was performed to investigate and re-evaluate oo
1 retrospectively growth data deriving from untreated tall children oL
who were referred to our growth clinic at the paediatric 0 28
department in Berne and whom we followed up until their adult =5=
height was achieved
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NG = FXHe RIS TISIA=71?
o MEZIE ool
- tall stature(greater than two SD scores according to the first
3 ) \Jree X WO
Zurich longitudinal study of growth and development) without 0] 284
2

any disorder explaining the tall stature
- good health
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e Adult height was assumed when either two height
measurements within six months were equal or the bone age o
1 estimated by the method of Greulich and Pyle was >18.25 0ot
years in boys and 2>16.75 years in girls representing the 025
achievement of 99.8% of their adult height. The remaining =5=
grwoth potential of 0.2% was judged to be within a possible
error of measurement.
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* Bayley-Pinneau equation This equation is based on bone age
estimated by the method of Greulich and Pyle.9 There are separate
tables for normal, retarded (greater than or equal to one year) and 3 ERS
accelerated (greater than or equal to one year) bone age. As the O=s
Swiss population seems to be retarded by six months compared mE=e

with the group studied by Greulich and Pyle we used, according to
the suggestion by Zachmann, the tables for retarded bone age if the
bone age was retarded: |5 years.
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e Firstly, predictions of adult height were made from data
obtained yearly at ages &17 years for series of 30 boys and 30 ool
1 girls, participants in a Finnish longitudinal growth study (3,w 0ot
hose heights at age 18 years were known. All were of Finnish =
ancestry, born in the Helsinki area and free from chronic
disease.
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* Bone age (BA) was determined from roentgenograms of hand and
wrist taken at each visit. Both the Greulich-Pyle Atlas(G-BA) and the
TW2 RUS method(T-BA) were used. For the G-BA the <9I B3
developmental stage of the epiphyses was compared with the O=s
standards, the carpal round bones being disregarded, and G-BA was mE=
determined by interpolation to the nearest 0.25 years.
e All BAs were determined independently by myself and another
pediatrician, without knowledge of the identity or CA of the child.
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Y= otz
skeletal ages were back-conveerted to RUS scores for deriving
TW-III predicted adult heights using relevant conversion tables.
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¢ Participants. We assessed the equivalence between actual
versus predicted adult height based on modified Bayley- oo
1 Pinneau (BoneXpert®), TW-II, and TW-III protocols using data o oiue
available for a sample of 103 subjects (age range, 19.4 to 27.9 =g
yr; adult standing height range, 157.5 to 189.7 cm) previously =5=
enrolled as academy student-athletes (age range, 11.5 to 17.8
yr; standing height range, 137.5 to 187 cm).
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* BoneXpert® adult height prediction method(version 3.1.4, Visiana,
Holte, Denmark): founded on a default skeletal age(GP atlas) as a
reelaboration of the conventional Bayley—Pinneau protocol.
- With the estimated 50th centile for standing height at 18 yr
corresponding  to  174.3cm(unpublished  data), modified ¢ WSS
Bayley-Pinneau adult height predctions considered the Caucasian Oo=g
European South ethnicity option as the most plausible in the mE=e

context of our study population from Western Asia
e TW-II and TW-III adult height predictions were also derived using
BoneXpert® readings for skeletal ages in combination with relevant
equations.
* Given the purpose of our investigation, automated ratings for TW-III
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¢ The medical records of children with short predicted adult ool
1 height attending the outpatient departments of four different |_KJ{=ie)
university centers between December 1977 and December =t
1986 were reviewed
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Oss
ST = FAHG KIS TSHA=71?
o MEH7IE
1) a predicted adult height by the BP method below the 25th
percentile for British standards
2) a bone age, determined by the Greulich and Pyle (GP) method, oo
3 between 9 and 12 years for girls, and between 11 and 14 years m oS
for boys o
O==

3) no clinical, auxological or biological evidence of chronic disease,
intra-uterine growth retardation, bone dysplasia, chromosomal
aberration or endocrinopathy.

- £%4: at the time of prediction 67% of the included children had a

height at or below the 3rd percentile.
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* Height was measured using a fixed Harpenden stadiometer with a
precision of 0.1cm and weight was taken in light underclothing to s @S
the nearest 0.1 kg. Bone ages were estimated by the methods of ™ = O s
GP [12] and Tanner-Whitehouse radius-ulna-short bones O i
(TW2-RUS) [14] by the same observer (MV); height predictions =5
were obtained from the tables of BP [9] and the equations of TW2
[11] and RWT [10].
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* At the time of follow-up, the patients were considered to have
reached their final height when growing less than 1.5 cm during o
1 the last year and/or having reached a (near) adult bone age (> 0 ote
99% of adult height attained). The chronological age at 025
measurement of (near) final height was 20.7 + 2.6 years for =5=
boys (range: 17-27 years) and 18.8 + 2.8 years for girls (range:
15-27 years).
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¢ The girls were recruited into the logitudinal study starting at oo
1 ages 9-13, and were followed at 6 month intervals until the oL
distal radius epiphysis was fued and also until no stature 0] 254
increment was observed in the two consecutive 6 month =5
periods
mo
2 EX-UiAE HAE LSt gore
O =3
ool
3 oligdTe FAEGHHAE TStA=71? gore
=Y
A O RS
SHRf MEHOM HISZO| ZefE 4 UA=7P? 0=
. %é}AI
HEH0| het 23
LEHE| SIRARE AL B4, SAZAR AISX J2| 10 HE)S 7IS6IAL:
A ORS
ToE SRR Y E0] 21 H| Y0l MK %S 7t AT O=s
=
Y 2: SHAAES)
QroF 5t JH OlYQ SMAAZL ALBE ZR, 22| ZAM CHal AHSHAL.
EERE
SHZAL Thal 71851, 240 O{EA| 51 SHAEU=X] 7|E5H 2!
SMAAL Zik= FOHEE ZA Z00] st ZE 10| sHA= U= WO
1« ZOEFZA Zik= 40| HASH SHE 70|22 SIHPAL Zuto] gore
B2 HIX| 4002 02 MF 025
UARIZE ABEUSE EL, Ol A0 HAZU=7F? ool
2 T st ag ' goe
SLALS] 8 E= siAPH0IM HISZO0] ZeliE & U= o5 mye
*+  Skeletal age was estimated from a left hand-wrist radiograph by the ™= O o
Greulich and Pyle(1959) method 0 =sa
* Bayley and Pinneau: variables=CA, SA, rate of SA, Ht =5=
X840l st 23
= A5 = oz %b0] § o 5t o L SUERS
SHZALRL ZAtS] 8, A1t SiA0| 2 A AUER HOIE 227t U= O=e
=5
" SEEN
ool 3: FUEZE ZA
HIEHE
FUHZFOl| CHoH 7155t J1240] OfEA| 3% 1 SHAE|U=X] 7|ETHA|2:
HOEE dAs Ol AHYEE Fo6| 128 A 2271 mo
1 « MOI7| 7|&: the stature at skeletal age(SA) 18 years without gjote
increment in the previous year. O s&
2 HOEE HA Zik= STHZAL Z0) et FE ¢lo| M=ot 5 gl:LIQ
o EE M7= SXEAZL0| FES WX 2eLE O 2 M3 0] 28iA
==

_63_

- 64 -



StH: 12

1XMXHESISIE): Poyrazoglu(2005)

Wi ords
Qi 12 HEAAS
1MXHETHALT): Poyrazoglu(2005) EETEZ0!| THSH 7|&5H0 T1240] OfLH| S34%|11 SHAIE|QU=X]| 7|&5HA|2:
HIE Hordat HOBE HA= U HHMES HEs| 128 X 227P

« final height H2

Y 1: ERpME |

1) Growth rate decreased to <1 cm/year
HI=2 9 1 ) Iy gjote
PR mEp TPy 2) Bone age reached >15 years in girls and )16 years in boys =t
[HAIZS CI4X O [F= OXto| TEQ(QI=T|? oo 3) Development of secondary sexual characteristics was completed
1 + The records of 105 boys and 46 girls with CDGP who presented WOl 27 o mo
VO X o HZ A 21 THZIAL Z0j0)| CHEH ME Q10| SHAE|QR=7}?
at our Growth Clinic between 1989 and 2000 were reviewed. O E& 2 f'J'i‘i j'm; L}—IH@*LFEW-‘-}OL_H Hf;| Ofét‘]g ‘O‘Il’lﬁiﬂﬂt goe
2 SX-OiRE HAE LSRR 0o Y MRS
Oss HOHE HAIRL ZALS] 8 E= ZNsiA0IA HIEZ0] ZeliE & U=7? Oo=g
ST BRI RIS LSIR=T1? O =2
» Constitutional delay of growth and puberty(CDGP) boy 105%, MM 5t 23
girls 46%Y o WS
. CDGP ZE|E HREZ0| of3) BoIH Oy THMEpt SHnBel Hu¥EY NS ¥E 2 T Mg
1) Normal birth weight()2,500g) oo 247} Ql=o1? o %;g
3 2) Height standard deviation score (SDS) <-2 SDS moiLS = SET
3) Bone age delayed by 2 years or more 0 254 B9 4: A7TAS AF
4) No endocrinological dysfunction === I EEGE
5) Nko ‘e\{lf‘k;nce‘ofunderlwng chronic disease, dysmorphic feature ZTYZAIL; ATEE HAIS 8K 22 SIKS = (G2 0N A2 E) 2X2 BOA HQIE SXSS 7|16k
or skeletal dyspasia : SMEAE) S HOHE AL A AlZh ZHA1 T AfO[of *Ié”_ S 71&5tAL:
¢ 30 boys & 8d2 100mg testosterone enanthate intramuscularly o
for 3 months X|2&3 EMBAE) 2t FUHE AL AO[0f] ZHTHAIZE 24240] AA=71? Do
o O %S L HArEtoie goe
SHRf MEHOM HISZO| ZefE 4 A=7P? m=3 —
mE= WO
= 2 2E SR HUEE HAE HU=TR 0o
HS 50l thet 23 = =7 O =sa
LEHEl SIARE AL B4, SAZALR AISSX 2|10 HE)S 7IS6IA2: mo
ey Oye 3 BXES SQUSHATTHZ HAIS HIQf=71? Joe
T = d o= oluarT (g b
HEE SAZT QMM SHI MO MATSO| UK 92 Q2T MES T T SEED
fes mo
Y 2: SHAAES) 4 EE SRPIFEA0 ZAHEU=IR goe
Bo 3t 7§ OLtel ST ALBE Z, 22l ZA T3 MBI SELH
HIZHYIH EE P
Sl | == x El A Ol CX=}
MO I 71551, 1200|0127 ~85/0 SHE5=K| 7 S IR AU BISHO0 ZHE £ UK DES,
STAAL k= FOHE é A 20 Tt YE 0*0\ A= A= O ===
1 o HUEZFHM Zi= GRI0] HASH SHE 7|0122 SHAA 2040 oo
%3S 9X| QO02 O 2 M SECT
AR ARREISS A2, Ol APEO| BAIEIA=TE? Do
2 e o 0ot
o SHYARE SIS 028
SHHAS] =& E= oiAPH0IM HISZO| ZeiE = U=71? A WS
Height pred\ctlon was calculated by the Bayley-Pinneau and O=2
Tanner-Whitehouse methods. mE=
HEHol st 28
5 o Sai—xr0] SHAIKID 5 L SUERS
BAZIA ZALS] 43, ZTt HA0| SHDEO| HAYRST NOJE P2t U= mZg
o

gl 0=

A 3: FUEE ZA

o

- 65 - - 66 -



Gt 13

1XXHETAE): Reinehr(2019)

e oAy
| HUEE NS O TEUEE K5 A28 A geop E?!u o
. X|Z= MO O| XOo|= t:H X| ot
EZ 421719 g9 I\_ A2 MAISHL UX| 45 B =ay
, HIEF 2A Zol= STRA Z20) 03t i 90| SR oo
o EZ H0Is SXUAZLO| BS WX QO02 o 2 A2 vy
O E%"E
A 0%
HDEE 20 HMO| 48 EE AVHLON HISHO| £248 4 UIP O&s
CEED
240l st 23
z =3 3 ES| o5 T1EH0| SHAIXIS stzix| ore o PHIORS
HDEE0| ol BAS CHY THLEPE SHADTY S0 HeoiK %S 2 oI
27t QkeTF EE
==

ool 4: A7FWT Al

HIZE?3

Git: 13
1MXHEMIE): Reinehr(2019)
YIIE Yorzant
Y 1: EXIME
HIS29S
AL ME] S 7|S0IAR!
hAFZS Q4N HE E= DA HEO0|QE7R
 Study A: I 124 O[M0IA B YA KIFIE AH0=2 204 0f - Oé' Lo
[P (RN ey
* Study B: 32 German boys with CDGP =5=
o
2 ER-OERF AAE 5= 0 o
=
SHE = BXEEH NS Dlot=7t 0o
3" Study A ST 124] OIAOIN B91 YAl KIFIE AEOR 204 O] mOILIQ
AT xxmp’érg 2545t Ot iy
¢ Study B: 32 German boys with CDGP U==d
A ORS
SR MEHOIM BIEEO0| =2 E 2 U7 =2
e
MY st 23
E%* | SIEAR ZAL B4, AR MESA J2|10 HE)E 7185 R:
A ORS
IEHE SRR AMAE0| 2SI 0 A HMER0| XEloHK| e 227t A=t =2
e

miof 3 T4 O1Ael STZAIL ALZE 2, 2ztel MO T3l 2SI,
HIEZIE

SMBA THol 71&5t, Z150] OfEH &0 HMEIIEX] 71&5HAI2:

BN HILEE ZNE WA 2 SIS = (SSEOA OIFE) 2X2 BN HSIE SRS 715512
STHRIACE)2 THE A AOIS) A7t 21203} T MOIO] NBE SHHS 7IS5AIS:
| BRAS) HILEE AR AOIO] S AIZ! 21210] YRAETP? Do
Do
T B Daan
moi
2 DE BAISS HIEE ZNE WALIR C0[LI2
GEEN
moi
3 HAISS SUH HIAZ ANE YUK C0[LI2
GEEN
moi
4 BE LV EAN BYHASIP C0[LI2
GEEN
oI Mg
ATTIY DO BISO| 22 4 TP Oss
REDY

SMHAAL Zit= FOHS ZAH Z00)| 0t Z2 0‘0\ SHME U=} WO
1« FOEFZA Zik= 40| HASH SHE 70|22 SIHPAL Zuto] gore
o2 WX o0 O 2 A3 O
UARIZE ABEUE EL, Ol A0 HAZU=7F? ool
. BT gl gofe
O
SHHAS] =& E= oiAIPH0IM HISZO| ZeiE = U=71?
* Bone ages were estimated from a radiograph of the left hand and
wrist using the GP method by specialized pediatric endocrinologists o5 mye
(T.R. in Datteln, G.B. in Tubingen). e Oas
* Adult height was predicted according to the method of BP [2]. If the 0 S aial
retarded bone age was ) 13 years, the coefficients for not retarded =5=
bone age were used since specific coefficients for retarded bone
age are not available
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* Bone age was assessed by an expert in each method without
knowledge of the chronological age(CA). The GP bone age was 9I&: %3
determined by R.M. Malina, assessing the maturity status of each O=2
individual bone. For each radiograph, the median score of the 0=
skeletal ages of each individually rated bone was used. Adult height
was then predicted using the BP model.
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¢ The sample comprised 49 males who were all re-examined by E gﬂug
one of us in our clinic at a mean chronological age of 22.9 years 0 =84
when final height had been reached. =5=
WO
2 SX-OiARE HAE LSRR oo
mE=c
ST = FAHG HIHE TSIA=71?
. MEVIE
1) all patients had to be seen at our clinic at least once before and
have at least one X-ray of the left hand and wrist
2) at initial presentation, standing height had to be (5th percentile
for CA according to the standards of the Zurich longitudinal
growth study. oo
3 3) BA assessed by the method of Greulich and Pyle (GP) had to be m oo
6 Ider but retarded by 1 year or more =
years or ol d by 1y, _ O 2sa
4) Only boys born at term with a birth weight of 2500g or more =5=
were included
5) All patients with dysmorphic features, systemic disease,
nutritional disorders, or any measured or suspected hormone
deficiency were excluded
6) None had received any chronic medical treatment including
anabolic steroids or methylphenidate
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¢ All physical examinations at the last follow up were done by one of
us. Standing height was obtained with a Harpenden stadiometer. All  2/&: B %3
X-rays were reassessed by two of us and BA was read by the O=2
methods of GP and of Tanner-White-house 2, radius-ulna-short 0=
bones. Height predictions were calculated with the equations of
Bayley and Pinneau, Tanner et al and Roche et al.
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' adult height : defined at a growth velocity of {0.5cm/year in the 0ot
foregoing year observed over at least 6 months or the height at 025
the age of )22 years =5=
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1MXHEMAE): Unrath(2012)
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o Helhe
1) children with intra-uterine growth retardation or children who
were born small for gestational age(birth weight or birth length o
below the 3rd centile),
3 » gote
2) Russell-Silver syndrome, Turner syndrome and Noonan 025
syndrome, GH treatment, mild-to severe dysmorphia, =5=
chromosomal aberrations, malignant or chronic conditions
including celiac disease and craniopharyngeoma, and
syndromal short stature.
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* GP-BP o5 mye
*The difference between the child's AHP and adult height is calculated ™ = O o
for the Bayley-Pinneau model using manual BA(BP AHP) O i‘;w
*manual ##3t BoneXpert 0188 & 74X AHB(ELt Bayley-Pinneau =5=
model 02)
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