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% 1. Sample Distribution

Age Boys Girls Total
6 20 13 33
7 52 40 92
8 50 51 101
9 46 43 89
10 37 46 83
11 54 41 95
12 49 50 99
13 71 59 130
14 56 46 102
15 64 49 113
16 60 43 103
17 39 36 75
18 16 10 26
Total 614 527 1,141
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WIDTH OF EPIPHYSIS OSSIFICATION
Q‘Q‘@ 4& ﬂd iﬂ)‘
CAPPING OF EPIPHYSIS FUSION

712 3. Radiographic identification of skeletal
maturity indicators.

Epiphysis equal in width to diaphysis.

Capping of epiphysis.
Fusion of epiphysis.

cowp

HETE, B S5 Rastgodd, &K BiRaA
#Es = Bjprk"** Bowden”® Fishman®

16, 18;
Grave'® ¥

Helm%*) Magnousson®’) Singer®, Ta-
nner*® 20| H%ollA HEM S 6 EfTol= o L
Ao B —ET HF, 5 © PP.., @ MPs.,
@ MPs_, @ S, ® DPscap, ® MPscap, @ MPscas,
DPs, @ PPy, @ MPy, @ Ru2 #f7slch
() & ol & =} D:distal, M: middle, P : pro-

ximal, S : ulnar sesamoid of

Appearance of adductor sesamoid of the thumb.

% 4. Sites of skeletal maturity indicators.

metacarpophalangeal joint.

R © distal epiphysis of radius
) o=}
A v 552k
vlowl =

P * phalanx

finger Number

= | epiphysis7} diaphysis®] 23}
okl Abe.

cap . capping, u . fusion.

LLbof ol Kal] & BITEESRS Phd ks
WEES B £ TN X-Ray viewer Lo

# 2. Cumulative Percentage of boys and girls at Pubertal Stages
ONSET PHV
Grade Girl Boy Girl Boy
Fre. Per. Cum. Fre, Per. Cum. | Fre. Per. Cum. Fre. Per. Cum,
Per. Per, Per. Per,
0.5 1 0.3 0.3
1.5 34 10,0 10.4
2.5 61 18.1 28.5 9 3.5 3.5 7 2.1 2.1
3.5 96 28.5 57.0 21 8.2 11.7 35 104 125 04 04
4.5 98 29,1 86.1 69 26.9 38.6 51 15.1 27.6 7 2.7 3.1
5.5 39 11.6 97.7 91 35.1 73.9 | 123 365 64.1 26 10.1 13.2
6.5 7 2.1 99.7 51 19.8 93.8 96 285 92.6 75 29.2 424
7.5 1 0.3 100 14 5.5 99.2 | 21 6.2 988 91 354 77.8
8.5 2 0.8 100 3 0.9 99.7 45 17.5 95.3
9.5 1 0.3 100 10 3.9 99.2
10.5 2 0.8 100

* Grade 1 = 6.67 yr
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% 3. Probit Analysis of Age at Attainment of Various Adolescent Maturity Indicators in Girls and Boys

Adjustment Sex Diff-
Sex| Mean SD to Probit | DF Range erence
Line(Chiz)! in_years?

Pubertal Growth

ONSET G 8.99 1.33 4.15 8 6.01-11.97 2.65
B | 10.64 0.98 4.51 g 8.08-13.21

PHY G | 10.91 1.41 8.19 8 8.11-13.71 2.63
B | 12.54 1.26 4.60 9 9.72-15.37

Skeletal Stages

PP 3= G 7.90 1.08 0.17 4 5.48-10.32 2.43
8 { 10.33 1.37 2.27 5 7.25-13.41

MP 3= G 8.67 1.41 0.67 4 5.51-11.83 2.23
8 | 10.90 1.26 |+ 5.31 4 8.22-13.58

MP 5. G 9.07 1.04 0.39 3 6.74-11.40 2.54
B | 11.61 1.13 2.59 3 9.08-14.14

S G 9.47 0.87 0.98 2 7.51-11.43 2.70

, B | 12.17 0.87 2.63 3 10.21-14.13

DP 3cap 6| 9.87 0.69 0.57 2 8.31-11.43 2.72
B | 12.59 0.91 0.40 3 10.56-14.63

MP 3cap G | 10.53 0.88 0.34 2 8.54-12.52 2.33
B | 12.86 0.95 1.20 3 10.73-14.99

MP 5cap G| 11.62 0.94 2.36 3 9.48-13.75 1.74
B | 13.36 1.01 1.92 4 11.11-15.62

DP 3, G| 12.44 1.01 1.83 3 10.16-14.72 1.63
B | 14.07 1.06 2.55 3 11.68-16.45

PP 34 6| 12.90 1.28 0.20 4 10.05-15.76 1.62
B | 14.52 0.94 1.06 3 12.41-16.63

MP 3y 6 | 14.31 1.42 2.78 6 11.12-17.51 | | 4
B | 15.42 1.02 0.92 3 13.11-17.72

Ry 6| 15.67 1.40 6.30 5 12.53-18.81 0.58
B | 16.25 0.86 1.59 2 14.32-18.18

1) No value of Chi2z is statistically significant (P> 0.10)

2) A11 sex differences are highly significant : P< 0.0001
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& 4. Comparison of mean growth rate and

age during pubertal growth between

boys and girls.
Growth event Girls Boys Diff.
age 8.99% | 10.64% | 1.65
ONSET 1.32 1.25
gl'OWth rate 4,39+ 4.1 7i _0.22
1.24 1.19
age 1091+ | 12,54+ 1.63
1.15 1.26
PHV
growth rate 8.55% | 9.88% 1.83
1.69 1.83
Duration 1.92 1.90 0.02
(ONSET - PHV)

FHme R BEMEES BHs, L4
9, 0(XL3)k, BTNA 10.6(x1.3) ol n, £
KEERE &F 10.9(£1.2)%%, BT 12.5(£13)
MEA, L7 HF2cl BEME) Wt
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Bl 5 - & #3 # 19%Fo)glon, BREUHE
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= 8.1l 13.2i%, BEAEMBEAHEMY 56
= WTFE 8 IFeA 13,76, BF= 9. 74
15. 47t 2 o] Aok :

2. BEHRES Rl Y SAREROIMY

SRS mEEE Gk 4)

EHEMBREBHANA S, ©F 4.4dm/yr, BF
4. 2em/yr 2, FRERHEE L sty o, BRED
A= &ZF 8.6em/yr, BT 9.9em/yr 24 BT}
LF Rl KNEHEE A} Aol

% 5. Distribution of Skeletal Maturity Stages

Girl
:;age O  PPy= MP3= MPy= S DPycyp MPycap MPscap DP3y PPsy MP3y Ru  No.
6 |12 1 13
7 |31 6 3 40
8 |29 12 7 3 51
9 9 11 9 9 4 1 43
10 2 4 7 8 9 8 4 4 46
11 2 1 3 3 2 4 8 12 3 1 1 1 41
12 2 1 11 3 25 7 3 7 50
13 1 28 18 5 10 2 59
14 3 5 5 29 4 46
15 3 2 37 7 49
16 1 21 21 43
17 13 23 36
18 2 8 10
Total| 85 35 31 24 16 14 16 67 36 17 120 66 527
Boy
tage
Age o .PP3= MP3= MPg= § DP3CZP Mchap MPscap DPiy PPsu MP3y Ru No.
6 |20 20
7 |52 52
8 |47 2 1 50
9 (4 4 1 46
10 |25 5 4 3 37
11 |18 12 15 9 11 1 1 1 54
12 8 9 9 8 8 3 2 2 49
13 1 1 8 14 9 9 8 17 2 2 7
14 1 1 3 1 5 8 18 8 4 7 56
15 1 1 2 13 15 12 16 4 64
16 2 4 7 30 17 60
17 1 17 21 39
18 4 12 16
Total [208 34 88 37 20 19 21 53 30 2 74 54 614
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% 6. Probit Analysis of the Age at Skeletal Stages during Pubertal Growth

SKELETAL STAGES
% level PP3= Mp 3= MP s- S DP3cap MP 3¢ap

1 5.48 5.51 6.74 7.51 8.31 8.54
5 6.19 6.44 7.42 8.09 8.77 9.12
10 6.57 6.93 7.78 8.39 9.01 9.43
15 6.82 7.26 8.03 8.59 9.17 9.64
20 7.02 7.53 8.23 8.76 9.30 9.81
30 7.35 7.96 8.54 9.03 9.52 10.08
40 7.64 8.33 8.82 9.26 9.70 10.31
50 /.90 8.67 9,07 9,47 9.8/ 10.53
50 8.16 9.01 9.32 9.68 | 10.04 10.75
70 8.45 9.38 9.60 9.91 10.22 10.98
80 8.78 g.81 9.91 10.18 10.43 11.25
85 8.98 10.08 10.11 10.34 10.56 11.41
90 9.24 10.41 10.36 10.55 10.73 11.63
95 9.61 10.91 10.72 10.85 10.97 11.94
99 10.32 11.83 »11.40 : 11.43 11.43 12.52

% 7. Probit Analysis of the Age at Skeletal Stages during Pubertal Growth

SKELETAL STAGES
% Level PP3= MP3= MP 5 S DP3cap MP3cap ‘

1 7.25 8.22 9.08 10.21 10.56 10.73
5 8.15 9.01 9.82 10.78 11.16 11.35
10 8.63 9.42 10.22 11.09 11.47 11.69
15 8.96 9.71 10.48 11.29 11.69 11.91
20 9.22 9.93 10.70 11.46 11.86 12.09
30 9.64 10.30 11.04 11.72 12.14 12.38
40 9.99 10.61 11.34 11.95 12.37 12.63
50 10.33 10.90 11,61 12.77 12.59 12.86
60 10.66 11.19 11.89 12.38 12.82 13.09
70 11.02 11.51 12,18 12.61 13.05 13.34
80 11.44 11.87 12.53 12.88 13.33 13.63
85 11.70 12.10 12.74 13.04 13.50 13.81
90 12.03 12.38 13.00 13.25 13.72 14.03
95 12.51 12.80 13.40 13.55 14.03 14.37
99 13.4} 13.58 14.14 14.13 14.63 14.99
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in Height (Girl)

PUBERTAL GROWTH

MP s5cap DP3u PP3y MP 3y Ry ONSET PHV
9.48 10.16 10.05 11.12 12.53 6.01 8.11
10.11 10.82 10.88 12.06 13.45 6.89 8.93
10.44 11.18 11.33 12.55 13.94 7.35 9.37
10.66 11.42 11.63 12.89 14.27 7.67 9.50
10.84 11.61 11.87 13.16 14.53 7.92 9.90
11.13 11.92 12.26 13.59 14.96 8.32 10.28
11.38 12.19 12.59 13.97 15.53 8.67 10.60
11,82 12,44 12.90 14,31 15,67 8,95 10,31
11.85 12.69 13.21 14.66 16.01 9.32 11.21
12.10 12.95 13.55 15.03 16.38 9.67 11.54
12.3¢9 13.26 13.94 15.47 16.80 10.07 11.57
12.56 13.45 14.18 15.73 17.07 10.32 11.79
12.79 13.70 14.48 16.07 17.40 10.64 12.45
13.13 14.05 14.92 16.57 17.89 11.10 12.89
13.75 14.72 15.76 17.51 18.81 11.97 13.71
in Height :Boy)

PUBERTAL GROWTH

Mpscap DP3y PP 3y MP 3y Ry ONSET PHV
11.11 11.68 12.41 13.11 14.32 8.08 9.72
11.77 12.38 13.03 13.78 14.88 8.83 10.55
12.12 12.75 13.36 14.15 15.19 9.23 10.99
12.36 13.01 13.58 14.3% 15.38 9.66 11.28
12.54 13.20 13.76 14.58 15.55 9.72 11.52
12.85 13.53 14.05 14.90 15.81 10.07 11.91
13.12 13.81 14.29 15.17 16.04 10.36 12.24
13.%6 14,07 14,52 15.42 16,25 10.64 12.54
13.61 14.33 14.75 15.67 16.46 10.92 12.85
13.87 14.61 14.99 15.94 16.68 11.22 13.18
14.18 14.93 15.28 16.25 16.95 11.57 13.57
14.37 15.13 15.46 16.44 17.11 12.16 13.80
14.60 15.38 15.68 16.69 17.31 12.06 14.10
14.96 15.75 16.01 17.05 17.61 12.46 14.54
15.62 16.45 16.63 17.72 18.18 13.21 15.37
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%% 8. Comparison of the Timing of the Puberal
Spurt in Various Studies

SEX STUDY ONSET PHV
Girl Park 9.0 10.9
Kuroda et al — 11.0
Lee, Kim 10.1 11.2
Higg 10.0 12.0
Bowden 10.0 117
Hunter 10.4 11.8
Largo et al 9.6 12.1
Preece 9.0 11.9
Tanner 10.3 11.8
Boy Park 10.6 12.5
Kuroda et al —_ 12.8
Lee, Kim 11.8 131
Higg 12.1 14.1
Bowden 12,0 13.9
Hunter 12.8 14.1
Largo et al 11.0 13.9
Preece 10.7 14.2
Tanneér 12.1 13.9
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# 9. The Timing of Skeletal Stages in Girlsand ~ BFHEA 208047419 Bhell fkk A& & + 3

Boys in Various Studies o},
= Ruf: Bijorks MK TS Bokao
STAGE SToRY CIRL BOY 3 stglos, o] Eife SERRHEL S A HER
S Park 95  12.2 Pl el BAFHRS BRlslc Q] TW-2%
i Wofl A = kA Qlrh,
::loda etal 121 izg ol2lgl Bk FETE HEsl TR M
% BHY BIERS 173hchd relapseffilkoll 528 %
Higg 10.7 181
Helm et al 115 13 T e sudd
) TR ERABREAAN BRERA 2.5F, BRAK
Magnusson 11.2 13.4 Bl # 2.7% BES sla e £E vgo
Bowden HLO 180T s ksl Wik Wbstel, BAGETHIAL Ru
Fishman 11.2 12.3 oA 0.6 %2 BhEs To] A2 polx=
MP;= Park 8.7 109  BEE & 4 ol oA Rebw Ltk AEE
Higg 9.5  11.7 iR ] %ﬁkiv} A0, BEMEAEELDEA B
Helm et al - 12.9 tholl4] FRPGEE A 2 EATE B 5 (2
Magnusson 10.1 11.9 Y 5 Baahel ErERER).
Bowden 10.1 11.9 ciel \ soy ean . S‘D;—_
Fishman 10.6 11.7 ' '
(3 7 8 9 10 11 12 13 14 15 16 17 18
MP3cap Park 105 129 g
Higg 124 146 :
Helm et al 1256 145 U7
Magnusson 122 14.2 iy
Fishman 121 13.8 s
PP3cap
MP; Park 145 154
Higg 143 163
Helm et al 142 165
Magnusson 14.5 17.2 ee,
Bowden 14,3 16.8 w,
Fishman 14.8 16.4 .
DPy,, Park 124 141
Higg 18.3 15.6 18| 5. Standard chart for plotting level of
Helm et a} 13.5 15.6 skeletal Maturity Stages
Magnusson i34 1538 BRUNES WY, BRAREY ¥ FHE &
Bowden 134 158 B KBRS L8 21, RARKNEE A
Fishman 13.1  15.1 gt Bholl Az oy o ?rﬂﬂ 2ERE (EHEE
i, TR 16) 7 Boksl 22 Ao R Ajasy,
Fa park 7163 w2 W BRMREMEME, L4 M
Higg 16.7  18.0 P, MP, #l%loe BF o4 PP, MPs. #io]
Helm et al - 17.5 ek,
Bowden 165 17.3 BEORAREM E ZTNA MPran  MPuca,
Fishman 161 174 goend HFoIHE S, DPican MPralfigich
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2l 6. Relationship between skeletal stages and
pubertal growth
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THE PUBERTAL GROWTH SPURT AND SKELETAL MATURITY STAGES
OF THE HAND-AND-WRIST IN NORMAL OCCLUSION

Jin-Sung Park, Cheong Hoon Suhr

Dept. of Orthodontics, Seoul National University

veves.. > Abstract €

To investigate the relationship between the pubertal spurt in body height and bone maturity
of the hand-and-wrist in normal occlusion, the author X-rayed the hand-and-wrists of 1,141
students (male 614, female 527) and assessed their bone maturity.

In this study, eleven skeletal stages were selected. The bones used to determine skeletal
maturity were the ulnar sesamoid of the metacarpophalangeal joint of the first finger, .the epi-
physes of the proximal, middle, distal phalanges of the third finger, and middle phalanx of the
fifth finger, and distal epiphysis of the radius.

From the longitudinal data for height, an assessment was made of the change in growth
velocity,

The pubertal growth stage was divided into onset and peak height velocity phases.

The results were as follows;

1. The onset of the pubertal growth was between the PP3= and MP3= stage for boys, and bet-
ween the MP3= and MPs= stage for girls; the mean age of onset was 10.6 years for boys
and 9.0 years for girls.

2. The peak height velocity was between the S and MPs o stage for boys, and between the
MP, cap ‘and MPscap stage for girls; the mean age of peak height velocity was 12.5 years
for boys and 10.9 years for girls,

3. As the stages of bone maturity progressed from DP3y, to PP3y, MP3y, Ru, the peak height
velocity had been reached, and the growth rate retarded, therefore the approach to full
physical maturity was attained.

4. The evidence for the period of onset, peak height velocity and bone maturation suggested

that girls were in advance of boys. During the latter part of pubertal growth, the rate of boys’
bone maturation was faster than that of girls’.
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