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Case 6
12 7
End
10 4 Onset PHV n
v

Body height growth
2 velocity (cm/year)
—e— Menarche (12.8)
0 T T T T T T T T T 1
Q DD D DD D D DD D
/\. Q) Q) \Q' '\\. \r]/. y\(b' '\b" ,\QJ' \%. (\
Year

Height growth (cm)
(o]
1

Fig 1. Normal growth curve. PHV, Peak height velocity.

Wi o w2} Onset, PHV (peak height velocity), End
2 o] ZALEIATE Onset-2 B 42101 A7 o4t
= Hols agZ (Fig Dol Azt g AL
£ Uehll= delA 10 mm 71 A71= st
PHVE A7adoa] Azt o] Hl A7|=
3191 o, Ende peak £F o]F HLo 7 Azt A
o]l 20 mm ©]skel A2 o3t

A% A<= 2 Onset, PHV, Endel] thgh ¥
9 XTHAE ALY 270 YElhde A7)l
w2} PHV A, PHVS} 5, PHV $2] Al 2.2 1}
F1 7} 9 Onset, PHV, Endo] th3l Hi 2 FF
HAZS ZARIATE PHVS Y2 PHV A3 371
7HA] ekl e FHE a7 FHE 7
slo] Zt o] wE %7, Onset, PHV, End, AF&7]
A7 74 71t e Ha 2 2EEAE ALkt
Ak o8 A= S8l BA Z=13U(SPSS,
Chicago, IL, USA)< ©]-&-3to] ANOVA #4]5 A3
st o, ALE AH 0 2E Scheffe WHS o] &3

FUAQ A% 9 7 AstES 2Tk 1997
S =29 A9 2AF 0
= & 4 AUT (Table 1).
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Table 1. Mean, standard deviation of body height and body height growth velocity at specified ages and comparison
with the mean of specified age of National anthropometric survey of Korea of 1997

Body height Body height growth velocity National anthropometric

Age (year) Numbers
Mean + SD (cm) Mean = SD (cm/year) survey of Korea (cm)
6 47 116.6 £ 5.10 119.0 + 540
7 9% 120.3 £ 5.26 57 £ 122 1225 + 512
8 9% 126.0 £ 548 57 £ 1.04 1276 + 6.0
9 9% 131.7 £ 596 5.7 + 142 1341 + 64
10 9% 138.0 £ 6.68 6.4 + 1.60 1411 £ 7.3
11 9% 1453 £ 7.02 73 + 1.83 1471 £ 65
12 9% 151.7 £ 6.47 64 £ 1.89 1532 £ 55
13 9% 156.0 £ 550 42 + 229 1554 £ 56
14 9% 1585 + 499 24 £ 1.83 1582 £ 5.0
15 96 159.8 = 5.01 1.3 £ 093 1595 = 5.1
16 34 160.5 = 5.04 09 + 0.85 159.7 £ 5.0
17 50 1615 + 4.65 1.2 + 094 159.3 £ 5.2

Table 2. Distribution of menarche age of the whole sample

Age
9 10 11 12 13 14
Numbers 1 7 18 35 26 9
Distribution (%) 1.04 7.29 1875 36.46 27.08 9.38

Table 3. Annual increment at PHV and age of onset, PHV and end according to menarcheal timing

Onset PHV End Menarche Duration Annual increment
(year) (year) (year) (year) (year) (cm/year)
Mean + SD Mean £ SD Mean + SD  Mean £ SD Mean = SD Mean + SD
Menarche before + +
103 +15 123+ 11" 143 + 08 115 + 1.2 40 £ 1.0 82 £ 09
PHV (n = 10)
Menarche at +
94 +13 117 +13 138 £ 08 119 £ 12 43 £+ 06 83+ 09
PHV (n = 13)
Menarche after .t
99 £ 10 115 +09 141 + 1.1 129 £ 09 41 £ 1.1 85+ 1.1
PHV (n = 73)

PHV, Peak height velocity; Duration, period from onset to end; “Menarche before PHV; "Menarche at PHV; "TMe-
narche after PHV; “TTNumbers with different letters are significantly different from each other (p < 0.05).

331, PHVE 1t 11.641°]H, EndE H 1t 14.14|
of Yebth AAel 188%<1 18HollA = Hagget
Taranger*2] W oll €3 Onseto] W &a}#] 2sel.
AT F 42d B ALEden BiA

© & Onset 1.7%9 %ol PHVZ} $k31, PHV 2.5 3
o End7} YEbST 272 945 144744 TRk
SHAl Ve om (Table 2), B 27 A#EL 126
Alo]ar PHVETLE ¢F 1@ A= =4 Yelydth
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21t} Table 3914 PHV Aol 27 0] Yehd #
7} PHV S} sl 273 0] YeRd o Atolo] 27
A7l BAACR ot atol& Ho|x| ¥ske
, PHV %o 27 o] Yehd wite BAFCZ f
o]gt zlo]E Holx Ut} (p < 0.05). 274 A71%
HAglo] A7) A4 7Hs 7)1 7Hduration) S 2Fo] 7}
1o, Onset-E] PHV7}A| 2] 717+ PHV 39
Z730] vehd o] 7 A Sk (Table 3).

g% =49 Feliet PHYV

4 2L A Fez BRAAT. AZe
ZF 7o) PHVOIA 33 AN A7) 4%

Case 47

Body height growth
10 velocity (cm/year)

—e— Menarche (12.4)

Height growth (cm)
(o]
1

0 T T T T T T T T T 1

N /\b %(b q‘b \Q@ \p\.@ ’\(]:b '\0;0 \b“‘o \(,;o \@Q

Year

Fig 2. A type growth curve case that has a prominent
peak height velocity.

12 Case 15

N Body_heightgrowth
velocity (cm/year)
—e— Menarche (12.4)

10 1

Height growth (cm)
(o]

4_
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Year

Fig 3. B type growth curve case that has a bell shaped
growth curve.
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7Pi7l o] W3 Fe2 et (Fig 2), B
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]_
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L

f

S7be e At AFES BolAY A gkl
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A ZA FHE Ago] AAQ] 51.1%2 71
wol Yehdr, DI 7H A2 62%°] £EE B
It} (Table 4) B?%‘S PHV 7o AZt 7479
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s Eo]“ /\]7144 lol PHVZ}F F 7= vehd
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Fig 4. C type growth curve case that has an M shaped
growth curve.

Case 34
12 1
R Body.heightgrowth
velocity (cm/year)
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Fig 5. D type growth curve case that does not have a
prominent peak height velocity.



Vol. 39, No. 3, 2009. Korean J Orthod

71% gtk PHVZE 7 &2 Yehde 7352 BY &
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58.5%<1 249 oAl PHVZ} T 7H= Yehtz 9o
PHV7} 7 & YEh= 7459l 7 PHV Alo]e] &
3k 237 EEe] Akol= 03 cm/year—‘?* YeRf 1 itk D
& o] 7% Higg®} Taranger'®e] ¥Holl w2 onseto]
UebA] exsteh. Aol Fejell wel PHV
Aol Azt kol atolzt slow AR A 7H
A3 DA 7 ZA YERDTE (Table 5). 7%
=49 Fejo we} FAHCE Fo4 Ue Aol
£ Ueills 352 A7l A% 7K 7t C
GollA fred S °‘“ zfo| 7} Qlom, ARE7] 7HE 7]
Zro] 718 AAl YERdTE (Table 5).

AA o 2 W3y} doju= A7) AR 717 =
dZg < 93, g2 A4 4% 93] #AS
il

3745< obee FHud At

Table 4. Distribution of growth curve shape of whole
sample

Growth curve shape
A B C D
Numbers 49 21 20 6
Distribution (%) 51.1 219 20.8 6.2

A, Prominent peak height velocity pattern; B, M
shaped growth curve pattern; C, bell shaped growth
curve pattern; D, gentle growth curve pattern.

Table 5. Annual increment at PHV and age of onset,

FEFE, Al B

=

EAle AFsAY /\}Qﬁxﬂ —f‘
AANZI7E mEa, A7 A
= o2 YET Evelethe} Tanner 2% 4
o, 2 F] 2% 9 e A3 5 dEEE
3}, o] AbEl A AAA 29 9 i’_%
ZAA719] WalE B 18} 11, Kaplowitz &
=E ldr%‘, EEE X]'r g AREAQl 7

(

2 [E of M BV -

0?4
=
n o

%]
(percutaneous resplratlon) T2 53 A 5=

Al A AL AZIZF webivkar shich
27 AR duE WA dolxu gled,
Hwang 52 1920656 198637k 27 o]

16.84o4 12742 ZAastdva st o=

PHV and end according to growth curve shape

Growth Onset PHV End Menarche Duration Annual increment
curve (year) (year) (year) (year) (year) (cm/year)
shape Mean £ SD Mean £+ SD  Mean = SD Mean = SD Mean + SD Mean + SD

A 101 + 1.1 115 + 09 140 + 1.0 125 + 1.1 39 + 107 87 + 09°

B 95+12 114 +11 138 09 124 + 11 42 + 097 83 + 09°

C 9.7 £ 08 119 + 1.3 146 + 09 131 + 09 55+ 1.0°T 83 £ 1.1

D - 118+ 14 139+ 11 126 = 14 - 71 + 08°7

PHV, Peak height velocity; Duration, period from onset to end; “A type; B type; e type; D type;

=TT 3Different

letters are significantly different from each other (p < 0.05). Onset was not detected in D type of growth curve.
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tl, Kim & 1254, Lee 57¢] 12.314], Kim 5°
o] 1234, Wu 52 12.434)], Chumlea 57°] 125
Az 27 A4S Hustgch a8y dA49] 37%
oA 9, 10, 11, 14410l 27 S st 27 A=
o] MAA7F F& & = Uk (Table 2).

TS 2 Aol A7l 8% 7145719 Onset
it 9940 AZstgla, PHVE Hit 11.640]H,
A% ME71E Hi 14049 Byen, A3
PHV Atelol= 11d2] Apo]7} AT o] = 874l
ARE7] 7ol Alztete] 1164179l PHVE Heo|al
131419 BUH, 2748 12942 PHVSE= oF 1.3
o] x}o] WYt} &b Zacharias®} Rand* 9] ¥ 319}
Onset?} EndelA] Zte|7} Sle=d] o= QIEHA 2t
old] 71¢lalE Ao w AztdEtt 181y PHVS 2
73 A™el s Ay 2 o]z} gll e, Abba-
ssi,”! Tanner®} Davies,” Sizonenko 5 °°] H 13l
PHV Al7]& & A9} w59 th

Z273 A End7HA 9] 717+ PHV Ao 27o] 1
Bt o] 78 A A YEREA]RE, OnsetH-E] End7}
2] 7|17k ¢k 42 d 02 27 A|7| < BAGle] H
=gk ARE7] A7 715 713K (duration) S B 4L
Atk a2 EZ AFo] BUe Al7lE 2AEERYE
Onsete] Al7]17} ©] 593 Aoz AZEr}) Hagg
9} Taranger” 2 Zacharias$} Rand™e] ojshH %7
< FHo| 4747] PHVO HIa|A < 150 T F9
et BE AlgolAlA 272 Hd 447] o]
Sof vepdtia gtk ey 2 A= A
o] 24%°lX =73 PHVZ} 22 Al7]o YEPGA
v 27do] WA UElg o, PHV $o 70| v
Wt e BAFCE {93 AolE HoFa 9l
o (p < 0.05). 27 Al71= o8 7 2214 93
G BY] wjio] 2 AFe 274 A7 o
27 yehd o] ol daide & = gk do s
273 A7l GaFe rAE oY 84E nEe F
7H4Ql Art dastelet A

B AT B/ A T4 FE FolA BY
¥ cYollME PHVZE F 712 YER| = Sk,
PHV7} F /& Hol&= 212 1de 3 HA A7-&
37| Wit A S Al7lel wet vl Sgk A
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ORIGINAL ARTICLE

Menarcheal timing and growth curve shape during

the adolescent growth spurt

Yong-soo Ahn, DMD, MSD," Ki-Soo Lee, DMD, MSD, PhD,b Jong-Hyun Nam, DMD, MSD, PhD,’
Yoon-Goo Kang, DMD, MSD, PhD’

Objective: This study investigated the onset, peak height velocity (PHV) and end of adolescent growth spurt as
well as menarcheal timing deduced from surveying accumulative height growth over many years. Methods: Ninety
six students of Samgoe high school between 1st and 3rd grade that were in good health participated in the
research. A survey questionnaire was distributed to examine the students’ health status and menarche timing.
Results: Adolescent growth spurt typically began at the age of 9.9 and reached a PHV at the age of 11.6. The
growth spurt ended at the age of 14.1 on average. The average age of menarche was 12.6 years, which was
about one year after the PHV of adolescent growth spurt. In most cases, menarche came after PHV. But in 24%
of the students, menarche and PHV was nearly coincident or menarche preceded PHV. The growth curves were
classified into four types. A typical adolescent growth spurt showed one PHV on graph that drastically drops after
the PHV. However, there were cases with two PHVs. Conclusions: The results indicate that individual growth
patterns show large individual differences, however the categorization into the various growth curves may aid
in predicting individual growth patterns. (Korean J Orthod 2009;39(3):159-167)
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