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Proportion of Heights to Stature Body Shape Characteristics of Korean Children and Adolescents

Hyunsook Han'
Dept. of Clothing & Textiles, Chungbuk National University; Cheongju, Korea

Abstract: This study analyzes the ‘ratio of the major body landmarks height to the stature (=Proportion of heights
to Stature)’ by group and gender for children and adolescents. The data used in the study were direct and three-dimen-
sional measurements from the 6th Size Korea Survey for the 7 to 18 year age group, and the analysis targeted eleven height
measurements. Stature was divided into nine stature groups in 10 cm increments for each gender (male and female). One-
way ANOVA and multiple comparisons were performed to determine the differences in the Proportion of heights to Stature
between the stature groups. The results revealed that for both genders, the height ratio of the upper body steadily increased
as the stature increased, but the rate of increase reduced with stature. The ratio of the waist, crotch, hip, and knee measures
corresponding to the lower body increased with stature up to the 100-150 cm range, but remained constant or decreased
thereafter. Multiple comparisons revealed a statistically significant difference in the Proportion of heights to Stature-Ratio
between the stature groups. A comparison of males and females by stature also demonstrated a difference in the Proportion
of heights to Stature-Ratio in most groups. Based on these results, designing clothing for children and adolescents and
determining the search range of landmarks in 3D human body automatic measurements, the height-ratio of landmarks
should be applied differently according to stature and gender.
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Table 1. Subjects
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£ 20104 63 AAXFFAKSize Korea, 2010-2014)2] 25
Z24A) 01w, I} 46174, 942} 3817HLE o] Fo] - JTH(Table
). ®ABIALA} sl A Foll o] dHiolHdle e AT I
AoJA olF HFE7] 913 63 JAARFRA 324 EH
oﬂxi 6/‘1]~18*1] tlolBlE F712 ARSIt 33 SHX=
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A7l E Tt Fe Q9em waEe] B Ao ¢
S Qo] 63 QAARFRAL HlolE|E o] &3t

Male Female

Age N Height average (mm) Crotch height average (mm) N Height average (mm) Crotch height average (mm)
6 107 1207 536 102 1189 531
7 250 1245 558 243 1227 552
8 278 1309 597 266 1287 588
9 345 1357 624 339 1354 626
11 375 1414 656 423 1407 656
11 438 1479 691 386 1487 694
12 528 1546 724 358 1541 719
13 530 1608 753 299 1573 728
14 450 1667 777 247 1586 730
15 320 1703 790 282 1593 730
16 303 1724 799 260 1602 734
17 331 1731 799 292 1606 736
18 362 1729 793 320 1600 733

Total 4617 3817

Note: 2010 Size Korea direct measurement data
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Table 2. The ratio of the height of the main landmarks to the stature by stature group, Male 6-18 years old (Unit: %)
Stature group(cm) 110 120 130 140 150 160 170 180 190 Total F P
N 17 262 507 666 684 796 1217 450 17
Cervial height 81.7 82.5 833 84.1 84.7 85.1 853 854 85.8 84.6 596.0  0.000
h g f e d c be b a
Interval change 0.8 0.8 0.8 0.6 04 0.2 0.1 04
Lateral shoulder height  77.8 783 79.1 80.0 80.7 80.9 81.1 81.4 81.9 80.5 4983  0.000
h g f e d cd be b a
Interval change 0.5 0.8 0.9 0.7 0.2 0.2 0.3 0.5
Axilla height 71.1 71.6 724 73.1 73.8 74.1 743 74.5 75.1 73.7 4444 0.000
h g f e d cd be b a
Interval change 0.5 0.8 0.8 0.7 0.3 0.1 0.3 0.6
Nipple height 70.0 70.8 713 71.5 71.5 72.1 733 - 71.1 38.8 0.000
(3d) d cd be be be b a -
Interval change 0.1 0.8 0.5 0.3 0.0 0.6 0.012 -
Inferior breast height 67.4 68.3 68.7 68.9 69.0 69.9 71.5 - 68.6 27.7 0.000
(3d) d cd bed be be b a -
Interval change 0.0 0.9 0.4 0.2 0.0 1.0 1.5 -
Waist height 582 58.9 59.8 60.5 61.1 61.1 60.9 61.0 61.4 60.7 75.9 0.000
f e d c ab ab b b a
Interval change 0.7 0.9 0.7 0.6 0.0 -0.3 0.1 0.4
Omphalion height 56.1 572 58.0 58.8 59.4 594 592 593 60.0 60.0 207.5  0.000
f e d c b b b b a
Interval change 1.1 0.8 0.8 0.6 0.0 -0.2 0.1 0.7
Buttock height 47.7 48.6 49.7 50.4 51.1 50.9 50.4 50.3 50.6 50.4 88.0 0.000
e d c b a ab b b ab
Interval change 1.0 1.0 0.8 0.6 -0.2 -0.5 0.0 0.3
Crotch height 44.0 44.7 457 46.4 46.8 46.6 46.3 46.5 47.0 46.3 321 0.000
e d c b ab ab b b a
Interval change 0.8 0.9 0.7 0.4 -0.2 -0.3 02 0.5
Midpatella height 254 25.8 26.3 26.8 27.0 26.8 26.5 26.6 274 26.6 1404 0.000
d d c bc b be c bc a
Interval change 0.4 0.6 04 0.3 -0.2 -0.3 0.1 0.8
Lateral Malleous height 4.5 45 4.5 4.5 45 43 4.1 4.1 4.0 43 156.0  0.000
a a a a a b c c d
Interval change 0.0 0.0 0.0 0.0 -0.2 0.1 0.0 -0.1

- Shading the value with the largest percentage value among height groups

- According to duncan-test result mean were marked with different letters which had significant difference at level p <.05(a>b>c¢)
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Fig. 1. The ratio of the height of the main landmarks to the stature for each stature group (The vertical axis is the ratio when 100 is 1).
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Table 3. The ratio of the height of the main landmarks to the stature by stature group, Female 6-18 years old (Unit: %)
Stature group(cm) 110 120 130 140 150 160 170 Total F p
N 36 287 498 547 857 1331 259
Cervial height 81.7 824 83.1 839 84.5 84.7 85.0 84.1 6219 0.000
g f e d c b a
Interval change 0.7 0.7 0.8 0.6 0.2 0.3
Lateral shoulder height 78.1 78.5 794 80.1 80.7 81.0 81.4 80.4 5353 0.000
g f e d c b a
Interval change 0.4 0.8 0.7 0.6 0.3 0.3
Axilla height 714 719 72.7 734 73.9 742 74.4 74.4 360.5 0.000
g f e d c b a
Interval change 0.5 0.8 0.7 0.5 0.2 0.3
Nipple height - 70.7 71.1 71.8 71.5 71.3 71.8 714 14.2 0.000
(3d) - d c a b be a
Interval change - 0.4 0.6 -0.3 -0.2 0.5
Inferior breast height - 68.8 69.3 69.2 68.5 68.1 68.7 68.6 35.5 0.000
(3d) - b a a c d be
Interval change - 0.5 0.0 -0.8 -0.3 0.6
Waist height 59.0 60.0 60.9 61.5 61.5 61.5 61.6 61.2 144.7 0.000
d c b a a a a
Interval change 1.0 0.9 0.6 0.0 -0.1 0.2
Omphalion height 56.7 57.8 58.7 593 59.5 594 59.6 59.2 156.0 0.000
e d c b ab ab a
Interval change 1.1 0.9 0.6 0.2 0.0 0.2
Buttock height 48.5 494 50.2 50.8 50.4 50.2 50.3 50.3 414 0.000
d c b b b b a
Interval change 0.9 0.8 0.6 -0.4 -0.3 0.1
Crotch height 439 45.0 458 46.5 46.2 46.1 46.2 46.1 71.8 0.000
e d c be b b a
Interval change 1.1 0.8 0.7 -0.3 -0.2 0.2
Midpatella height 25.0 25.7 26.2 26.6 26.5 26.4 26.5 26.3 532 0.000
e d c a ab be ab
Interval change 0.7 0.6 0.4 0.1 —0.1 0.1
Lateral Malleous height 4.4 44 4.4 43 4.1 4.0 4.0 42 201.8 0.000
ab a a b c d e
Interval change 0.0 0.0 —0.1 -0.2 —0.1 0.1
- Shading the value with the largest percentage value among stature groups
- According to duncan-test result mean were marked with different letters which had significant difference at level p < .05(a > b > ¢)

F 77} gloiM A1 170 emE 4
o Bop the 2 7] Fuuc o iy

7] wZeltt.

ol-d 7l wet 7o) gk 7+
FrolsHl gEREz 33 A
W) 7)o wlet gAEeIE thEA sfokst A

é°ﬂ*

3.2. 7| 72k F|of cf
T~184] ARE o=

A sole] vl Ao}

7R 2

RBE dEA 2]}
= Table 3, Fig. 1(b)ell VFERAATH

sy e A EH A F
AR, dkalel) sgshe

st =

o
T

7
=

&

=
A

EK

0

R
=°],

&Y =0l9| H|E, 0{X}
7] 72k kel 7)ol gt

F8 =4

o= yehgton, o 4

2 710
g Fobi sk, st vkt
3]

WAl At f

oPlEe], A=FEol



0.015
0.010

‘ |
0005 | ‘ ‘ ;

i

120cm 130cm 140cm

0.000 *‘ .

Height group

-0.010
@ Cervial height
@ Inferior Breast height [ Waist height

@ Crotch height @ Midpatella height

L o o

[ Lateral Shoulder height Axilla height

§F OFF - FEH T He i50] Mg AFEY o7 569

lSOcmHuuu ﬁoucguuuu H | 17ZEDDFIH

Nipple height

@ Waist<omphalion> height @ Buttock height
@ Lateral Malleous height

Fig. 4. Between height groups, the increase/decrease in the ratio of the height of the main landmarks to the stature —Female (The vertical axis is the

ratio when 100 is 1)

Hl&2 7171 71wt S7ksidth. 71 100~150 cm 9]
= 7] 79 °F 05~0.8 S7F8kAL, 71 160 cm o) P
ok 0.2~0.3 ST Aol Hl&2 7] 140 cm XMk
Ae 7] 7R oF 0848 S8t 150, 160 cm F7kolA
= 2318 o —02¥ HhslkeE A B Aol Ee]
HEE AR AE8E B3t o= o] 7] ko] 23k 4A <]
Bo| dojup= AI7IZA 7igze] Wl T Bk
olef o] ol 2 Wiz7br] vl o= e,

o= shkAle &= Fl2lEol, Ao, Juolxo], §
S590] HE2 100~140 cm FTHIME S718S Roltrhek
0.5~1.0 S7F) 150 cm~160 cm TZHellA= dASEAY 23818
227 H2F-04~0.0) 170 cm T-7rlME BhA] ezt F713h
THEF 02). 53] A=o] Hl&S 140 em XA 150 sem
7vo 2 7w —030% thh Wo| A3 o= A A}
sRkaleM o] ekt fAkeE Aoln TRl HzloA = HAETE
Sl o 2R 7] el UeRds Aleldo] Sl J1EE
ARzo] Hlg2 A 7t AMAM IABAY ol mAlEAl 7
Adhe e BEAth

Aol HA| 7] FRelA HlE TRkl TP e R
ZAHEA SPRAL 5 120-130 cm kol oH, 77} ARSE
H| &9 Z7IRe HolAY 238 AslE SSith(Fig. 4).

Aol 7] Fte 71 tisk 7} A Folo] HlERk
ztel7b AEA] R 48 A3 BE FgRolA foF
£0] 0.00002 Aol7} = Aoz yepgt. Akl 5
2 A BE A F7F 7ol gt zfe7t A%l Bh
2l & FME FlElEe] HIEo] 7] 110~140 cm T-7Hol|A
7k 7ol zbe)7h A, 4bEe], PiolEo] vl T
120~130 cm T-7HllA Zjo)7} B}, F2izo], 7REEA}
o] Hlg2 T2 HERT 2ole] Hmr} F3leith

3.3. 7| 7z =M, oido] 7(ofl thst F2 EHF
HIg2| X0

7] PN Fzdel] Tl st 27 Eole] Hlgel 2
o7} A=A] Yoly] L8l 7t 7] FEhlA HRle} o2} 7k
ttestS A1 A}, 7] 110 em M E F ezl Zol7t A
o] YA, 7] 120cm olde] F7HEdd M= Fegtel zlolE
HolEx o] Ek=r], £3] 120 cm~140 cm T-7HllA Z}o]
= dE0] 7P EUTH(Table 4).

7] TR AAS AuEE, WA 7] 110 ecm T E
NS (@B olEom &)l A e Hodzke fojgh Zfolzt yith.
7] 120 cm o] FHoM = HlwA B A=A il
Folgl xpo)7) W], 120 cm F7HlA 97) 130 em 7ol A
1070, 140 cm 77+l 1070, 150 cm +7FA 770, 160 cm -
ZrlA 87H, 170 em 7HolX TR BEA zpe] 7} Hrt.

2 FEHEE WA, EFEoH|E&S 7] 130cm 7+ ol
oA BT o] Tkl Kol xfolvt whom, o7& Eou]&
£ 7] 120em, 130cm, 160cm, 170 cm 7-7Fol| ATt f-2 3
ztel7h Wk, BFEolHl & PRyt ARRT 33, opir1E:
FolH &L AR} AR FAnt. ol& B3l HFEelt o7
71 Io] Afo] F7he] o] WA AR, JAdL 420
7Mel Akl =& AoRE fFaEE + Ut

RA7EEoHE-S 7] 110 cm~140 cm F7MlME F&8H
Az7)F ERET B E=dh 7] 150 cm~170 cm 7ol E E
Y 7ol f2J3t zlo|7t fiinh. FrizoliEolul &S BE 7
TR FrelsiAl A7 ERR o 2ot

SlEEol= 7] 120 cm o)de] F1keA R} PR
oJ&HA Hl&o] T AEolE 7] 120~160 cm 7, Fo)
E=0]= 110~160 cm A U 2kl folgk 2pol7t Uiet.

o], Yelio] ¥ $5 BE 7] 140em olak FLIE

Hir
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Table 4. Differences in ‘ratio of the height of the main landmarks to the stature’ by stature groups between

male and female

Stature group(cm) 110 cm 120 cm 130 cm
Item t P D (%) t P D(%) t P D(%)
Cervial height 0.024 0.981 0.0 1.635 0.103 0.1 3.755 0.000%** 0.2
Lateral shoulder height —0.921 0.361 -0.3 —2.250 0.025%* -0.2 -3.811 0.000***  —0.2
Axilla height -0.820 0416 -0.2 -2.889 0.004** -0.3 —4.059 0.000***  —0.3
Nipple height - - - -4.712 0.000%**  —0.7 -3.233 0.001***  —0.3
Inferior breast height - - - —8.275 0.000%**  —1.4 —7.450 0.000***  —0.9
Waist height —2.498 0.016 -0.8 -11.708 0.000%** 1.1 —-16.784 0.000%** 1.1
Ompbhalion height -1.590 0.118 —0.6 -6.023 0.000%**  —0.6 -10.089 0.000%**  —0.7
Buttock height —2.406 0.020* -0.9 —6.186 0.000%**  —0.8 -6.161 0.000***  —0.6
Crotch height 0.339 0.736 0.1 -2.253 0.025* -0.3 -2.142 0.032* -0.2
Midpatella height 1.432 0.158 04 0.749 0.454 0.1 1.333 0.183 0.1
Lateral Malleous height 1.039 0.304 0.1 2.880 0.004%** 0.1 4.285 0.000%** 0.1
Stature group(cm) 140 cm 150 cm 160 cm
Item t p D(%) t P D(%) t P D(%)
Cervial height 4.257 0.000%** 0.2 5.305 0.000%** 0.2 12.285 0.000%** 04
Lateral shoulder height -1.774 0.076 —-0.1 —0.904 0.366 0.0 —-3.898 0.000%** -0.2
Axilla height —4.411 0.000%** -0.3 -1.860 0.063 0.1 -0.603 0.546 0.0
Nipple height —5.464 0.000%** 0.5 0.543 0.588 0.1 1.401 0.162 0.2
Inferior breast height —4.688 0.000%** 0.5 3.668 0.000%*** 0.5 4.883 0.000%** 0.8
Waist height -16.578 0.000%** -1.0 -8.401 0.000%** -04 -7.039 0.000%** -0.3
Ompbhalion height —-8.201 0.000%** -0.5 -1.195 0.232 0.1 -0.178 0.859 0.0
Buttock height —4.680 0.000%** -0.4 8.140 0.000%*** 0.6 10.299 0.000%** 0.7
Crotch height —2.451 0.014* -0.2 7.635 0.000%** 0.5 8.728 0.000%** 0.5
Midpatella height 2.839 0.005** 0.2 10.129 0.000%** 0.6 8.982 0.000%** 0.4
Lateral Malleous height 7.880 0.000%** 0.1 21.238 0.000%** 0.3 20.508 0.000%** 0.3
Stature group(cm) 170 cm
Item t p D(%)
Cervial height 5.176 0.000%** 0.3
Lateral shoulder height —4.659 0.000%** -0.3
Axilla height -3.201 0.001 *** -0.2
Nipple height 0.770 0.443 0.3
Inferior breast height 3.381 0.001*** 13
Waist height -11.217 0.000%** 0.7
Omphalion height —6.130 0.000%** -04
Buttock height 1.252 0.211 0.1
Crotch height 0.413 0.679 0.0
Midpatella height 0.730 0.466 0.1
Lateral Malleous height 9.509 0.000%*** 0.2
Significance level * p<.05 ** p<.01 *** p<.001
D = Difference between Male and Female (Male-Female)
oAz27F ARG Hlgo] B Ko, 7] 150~160 cm T-7HollA] olAd, 7lell the Z =8 A =ol9] nlgo] Hi 7kl
= FAE HlEe] B Kt o]F Fal B w ol Fad FeIgE Aol7h Sl= o] Boeu®, 33k AASAA o 2
OS2 s oz slEjeh A Alolell Sl ZHbREo] W SRS SIS A W @Ast a4 Hew 24
DoAY FlElEe] HlE2 FoML, Aol Hled A zole vERE ARkl Agefor & Zlow aArtEn.

o= Zolgtal Add 4 vk
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