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Upper Body Type Classification of Elementary School Boys Using 3D Data
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Abstract: This study classified and analyzed the upper body types of 7-13 years old elementary school boys, using 3D
data from the 6th Size Korea. The results of this study are as follows. Seven factors were extracted from the factorial anal-
ysis as an independent factor for a cluster analysis. The cluster analysis generated four body types. Type 1 has large ratio
of front and back depth as well as circumference, with a front protrusion. In Type 2, the vertical value of upper torso is
longer than average; in addition, its flatness is the largest and produces a thin body type. Type 3 has a smaller flatness
in the bust, waist, abdomen and hip than other types, while also having the largest BMI. Type 4 is characterized by a
greater shoulder angle than other types and its other factors are close to average. As a result of the logistic regression
analysis, the prediction model used eight variables to generate and its accuracy is 88.679%. The classification of upper
body types from this study can be used as basic data to improve patternmaking for each body type. The generated pre-
diction model is also expected to be used as a method to help classify upper body types using the eight variables.
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Table 1. Age distribution of subjects

Age Subject (n) Percentage (%)
7 62 10.56
8 108 18.40
9 84 14.31
10 112 19.08
11 109 18.57
12 87 14.82
13 25 4.26
Total 587 100.00
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Table 2. Body measurement item and indices used in the analysis
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LT

Items

Vertical ratio (Item divided by cervical H.)

Stature / cervical height

Shoulder height / cervical height

Bust height / cervical height

Waist height / cervical height

Waist front length(O) / cervical height
Scye depth/cervical height

Waist back length(NI) / cervical height

Horizontal ratio (Item divided by chest C.)

Index

Waist breadth / chest circumference

Waist breadth(O) / chest circumference
Abdominal breadth / chest circumference
Hip breadth / chest circumference

chest depth(standing) / chest circumference
Bust depth / chest circumference

Waist depth(NI)/ chest circumference
Waist depth(O)/ chest circumference
Abdominal depth /chest circumference
Hip circumference / chest circumference
Abdominal extension circumference / chest circumference

Flatness

Bust flatness(B/D)
Waist flatness(B/D) (O)
Abdominal flatness(B/D)
Hip flatness(B/D)

Front and back ratio

Waist front length(O) / waist back length(NI)
Bust circumference front / back

Waist circumference(NI) front/ back

Bust depth front / back

Waist depth (NI) front/ back

Obese

BMI[kg/m’]

Measurement item

Right shoulder angle[degree, °]

29

O: Omphalion, NI: Natural Indentation
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Table 3. The factor analysis results of 7-13 years old elementary school boys’ upper body

Factor contents Factor items 1 2 3 4 5 6 7 Communality
Abdominal flatness(B/D) —.872 .087 —.045 —-.024 -.166 -.040 .050 .802
Waist D.(NI)/ chest C. .844 281 .001 -.061 226 121 -.018 .860
Flatness(B/D)  Waist flatness(B/D)(O) —.838 .150 -.010 -.022 -.110 .088 124 760
of lower torso Waist D.(O)/ chest C. .836 377 .003 .030 .148 .087 .037 872
(waist-hip)  Abdominal D./ chest C. 819 437 -034  -014 135 005 022 882
Hip flatness(B/D) -.706 179 126 —-.096 —.196 -.025 —-.109 .607
BMI .624 .044 —-491 .041 079 .086 342 765
Abdominal B./ chest C. 078 .866 —-.109 -.072 -.016 —-.081 092 788
) Waist B.(O)/ chest C. 218 .834 -.168 -.029 150 -.030 183 .830
Horizontal value i -/ chest C. ~176 749 033 147 089  —145  —276 719
of lower torso .
L Hip B./chest C. -426 736 .053 .089 010 -.158 -.265 .829
(waist-hip)
Abdominal extension C./chest C. .569 124 —-.106 -.047 .078 —.044 102 .880
Waist B./chest C. 274 706 .001 —.144 233 320 133 769
Stature / cervical H. -.009 —.028 770 —-.030 .049 277 -.207 717
Vertical value of Bust H./cervical H. —-.280 -.076 .760 .145 .143 -175 133 751
upper torso  Waist Front L.(O) / waist back L.((NI). 317 —-.069 753 192 121 .037 130 743
Scye D./cervical H. 262 .088 -.701 —.124 210 148 -295 735
Bust D. front/ back 162 —-.007 011 .856 042 —-.063 152 788
F/B ratio of
Bust C. front/back 206 .046 -.100 .829 116 -.110 203 .808
lateral torso .
. Waist C.(NI) front / back —-151 -.078 311 .803 159 .019 —-.008 .796
(bust-waist)
Waist D.(NI) front/back —.130 —.006 172 786 135 .042 .023 .684
chest D.(standing) / chest C. 187 115 .050 158 928 .010 —111 950
Flamez;(el:t/ D) of Bt D. /chest C. 309 073 069 125 89 014 080 900
Bust flatness(B / D) —-.300 -.191 —-.028 —-.188 —-.369 -.017 .040 919
Ratio of Waist H./ cervical H. -.023 .071 -.075 .043 .038 -.935 147 910
ato of upper g it back L.(NT)/ cervical H. ~043  —045  —189  —.089 016 906  —.106 879
and lower body
Waist front L.(O)/ cervical H. 257 —-.094 550 11 122 707 .041 905
Shoulder H/ cervical H. -.017 .022 321 071 -.035 -.162 .829 .824
Shoulder angle .
Right shoulder angle -.021 -.027 .093 —.298 .029 101 -.812 768
Eigen value 7367 4335 3685 2925 2109 1787 1233
Contribution proportion(%) 25402 14948 12708  10.086 7272 6.163 4.251
Cumulative contribution proportion(%) 25402  40.350 53.058 63.144 70.416 76.579 80.830

C.: circumference, H.: height, L.: length, B.: breadth, D.: depth, O.: omphalion, NI.: Natural Indentation

8172 o7IEEo AT EC], SEANIETE] AHL MEE WA 573 F 2t 237 BE el e &
2 AgE0) ozt g9lo® WHEih iR 1233, AREAE AAISHAL AR O 2 Duncan-tests A8 2
W] 7101 8-S 4.251%C1th 82172 Jang et al. (2000)2] & A 23 el Y 58S & ABE 5 vk ddE )
TollA ANZBALET} o= FHEolE FES WA e HHE o] o= BFIE o] #FoE R e dd
8910= ofgo] Al oM Fof, ARl Zro] Aol 3 i) £2HEA4 B! Duncan-test A7 Table 49F 2t} 24
P& Fe 559 290 BEHECY AFSAA A gol A sl $9A7)E bl 89128 A3 S0l
T 821 F 7PE B 71odES RO SHAQ aRle HEFE 29, 39 £ 89, FH A v 29, 7t
2 B FEEU FUHEE 289, skl =o] ¥l 29, o= 2919 6

A QR 1 FEFell wet folgt olvt e FeE

3.2 MiRe| HEER Epsit.

7] dote] ikl AFE 54S /R 2 7K fEL vl 7 /8 QY §312 63%(10.733%), F32E

R8I % sle], Q1A A¥ &2 T 8914 89l 203 (34.583%), FH3L 136™8(23.169%), +H4e= 1859
ATE SHAUSE ARSI ZHE4E A8t #8E 3 (31.516%)°] X2 Yepdct
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Table 4. The ANOVA results of factor scores by upper body types (n=587)
Factor contents Cluster 1(n=63) Cluster 2(n=203) Cluster 3(n=136) Cluster 4(n=185) F-value

1 Flatess(B/D) of lower torso(waist-hip) ~362¢ —.846d 979 332b 210.044™

2 Horizontal value of lower torso(waist-hip) —-.103 .043 .033 -.036 476

3 Vertical value of upper torso —290¢ 3202 —450d .078b 20.052""

4 F/B ratio of lateral torso (bust-waist) 1.884a -312d —.014b —.289¢ 153.926"

5 Flatness(B/D) of chest .074b .059¢ .178a -221d 4.888"

6 Ratio of upper and lower body —.132¢ .167b 388%a —423d 22308

7 Shoulder angle —433¢ 347b 839 —.849d 160.817""
1Fp<.05, ***p<.001, Duncan-test: a>b>c>d

FEE EAS ARE, §912 S /A v&S el W28 ARSI
W= 82140 a1t 7P Al vEbstew siglole, 7t FEE 548 AFEH, §312 ARk S| oA vE
& F99 HHE LS UepE 2911, 2915, s8¢ #7371, < el 8R145 51 e dEX BE £33 & 7t
A SRR o] HlE, o =E UehiE 2913, 2216, 291 & AaEs UERITE 294 VA 4F, S
79 aRldgE FRES JERYh f32e SES] E ) g S, slElEe S, SElTAl SR 3R R FAdEof
£ elliE 83139 81847 e R 2 33 = A= ARk ESHe] o, F Eet FA 5SS AMEE =
ol WA SlEjold] HEE, FH UH HE&S YepE 8911, Z3gt Ao kol 7P FAl JERe B E ARk F A=
82140 81, E 78 F 7PY 22 S vERTE TRE g e 4L VIEe R % W, e dlE] Hlvt
[RIES TS Jellth /332 delold WHE, VI OE fF3 Bt dEor E5H0 Ue ISR A
A&, -3k Eo] HlE, AAZAEE Yep= 8311, & Ak w3k ol vHI/EEY 352 vl 9 F 7H
Q15, 8216, 81179 81AFH Ul VKA /¥ F M E # & S JEeR 7iEEedd Histe] doiEos Jole Ed
< e v S]] A A7E el 82139 89l o Wrrt & AFoR A=A 71z, S8, v, YEo] A
e A2 B2 et 84 7588 E, sl = HEgL B 7oAk
o] vl &, oM4=E YeRE 2915, 8916, 29179] a91d4 fr2e slgloty HHES veiiE 2118 331 e
7HUl 3 5 7P 22 S UERTh 2911, 8113, a%14 SE|HEE, WS, dHolHHE, 82159 VEHEE I
o] edFE T wES Bk o] sgutgto] 7P A vERsth. wiot sl FAE JIEE

7t 539 EAS AFA R Fots| s, 3 A 2 U A, BMI 859] Higk2 7P WA el &
FEES] FgS ot 74 73 T Hte zelE AEst Y F 7P BB 52 7R o E A 71329 BMI
7] 913 AAu)A) A | Duncan-tests AA13K] 7 =) HHR(16.748) 7] ols-& WES] 25-50%, THF7 =
ikl /8 ke AAE AESIT 2 A Sl 10-25% 3lgsted Adolx|wt ot w2 {02 A7t=d)
Ao, vivu rigEd FES A ZE IEANA 0.1% F ok 7l AEES el 82159 7T, A7ETAL
Fo| FRE e ZF FelA Rl SAHoR /3skE FEY 5] FHHE Hol o R ED nfE kil
AL & 5 3USTH(Table 5). wiURZKEEE FE2 5% 5 715, 818, B, Yio] BT HEgo] & gt AFolth &
oNx 3 2ol E HERiTH 2138 Hske 71AEF =], driEEol/ATEe] T FES

Ao ALEE 5 5 BMIE H|TE WGl AMEEE It Hagke] 7HE =9kom, 29169 si2lEol AT Ee] dEe| 3
Al W2jolut, 477 ofdoloAle BgekA s vt AH e FRT A e E5Ee] Y] 7], 37kE
(Ministry for health, welfare and family affair, 2013). w&hA =olo] YA mou} YN AHHo R WA X3 3]
A ] Y (Korea Centers for Disease Control and Prevention 29 A =Z717F 71 Fele] AFE 7 Ao E AzhE ).
[KCDC], 2007)0X= 7+ 8ol slidsl= BMIO| W99} & 32 slgoll AHEES veRie 2911& 8L 3
o} Aol vT|ES ExE AAE k. BMIS| A% = SHRE, viEEE, JdUolHHEE, 8159 EHEE
=¥ WMESFE o83 HvkE EFHBMI obesity index o] Hergtel 7P WA vErsTh wis} g FAE Tt
[BOI) velel we BMI 874 &3 W9 o83t U FEUE vhe A7, BMI 352 B BE /% & 7P
ojztolel| wie} 7}7] thE BIvhE-S AVEsiH olFe] Mk Wy & Wt S e e s R, wiue] - e g9 ot
o AREHE T AFE TS F4 FHse 3] 3 =4, sHRI/EEE T 35 Hag =3 vl /8 5
O, =A1A vnE 7teA st WA +94d¢] Ath(Ahn 7P =& g FArk BOw| wEW WS 95 o] Hlvh
et al, 2010). Ebr] £ A= BMI 852 £ BOI 85 ol ~95 m|wke FHFo 7 HoldArt F332 BMI Ha
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Table 5. The ANOVA results of body measurement by upper body types

Factor Item Type 1 Type 2 Type 3 Type 4 F-value
Abdominal flatness(B/D) 1.310b 1.358a 1.215d 1.264¢ 117.770™"
Waist D.(NI)/ chest C. 225¢ 220d 248a 236b 133.968™"
Flatness(B/D) Waist flatness(B/D) (O) 1.337b 1.390a 1.267d 1287c  129.0927"
of lower torso Waist D.(0)/ chest C. 234c 227d 258a 244b 113423
(waist-hip) Abdominal D./chest C. 240¢ 234d 264a 251b 101.034
Hip flatness(B/D) 1.348b 1.377a 1.286¢ 1.336b 68.117""
BMI [kg/m’] 18.281b 16.748¢ 23.327a 17973b  209.593""
Abdominal B./chest C. 313b 317a .320a 316a 3.463"
Waist B.(O)/ chest C. 316b 318b 327a 318b 17.620"
Horizontal value Hip C./chest C. 1.016a 1.003ab 983¢ 1.008ab 16214
of lower torso P
(waist-hip) Hip B./chest C. 362a .359ab .345¢ .357b 35.795
Abdominal extension C./chest C. 877¢ 876¢c 928a 898b 43315
Waist B./ chest C. 299¢ 305b 3l4a 303b 27.0317"
Stature / cervical H. 1.202b 1.208a 1.198¢ 1.206a 14569
Vertical value of upper ~ Bust H./cervical H. 857b 861a 85lc 855b 32.944™"
torso Waist front L.(O)/waist back L.(NI). 876 878 886 875 1.646
Scye D./ cervical H. 124b 118¢ .128a .126ab 29.008""
Bust D. front/ back 1.790a 1.039¢ 1.261b 1.041¢ 111.532"
F/B ratio of lateral torso  Bust C. front/back 1.193a 899¢ 1.022b 907¢ 106.086""
(bust-waist) Waist C.(NI) front / back 1.927a 1.344b 1.25¢ 1.243¢ 73.199""
Waist D.(NI) front / back 5219 2.301b 2.243b 1.928¢ 65.991""
chest D.(standing)/ chest C. 238a 232b 236a 232b 7240
Flatness (B/D) of chest  Bust D./chest C. 239 235¢ 244a 235¢ 18.656""
Bust flatness(B/D) 1.490b 1.553a 1.476b 1.540a 153207
Waist H. / cervical H. T74la 737b 737b 741a 6853
Ratio OfUiazr andlower v it back L.(NI)/ cervical H. 268b 271a 273a 266b 10482
Y Waist front L.(O)/ cervical H. 235bc 238b 242a 233¢ 11936
Shoulder H./ cervical H. 950b 954a 955a 947¢ 50.126
Shoulder angle .
Right shoulder angle [degree, °] 29.008b 29.043b 26.963c 32.129a 68.117
9.: circgrgference, H.: height, L.: Length, B.: Breadth, D.: depth, O.: Omphalion, NI.: Natural Indentation
p<.05, p<.001, Duncan-test: a>b>c>d
23327y SREA7] obse] AF 39 95%, FBETIE T THIER i Uste &_f'a F5Hh
90%, FE5F71= 85%cl aTdste] #AF, vivtel| &dsiaict. 4= ANAEE UYepliE 8078 7331 A= oA
webd ERE o fYR vasia Aukale] 714, FE, 71 Eo|/EREo] FEo Hgte] 7Y g, 227
W), Yol BE wdgo] e 52 AYY Aow ARER /K] Pue) Fage /P A deht olel 7187)
o} g 7)/EFE], ArEEo/EREe] 5 EHEE 7] 7 b2 fF&el vla 2 ZoR AZETE Al SH oY
o= S W FAE Yepe I35 Hapke vt H vlgs Yehlle 8248 A e 352 Hdpkol
7 2 JeRt vnk obs-e AAJoleRTh ¥4, 2HA7 A 71 Yol 7i, slElEE e FA9 A At P 22 F
ol AFeRE AAT(Choi, 2012; Yoe, 2002)9hH= LH B Zlo= AAET o 3= B v 79 £
2 Z3E Vel 82169 S4ol/AFEe] A5 Wit TS "ok
e B, sEEol/ATEele] BEpke Al e ER FEE ks A 2737 A5kl 63 Size Koread]
T2 §3el vlste EFzol tiv] 7171 F SR A A 534 AR F 820 2N AHE B8el] 739 &
Hog 5%—8— HolH, Skgado)/EREe] o] 7P & o AL 2 e 35S AFEIAT 35 A7 (8o 3



Table 6. Representative upper body of each body type
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Type 1 (n=63, 10.733%)

Type 2 (n=203, 34.583%)

Type 3 (n=136, 23.169%) Type 4 (n=185, 31.516%)

Front

Back
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Table 7. Relation between age group and body type

Age

7 8 9 10 11 12 13 Row total
Type
n 6 4 3 11 14 16 9 63
Typel % within body type 9.52% 6.35% 4.76% 17.46% 22.22% 25.40% 14.29% 100%
% within age group 9.68% 3.70% 3.57% 9.82% 12.84% 18.39% 36.00% 10.73%
n 20 39 42 34 38 22 8 203
Type2 % within body type 9.85% 19.21% 20.69% 16.75% 18.72% 10.84% 3.94% 100%
% within age group 32.26% 36.11% 50.00% 30.36% 34.86% 25.29% 32.00% 34.58%
n 6 31 15 31 26 26 1 136
Type3 % within body type 4.41% 22.79% 11.03% 22.79% 19.12% 19.12% 0.74% 100%
% within age group 9.68% 28.70% 17.86% 27.68% 23.85% 29.89% 4.00% 23.17%
n 30 34 24 36 31 23 7 185
Type4 % within body type 16.22% 18.38% 12.97% 19.46% 16.76% 12.43% 3.78% 100 %
% within age group 48.39% 31.48% 28.57% 32.14% 28.44% 26.44% 28.00% 31.52%
n 62 108 84 112 109 87 25 587
Column total % within body type 10.56% 18.40% 14.31% 19.08% 18.57% 14.82% 4.26% 100%
% within age group 100% 100% 100% 100% 100% 100% 100% 100%

1= 58. 928***(df=18)

: cell with distribution more than 30% within age group

<001

_Q_

=0], s Eol/EFEo 1, 71EEE %H ‘c‘ﬂﬂgal o
H, 2ETAEE, slElEEE, wiEE S, BMICO|th

EX2E 3AEANES *1/\]5 7&-\/} 2271 $-%=(2Log like-
lihood, -2LLyE “J<F&Rro 2 A of 1388463, SHHTE
S XS B3 304.14701% 007 SYPHSFES XS 9
23] Ajmrt E9kth T BHE 0.1% FrolA BAHL
2}o]2 JeEPATE Pseudo R%E Cox & Snell 32
WA 93912%% UERY} F4

ft JIN' ﬂll

S -
Tl" 6‘

14 87.073%, Nagelkerke

2

Table 8. Distribution of subjects for development and validation of the
prediction model

Develhopment Val?dation Total
subjects* subjects**
Type 1 57 (90.476%) 6(9.524%) 63(100%)
Type 2 183(90.148%)  20(9.852%) 203(100%)
Type 3 123(90.441%) 13(9.559%) 136(100%)
Type 4 167(90.270%) 18(9.730%) 185(100%)
Total (%) 530(90.290%) 57(9.710%) 587(100%)

*Development subjects were used to develop the prediction model
**Validation subjects were used to validate the prediction model

Hepol] ek Sywre] dwgo] 87% o)X
t}. $-=H](Likelihood ratio) A= oIS
HlE O BE 0.1% FEolM fele éri W=
TH(Table 9).
o &g fgt 7| 3|9

. 218 (1) 2k o, Px)= x7t ¥
o Bg, = 7+ AFPol Ur g FES us] M 2R~
g AN 2 =2F B4 FHEE 712240 gidsia Al
71A] €] e &2 0] %QE} 22 IAEN A E2EH B
& FAZS Table 103} 2t}

Bt e
P(y=k|x;By, B2, B3) o eﬂlrx“‘l . eﬂzrx“‘z . eﬂsTx“j (1)
k=0,123, co=0, B=0)
-103.0807  [458.1377 [ 404.486
-90.681 212,677 ~244.693
40.275 ~1.003 7357
| 6957 | | 1035 || —0.744
Pre) 17035 [P 7] 1soann P27 93058
25397 42.930 10.811
7.082 26.765 5261
| 0.128 | -0.032 | 1.056 |
¢=69.921
¢, = —408.074
c;=—-274.166
ASRGH mFo ARSI 5308 oE ASRFN A



Table 9. Likelihood ratio tests
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Model fitting criteria

Likelihood ratio test

Variable — - -
—2 Log likelihood of reduced model Chi-square df Sig,
Intercept 491.964 187.818 3 0.000""
Shoulder H./cervical H. 559.589 255.443 3 0.000""
Waist H./cervical H. 414.529 110.382 3 0.000""
Bust C. front/back 432.482 128.336 3 0.000""
Waist C. (NT) front/back 361.132 56.986 3 0.000""
Bust D./chest C. 369.339 65.192 3 0.000""
Waist flatness(B/D) (O) 413.421 109.274 3 0.000"""
Abdominal flatness(B/D) 363.673 59.527 3 0.000""
BMI 461.983 157.836 3 0.000""
<001
Table 10. Parameter estimates of upper body types
B -estimates
Variable
Type 1 Type 2 Type 3
Intercept 69.921 —408.074 —274.166
Shoulder H./cervical H. —103.080 458.137 404.486
Waist H./cervical H. -90.681 -212.677 —244.693
Bust C. front/back 40.275 —-1.003 7357
Waist C.(NI) front/back 6.957 1.035 —-0.744
Bust D./chest C. -17.933 159.111 93.958
Waist flatness(B/D) (O) 25.397 42930 10.811
Abdominal flatness(B/D) 7.082 26.765 5.261
BMI 0.128 —-0.032 1.056
Table 11. Accuracy of prediction model
Prediction model
Accuracy (%)
Type 1 Type 2 Type 3 Type 4
Type 1 51 2 1 3 89.474%
Type 2 5 167 6 5 91.257%
Cluster
Type 3 1 5 106 11 86.179%
Type 4 2 12 7 146 87.425%
88.679%

SERER
88.679%,
86.179%,

J

ol

I &7 F3S Hlus 43 HA A=
19114 89.474%, FrF2014 91.257%, -F 39114
4014 87.425%5 EFITH(Table 11). dI5EY
o] A3he AT IR 5878 T ISRY == AL
SEX g 579S Udez MFPslen, A5A) 13
2lo] AR ATYEE 85.965%F LIEFST.
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YRR, 5PN 2 22y 222 95 6% Size

2 F3 visl] dFoz EEH fEoE ALHUG. 73
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HFgo] Zom &g FA=77L A w7t U2 4B Al
Folt}, FH4(31.516%)y= oM =rt 33 7%, slElEwet
FA S 2t P 2 AP olnt.
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