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A Study of Elementary School Students' Feet Growth by 3D Scan Data

Jeong-Eun Lee and Wol-Hee Do’
Dept. of Clothing and Textiles/Research Institute of Human Ecology, Chonnam National University; Gwangju, Korea

Abstract : This study was about to investigate the characteristics of elementary school students' feet growth, comparing
and analyzed the measured values and the index values of 3D scan data. As the results from analyzing the measured val-
ues, the all measurement items excluding ‘Toe 5 angle’ showed some significant differences among the age classes, know-
ing that the elementary school students' feet were continually grown. Although, the items of length, thickness, width,
height and circumference indicate some rapid growth of feet at 11 years old, but it appears slowing growth of ‘Foot width’
after the age of 11 years old. The angle item didn't show any sequential differences according to ages. As the results from
analyzing the index values, the children in higher grades have longer ‘Toe 5’, thicker ankles, wider and thicker the supe-
rior part of feet than the children in lower grades. For the superior and the middle part of feet were lowly raised, their
Arch height was low and thick. The inferior part of feet showed narrow width and higher height. Giving that the Medial
ball width was wide and the Toe 1 angle is high for the children in higher grades, it is expected that the Meta-
tarsophalangeal I might be more projected than that of children in lower grades. Likewise, knowing that the male students'
feet shape was bigger than female students’ feet from the result that the male students’ index values were higher.
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Table 1. 3D scanning foot measurements

Length

Foot length
Heel-to-toe 1 length

Heel-to-toe 5 length
Heel-to-Instep length
Heel-to-tibiale length

A S o

Heel-to-fibulare length
Width

7. Ankle thickness

8. Foot breadth

9. Ball distance

10. Heel width

11. Ankle width

12. Medial ball width

13. Lateral ball width

Height

14. Toe 1 height

15. Toe 5 height

16. Ball height

17. Instep height

18. Ankle height Height

19. Lateral malleolus height

20. Medial malleolus height

21. Sphyrion fibulare height

22. Sphyrion height
23. Navicular height -
24. Heel height I
2 18
Height of upper point of heel l * N
2 point ’; A.#_Ll 21:.5\\3

26. Arch height

Circumference

Length and width Angle

Width and height

27. Ball circumference

28. Instep circumference

29. Heel-to-instep circumference
30. Horizontal ankle circumference
3

. Sphyrion circumference

5SSS

Circumference

Angle
32. Toe 1 angle
33. Toe 5 angle
34. Ball line angle

35. Center line angle

frolgt xfo]7F LR th(Table 2).

g2 Aunm, Zo| oA whdol= 84 1889 mm, 9
Al 199.0mm, 104 207.7mm, 114 2160 mm, 124 2224 mm,
134] 2319 mm= ERY AEo] FoldE 8 HiX|7) &

oM 2t & ¢ ACH, UHiA] o] FEINE B IF
o] wobdaE Wil Zolxle o= vehgt.
AR |E] FES AvRg w27, WEEur|

A gt zpol7t ATk TEFAE A
78.7mm, 94 823 mm, 104 857 mm, 114 93.1 mm, 124
93.7 mm, 134 953 mme|% 2, 2]&E M= 84 39.6 mm, 9



338 270 vjojee] SJgt ZEOHP B §F B G 937

Table 2. The ANOVA result of 3D foot scan data by age (unit=mm)
8 9 10 11 12 13
Category Age (n=176) (n=212) (n=189) (n=193) (n=232) (n=216) F-value
Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
1889 9.5 199.0 106 2077 9.8 2160 108 2224 112 2319 129 ks
Foot length 413.557
a b c d e f
188.7 9.6 198.7 10.6  207.5 9.7 2155 108 2220 114 2316 128 o
Heel-to-toe 1 length 408.213
a b c d e f
1555 8.1 1624 87 1698 84 1782 88 1828 92 1899 108 .
Heel-to-toe 5 length 405.032
Length a b c d e f
(mm) 1140 8.1 1209 89 1244 83 129.0 89 1341 99 1413 111 .
Heel-to-Instep length 216.807
a b c d e f
. 137.3 8.0 145.1 8.8 150.9 8.1 157.7 9.2 161.8 9.3 167.9 9.7 o
Heel-to-tibiale length 317.207
a b c d e f
. 1195 73 1266 7.7 1320 75 1391 89 1427 8.1 146.7 9.2 .
Heel-to-fibulare length 317.124
a b c d e f
. 78.7 6.0 323 7.3 85.7 6.9 93.1 9.8 93.7 8.1 953 8.7 .
Ankle thickness 150.184
a b c d e e
72.5 42 76.0 5.0 78.3 4.6 834 54 86.0 5.5 87.8 6.2 o
Foot breadth 264.398
a b c d e f
. 74.8 45 78.3 52 80.7 49 85.8 5.6 88.4 5.7 90.5 6.5 .
Ball distance 250.839
a b c d e f
Width . 52.7 3.8 54.9 45 56.0 4.0 59.2 45 60.2 45 62.1 45 .
Heel width 135.504
(mm) a b b c c d
57.8 3.6 60.6 43 61.8 34 64.8 43 65.9 4.6 67.7 49 o
Ankle width 149.173
a b b c c d
. . 329 3.6 349 3.5 36.3 3.6 38.9 3.9 40.2 4.0 41.6 4.1 .
Medial ball width 152.285
a b c d e f
. 39.6 3.8 41.1 42 42.0 44 44.1 45 453 45 46.1 5.0 .
Lateral ball width 66.279
a b c d e e
. 20.1 2.0 20.6 2.0 21.0 23 234 23 23.8 22 24.0 24 o
Toe 1 height 132.222
a b b c d d
. 16.0 1.9 16.7 22 174 1.9 18.9 2.1 18.7 2.0 19.1 22 .
Toe 5 height 74.048
a b c d d d
. 28.2 2.5 28.8 2.7 29.7 3.0 33.2 2.7 334 29 342 3.0 .
Ball height 176.762
a b c d d e
. 41.8 35 43.4 39 45.4 3.7 47.6 39 484 4.2 49.6 49 o
Instep height 110.699
a b c d d e
. 55.9 3.9 58.8 42 61.2 3.6 61.7 49 65.2 5.6 68.8 44 .
Ankle height 204.632
a b c c d e
Lateral malleolus 56.0 3.7 583 42 60.9 3.9 62.8 43 65.6 4.6 68.0 49 .
. 218.006
height a b c d e f
Height Medial malleolus 56.1 43 59.0 52 61.1 4.8 64.2 44 67.1 4.9 69.9 53 o
. 228.922
(mm) height a b c d e f
Sphyrion fibulare 43.8 3.6 46.1 4.1 48.5 3.8 43.8 42 512 42 534 4.9 .
. 134.918
height a b c c d e
. . 445 4.1 474 4.7 492 45 50.9 4.0 53.2 48 559 53 .
Sphyrion height 157.025
a b c d e f
. . 53.7 44 559 5.0 58.8 4.5 61.8 4.6 63.8 5.0 66.0 5.8 o
Navicular height 182.572
a b c d e f
Heel height navicular 20.5 24 21.3 2.5 21.6 22 23.8 2.7 24.5 3.0 25.2 33 sk
. 99.911
height a b b c d e
Height of upper point — 44.3 3.5 452 3.8 46.6 3.6 50.7 45 523 5.5 51.8 49 .
. 130.009
of heel point a a b c d d
. 12.1 3.6 12.8 43 14.2 42 12.6 4.1 14.1 4.9 13.9 43 .
Arch height 8.301
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Table 2. The ANOVA result of 3D foot scan data by age (continued) (unit=mm)
189.0 113 197.7 132 2033 11.7 220.7 144 2282 13.6 2335 160 o
Ball circumference 353.859
a b c d e f
. 1844 110 1933 14.0 1982 119 2140 146 221.1 144 2270 159 s
Instep circumference 298.624
a b c d e f
i 2921 219 3111 245 3209 225 3367 21.6 3505 26.1 3657 31.6 P,
Circumference Heel-to-instep circumference 229.081
(mm) a b c d e f
. . R 210 141 2209 182 2309 175 2462 21.7 2483 188 2534 20.7 s
Horizontal ankle circumference 166.174
a b c d d e
. . 2539 227 2637 296 2744 282 2956 343 300.8 344 3043 312 P,
Sphyrion circumference 94.895
a b c d d e
6.3 7.7 4.7 43 49 3.8 6.0 52 6.3 54 6.0 5.8 s
Toe 1 angle 3.339
a b b c c c
Toe 5 angle 9.8 11.1 103 100 10.8 104 9.7 10.1 93 9.2 1.1 10.0 0.936
Angle(°) . 137 38 137 34 136 35 145 37 144 35 137 34 .
Ball line angle 2.607
b b a c b b
. 1.6 1.3 1.5 1.0 1.4 1.0 1.3 0.9 1.3 1.0 12 0.9 .
Center line angle 5.610
d c c b b a

*p<.05, Wp<.001, Duncan test: a<b<c
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Table 3. Comparison of 6™ size korea 3D foot scan data by gender (unit=mm)
Gender Boys (n=599) Girls (n=619)
Measurements Mean SD. Mean SD. IHest
Foot length 213.98 1831 209.86 17.33 4036
Heel-to-toe 1 length 213.55 18.24 209.63 17.36 38417
Length Heel-to-toe 5 length 175.96 15.10 171.78 1427 4955
(mm) Heel-to-Instep length 129.90 12.90 125.85 1241 5587
Heel-to-tibiale length 155.92 13.85 152.34 12.95 4650
Heel-to-fibulare length 136.80 12.75 133.32 11.77 4946
Ankle thickness 89.81 10.21 87.21 9.73 4549
Foot breadth 8236 7.46 79.70 740 6237
' Ball distance 84.80 776 82.13 7.60 6.065
(Wnﬁ?)’ Heel width 59.10 540 56.38 5.06 9.061::
Ankle width 65.07 543 61.61 477 11.812
Medial ball width 38.02 465 3727 5.04 2.698"
Lateral ball width 44.19 521 4223 462 6.963""
Toe 1 height 23.04 2.56 21.46 2.64 10.624™
Toe 5 height 18.35 227 17.37 235 7434
Ball height 32.16 3.60 30.66 3.69 7.189""
Instep height 47.45 4.76 45.00 4.72 9015
Ankle height 63.65 6.10 60.83 5.85 8.228""
' Lateral malleolus height 63.50 6.10 60.97 5.54 7563
?gfll;t Medial malleolus height 64.61 6.49 61.84 6.70 7347
Sphyrion fibulare height 49.92 532 4777 485 7368
Sphyrion height 51.68 577 49.26 5.80 7319
Navicular height 61.59 6.53 59.00 6.26 7057
Heel height 23.62 3.36 2225 2.98 7582
Height of upper point of heel point 49.77 544 47.66 531 6.832"""
Arch height 13.04 461 13.64 4.06 247
Ball circumference 216.93 21.01 209.42 20.71 6.282""
. Instep circumference 212.26 2029 202.55 19.84 8436
C'm(‘[’;’rfrel;e“ce Heel-to-instep circumference 337.79 35.66 324.67 33.13 6.648""
Horizontal ankle circumference 240.65 24.65 231.24 23.08 6.869
Sphyrion circumference 288.43 37.39 278.22 33.86 4.998""
Toe 1 angle 4.94 495 6.45 5.90 48227
R Toe 5 angle 10.55 10.22 9.81 9.98 1.285
Angle(”) N
Ball line angle 13.69 359 14.16 351 2332
Center line angle 1.45 1.03 1.31 1.01 2354"
¥p<.05, **p<.01, **¥p<.001
o], Mg o] oA felgk Aolvt vERT). o, B, WH], B2, WEEUHE Ihde] &2
WER-GA 7o) 8- A shdo] 99.88%, LShdo] A2 e v, dERUE], U] S EuE=
99.81%% YEh} Ashde AA] wol] nls) Jx|@rieto] Aol X AFx)7F A e
71 olFE & Wy A & F dhen, H%%MH”] o] FEAXNE gAdrIghEe], Exo], WaEo|, HEE
Wyl o) o} g iy o] S IERdA Ee A o], QEEEAEC], JIEGEAMM ol o], FEEo|, WEAHE
FRAZ JERT o], EEx]| M Eo], ofX|Eo] FENX f-2ogk 2fo|7t YERE

R

YBe WE GBI FI5 Hol7k Lhebst
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Table 4. Comparison of 3D scan data index value between lower grade and higher grade (unit=%)
Lower grade (n=577) Upper grade (n=641)
Measurements t-test
Mean S.D. Mean S.D.
Heel-to-toe 1 length 99.88 039 99.81 0.53 2409
Heel-to-toe 5 length 81.75 3.83 8221 2.18 22606~
Length/Foot L°x100 Heel-to-Instep length 60.33 2.72 60.31 3.01 0.148
Heel-to-tibiale length 7276 1.81 7271 1.81 0458
Heel-to-fibulare length 63.48 2.10 63.96 2.63 3443
Ankle thickness 41.40 2.56 42,07 335 3897
Foot breadth 38.10 1.69 3838 193 2.726"
‘ Ball distance 39.28 1.79 39.50 193 2117
D;?Otaﬁ:lvggh Heel width 27.48 175 27.09 1.72 3.944::
Ankle width 3027 135 29.60 1.51 8.141
Medial ball width 1747 1.60 17.99 1.54 58117
Lateral ball width 20.62 197 2023 1.96 34017
Toe 1 height 10.36 1.01 10.63 0.99 4632
Toe 5 height 8.42 0.95 8.45 0.94 -0.494
Ball height 14.56 132 15.06 128 6610
Instep height 21.95 1.76 21.74 1.88 2.030°
Ankle height 29.57 1.74 29.23 2.14 2.998"™
Lateral malleolus height 29.44 1.92 29.36 2.04 0.705
Height/Foot L°x100  Medial malleolus height 2961 222 30.06 211 3633
Sphyrion fibulare height 23.26 1.96 22.92 2.00 2,992
Sphyrion height 2372 2.10 23.92 2.10 -1.594
Navicular height 2830 2.11 28.61 2.17 2561
Heel height 10.66 1.19 10.97 132 4269
Height of upper point of heel point 22.88 1.85 23.14 2.30 2.174"
Arch height 6.57 2,05 6.10 2.03 40417
Ball circumference 99.11 442 101.87 492 10234
. Instep circumference 96.75 4.70 98.83 5.14 7354
%ro‘;‘imfez‘;cg Heel-to-instep circumference 155.17 7.85 157.10 8.39 4124
Horizontal ankle circumference 111.08 5.73 111.55 7.32 -1.244
Sphyrion circumference 132.89 11.00 134.32 12.76 -2.083"
Toe 1 angle 525 5.50 6.12 548 2749
. Toe 5 angle 1033 10.48 10.04 975 0.499
Angle(") "
Ball line angle 13.65 3.57 14.17 3.53 -2.555
Center line angle 1.52 1.10 125 0.94 4704
L.=Length

p<0.5, "p<0.1, "' p<0.01

X2 7F BHA Vel Al YEFATHTable 4).

e 52 BEFEEY 52 AL HEEY, UEE oo FEY Hlw AAE AR, y8hdS Ashd
g, AR e, B FEM a5 1 F3 2olE o o Bls] A7 o7y A, o] T, B S-S
e on, B ashdolA AFA7L EA et © UHI7b W3, FAE BT 2ea 3T W oEe] S0

7w GEL AWwEEE, HE4E, YAt E g e £ Arrt o, ofxlEolvt Wil T Zlo] 54
oA {3 Apol7t vEgen, A IRE A, dEztE ojch. W EHe WHIZY F3L Eol7t EA ek B3

& IEdelA 2 hebea, MEAALEE AR 2 IshdelA WS RN Wi At st 2 e
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Table 5. Comparison of 3D scan data index value by gender (unit=%)
Boys (n=599) Girls (n=619)
Lower grade  Upper grade Lower grade  Upper grade
Measurements S
Mean S.D. Mean S.D. Mean S.D. Mean S.D.
Heel-to-toe 1 L. 9987 038 9974 065 3030 9989 040 99.89 036 0054
Heel-to-toe 5 L. 82.11 163 8237 212 -1.683 8140 510 8205 223 -2.103
/FO;"‘;%T] oo  Heeltolnstep L. 6081 267 6059 289 0941 5987 270 60.03 3.09 -0.689
Heel-to-tibiale L. 7285 190 7288 190 -0237 7267 172 7254 170 0935
Heel-to-fibulare L. 63.68 212 6416 283 -2373° 6329 206 6376 242 -2.584"
Ankle thickness 4173 273 4217 332 -1.776 4108 236 4197 339 3859
Foot breadth 3844 174 3858 186 -0911 3776 156 3819 198 -3.022"
‘ Ball distance 3960 1.8 3971 193 -0704 3897 170 3931 192 2352
D;?Ota’ifl,xvlvggh Heel W. 2786 173 2748 175 2.706:* 2711 168 2671 159 3.011:*
Ankle W. 3070 128 3021 139 45047 2985 128 2900 139  7.868
Medial ball W. 1765 161 1787 148 -1.671 1730 157 1812 158 -6482""
Lateral ball W. 2079 197 2058 201 1289 2045 196 1990 185  3.583""
Toe 1 H. 1071 097 1085 092 -1.848 1003 093 1041 101 -4940"
Toe 5 H. 862 095 857 091 0732 822 090 833 096 -1.429
Ball H. 1483 123 1523 123 -3.984" 1431 136 1489 131 -5450"
Tnstep H. 2234 168 2210 177 1717 2157 175 2139 191 1235
Ankle H. 2999 169 2959 215 2523 2906 1.69 2888 208  1.841
Lateral malleolus H. 2972 197 2971 204 0024  29.08 1.83 29.02 199  0.998
Height/Foot L°x100 Medial malleolus H. 3016 208 3029 211 -0.740  29.07 222 29.84 209 -4404""
Sphyrion fibulare H. 2354 195 2322 208 1909 2300 193 2263 189 2373”7
Sphyrion H. 2424 197 2413 216 0641 2322 211 2371 202 -2.908"
Navicular H. 2867 210 2893 210 -1.510 2794 206 2831 220 -2.146
Heel H. 1083 1.13 1124 139 -3883"" 1050 122 1071 119 -2263"
H. of upper point of heel point 23.11  1.85 2346 226 -2.101° 2266 1.82 2283 229 -1.047
Arch H. 651 209 579 222 4064 663 202 640 178 1.542
Ball C. 100.14 449 102.51 481 -6234" 9811 412 10124 494 8577
. Instep C. 9840 461 9997 491 4025 9515 421 9773 512 -6876
%Ziimgeielrgg Heel-to-instep C. 15729 817 15825 872 -1390 15312 694 15598 792 -4.799""
Horizontal ankle C. 11229 572 11264 7.19 -0665 10990 551 11050 730 -1.147
Sphyrion C. 13329 1089 136.00 1293 -2783" 13249 1111 13269 1241 -0.206
Toe 1 A. 477 512 509 480 -0.775 571 582 711 591 2964
AngleC®) Toe 5 A. 1081 1056 1032 991 0.592* 985 1041 977 960 0.108
Ball line A. 1338 348 1396 367 -1977 1392 3.63 1438 338 -1.634
Center line A. 153 107 138 099 1.759 152 112 112 086 4873

A.=Angle, C.=Circumference, H= Height, L.=Length, W.=Width
*p<.05, **¥p<.01, ***p<.001
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Table 6. The result of mean comparison between 5™ and 6" by Size Korea 3D foot scan data

5
o/

o] F419) 813) %) A6 A6E, 20144

5™ Size Korea (n=642)

6™ Size Korea (n=1217)

Measurements t-test
Mean S.D. Mean S.D.

Foot length 209.64 46.96 211.86 17.92 1.159
Heel-to-toe 1 length 205.46 50.45 211.53 17.89 2957
Length Heel-to-toe 5 length 165.24 31.23 173.81 14.81 6.582""
(mm) Heel-to-Instep length 97.92 4343 127.83 12.81 17.063™"
Heel-to-tibiale length 161.79 1430 154.09 13.51 114677
Heel-to-fibulare length 142.14 16.52 135.01 12.35 9.613™
Ankle thickness 69.74 20.67 88.47 10.05 21.666
Foot breadth 62.78 27.54 81.00 7.55 16456
. Ball distance 5430 29.12 83.44 7.79 24902""
mf:)’ Heel width 56.57 6.36 5771 5.40 3.872::

Ankle width 61.89 6.20 63.30 539 4.880
Medial ball width 4025 5.12 37.63 486 -10.676™"
Lateral ball width 45.06 5.49 43.19 5.01 72217
Toe 1 height 20.97 3.59 2223 272 7854
Toe 5 height 17.46 345 17.85 237 2.599"

Ball height 31.56 3.97 31.39 372 -.891
Instep height 50.41 6.11 46.20 4.89 -15.098""
Ankle height 71.15 12.08 62.22 6.14 -17.602""
Height Lateral malleolus height 59.39 6.55 6221 5.96 9.127™"
(mm) Medial malleolus height 67.66 8.61 63.20 6.74 -11.406""
Sphyrion fibulare height 44.44 595 48.83 520 15.809""
Sphyrion height 56.40 7.58 50.45 591 -17301""
Heel height 19.34 428 22.92 325 18.581°"
Height of upper point of heel point 47.28 14.53 48.70 547 2379

Arch height 12.30 13.00 13.34 435 1.913
Ball circumference 204.57 49.95 213.10 21.18 4107
' Instep circumference 195.83 51.62 207.31 20.64 5350
Clrc‘gﬁﬁ;ence Heel-to-instep circumference 309.01 56.49 331.10 35.01 9.034""
Horizontal ankle circumference 204.85 51.98 235.84 2431 14.304™
Sphyrion circumference 255.03 35.54 283.18 35.92 16170
Toe 1 angle 461 522 5.70 551 41417
Toe 5 angle 3.52 4.60 10.17 10.11 19.461™"
Angle (°) -

Ball line angle 13.15 476 13.93 3.56 3.680
Center line angle 0.74 1.26 1.38 1.02 11.082""

£p<.05, *p<.01, *#*p< 001
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