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[ Abstract] Objective To establish reference ranges for foot morphology parameters in children aged 3 -
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14 years in Southwest China and provide a basis for assessing the developmental status of children’s feet.
Methods A total of 3476 children aged 3 — 14 years (1918 boys and 1558 girls) from Southwest China were
enrolled. Foot morphology was evaluated using the “Foot Secret” 3D full-foot scanner,which measured foot pa-
rameters , including arch volume, arch index, and foot length in both weight-bearing and non-weight-bearing
states. Arch flexibility was calculated from arch volume under different conditions. Percentile ranges (P, s —
Py, 5) were used to establish 95% reference intervals for arch volume, arch index, arch flexibility, and foot
length to assess foot development. Results Foot length and arch volume increased with age,while arch index
and arch flexibility decreased (P <0.001). Reference ranges for foot length in boys and girls increased from
146.7 —182.0 mm and 143.2 —177.4 mm at age 3 to 227.9 —=279.7 mm and 209. 1 —250.2 mm at age 14,
respectively. In the non-weight-bearing state, reference ranges for arch index decreased from 0. 21 - 0. 37
(boys) and 0.20 —0.37 (girls) at age 3 t0 0. 15 - 0.33 (boys) and 0. 13 —0.33 (girls) at age 14. Under
weight-bearing conditions, arch index decreased from 0.28 —0.37 (boys) and 0.27 —0.37 (girls) at age 3 to
0.21 -0.35 (boys) and 0.20 —0.35 (girls) at age 14. Arch volume in the non-weight-bearing state increased
from 3 155.4 —15 046.3 mm’ (boys) and 2 948.9 — 11 547.0 mm’ (girls) at age 3 to 13 998. 8 —40 494. 1 mm’
(boys) and 11 372.3 —36 624.0 mm’ (girls) at age 14. Under weight-bearing conditions ,arch volume increased
from 1 686.4 —8 163.3 mm’ (boys) and 1 801.1 -7 481.7 mm’ (girls) at age 3 to 7 043.7 =31 661. 1 mm’
(boys) and 7 775.9 —24 505.2 mm’ (girls) at age 14. Arch flexibility in boys and girls decreased from 0. 13 —
0.71 and 0. 13 -=0.74 at age 3 to 0.05 —0.53 and 0. 06 — 0. 55 at age 14, respectively. Conclusions This
study established reference ranges for multi-dimensional foot parameters in children aged 3 — 14 years in South-
west China, providing a valuable reference for assessing pediatric foot development.
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Fig. 1llustration of 3D full-foot scanning under

different weight-bearing conditions
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Fig.2 Illustration of arch index

F1 PEPGEHIX 3 ~ 14 2 JLE SRR ZIAE ANEC S w5 A H S BMI(n =3476)
Table 1 Number of participants, height, weight and BMI across age groups in children
aged 3 — 14 years in Southwest China (n =3476)
AEES BE B LGN B BMI
(%) | i &t (% +s,kg) (x+s,cm) (x +s5,kg/m?)
3 116 74 190 16.3 £4.7 100.0 £6.0 16.2 £3.2
4 141 120 261 18.1£3.5 106.3 +5.2 16.0 £2.7
5 133 132 265 20.3 £3.9 112.5 £5.4 16.0£2.4
6 161 93 254 23.3£5.1 119.0£5.6 16.4 £2.8
7 173 136 309 25.5+£5.6 124.3 6.2 16.4 £2.5
8 159 169 328 28.5+6.7 129.5 6.5 16.9 £3.0
9 165 142 307 31.9+£7.0 135.7 £6.2 17.2£3.0
10 203 151 354 36.5+8.3 141.1 6.9 18.2+£3.2
11 217 175 392 41.4+£9.5 147.8 £7.8 18.8 £3.2
12 168 164 332 45.5+10.0 152.9 7.3 19.4 3.6
13 155 113 268 50.6 +11.4 158.6 £7.6 20.0 £3.9
14 127 89 216 54.8£12.2 162.6 +7.8 20.6 £3.9
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Table 2 Median and reference range of foot length in children of different genders across age groups

GRS () AARIM(Q,,05) ,mm] ZHAE [ (Py 5 ~Poy 5) ,mm]

(%) 5 & 5 & 5 Ky
3 232 148 161.6(155.8,166.1) 158.1(153.1,164.3) 146.7 ~182.0 143.2 ~177.4
4 282 240 170.9(164.4,175.3) 168.0(162.0,175.2) 151.5~185.6 150.2 ~188.1
5 266 264 178.4(172.5,184.9) 176.8(170.1,183.7) 156.3 ~196.3 159.9 ~195.4
6 322 186 188.8(181.7,194.3) 187.8(179.3,193.3) 167.1 ~209.4 166.2 ~203.2
7 346 272 194.5(187.9,202. 1) 193.2(187.2,199.7) 173.6 ~220.3 175.5 ~215.6
8 318 338 204.2(195.1,212.6) 201.1(193.1,207.1) 179.7 ~229.8 182.4 ~223.2
9 330 284 214.8(206.3,222.1) 208.8(202.5,217.1) 192.0 ~237.8 190.0 ~238.6
10 406 302 219.2(211.7,228.4) 220.2(211.6,227.2) 199.9 ~246.2 199.2 ~241.2
11 434 350 231.5(219.4,241.2) 227.2(218.6,233.8) 202.9 ~259.0 208.8 ~247.6
12 336 328 238.7(229.3,250.0) 230.5(224.4,235.9) 205.6 ~264.9 210.9 ~246.1
13 310 226 245.9(238.4,255.1) 231.7(225.5,237.6) 219.9 ~273.6 214.8 ~251.6
14 254 178 252.7(244.5,260.0) 233.9(226.5,240.4) 227.9 ~279.7 209.1 ~250.2

HAH 3 235.600 2 546.300

P1g <0.001 <0.001
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Table 3 Median and reference range of arch index in children of different genders across age groups
under different weight-bearing conditions
A B () e -
(%) RSIEEIM(Q,,05) ] SN (Pys ~ Py 5)
5 kS 5 kY 5 z
3 232 148 0.30(0.27,0.33) 0.29(0.26,0.31) 0.21 ~0.37 0.20 ~0.37
4 282 240 0.29(0.26,0.31) 0.28(0.24,0.30) 0.22~0.35 0.18 ~0.35
5 266 264 0.29(0.26,0.31) 0.26(0.23,0.28) 0.19 ~0.36 0.16 ~0.33
6 322 186 0.27(0.25,0.30) 0.25(0.23,0.28) 0.17 ~0.34 0.10~0.36
7 346 272 0.27(0.24,0.31) 0.24(0.21,0.27) 0.15~0.35 0.12~0.33
8 318 338 0.26(0.23,0.29) 0.24(0.21,0.26) 0.12 ~0.34 0.10 ~0.32
9 330 284 0.25(0.23,0.29) 0.24(0.21,0.27) 0.14~0.34 0.10~0.33
10 406 302 0.25(0.22,0.28) 0.23(0.21,0.26) 0.14~0.34 0.13~0.32
11 434 350 0.25(0.23,0.28) 0.24(0.21,0.26) 0.13~0.34 0.13~0.32
12 336 328 0.25(0.23,0.28) 0.23(0.20,0.25) 0.13~0.35 0.11 ~0.33
13 310 226 0.25(0.23,0.29) 0.23(0.21,0.25) 0.18 ~0.34 0.10 ~0.31
14 254 178 0.26(0.23,0.28) 0.24(0.22,0.26) 0.15~0.33 0.13~0.33
H1E 410.340 365.180
P1H <0.001 <0.001
uin
o ESIHEM(0,,0)] BHH(Pys - Pors)
3 '8 ) /8
3 0.34(0.32,0.36) 0.34(0.32,0.35) 0.28 ~0.37 0.27 ~0.37
4 0.34(0.32,0.35) 0.32(0.29,0.34) 0.26 ~0.37 0.24 ~0.37
5 0.33(0.31,0.35) 0.30(0.28,0.33) 0.24 ~0.37 0.21 ~0.36
6 0.32(0.29,0.33) 0.30(0.27,0.33) 0.24 ~0.37 0.21 ~0.36
7 0.32(0.28,0.34) 0.29(0.26,0.32) 0.23 ~0.37 0.21 ~0.35
8 0.30(0.27,0.33) 0.27(0.25,0.30) 0.20 ~0.36 0.19 ~0.35
9 0.29(0.26,0.32) 0.27(0.25,0.32) 0.22 ~0.37 0.18 ~0.36
10 0.28(0.25,0.32) 0.26(0.24,0.29) 0.20 ~0.37 0.19 ~0.35
11 0.28(0.25,0.32) 0.26(0.24,0.29) 0.21 ~0.37 0.20 ~0.35
12 0.28(0.25,0.31) 0.26(0.24,0.28) 0.21 ~0.37 0.19 ~0.36
13 0.27(0.25,0.30) 0.26(0.24,0.28) 0.22 ~0.36 0.14 ~0.35
14 0.27(0.25,0.30) 0.26(0.24,0.29) 0.21~0.35 0.20 ~0.35
H1E 845.860 633.830
P1{E <0.001 <0.001
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Table 4 Median and reference range of arch volume in children of different genders across age groups
under different weight-bearing conditions
L E
o PIRLCED S HBI(Q,,01) '] B Py~ Py ) o’ |
7 5 kS 5 o
3 232 148 6294.2(4901.6,7 732.5) 6391.0(5133.1,7 708.4) 3155.4~15046.3 2948.9~11547.0
4 282 240 7397.4(5950.7,8 948.4) 7 548.8(6 204.9,9 228.8) 3782.5~13805.4 3742.6~14980.5
5 266 264 8471.9(6 571.7,10 324.1) 8 883.5(7187.0,11 079.1) 4061.6~15836.3 5273.2~16902.3
6 322 186 10 546.2(8 591.9,12 543.9) 10 220.9(7 983.6,12799.1)  5760.1 ~18 375.8 4 997.3 ~17 937.9
7 346 272 10 918.2(8 557.2,13 952.8) 11 795.5(9 664.9,14 313.4)  5120.8 ~21401.2 5520.3 ~21 448.1
8 318 338 13 287.0(10401.2,16 616.0) 13 514.2(11 273.4,16 403.0) 6 364.8 ~25580.4 7 667.3 ~25104.2
9 330 284 15596.5(12 259.5,18 930.2) 15334.4(12402.5,18644.1) 7635.6~25926.6 7 952.5~26328.8
10 406 302 17 079.2(13 986.7,21 934.8) 17 792.2(14 305.4,21 798.1) 7 826.8 ~29 681.0 8 983.8 ~29 978.0
11 434 350 19 286.6(14 927.3,23 253.7) 19 257.9(16 157.3,22 892.8) 8 520.7 ~32372.3 9891.0 ~31 364.9
12 336 328 21 269.7(16 660.3,25411.0) 20 119.3(16 986.8,23295.0) 8 885.6~36148.4 9790.3 ~33 405.3
13 310 226 21 976.2(17 395.2,26 988.0) 21 042.1(18 064.3,24 814.2) 10512.3 ~37726.5 11 046.4 ~34 830.1
14 254 178 23 802.8(19 338.4,27 564.6) 20 184.7(17 460.3,24 676.4) 13 998.8 ~40494.1 11 372.3 ~36 624.0
H{E 2268.300 1810.900
P1E <0.001 <0.001
U
i S RRIMQ, . 0) '] ZHAHL(Py s ~Pyrg) o’ |
(%) 1,3 2.5 ~ Pors
5 z 5 'y
3 3521.2(2952.8,4461.9) 3 652.1(2 880.8,4457.0) 1 686.4 ~8 163.3 1801.1~7481.7
4 4133.8(3297.8,5399.8) 4941.7(3 664.3,6 375.4) 2110.4 ~8 349.1 2042.0~9268.1
5 5077.9(3 843.5,6 484.4) 5771.9(4 543.4,7 524.7) 2215.3~10938.5 2730.4 ~12 507.4
6 6 646.1(5 128.7,8 265.2) 6 680.4(5 084.8,8519.3) 3243.7 ~12585.9 3060.1~12919.6
7 7 003.1(5093.1,9451.3) 7 880.3(6 208.9,10 485.4) 3179.7 ~14 597.3 3312.6~16863.0
8 8 785.8(6702.0,11 877.5) 9478.5(7 323.9,12 108.9) 3902.8 ~19265.9 4300.8 ~19 371.6
9 10 598.5(7 635.0,13 469.5) 10 874.2(7 999.7,13 620.4) 4097.1~20345.6 4071.4 ~20258.8
10 12 170.5(87 27.5,15 611.2) 13 324.1(10 109.4,16 995.6) 4586.4 ~23275.5 5042.9 ~25 441.0
11 13 449.7(9 619.9,17 406.8) 14 919.8(11 202.8,17 924.6) 5133.1~25243.7 5374.9 ~26 306.5
12 15232.9(10 994.1,19 980.0) 15 151.4(11 976.5,18 039.8) 5354.1~29828.3 5292.9 ~24 780.6
13 17 260.5(13 158.9,21 466.1) 15 761.3(12 563.8,19 283.6) 6 155.7 ~30733.6 5699.0 ~26 728.8
14 18 115.1(13 732.9,22 012.5) 15 877.1(12 259.9,19 190.6) 7043.7 ~31661.1 7775.9 ~24 505.2
H1{E 2 243.200 1 684.600
P& <0.001 <0.001
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Table 5 Median and reference range of arch flexibility in children of different genders across age groups
BEES % (1) RESRFEIMQ,,0;) ] ZH W[ (Pys ~Pors) ]
(%) b S b S % o
3 232 148 0.39(0.28,0.50) 0.40(0.30,0.48) 0.13~0.71 0.13~0.74
4 282 240 0.39(0.29,0.51) 0.34(0.23,0.45) 0.12~0.71 0.06 ~0.69
5 266 264 0.37(0.26,0.48) 0.32(0.24,0.43) 0.13 ~0.61 0.07 ~0.59
6 322 186 0.36(0.25,0.45) 0.32(0.24,0.42) 0.07 ~0.61 0.10 ~0.60
7 346 272 0.35(0.26,0.44) 0.31(0.21,0.38) 0.10 ~0.62 0.08 ~0.56
8 318 338 0.30(0.22,0.41) 0.29(0.20,0.39) 0.07 ~0.63 0.05~0.59
9 330 284 0.32(0.21,0.42) 0.29(0.20,0.39) 0.09 ~0.60 0.06 ~0.61
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oy BB FEETTACIN) SHAMHL (P 5 ~Poys)]
(%) 5 §/3 3 E/8 3 '3
10 406 302 0.29(0.19,0.41) 0.25(0.18,0.34) 0.06 ~0. 64 0.06 ~0.56
1 434 350 0.28(0.20,0.38) 0.23(0.15,0.33) 0.07 ~0.59 0.03 ~0.56
12 336 328 0.25(0.16,0.34) 0.25(0.17,0.34) 0.05 ~0.57 0.04 ~0.59
13 310 226 0.21(0.15,0.29) 0.25(0.17,0.34) 0.03~0.51 0.06 ~0.56
14 254 178 0.22(0.15,0.32) 0.24(0.17,0.33) 0.05 ~0.53 0.06 ~0.55
HH 456.050 236.380
P <0.001 <0.001
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