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A Comparison of the Foot Dimensions and Foot Characteristics of Adult Obese Men
using Body Mass Index
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Abstract: This study aimed to present data for the development of a shoe which is suitable for plus-size men (BMI
25kg/mi or higher) and to analyze the characteristics of each type of foot. The results of the study are as follows. To assess
foot shape in relation to weight gain, participants were categorized into normal weight, overweight, and obese weight
groups, according to their BMI indexes. Those in the normal weight group exhibited a smaller value than the overweight
or obese weight group in all items. As a result of the cluster analysis, by type of foot, of the obese men category, men
were classified into four BMI index groups: members of the type 1 group had a BMI index of 157 (18.4% of total sample),
while for type 2 the figure was 213 (25.0% of sample), for type 3 it was 259 (30.4%), and for type 4 it stood at 224 (26.3%
of total sample). Those from the type 1 group had thin ankles with narrow toes and flattened sides. Type 2 group members
had thick ankles with well-developed outer feet and thick sides. Those within the type 3 group had medium-thick ankles
with narrow feet but wide inner feet. Finally, those in the type 4 group had feet with a slanted side, as well as thick ankles,
wide feet, and flat sides. Among these categories, the type 3 group members indicated the highest distribution.

Key words : obesity man (H]%F 34d), BMI (B]9ER]5), foot type (2-7-38), Size Korea (Ale]ZFE]o})
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Table 1. 3D scanning foot measurement items
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1. Foot L. 12. Lateral ball-of-foot W.
2. Heel to toe digit 1 L. 13. Medial ball-of-foot W.
3. Heel to toe digit 5 L. 14. Heel W.

4. Heel-to-tibiale L. 15. Navicular depth

5. Heel-to-fibulare L. 16. Toe 1 H.

6. Heel to navicular L. 17. Toe 5 H.

7. Foot center to toe digit II L. 18. First metatarsal bone H.
8. Foot center to heel L. 19. Instep H.

9. Ball C. 20. Ankle H.

10. Ball-of-foot distance 21. Heel H.

11. Foot breadth

22. Upper heel H.

34. Medial malleolus C.
35. Sphyrion fibulare C.
36. Sphyrion C.

37. Heel-to-instep L.
38. Heel-to-ankle L.

39. Ankle thickness

40. Toe digit 1 angle

23. Lateral malleolus H.
24.Medial malleolus H.
25. Sphyrion fibulare H.
26. Sphyrion H.

27. Arch H.

28. Ankle W.

29. Vertical instep C.
30. Vertical ankle C.
31. Heel-to-instep C.
32.Heel ankle C.

33. Lateral malleolus C.

41 Toe digit 5 angle
42 Ball line angle
43 Foot center line angle

44 Ball flattening ratio”

L.: Length, H.: Height, C.: Circumference, W.: Width * (Ball-of-foot distance/Ball C.)*100

Table 2. Distribution of BMI index by age for adult men

(Unit: n (%))

BMi(kg/m)) Age 20 30 40 50 60 Total
Normal (less than 22.9) 318(38.6) 101(21.0) 75(25.8) 40(26.3) 48(21.3) 582(29.5)
Over weight (23.0~24.9) 248(30.1) 124(25.7) 63(21.6) 39(25.7) 64(28.4) 538(27.3)

Obesity (over 25.0) 257(31.2) 257(53.3) 153(52.6) 73(48.0) 113(50.2) 853(43.2)

Total 823(100.0) 482(100.0) 291(100.0) 152(100.0) 225(100.0) 1973(100.0)
Table 3. Size specifications for subjects for adult men W o], WEA-sE o], WX EREo] WX ME 70|
ltems N(imal Overﬁ weight Otiesity "Eotal e A= BT ATk 7F 89212 Ho] HFo] =7}
(238) @73 (78 WZUB)  gas wlet 2pg A9 geia 2o Pl Aol

Stature (mm) 17359 1736.2 1737.2 1736.5 RAo= vk,
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Table 4. The result of ANOVA of measurements according to foot types for adult men (Unit: mm)
Normal Over weight Obesi Total Duncan
ftems (n=582) (= 538?;h (n= 852]) (N=1973) Frvalue test
Foot L. 254.55 256.53 257.65 256.43 14.297**%* ABB
Heel to toe digit 1 L. 254.00 25597 257.16 255.90 14.812%%* ABB
Heel to toe digit 5 L. 209.63 211.32 212.76 211.44 19.423%** ABC
Heel-to-tibiale L. 188.35 189.89 190.96 189.90 15.387*%* ABC
Heel-to-fibulare L. 162.53 163.66 163.47 163.24 2.758
Heel to navicular L. 91.13 93.42 95.28 93.55 36.128%** ABC
Foot center to toe digit II L. 75.04 76.02 76.17 75.80 7.784%** ABB
Foot center to heel L. 179.51 180.51 181.48 180.64 9.079%** ABC
Ball C. 244.02 248.84 255.96 250.50 214.435%** ABC
Ball-of-foot distance 100.57 102.53 105.21 103.11 154771 %% ABC
Foot breadth 97.01 98.93 101.36 99.41 148.190%** ABC
Lateral ball-of-foot W. 52.01 52.85 54.89 53.48 68.804*** ABC
Medial ball-of-foot W. 45.00 46.07 46.48 45.93 22.548%** ABB
Heel W. 64.94 66.20 68.52 66.83 197.229%** ABC
Navicular depth 12.65 12.97 13.29 13.01 2.264
Toe 1 H. 21.77 22.16 23.03 2242 37.570%** ABC
Toe 5 H. 17.95 18.50 19.29 18.68 48.804%** ABC
First metatarsal bone H. 32.77 33.40 34.28 33.59 48.568*** ABC
Instep H. 53.93 54.58 55.65 54.85 22.2971%** ABC
Ankle H. 75.29 76.02 77.37 76.39 26.765%** ABC
Heel H. 21.34 21.74 21.87 21.68 2.311
Upper heel H. 60.99 61.22 61.68 6135 4.314* ABB
Lateral malleolus H. 70.08 70.71 71.31 70.78 13.723%** ABC
Medial malleolus H. 79.09 79.90 80.69 80.00 20.142%** ABC
Sphyrion fibulare H. 54.06 54.16 54.53 54.29 1.645
Sphyrion H. 65.44 65.82 66.79 66.12 10.275%*%* AAB
Arch H. 45.57 45.48 46.38 45.90 2.785
Ankle W. 70.26 71.95 73.75 72.23 140.405%** ABC
Vertical instep C. 241.33 246.79 254.13 248.35 299.009%** ABC
Vertical ankle C. 258.46 263.97 271.70 265.69 277.618%** ABC
Heel-to-instep C. 373.82 380.13 387.39 381.41 113.871%** ABC
Heel ankle C. 324.72 330.80 339.28 332.67 226.352%** ABC
Lateral malleolus C. 272.02 278.94 288.69 281.12 197.401*%* ABC
Medial malleolus C. 252.04 25845 266.99 260.25 251.018%** ABC
Sphyrion fibulare C. 334.19 342.93 353.27 344.82 107.456%** ABC
Sphyrion C. 28745 295.13 303.88 296.65 111.069%** ABC
Heel-to-instep L. 149.26 151.53 153.63 151.77 46.002%** ABC
Heel-to-ankle L. 109.81 111.82 114.00 112.17 82.388*** ABC
Ankle thickness 99.82 101.88 103.76 102.08 87.891%** ABC
Toe digit 1 angle 7.87 8.62 8.14 8.19 2.529
Toe digit 5 angle 12.47 13.09 13.63 13.14 9.209%** ABB
Ball line angle 19.93 20.00 20.04 19.99 0.167
Foot center line angle 9.92 9.35 10.46 10.00 4.388* ABB
Ball flattening ratio 41.21 41.20 41.10 41.16 6.590%** BBA

*p<.05, **p<.01, ***p<.001, Duncan test: A < B < C
H.: Height, C.: Circumference, L.: Length, W.: Width
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Table 5. Result of the factor analysis of measured feet dimensions of obese adult men

Factor

Items Factor score Eigenvalue Variance (%)  Accumulative variance (%) Factor character
Foot L. 0.906
Heel to toe digit 1 L. 0.903
Heel-to-fibulare L. 0.874
Heel-to-tibiale L. 0.873
Heel to toe digit 5 L. 0.856 12.901 36.860 36.860 Foot length and ankle size
Heel-to-ankle L. 0.764
Ankle thickness 0.687
Heel ankle C. 0.641
Ankle W. 0.451
Foot breadth 0.900
Ball-of-foot distance 0.892
Ball C. 0.855
Vertical instep C. 0.808 Midfoot size and foot lateral
Lateral ball-of-fl())ot W. 0.757 4890 13971 20831 structure
Vertical ankle C. 0.640
Toe digit 5 angle 0.593
Heel W. 0.429
Sphyrion C. 0.842
Medial malleolus C. 0.689 3.199 9.141 59.972 Ankle C.
Lateral malleolus C. 0.519
Ankle H. 0.877
Medial malleolus H. 0.757 2.126 6.073 66.045 Ankle H.
Sphyrion H. 0.565
Sphyrion fibulare H. 0.909
Upper heel H. 0.866
1.940 5.542 71.587 Lateral malleolus H.
Sphyrion fibulare C. —-0.691
Lateral malleolus H. 0.687
Toe 1 H. 0.887
Toe 5 H. 0.808 1.529 4369 75.956 Forefoot H.
First metatarsal bone H. 0.779
Medial ball-of-foot W. 0.895 .
Toe digit 1 angle 0.815 1.457 4.164 80.119 Foot medial structure
Heel-to-instep L. 0.751
Instep H. —0.676 1.134 3.239 83.359 Instep
Heel-to-instep C. 0.667

H. : Height, C. : Circumference, L. : Length, W. : Width
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Table 6. The result of ANOVA of 3 foot type on 8 factor scores
FO;;(:/Z;JG Type 1 Type 2 Type 3 el Duncan
Factor character 416(48.8) 213(25.0) 224(26.3) test
Foot length and ankle size -0.26 0.52 -0.02 47.547H** ACB
Midfoot size and foot lateral structure —0.23 —0.04 0.45 36.684*** ABC
Ankle C. -0.12 0.00 0.23 8.914%** AAB
Ankle H. 0.13 -0.14 -0.10 6.674%** BAA
Lateral malleolus H. -0.17 0.47 —-0.13 33.760%** ABA
Forefoot H. —0.28 0.46 0.08 42.876%** ACB
Foot medial structure 0.29 -0.52 —-0.05 52.917*** CAB
Instep -0.37 -0.36 1.02 249.810%** AAB

***p<.001, Duncan test: A < B < C, H.: Height, C.: Circumference
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Table 7. The result of ANOVA of 4 foot type on 8 factor scores

Foot type  Type 1

Type 2

Type 3 Type 4

N(%) F-value Duncan
Factor character 157(18.4)  213(25.0)  259(30.4)  224(26.3) test
Foot length and ankle size -0.49 0.52 -0.12 -0.02 37.345%** ACBB
Midfoot size and foot lateral structure 0.02 -0.04 -0.37 0.45 30.371%** BBAC
Ankle C. —0.42 0.00 0.06 0.23 14.002%** ABBC
Ankle H. -0.06 -0.14 0.24 —-0.10 7.410%** AABA
Lateral malleolus H. —0.78 0.47 0.20 -0.13 63.351%** ADCB
Forefoot H. 0.36 0.46 —-0.66 0.08 76.050%** CCAB
Foot medial structure 0.17 -0.52 0.37 -0.05 36.840*** CADB
Instep -0.59 -0.36 -0.23 1.02 176.909%** ABBC

Hxx

p<.001, Duncan test: A < B < C < D, H.: Height, C.: Circumference

olof W& ANOVAS} Duncan test
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Table 8. The result of ANOVA of measurement according to foot types of obese adult men (Unit: mm)
Ttems (Zy:ples;) (:y:geli (Tzipzes;) (Zyzpzezg (J\/Tjgg) Fevalue Dltl:sctan
Foot L. 251.42 261.51 256.31 259.92 257.65 34.900%** ACBC
Heel to toe digit 1 L. 25091 260.91 25591 259.41 257.16 34.022%** ACBC
Heel to toe digit 5 L. 207.49 21598 212.13 214.13 212.76 29.136%** ADBC
Heel-to-tibiale L. 186.42 194.80 189.16 192.58 190.96 36.422%%* ADBC
Heel-to-fibulare L. 159.72 168.10 162.50 162.80 163.47 31.780%** ACBB
Heel to navicular L. 93.07 96.58 94.62 96.36 95.28 6.281%** ABAB
Foot center to toe digit I1I L. 74.18 75.67 76.53 77.62 76.17 13.395%** ABBC
Foot center to heel L. 177.24 185.83 179.78 182.29 181.48 13.395%** ABBC
Ball C. 253.37 255.80 252.38 262.07 255.96 38.651%** ABAC
Ball-of-foot distance 104.48 105.02 103.43 107.97 105.21 37.756%** BBAC
Foot breadth 100.86 101.40 99.73 103.57 101.36 28.244%** BBAC
Lateral ball-of-foot W. 54.23 56.40 52.71 56.42 54.89 34.881%** BCAC
Medial ball-of-foot W. 46.63 45.00 47.02 47.15 46.48 12.624%** BABB
Heel W. 66.89 69.08 67.32 70.49 68.52 50.547*** ABAC
Navicular depth 12.01 13.47 14.25 12.90 13.29 5.220%** ABCB
Toe 1 H. 23.55 24.44 21.34 23.29 23.03 56.164%** BCAB
Toe 5 H. 20.31 20.03 17.68 19.72 19.29 54.429%** CCAB
First metatarsal bone H. 3436 35.73 33.02 3430 34.28 36.380%** BCAB
Instep H. 56.27 58.28 55.90 5242 55.65 61.907*%* BCBA
Ankle H. 76.22 77.88 77.69 7732 7737 3.534%* ABBB
Heel H. 2222 22.58 21.75 21.08 21.87 4.442%* BBAA
Upper heel H. 58.24 64.00 62.27 61.20 61.68 65.142%%* ADCB
Lateral malleolus H. 69.02 72.69 72.05 70.74 7131 30.821%** ACCB
Medial malleolus H. 79.75 81.58 81.02 80.13 80.69 6.499%** ABBA
Sphyrion fibulare H. 50.75 57.74 54.89 53.71 54.53 67.832%%* ADCB
Sphyrion H. 66.46 69.39 65.79 65.68 66.79 20.295%** ABAA
Arch H. 45.52 47.12 46.02 46.69 46.38 1.481
Ankle W. 72.46 73.52 73.51 75.14 73.75 14,998 ABBC
Vertical instep C. 251.62 255.57 250.98 258.16 254.13 26.220%** ABAC
Vertical ankle C. 26735 272.05 269.27 277.23 271.70 34.559%** ABAC
Heel-to-instep C. 373.39 388.62 381.68 402.65 38739 152.477%** ACBD
Heel ankle C. 330.35 344.96 335.40 344.60 339.28 67.169%** ACBC
Lateral malleolus C. 285.39 292.63 282.57 294.34 288.69 27.127%** ABAB
Medial malleolus C. 259.90 271.34 263.57 271.77 266.99 38.290%** ACBC
Sphyrion fibulare C. 359.30 349.08 346.46 360.90 353.27 19.070%** BAAB
Sphyrion C. 293.94 303.74 303.21 311.77 303.88 23.041%** ABBC
Heel-to-instep L. 147.31 153.73 150.76 161.27 153.63  138.048*** ACBD
Heel-to-ankle L. 110.75 117.54 111.96 115.26 114.00 60.857%%** ADBC
Ankle thickness 100.71 107.16 102.15 104.53 103.76 61.798%** ADBC
Toe digit 1 angle 9.45 5.295 9.55 8.29 8.14 25.967*** CACB
Toe digit 5 angle 14.58 14.74 11.88 13.93 13.63 17.170%** BBAB
Ball line angle 19.33 19.69 20.34 20.51 20.04 4.773%* ABCC
Foot center line angle 9.69 13.00 8.15 11.26 10.46 20.491*** BDAC
Ball flattening ratio 41.23 41.05 40.98 41.19 41.10 8.023%** BAAB

*p<.05, **p<.01, ***p<.001, Duncan test: A <B <C <D
H.: Height, C.: Circumference, L.: Length, W.: Width
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