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Classification of Sole Types and Characteristics According to Types for
Young and Elderly Women

Young-ji Kook and Ho-sun Lim'
Dept. of Clothing and Textiles, Sookmyung Women's University, Seoul, Korea

Abstract : This study was attempted to clarify differences in sizes and shapes of foot between 20's and 60-70's women
and analyzed the characteristics of elderly women's foot shapes as compared with those of young. The 2D data were 101
elderly and 101 young women in Seoul and Gyeonggi-do. The results are as follows: Firstly, the foot length of the elderly
was shorter than that of the young, the foot breadth and the heel width were widened, but the toes breadth became
smaller and the deformity of the toe 1 and the first metatarsal part appeared. Secondly, in the Foot Index, there was a
significant difference in age group, the young is more than the elderly in the narrow type, standard type, the elderly
women showed more than three times the young in the wide type. Thirdly, in the factor analysis for the foot type clas-
sification, 'foot length' factors in both age groups were large. Next, young group were influenced by 'toes breadth', lateral
ball breadth' factors, elderly group was influenced by the 'lateral ball breadth', 'medial ball breadth' factors. Lastly, in the
cluster analysis of the elderly group, the types of sole were classified as W-Type(20.8%, wide foot and toes, large heel),
H-type(20.8%, small toes breadth, heel), D-type(31.7%, long length and wide lateral ball) and A-Type(26.7%, which is
found only in the elderly, small length and large toes angle). As a result, it is necessary to design the shoes that match

the characteristics of the soles of the elderly women.
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et al.2001) o3/4¢] & MY Hee A vls] Adsitar (EPSON GT-20000)E ©]-83ta 78352 Park and Nam
393 Jung(2000), Kim(2013) 5 <18 A+ S3 Gdxct (2005), Kim(2013)8] AgAF=S Husle] Zo] 93k )

oxge] wol Hel Wsbl o ol WAShs 0T Uitk 1032, 74T 75 5 % 200 FE ¥Alo) A8 B
by @ Felol WS} A Ao Ay FUF oy wiskel FRA FeE seks] Sla) BR 2 9o 7
S FAPROR U opye] W FelS MLEA ATE  wEwe BT 02w 2 9 S WIERS wasin. 9

olel] 22 27U o83 3 HUZH =dF o4 EZHIES A ASsIAT. 9SS =dF o] i &4
o] i A PE A= Aol & vwgo =y ARl uf =2 Table 13 7t}
2 o] )¢k FElE zjo|E we 7F dBFwe] wh
F8E 27, vlasly f38E 548 AvEoey xdF & 2.3. 2Y uHy
HIZE 913 2 Yejol] Agdstal stAlE A & e B o] A8 #4418 [BM SPSS 22.0 T2 IS 0|83}
A AAE L% 7| ZAEE AlwstaAt Stk o SAXDEAL 5 23F oJAde] B=Hx] BAx)
zlo] ¥wE 712BAR  AFE AAEIA A= mE
2. 947 g zte] vl WAREAS AASIATE AR o dhate e
o0l =&3 f¥Y BRe Q9RXy 2RSS A
2.1, Aqoia on ERE ¥ ol 7t SAIE] Hdgkl disty
B A7 AA 9o 495%7F EESE M £ ANOVA #4HEA5} AM57Z9 2 Duncan tests 311t
(Statistics Korea, 2016)9 A58l Aoz Qg W Hy o]
e 20204 FEZ AT 60~794 =dF S e s 3. &1} g =9
AAEATE AS2 20173 285 3990 AA 20~204] Hd
Z 94 101984 60~794] =dF 94 116Ho2 F 2178 3.1, HUED TWE ool & X v 24
4500 2 F AF7F vHIgE 1585 Ale 20284 A AT A4 =dF QAo E ERel A" JEE 3
EE B4 A&t gle] Xjo] Hlwe SYPEE ¢ AA S AASATKTable 2). 2
ol EM= HEF Folart HolA] giko) wolE H|%
22. 84 8= 9 53 4y S AR o], AAT o), A7y de] B md

& 7w wwe] Wl e Zo] FdZe] vlsl o a e WulREele wel
Wowe] R =18 WOl 4 9t 2D BH AU sk BRI RelE tehion =dged o |
Table 1. 2D scanning foot measurement items

1. Foot length
2. Heel-to-toe 1 length
—71\, 3. Heel-to-toe 2 length
4. Heel-to-toe 5 length
17 L h
<IN \j 5. Medial ball length
——1e—2 6. Lateral ball length
] 7. Ball center-to-toe 2 length
; 2 e 8. Ball center-to-heel length
9. Heel length
b 10. Foot breadth 1 11. Foot breadth 2
I . .
- Width 12. Heel W?dth 1 13. Heel. width 2
10 14. Heel width 3 15. Medial ball breadth
I 16. Lateral ball breadth 17. Toes breadth
L‘ 18. Toe 1 breadth 19. Toe 5 breadth
N 20. Toe 1 angle 21. Toe 5 angle
Ancle 22. Medial foot angle 23. Lateral foot angle
e 7g 24. Foot breadth angle

25 Medial foot width angle
26 Lateral foot width angle
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Table 2. Comparison of means according to item for age group (Unit: cm)
Age group Young women (20~29) Elderly women (60~79) rvalue
Items Mean S.D. Mean S.D.
Foot length 22.03 0.90 21.77 0.90 0.08
Toe 1 length 21.99 0.92 21.71 0.88 0.43
Toe 2 length 21.74 0.93 21.57 0.91 0.14
Toe 5 length 18.29 0.85 18.07 0.96 1.14
Heel width 1 543 0.33 5.75 0.37 0.57
Heel width 3 4.15 0.44 4.72 0.33 417"
Foot breadth 8.55 0.43 8.71 0.49 3.19
Medial ball breadth 372 027 3.88 0.42 21.98""
Lateral ball breadth 4.82 0.34 4.83 0.36 0.23
Toe 1 breadth 3.56 0.25 3.46 0.27 0.14
Toe 5 breadth 4.68 0.38 451 0.35 0.99
Toe 1 angle 7.71 4.04 11.65 6.01 917"
Toe 5 angle 11.29 4.55 15.23 3.92 2.69
Medial foot angle 5.87 1.53 5.90 1.43 0.42
Lateral foot angle 9.63 1.71 8.90 1.90 0.98
Foot breadth angle 75.35 430 71.28 430 712"
Medial foot width angle 74.65 7.57 71.27 4.30 0.81
Lateral foot width angle 91.99 3.00 94.49 3.16 0.67
p<.05, “p<.01, " p<.001
- FEE Bk (2007)2] AHAT-E sl AA APAe] Bt ARA=ES A
EdF A2 AES ool vl AT A) oo, Ware] el Sohke 2o FEHE REY R
77RO 22 i ] A UH], ek TRl Bawoh 2o AR, Freh I gy e
H], WrigUrlE o 27 Jebsth AedElxs dAE7t 2 gHsiich
Szt s duZ ol FoAE Belew dATEEt FdZ A =
(o]

2
= A7 WSS mdFeA o 2 4=E etk
b =l e FdS ool visl dAwriEe] ks
o= SofR WIS FFe] A, WIEH, WA 7]
2717k 71 o= Q1% wide] vehg & 57k linh

32 HUEL HWE 0yl MEZO e xfo| Hlm &4

wqu] e} zolo] BiEE YEhl= A= (FI=Foot Index)
2po] A2 WAREAS AAISHTH(Table 3). Choi and Chun

Table 3. Comparison according to foot index for age group (Unit: N)

Age Group  Young Elderly
women women Total r
Type (20~29) (60~79)

Narrow type 19( 9.4%)  8( 4.0%)  27( 13.4%)
Standard type ~ 69(342%) 53(262%) 122( 60.4%) 2034™"

Wide type 13( 64%) 40(19.8%)  53( 26.2%)
Total 101(50.0%) 101(50.0%) 202(100.0%)
" p<.001

Narrow type=F.I<F.I(M)-S.D., Standard type=F.I(M)-S.D.<F.I<F.I(M)+S.D.
Wide type=F.I(M)+S.D.<F.I
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Table 4. Results of factor analysis for young women

Table 5. Results of factor analysis for elderly women

Items Factor ) 3 4 5 6 Items Factor 3 4 5 6
Factors  character Factors  character

Heel-to-toe 2 length 0.96 Heel-to-toe 1 length 0.95
Foot length 0.94 Foot length 0.95
Heel-to-toe 1 length 0.94 Heel-to-toe 2 length 0.94
Heel-to-toe 5 length 091 Ball center-to-heel 091
Ball center-to-heel Foot 05 length Foot
length length ™ Medial ball length length (.87
Medial ball length 0.88 Heel-to-toe 5 length 0.85
Lateral ball length 0.85 Lateral ball length 0.81
Ball center-to-toe 2 071 Ball center-to-toe 2 0.63
length length
Toes breadth 0.92 Lateral ball breadth 0.86

Toes
Toe 1 breadth breadth 0.81 Lateral foot angle Lateral 0.72
Toe 5 breadth 0.67 Toe 5 breadth structure 0.71
Lateral ball breadth 0.77 Toe 5 angle 0.55
Toe 5 angle Lateral 0.75 Medial foot angle 0.87
Lateral foot angle  structure 0.74 Medial ball breadth Medial 0.84
Foot breadth 1 0.57 Toe 1 angle structure 0.81
Heel width 3 0.87 Foot breadth 1 0.66

Heel
Heel length - 0.82 Heel width 3 0.86

size Heel
Heel width 1 0.59 Heel length size 0.77
Medial foot angle 0.85 Heel width 1 0.68

Medial
Medial ball breadth <. 0.77 Toe 1 breadth Toe 1 0.86

structure
Toe 1 angle 0.77 Toes breadth breadth 0.82
Medial foot width 075 Medial foot width angle Medial- 0.86
angle Medial- ' Lateral foot widh angle lateral A. -0.76
Lateral foot width ~ lateral A. 07 Eigenvalue 6.80 2.83 2.80 230 2.04 1.83
{
= Variance (%) 29.56 12.28 12.18 9.99 8.86 7.97
Eigenvalue 727 259 251 226 225 1.61

Variance (%) 31.63 11.26 10.92 9.83 9.77 6.98
Accumulative variance (%) 31.63 42.88 53.81 63.64 73.41 80.39

gEaE, WiSAE, W) 52 TFsel WIEYe

(Lateral structure)’ 22102 WAt} ZHxe 251012, A
Al W] 10.92%S AWETh 2904w WEAUN|(TER), T

wAZe], WEAUY] E-S EFEiRE W7 (Heel size)
a”lojeh 3 4= glom, IHAE 226013, HA| HF] 9.83%
geit) 291 5 wWekEgzhE, %‘OJ%HHL Sl =y
g =3
etk ALRAE 225000, AA WM 9.77%S Ag%‘fﬂ
1—1;13]7_}_11:_ 7].&}%\;]1;]] 7Z}e srES _\]i_@-—g].
= (Sl pd =t (Medlal-lateral angleyol] #HE gQoz of
W3tk IFA e L610]a, WA M 6.98%E At
T o4 (60~794)°] b el ?Lo S FEI]
gl5te] 2Q1RAE AN EIATH(Table 5). F2E 2912 W2]H
~

=
WHoE HuwsAg & AFATE OI*J?_ o7le] 2glo]

Accumulative variance (%) 29.56 41.84 54.02 64.01 72.87 80.83

FZEon 2 AYEe 80.83%c|th £9 12 JAUriE
E40], ¥o], AA 7o, olg&ddo], Wkgo], Al

9
77tere), wrsdo), %] gme] Ratsiglon, ol

£ 52 o] B =S ¥FsleE dbZo|(Foot lengthy
folog Wil LHXE 6.800]2, HA| M| 29.56%=
A gt

821 2= WEUH], gz, A7E7 RG], A7
1A dES ZFEER W7 (Lateral structure)’
0107 BMHIINL IHXE 2.8301H, AA HE 1228%S
At 891 32 WRIEZIE, MRS, AW EESE,
HhgH] Qo1 ¥Ikelng WREEYE)(Medial structure) £
2 HHEIA IRX= 2.800]3, WA MEF 12.18%F A
etk 29 4= IEAUE|(ERY), EL%XV]Ol %ﬂﬁﬂ]
G5 ¥yl g WX A7) (Heel size) 20012 & 4= 9l

om, IfFAE 230012, A HEF] 9.99%E AHsich 82l



Table 6. Results of ANOVAs of fator scores of young women

Type | 2 3 4
Factors 4 (=23)  (=30) (=38) (n=10) L vAve
Foot length 0.70A  0.17AB -020B -136C 1527
Toes breadth 0.52C  057A -023B  034AB  7.60
Lateral structure  -0.17BC -0.44C  030AB 0.54A 475"
Heel size 051A 056A -069B -023B 16917
Medial structure ~ 0.23B  -0.16B  -033B 1224 860
xz;al'lateml 095A -0.79C 006B -008B 2127
w H D v

“p<01, “"p<.001, Duncan test : A>B>C>D
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Table 7. Comparison of means according to item for young women (Unit: cm)
_ W H D M F-value
Type  (#=23) (7=30) (n=38) (r=10)
Foot L. 22.63A 22.24A 21.72B 21.08C 12357
Heel-to-toe 1 L. 22.63A 22.20A 21.65B 21.05C 12917
Heel-to-toe 2 L. 2238A 21.94AB 21.49B 20.54C 14.88"
Heel-to-toe 5 L. 19.00A 18.38B 18.06B 17.25C 17.46""
Foot length .
Medial ball L. 16.18A 16.13A 15.53B 15.02C 19.03
Lateral ball L. 14.67A 14.04B 13.75B 13.23C 25517
Ball center-to-toe 2 L. 6.88A 6.77A 6.69A 6.24A 426"
Ball center-to-heel L. 15.50A 15.18B 14.81C 14.30D 18.66"
Toes B. 8.10B 8.45A 8.10B 8.18AB 3717
Toes breadth Toe 1 B. 342C 3.74A 347C 3.61B 13417
Toe 5 B. 4.67A 4.68A 4.64A 467A 0.09
Lateral ball B. 487A 477A 481A 478A 045
Toe 5 A. 10.77AB 991B 12.20AB 13.55A 245
Lateral structure .
Lateral foot A. 891B 9.08B 10.25A 10.32A 529
Foot B. 1 8.72A 8.56AB 8.41B 8.58AB 2.69
Heel L. 5.88A 575A 4.99B 5.14B 24.68""
Heel size Heel width 3 430AB 4.40A 3.92B 3.87B 1255
Heel width 1 5.53A 5.61A 525B 5.24B 12177
Medial foot A. 6.02B 5.42BC 5.64B 7.79A 793"
Medial structure Medial ball B. 3.84A 3.78A 3.57B 3.80A 758"
Toe 1 A. 9.35AB 6.39C 7.18BC 9.83A 377
Medial foot width A. 77.94A 73.87BC 7533B 73.48C 11157
Medial-lateral angle .
Lateral foot width A. 90.24B 94.52A 91.22A 90.82A 15.37

*p<.05, “p<.01, ""p<.001, Duncan test: A>B>C>D
L.: Length, B.: Breadth, A.: Angle
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Typel : W

Type2 : H Type3 : D

Typed : V

Fig. 1. Foot type according to 2D data of young women.
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Table 8. Results of ANOVAs of fator scores of elderly women

Factors 1 2 3 4
Type (n=21) n=21) @=32) (m=27)

F-value

&

Foot length -030B  031A 049A -0.60B 876
Lateral structure  0.44A  -0.75B  0.18A  0.02A 662"
Medial structure  0.03B  022B  -0.84C  0.80A 2255
Heel size 0.63A  -1.05C 020AB 009B 16.04"
Toe 1 breadth ~ 1.08A  044B  -028C -0.85D 33.16

Mediallateral - o \sn 0138 0454 -009B 4127
angle

*

*

W H D A

**p<.01, ***p<.001

Type2 : H

Typel : W

Type3 : D

Typed @ A

Fig. 2. Foot type according to 2D data of elderly women.
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Table 9. Comparison of means according to item for elderly women (Unit: cm)

W H D A Fovalue

Factors type (n=21) (n=21) (n=32) (=27) val

Foot L. 21.72AB 21.86A 22.11A 21.30B 465"

Heel-to-toe 1 L. 21.68A 21.83A 22.08A 21.20B 592"

Heel-to-toe 2 L. 21.46AB 21.70A 21.93A 21.08B 508"

Heel-to-toe 5 L. 17.90BC 18.15AB 18.52A 17.57C 592"

Foot length o
Medial ball L. 15.91AB 15.92AB 16.16A 15.51B 417

Lateral ball L. 13.66BC 13.90AB 14.13A 13.33C 7.13™
Ball center-to-toe 2 L. 6.83A 6.84A 6.73A 6.59A 1.45

Ball center-to-heel L. 14.82B 15.03AB 1531AB 14.67B 568"

Lateral ball B. 4.93A 461B 4.96A 476AB 545"
Lateral foot A. 9.50A 7958 8.98AB 9.07A 2.67

Lateral structure P
Toe 5 B. 4.82A 438C 4.59B 430C 15.10

Toe 5 A. 13.60B 13.51B 16.11A 16.76A 5.04"

Medial foot A. 5958 6.52AB 4.68C 6.81A 2030

Medial ball B. 3.98A 391A 3.63B 4.05A 721"

Medial structure .
Toe 1 A. 9.74BC 11.79B 7.96C 17.38A 20.48
Foot B. 1 8.90A 8.56B 8.62B 8.76B 238

Heel L. 6.35A 5.83B 6.11AB 5.99B 335

Heel size Heel width 3 4.84A 4.49B 4.79A 471A 552"

Heel width 1 591A 5.46B 5.84A 571A 778"

Toes B. 847A 7.92B 8.00B 7.57C 31.68

Toe 1 breadth P
Toe 1 B. 3.65A 3.58AB 341B 3.25C 15.64

Medial- Medial foot width A. 70.00B 70.14B 7381A 70.13B 633"
lateral angle Lateral foot width A. 94.71A 95.17A 93.88A 94.49A 0.74

"p<.05, "p<.01, ""p<.001, Duncan test : A>B>C>D
L.: Length, B.: Breadth, A.: Angle
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s =
}
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7P A3 dERAE 2 WElY £ 2v Hds 2 D ©loJEle} $H] 3D HlolE #4
W7lEhA|eF g7 A2 HYolvh 3 3& wdert 4 A8E EYE =dZe] f3d g Al A1s 37 o)
AL W7REo] Yl DO, f8 4 Lo AaL AALTE Folok & Aol

gEARs} ARSI 7] WrlEe] SHoE B A
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