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ABSTRACT

Objective: The aim of this study is to identify foot shapes of Korean male farmers by classifying their foot types using 3D
scan data and analyzing the characteristics of each type. Background: The increasing demands for anthropometric information
for the design of machinery and personal protective equipment to prevent occupational injuries has necessitated an
understanding of the anthropometric differences to be found among occupations. Static stooped posture and squatting posture
are so common in Korean farmers that anthropometric deformation in foot especially seems to occur easily. Method: 366
Korean male farmers volunteered for this study from 16 different farming villages nationwide from 2009 to 2011. Subjects
were categorized into 4 age groups from 40s to 70s. Their right feet were measured by using 3D foot scanner, the
anthropometric dimensions were composed of 40 items. Results: The 8 major factors affecting the foot shapes were extracted.
From these factors the foot shape of Korean male farmers was classified into 3 Foot types. Foot type 1 showed severe
deformation in toe 1, type 2 had a narrow shape and type 3 had a wider width for its length. Conclusion: There were some
differences in foot shape and types between farmers and the public. The most characteristic foot type in Korean male
farmers was type 3. Application: The results of identifying foot shapes of Korean male farmers might provide the useful
information for designing ergonomic farm work shoes.
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Table 2. Foot landmarks
No. Term Description
The most prominent point on
I | Metatarsophalangeal I the inner side of the foot
The most prominent point on
2 | Metatarsophalangeal V the outer side of the foot
. The highest point of the 1% toe at
3 Toe 1 joint the interphalangeal joint
.. The highest point of the 5™ toe joint
4 Toe 5 joint at the distal interphalangeal joint
5 Sesamoid bone point The highest point of the
(toe 1) medial sesamoid bone
. The highest point of the
6 Instep point intermediate cuneiform
L The auxiliary ankle point moved
7 Ankle point-right 1 the right
p Navicular The hlghesF point of the
navicular
9 Lateral malleolus The most lateral point of the
lateral malleolus
10 Medial mallcolus The most Ipedlal point of the
medial malleolus
. The most distal point of the
1 Sphyrion fibulare lateral malleolus
. The most distal point of
12 Sphyrion medial malleolus
13 Upper point of the The auxiliary upper point of the
heel-medial heel moved to the medial
. The most backward and prominent
14 Pterion point of the heel
15 Landing point The point where the heel
of the heel and the floor
16 Toe 1 end point The end point of 1* toe
17 Toe 2 end point The end point of 2™ toe
18 Toe 5 end point The end point of 5" toe
19 Center line Line from pternion to toe 2 end point
. Line from the metatarsophalangeal I
20 Ball line to the metatarsophalangeal V
. Line from the pternion to the
21 Ball center line mid-point of ball Line
. The intersection of the center line
22 Ball center point and the ball line
The mid-point of the line that
23 Ankle point connect between the lateral and
medial malleolus
24 Upper point The most upper-hollow point
of the heel of the heel

* 1~13: These points require attaching landmarks
*14~24: These points are generated in the software program

Figure 2. Foot dimensions

58 A% o)y dolez B, AR} tixstel £3 % A
Alskac.
F 40709 W=y @

=
366{}%8 A7|E A%t

Q1 1 4
QOIEA (e xploratory factor analysis)& AAI&FAch 44
3t Q014+ 113t (Bigen value) & 71502 A48+ 1,
BEek el xE dotsbr] A gk 1.0 ol dE UE
= FA Rl théle] Varimax 2 w3 4S AAEIATE &
A, B FE) E FEE AEEE 2] fla edw
oA FE2E P52 AAFE SHHMFTE st #HE

Mg AT WA, S 219 s AR 9
3l =213 (Dendrogram) & ©]-8 '8}@1 A% Euclidean
el Hmg Abgste] AL AelE Ak 1ela 2
Aol = o7 2~6707HA 1@3}04 A7 B4 9 2
o2 BAMsgy, HEAo7 v YA EAo| s &
ek, 3 27 B85 3709 FRlo® ARl
AA |, 2r R0 EAS mekslr] F) £ Qads W
2% BB BARA 8 AFAA A sl

& %8 vl
=
Ao A5FE P RES vmste] Aol wE

=

P

of



776 Dohee Kim - Kyoung Suk Hwang - Kyung Suk Lee J Ergon Soc Korea
Table 3. Foot dimensions
No. Dimension Reference points Description
1 Foot length Pternion, Acropodion The horizontal distance between the pternion and the tip the
(the tip of the toe #1 or the toe #2) longest toe of the foot(Acropodion)
2 Heel-to-Toe #1 length Pternion, toe 1 end point The horizontal distance between the pternion and the toe 1 end point
3 Heel-to-Toe #5 length Pternion, toe 5 end point The horizontal distance between the pternion and the toe 5 end point
4 Heel-to-Instep length Pternion, instep point The horizontal distance between the pternion and the instep point
5 Heel-to-Ankle length Pternion, ankle point The horizontal distance between the pternion and the ankle point
6 Ankle thickness Ankle point The distance measured perpendlculgr to ankle width section at the
ankle point
7 Foot width Metatarsophalangeal I, The horizontal distance between the metatarsophalangeal 1
Metatarsophalangeal V and the metatarsophalangeal V
] Ball distan Metatarsophalangeal 1, The distance of the straight line between the metatarsophalangeal 1
slance Metatarsophalangeal V and the metatarsophalangeal V
9 Heel width Pternion The horizontal distance between the outer edges of the foot at 16%
of foot length from the pternion, perpendicular to the foot length
10 Ankle width Pternion The horizontal width of the ankle at the ankle point
11 Toe 1 height Toe 1 joint The vertical distance between the toe 1 joint and the floor
12 Toe 5 height Toe 5 joint The vertical distance between the toe 5 joint and the floor
13 Ball height Sesamoid bone point(toe 1) The vertical distance between the Sesamoid bone point and the floor
14 Instep height Instep point The vertical distance between the instep point and the floor
15 Ankle height Ankle point-right The vertical distance between the ankle point-right and the floor
16 | Lateral malleolus height Lateral malleolus The vertical distance between the floor and the lateral malleolus
17 | Medial malleolus height Medial, alleolus The vertical distance between the floor and the medial malleolus
18 | Sphyrion fibulare height Sphyrion fibulare The vertical distance between the floor and the sphyrion fibulare
19 Sphyrion height Sphyrion The vertical distance between the floor and the sphyrion
20 Navicular height Navicular The vertical distance between the navicular tuberosity and the floor
21 Heel height Pternion The vertical distance between the floor and the pternion
Height of upper point . . The vertical distance between the floor and the upper point
2 of heel point Upper point of the heel-medial of the heel-medial
The maximum arch height at the vertical cross section area passing
23 Arch height Sesamoid bone point(toe #1) through sesamoid bone point. The cross section area is parallel
with the center line
24 Ball circumference Metatarsophalangeal 1, The circumference of the vertical cross section passing across the
metatarsophalangeal V metatarsophalangeal I and the metatarsophalangeal V
25 Instep circumference Instep point The circumference of the vertical cross section at the instep point
26 Perpendlcular ankle Ankle point The circumference of the vertical cross section at the ankle point
circumference
Heel-to-Instep Landing point of the heel, The circumference of the vertical cross section passing across the
27 . - . ; . . .
circumference instep point landing point of the heel and the instep point
28 Heel-to-Ankle Landing point of the heel, The circumference of the vertical cross section passing across the
circumference ankle point landing point of the heel and the ankle point
29 anzontal ankle Ankle point The circumference of the horizontal cross section at the ankle point
circumference
30 | Sphyrion circumference Sphyrion The circumference of the horizontal cross section at the sphyrion
31 | Heel-to-Tibiale length Pternion, metatarsophalangeal 1 The horizontal distance between the pternion and the

metatarsophalangeal 1
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Table 3. Foot dimensions (Continued)

No. Dimension Reference points Description
. . The horizontal distance between the pternion and the
32 Heel-to-Fibulare length pternion, metatarsophalangeal V metatarsophalangeal V
33 | Ball Center-to-Toe 2 length | Ball center point, toe 2 end point The horizontal distance between th(?’ ball center point and the
toe 2 end point
34 | Ball Center-to-Heel length Ball center point, pternion The horizontal distance between the ball center point and the pternion
35 Medial ball width Center line, metatarsophalangeal T The perpendicular dlstance. from the metatgrsophalangeal I'to the
center line on the ball line
36 Lateral ball width Center line, metatarsophalangeal V The perpendicular distance fr om the metate}rsophalangeal v
to the center line on the ball line
The acute angle between the extended line from the medial heel width
37 Toe 1 angle Metatarsophalangeal | point to the metatarsophalangeal I and the line between the
metatarsophalangeal I and the outer edge of the toe 1 joint
The acute angle between the extended line from the pternion to the
38 Toe 5 angle Pternion, metatarsophalangeal V | metatarsophalangeal V and the line between the metatarsophalangeal V
and the outer edge of the toe 5 joint.
39 Ball line angle Center line, ball line The acute angle between the ball l}ne and the vertical line
to the center line
40 Center line angle Center line, ball center line The acute angle between the ball center line and the center line

3. Results

3.1 Extract construction factors of foot shapes
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Table 4. The result of factor analysis

Factor
. . . Factor
eigen value Foot dimensions Joadin
(% of variance) &
8.Ball distance 933
Factor 1 7.Foot width 927
4.569 24.Ball circumference .866
0,
(1692%) 25.Instep circumference .805
26.Perpendicular ankle circumference 772
19.Sphyrion height .898
Factor 2 17.Medial malleolus height .889
3.712 22 Height of upper point of heel point 761
0,
(3.75%) "5 Ankle height 734
16.Lateral malleolus height 709
40.Center line angle 936
Fgclt% 3 35.Medial ball width -882
(11:75%) 37.Toe 1 angle -.808
36.Lateral ball width 758
Factor 4 31.Heel to tibiale length 941
2.578 34 Ball center to heel length .860
0,
(©.55%) 33.Ball center to toe 2 length -.728
Factor 5 4.Heel to instep length 976
2.531 27.Heel to instep circumference 920
0,
O37%) 114 Instep height -800
Factor 6 39.Ball line angle -910
2.376 32.Heel to fibulare length .839
0,
(8.80%) 3.Heel to toe 5 length .666
Factor 7 6.Ankle thickness .895
2.244 5.Heel to ankle length .850
(8.31%) . .
29.Horizontal ankle circumference .690
Factor 8
1.214 2.Heel to toe 1 length 920
(4.50%)
Cumulative % (82.5%)
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Table 5. The differences of factor scores among the clusters

Clustery Cluster 1 | Cluster2 | Cluster3 Fovalue
Factor (n=119) (n=81) (n=166)
Factor 1 07327 -.67632° 27749 29.124™
Factor 2 -.18696" 39150" | -.05701° 8.929™
Factor 3 -.74283° .09784° AB4TT 73.739™
Factor 4 22090 -31524* | -.00453" 7.164”
Factor 5 -22812° -22426° 27296 11.999™
Factor 6 -37287° .10445" 21633 13.459™
Factor 7 .64539° -.13403° | -39726° 48701
Factor 8 28694 | -1.22253° 39084 | 135.803"
"p<.001, "p<.01, Means with the same letter are not significantly

different by Duncan test (p<.05, a<b<c).
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Table 6. The means of foot dimensions by clusters and the
result of analysis of variance and Post-hoc test

Cluster 1 2 3 Total
Factor (n= (n= (n= (n= F-value
(Foot dimensions) 119) 81) 166) | 366)
8.Ball distance 0417° | 0.403* | 0417° | 0414 [22.508"
7 Foot width 0.403° | 0.391° | 0.406° | 0.401 |19.290""

24 Ball circumference | 1.038" | 1.006* | 1.039° | 1.031 |15.295™"

25.Instep circumference | 1.038° | 1.016* | 1.038" | 1.033 | 5.717"

26.Perpendicular ankle
circumference

1.067° | 1.036" | 1.074° | 1.063 |16.304™"

19.Sphyrion height 0.246* | 0.258° | 0.250° | 0.250 | 11.743""
17Medial malleolus 0.295* | 0.367° | 0.300° | 0.300 | 10.346™
height

o | 2% Height of upper 0.190" | 0.195° | 0.192° | 0.192 | 2.686
point of heel point
15.Ankle height 0.302* | 0311° | 0.315° | 0.310 |16.578""

16.Lateral malleolus

height 0.275 | 0.278 | 0.278 | 0.277 1.119

40.Center line angle 0.750" | 2.140° | 2.380° | 1.800 |70.172"

35.Medial ball width 0.193°| 0.173" | 0.176" | 0.181 |53.656""
11.920°) 9.175° | 6.422° | 8.819 |35.314™
36.Lateral ball width 0.210° | 0.218° | 0.229° | 0.220 |57.192""

37.Toe 1 angle

31.Heel to tibiale length | 0.740° | 0.730* | 0.733% | 0.735 | 13.156™"

34 Ball center to
4 heel length

33 Ball center to
toe 2 length

0.693 | 0.695 | 0.697 | 0.695 | 2.238

0.288* | 0.301° | 0.288" | 0.291 |22.1517

4 Heel to instep length | 0.542° | 0.541* | 0.564° | 0.552 | 14237

27.Heel to instep

5 . 1434 | 1.420° | 1.469° | 1447 | 15247
circumference

14 Instep Height 0257"| 0.258° | 0.251° | 0256 | 3.346"

39.Ball line angle 14.900°|13.090°|13.200°| 13.730 | 13.585™"

¢ |32Heel tofibulare 0.642 | 0647 | 0.646 | 0.645 | 2713
length

3.Heel to toe 5 length | 0.828* | 0.833° | 0.834° | 0.832 | 4.805"
6.Ankle Thickness 0.415° | 0.405* | 0.404* | 0.408 | 202217

5.Heel to ankle length | 0.462° | 0.448" | 0.450° | 0.454 |33.561""

29 Horizontal ankle
ircumference

1.128° | 1.108° | 1.080" | 1.102 |21.465™"

8 | 2Heeltotoe 1length | 1.000° | 0.989* [1.000%| 0.997 |127.063""

™p<.001, "p<.01, p<.05.

- Means with the same letter are not significantly different by Duncan test
(p<.05,a<b<c)

- All foot dimensions are indexical values divided by the foot length except foot
angle dimensions
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Table 7. The age profile of clusters

Age group
Cluster
40~49 50~59 60~69 70~79 Total
1 17 26 39 37 119
(38.6%) | (28.9%) | (30.7%) | (352%) | (32.5%)
2 5 16 39 21 81
(11.4%) | (17.8%) | (30.7%) | (20.0%) | (22.1%)
3 22 48 49 47 166
(50.0%) | (53.3%) | (38.6%) | (44.8%) | (45.4%)
Total 44 90 127 105 366
N (100.0%) | (100.0%) | (100.0%) | (100.0%) | (100.0%)
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(Figure 3).
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Figure 2. 3D Foot scan image by clusters

4. Conclusion
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