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Analysis of Weight Distribution under the Feet using Photoelastic Technique

Jong-Chul Ahn, M.D., Se-Dong Kim, M.D., Myun-Whan Ahn, M.D.,
Jae-Sung Seo, M.D., Jae-Man Rhoo, M.D.*, Sang-Dong Kim, M.D.

Department of Orthopaedic Surgery, Yeungnam University Hospital, Tae-gu,
Yeungnam University Department of Orthopedic Surgery,
Poe-Hwang Catholic Hospital, Poe-hwang*

In spite of large volume of reports, surprisingly little information is avail-able about the func-
tion of the foot in standing and there are still many controversies about the exact proportion of
the weight distributed in discrete areas of the foot.

The purpose of this study is to evaluate about the exact proportion of the weight distribution
in discrete areas of the foot through the photoelastic technique.

In the results of this study according to the 10 regional division method, 4.4% of the total load
of one foot was loaded on the toes(1st toe, 2.2% ; 2nd toe, 0.8% ; lateral toes, 1.4%), 27.4% on
the metatarsal area(lst metatarsal, 6.6% ; 2nd metatarsal 8.7% ; lateral metatarsals, 12.5%),
8.6% on the midfoot(medial midfoot, 1.4% ; lateral midfoot, 7.3%) and 59.2% on the
heel(medial heel, 31.9% ; lateral heel, 27.%), respectively.

As in other reports, the toes played little role in weight bearing and the midfoot suggested the
presence of the lbngitudinal arch. The metatarsal area received considerable amount of weight
but the priority of the first metatarsal area was not demonstrable, rendering the presence of the
transverse metatarsal arch doubtful. The heel received more than half of total weight given in
one foot(p<0.005). No significant difference was demonstrable between the dominant side and
the nondominant side other than in midfoot.

Key Words : Weight Distribution, Photoelasticity
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7t AL o] BRA (Fig. 6)
29 TIRF AW S
238 AN 3¢

L EEET
Aol 2 AW Agd A
a9} (Fig. 1).

4, FEMH (BEMERE, regional division)

A¥Ad mg AT 2 A FHEEF (foot
print) & 107822 A=Y EAE A1FA
5, A2EAY 2 fE xR ) FAR (R
B, digits) 2 WF3n AEHE GRS, forefoot) &

A1EEBY, A23FEY € A5 32899 3

of, FEZIH(PREW, metatarsals) B UFUL
o, FZE(PEE, midfoot) B FZR(LE,
hindfoot) & Zt7t W5, #1302 o] FRAA
£ 1078Y 7oz TRt Hdidecg dozl
1070 2+ 739} a5 Aol g HES (HHE,
percent) 8 FA|3l3 ThA] X8, AFR FHY
o4 T4 FEE 7t P 43 7o
5o Faroz AXEAT oled T e &
FU%, 53] Al1F525FH9 F20&
Aol WEF FolXE T3 WERY A
o #YE& 51, FEEHE Yo FRIH
o] AL AFstnAt 3 Relth” (Fig. 2).

4 1
1. oy
gz 1299 yele 25M-3542 HE 29.94

A, AFL 5Tkg-Toke o2 BT 65, 8keol Y 1,
Z3(RE, foot length)2 2 245mm HtH 260mm
2 FHa 251.4mA k. A HR] (Dominant side) &
& 118, #Zo] 1dAH (Table 1).
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12.5%7F #XHACE FFRE WSo) 1.4%5 A&
BEYE HYR, 9|F0] 7, 3%«] BEY¥E HYon, %
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Zo0] 1Y F& BYE HY 7 29 By
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ficient of variation)e FA%¥ 2 FFH7 53
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I l l ‘ , soft mattress made of sillicon

3mm diametered ball embedded
‘'square centimeter

surface of epoxy slice

in the mattress every

Fig. 1. Schematic diagram of the epoxy plate and the transducer plate placed under the foot.
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Fig. 2-A. Method of regional division. On the foot print, aA:was drawn from
the midheel to the midpoint of the second foot print. The axis of
the body of the foot(aa:,ie, the axis of the foot excluding the
toes)was divied into three equal parts by perpendicular lines to the
axis(BB:, CC:,DD:)Lines of medial and lateral borders of the print
was drawn. The regions of first, second and lateral metatarsal
heads were difined by dividing the line DD:in ration of
0.45:0.25:0.30. The toe regions were extended from the metatarsal
regions by simple inspection.

B. The 10 anatomical regions that result from the regional division.

Table 1. Characteristics of the sample

sample number Age(year)B.W.(kg) B.W.(kg) F.L.(mm) D
1 27 73 245 right
2 31 62 245 right
3 25 68 248 right
4 28 75 252 right
5 32 70 260 right
6 33 75 255 right
7 27 71 248 right
8 25 58 253 right
9 34 60 249 right
10 33 57 253 right
1 35 59 256 right
12 29 61 253 right
mean value 299 65.8 25.1

B.W. Body Weight ; EL., Foot length ; D, Dominant side
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Table 2. Percentage of load distribution in 10 seperated regions in one foot of 24 indivisual feet.

sample-side 1T 2T LT IMT 2MT LMT MM LM MH LH
1-right 39 2.0 1.9 1.5 93 15.7 1.2 11.8 21.6 21.2
1-left 43 1.4 1.8 124 12.0 12.6 1.6 59 27.6 20.4
2-right 1.6 0.3 1.3 53 8.2 13.2 1.3 6.1 336 29.1
2-left 14 0.3 1.4 5.0 8.1 133 1.7 6.1 333 294
3-right 05 0.5 0.3 3.5 8.7 9.0 1.0 6.0 36.8 33.8
3-left 03 0.0 03 1.6 83 124 1.6 52 37.8 32.6
4-right 0.9 0.9 1.1 6.3 85 11.2 1.3 4.0 326 333
4-left 0.9 0.7 0.9 7.0 74 11.8 0.9 32 36.0 31.1
5-right 1.1 0.7 0.9 8.3 10.8 9.0 25 10.5 258 30.5
5-left 3.1 0.2 1.0 77 11.9 109 24 9.7 27.1 259
6-right 4.7 2.0 2.0 8.8 8.9 12.8 0.0 12.9 22.6 253
6-left 52 0.7 1.6 10.7 10.5 17.2 1.2 13.3 20.1 194
7-right 0.7 0.5 1.6 34 6.4 139 2.0 2.7 41.6 273
7-left 05 0.5 1.0 33 5.1 10.5 L5 4.6 445 284
8-right 49 0.8 1.8 8.5 14.1 15.9 0.0 9.0 20.7 243
8-left 4.5 28 1.3 8.9 9.8 134 0.7 6.3 30.2 22.0
9-right 0.3 0.5 0.8 3.1 8.6 12.8 1.8 2.6 41.8 27.8
9-left 0.6 0.2 0.9 2.3 6.0 13.0 1.7 4.0 42.9 283
10-right 44 1.0 2.6 7.2 59 173 0.0 11.0 26.5 239
10-left 33 1.0 4.9 7.8 113 12.0 2.1 93 344 13.8
11-righ 13 1.0 1.3 3.8 45 10.8 0.8 7.6 340 t35.0
11-left 0.6 03 0.6 6.5 4.0 8.6 0.6 37 357 39.4
12-right 22 0.5 0.5 9.3 9.5 19.9 2.7 9.0 29.2 26.2
12-left 08 05 1.8 6.0 10.8 11.9 2.1 9.5 28.8 27.7

1T, Lst toe ; 2T, 2nd toe ; LT, later toes ; 1Mt, 1st metatarsal ; 2MT, 2nd metatarsal ; LMT, lateral metatarsals ; MM,
medial midfoot ; LM<lateral midfoot ; MH, medial heel ; LH, lateral heel

Table 3. Mean value, standard deviation and coefficient of variation of 10 regional weight distribution

Seight Distribution
REgion
Mean SD CV(%)
1st toe 22 1.71 79.2
2nd toe 0.8 0.65 80.0
lateral toes 14 0.92 65.0
1st metatarsal 6.6 2.89 439
2nd metatarsal 8.7 247 284
lateral metatarsals 12.5 2.29 18.2
medial midfoot 1.4 0.75 55.1
latral midfoot 73 3.20 44.1
medial heel 319 6.96 21.8
lateral heel 27.3 5.52 20.0
SD, standard deviation ; CV, coefficient of variation
(Table 5). 32 B¥XE B2Y. B¥F MY 2 YL 75
2A=d, &3 287 9% 2 &HY ¥ =
4.-’_54[:”2&'2‘43‘\_3'.%%1?3" -:c;«’iu L = ]‘*Hﬁ‘r‘}?)l 94 9‘]—1 5} i X
< BEXE BAH(p0.05).
7 7ye) B2 339 FFAE 395 2 o
3 FEo) gadzetez w@edd 13 33 a &
Zol, AFEFEI}F HaQ FHE A 2FARE
0.8%%1, WS FEE 2 9F FARE 1.4%=2 1881 Beely7t M 1& Al83] AFEE FAE
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Table 4. percentage of load distribution in digits, forefoot, midfoot and hindfoot of 24 individual feet

sample No.-side Digits Forefoot Midfoot Hinkfoot
1-right 7.7 36.5 13.0 42.8
1-left 7.6 37.0 7.6 479
2-right 32 26.7 7.4 62.7
2-left 3.1 26.4 7.8 62.8
3-right 1.2 21.1 7.0 70.6
3-left 0.5 222 6.7 70.5
4-right 29 259 5.4 65.8
4-left 2.6 26.2 42 67.1
S-right 2.7 28.0 13.0 56.3
5-left 44 30.5 12.1 53.0
6-right 8.8 30.5 12.9 479
6-left 7.6 384 14.5 395
7-right 2.7 236 438 68.9
7-left 2.0 18.9 6.1 72.9
8-right 7.5 385 9.0 45.0
8-left 8.7 32.1 7.1 52.1
9-right 1.7 213 58 71.2
9-left 1.6 245 44 69.4
10-right 8.1 30.5 11.0 504
10-left 93 311 113 48.2
t1-righ 35 19.1 83 69.0
11-left 1.5 19.1 43 75.1
12-right 33 29.7 1.7 553
12-left 32 28.7 11.6 56.5

Table 5. Mean value, standard deviation and coeffi-
cient of variation of 4 regional weight distri-

bution
REgion Seight Distribution
Mean SD CV(%)
Digits 44 2.81 63.9
Forefoot 274 5.88 21.5
Midfoot 8.7 3.17 36.9
Heel 59.2 10.61 17.9

SD, standard deviation : CV, coefficient of variation
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Fig. 3. A schematic diagram of both feet showing the
weight distribution plotted in the form of bar
graph.
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