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A study on the ground reaction forcesand plantar pressurevariablesin different safety shoes
and applying insole during walking

Jung-Jn Kimt" - Sang-Bock Choi? - Sang-Eun Cha

'Gumi complex, Samsung Electronics Co., Itd.
Division of Public Health, Daegu Hanny University
*Occupational Health and Safety Resource Center

The purpose of this study was to compare the ground
reaction forces and plantar pressure variables among three
different safety shoes (Type 1: ergonomicaly designed and high
quality shoes, 2: curved and cushioned safety hoes, and 3:
regular safety shoes) and to find the effect of insole during
walking. Ten hedthy subjects were recruited for this Sudy. The
ground reaction force was measured using a 3 dimensiona
moation andysis system. Plantar pressures were measured Pedar
Mohilefoot pressure scan sysem.

The ground reection force variables were not sgnificantly
different among three different shoe types and insole conditions.
After insertion insole, plantar pressure distributions were
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improved. These resuilts suggest thet the type 1 sefety shoeswes
Superior than other safety shoes in the atistics, and applying
insole could be a possible method to prevent fatigue of lower
extremity and musculoskeletal disorders. Further Sudies are
needed to find the effect of ergonomicaly designed safety shoes
design and insole on practical value prevention of
musculoskeletd disorder, fatigue and satisfaction of workers:

Key Words : ground reaction forces, plantar pressure
variables, safety shoes, insole, walking,
muscul oskeletd disorder
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Table 1. General characteristics of subjects

Volunteer Height(m) Body Weight(kg) Age(yrs) Foot size(mm)
1 1.70 68.6 38 265
2 1.65 71.2 44 265
3 1.68 67.4 34 265
4 1.62 61.9 53 260
5 1.68 57.3 38 260
6 1.76 72.9 38 260
7 1.73 67.5 37 265
8 1.71 66.9 35 265
9 1.75 68.2 40 265
10 1.68 63.4 53 260

M +SD 1.70+0.044 66.53 +4.56 41.00 +6.880 263.00+2.582
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Table 2. Ground reaction forces to safety shoe types during gait

Types of . 1% peak(Fz1) 2¢peak(Fz2)

safety nsole Reyeded Reyeded Loading

shoesinsole Force(N) time(second)  O"ceN) time(second)  rate(N/s) Fz1/B.W

. N 8619+544  015+0014 7685+364  050T0025 58000456728 137006
O 8785420  015T001 7571038 0501002  59R5T0607  13+007

, I 806+5070  015+0013 7629+4234  051T0026  57890+68935  13+006
Ot 8857543 01540016 75254778 05040035 55708190519  13+006

. N 815+7923 01540015 776644531  051T0030  60068+99117  13+009
Ot 830516817 0150017 773614497 05140028 50809811  13+006
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Table 3. Analysis of variance of ground reaction forces during gait

Stance phase Factors N SS df MS F p
Insole(A) 10 1612.0 1 1612.02 2.884 0.124
2 Error(Ag) 5030.2 9 -
Safety shoes(B) 10 1241.3 2 620.67 1.297 0.298
Error(Be) 8616.0 18 -
AxB 10 126.7 2 63.37 0.114 0.893
Aex Be 10030.6 18 557.26 -
Insole(A) 10 0.000 1 0.0001 0.658 0.438
i1 Error(Ag) 0.001 9 0.0002 -
Safety shoes(B) 10 0.00 2 0.0001 1.682 0.214
Error(Be) 0.001 18 0.0001 -
AxB 10 0.0000 2 0.0000 0.23 0.796
Aex Be 0.002 18 0.0001 -
Insole(A) 10 3384 1 3384 0.624 0.450
Er2 Error(Ag) 4881.1 9 542.3 -
Safety shoes(B) 10 684.3 2 3422 1.248 0.311
Error(Be) 4935.1 18 274.2 -
AxB 10 3405.5 2 1702.7 2.086 0.175
AEe X Be 14694.5 18 8816.4 -
Insole(A) 10 4036.0 1 4036.0 0.004 0.950
Loading Error(Ag) 8806996.1 9 978555.1 -
rale Safety shoes(B) 10 861744.0 1 430872.0 1.229 0.304
Error(Be) 6311046.8 18 350613.7 -
AxB 10 494282.9 2 247141.5 0.506 0.524
Aex Be 8786835.4 18 488157.5 -
Insole(A) 10 0.004 1 0.0037 2472 0.150
Error(Ag) 0.013 9 0.0015 -
71 Safety shoes(B) 10 0.002 1 0.0008 0.716 0.502
BW Error(Be) 0.019 18 0.0011 -
' AxB 10 0.000 2 0.0001 0.096 0.909
Aex Be 0.021 18 0.0012 -

—= SS: sum of squares, df: degree of freedom, MS: mean squares
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Fig. 3. Range of pressure distribution to color(unit: kPa)
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Fig. 4. Pressure distribution images to safety shoe types on early heel contact
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Fig. 6. Pressure distribution images to safety shoe types on 2™ peak

100kPa 1 91] $-E2 Liehpgie,

24 Qe A Qlgol g1 A wke AR
40~G0KPa - b o] HE L2} 51 55o] 60kPa i
£ Ul gk Q%) H§ Aol $ERY 35 9
Z91014 100kPas] LS LERRgL O} AF o @
sle] $A1%te] F3ol MY PPE heh 9k

3 QPSS A Q0] YL A FHH 150kPal
£A% RES 0ol3, AFRY FERILI Ritsiv],
Q%9 2§ A FE L 200Pad) BEZ e 97
F2£9)253 A% 100 H7H EEH o)A A 2

fats
S el

7] 241 (foot flat) o A Q1< 2-8-f--of] uhZ kals} &
T SA )L (Fg. 7)ofA 19 ks - 1ol 9
= A FFHE7L 150kPa 9] 9] R F WO, FH4- 95
o] 220kPa o d<] HHEES} T 452 60kPacl G
RS WERGLIL, 559 Y53t 9] 5014 100kPal]
EE R ik QlE 28 Aol 55 ) - 915
o FU3HA 20kPa 3HE HEE ekl glom, $5%
9153} Ao FUs) 100kPa A& PE 5 ehla 9)

e 113 30 QP ahe] 93 9] £ 4Ike 00kPa
2
1



Fig. 7. Pressure distribution images to safety shoe types on foot flat
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Fig. 8. Centered pathway slope of foot pressure during gait

Table 4. Centered pathway slope of foot pressure to safety shoe types during gait during gait (unit: degree)
Time of contact phase
Typesof safety shoes Insole -
Mean Standard deviation
1 In -553 1618
Out -385 1582
2 In -430 1858
Out -402 1.860
3 In -404 1222
Out -509 1487
Table 5. Analysis of variance of centered pathway slope of foot pressure
Factors N SS df MS F p
Insole(A) 0.46 1 0.46 0.253
Error(Ag) 10 16.46 9 183 - 0627
Safety shoes(B) 8.41 2 421 2.202
Error(Be) 10 34.38 18 191 - 01397.18
AXB 14.37 2 7.18 1.652
Ae X BEe 10 78.29 18 4.35 - 0.220

- SS:sum of squares, df: degree of freedom, MS: mean squares
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