Mol HH 9 AERE 770l WE BASZHA ofK P70l tist

AEA - ARE" - A"
ARG TIALE - g e E 278 - TOHSREC
(2007. 3. 28. A4/ 2008. 2. 5. =)

A Study on the Kinematic Variables in Different Safety Shoes and
Applying Insole During Walking

Jung-Jin Kim - Sang-Bock Choi'" - Sang-Eun Cha”
Gumi complex, Samsung Electronics Co., LTD
"Division of Public Health, Daegu Hanny University
"Occupational Health and Safety Resource Center

(Received March 28, 2007 / Accepted February 5, 2008)

Abstract : This study was performed to compare the kinematics among three different safety shoes(type 1:
ergonomically designed and high quality shoes, 2: curved and cushioned safety shoes, and 3: regular safety shoes)
and to find the effect of insole during walking. Ten healthy subjects were recruited for this study. The range of
motion of knee and ankle joint, angle of rear foot and angle of heel contact were measured using a three dimensional
motion analysis system. In the second peak, the angle of heel contact showed statistically significant difference
between safety shoes and insole, however, there was no statistical significance among three different safety shoes.
The angle of ankle increased significantly at initial contact, first peak, the second peak and the toe off phase
compared with type 1 and 2 safety shoes, and the angle of ankle showed statistically significant difference between
with and without applying the insole. During the first peak, the second peak and the toe off phase, the angle of knee
was statistical significance between safety shoes and insole. In heel contact, the angles of Achilles’ tendon showed
statistically significant difference between safety shoes and insole. The rear foot angles showed statistically significant
difference between safety shoes and insole during heel contact and early heel contact. These results suggest that the
type 1 safety shoes were superior to others in the statistics, and applying insole could be a possible method to
prevent fatigue of lower extremity and musculoskeletal disorders. Further studies are needed to find the effect of
ergonomically designed safety shoes and insole on practical value in prevention of musculoskeletal disorder, fatigue
and satisfaction of workers.
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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 1.65 712 44 265
3 1.68 67.4 34 265
4 1.62 61.9 53 260
5 1.68 513 38 260
6 1.76 729 38 260
7 1.73 67.5 37 265
8 1.7 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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Fig. 2. Tested samples of safety shoes and insole,
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Table 2, Angles of heel contact during gait
(unit : degree)

Types of

safety shoes Insole Heel contact Ist peak 2nd peak  Toe-off

In  69.9£2.94 92.6+3.08 116.7+3.90 143.4+2.95
Out  69.7+3.84 92.1+4.17 117.3+4.19 143.8£3.61
In  70.7+3.39  92.0£3.78 119.6+4.75 139.8+2.23
Out  70.0+£3.03 91.943.54 121.5+6.20 136.1+14.01
In 6944334 91.3+3.09 118.2+4.09 139.8+2.72
out  68.7+2.92 90.8+2.77 118.9+4.11 141.8+3.09
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Table 3. Analysis of variance of angles of heel contact to
safety shoes and insole

i‘lf::: Fatos N SS df MS F  p
Insole(A) 10 75 1 75 335 .100
Error(Ag) 202 9 22 -
Heel Safety shoes(®) 10 20 2 1.0 0313 735
contact . Error(BE) 566 18 3.1 -
AxB 10 130 2 65 1693 212
A xBg 689 18 38
Insole(d) 10 129 1 129 3431 097
Error(Ag) 338 9 38
1*  Safety shoes(B) 10 84 2 42 1078 361
peak  Error(Bg) 698 18 39 -
AxB 10 05 2 03 0067 .936
Ag xBg 676 18 38
Insole(A) 10 418 1 418 1855 .206
Error(A) 2030 9 226
o Safety shoes(B) 10 280 2 140 0850 444
peak Error(Bg) 2969 18 165 -
AxB 10 789 2 394 6766 006
Ae* Bg 1049 18 58 -
Insole(A) 10 1463 1 1463 419 .07
Error(As) 338 9 349 -
Safety shoes(B) 10 410 2 205 0793 468
Toe-off
Etror(B) 4652 18 258 -
AxB 10 2205 2 1103 3343 058
AsxBg 5938 18 330 -

- SS: sum of squares, df: degree of freedom, MS: mean squares
** o p<0.01

Table 4, Angies of ankle during gait
(unit : deg.)

Types of

safety shoes insole Heel contact 1st peak 2nd peak  Toe-off

In  110.3%6.90 108.9+3.12 97.6+5.19 120.0+ 4.45
Out  109.6+2.41 109.9+4.26 97.5+5.07 121.5+ 4.23
In  111.0£2.73 107.843.02 97.5£5.07 120.8+ 437
Out  112.3£3.32 107.1£3.04 99.8+£5.19 120.6+ 8.02
In  103.4+4.35 100.3+4.16 89.8+5.07 111.7+ 4.33
out 104.6+4.00 100.6+4.37 88.4+3.93 110.4% 6.55
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Table 5, Analysis of variance of ankle angles during gait
Factors N S§§ df MS F p
Insole(A) 10 1893 1 1893 8.813 .016*

Stance phase

Error(Ag) 1933 9 215 -
Heel  Safety shoes(B) 10 2458 2 122.9 7.758 .004**
contact Etror(Bg) 2852 18 158 -
AxB 10 2275 2 113.8 10262 001%*
A% Be 199.5 18 111 -
Insole(A) 10 3753 1 575.3 89.648 .000***
Error(A) 578 9 64
1#  Safety shoes(B) 10 1583 2 79.1 26.080 .000***
peak Error(Bg) 546 18 30 -
AxB 10 1621 2 810 12.090 .000***
Ag % B 1206 18 6.7
Insole(A) 10 3527 1 352.7 14.942 .004**
Error(Ag) 2125 9 86 -
o Safety shoes(B) 10 3928 2 196.4 25.263 .000%**
peak Error(Bz) 1399 18 78
AxB 10 3788 2 189.4 22.928 .000%**
AgxBg 1487 18 83 -
Insole(A) 10 637.9 1 637.9 43.123 000%**
Error(A) 1331 9 148 -
Safety shoes(B) 10 241.1 2 1205 6.067 .024*
Toe-off
Error(Bz) 3576 18 199
AXB 10 3825 2 191.3 25.270 .000***

Ag x Bg 1362 18 76 -

- SS: sum of squares, df: degree of freedom, MS: mean squares
* 1 p<0.05, ** : p<0.01, *** : p<0.001
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Table 6, Angles of knee during gait

(unit : deg.)
Types of ] Heel
ssigeg insole contact Ist peak 2nd peak  Toe-off
In 17674577 162.1£3.99 177.742.92 142.6£6.70
! Out  177.9%6.83 162.6+620 177.4+578 140.6x7.49
) In 176.8£7.07 165.5£5.73 174.8+£5.68 146.5+6.49

Out  177.5£6.21 166.146.93 172.9+7.36 148.4%11.56
In  177.5£5.60 164.6£5.40 177.0+5.00 146.5+5.72
Out  177.8+5.48 163.5+6.17 175.2+6.07 142.6+6.74
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Table 7. Analysis of variance of knee angles during gait

Stance  potes N SS df MS F  p
phase
Insole(A) 10 36 1 36 1087 324
Error(Ag) 300 9 33 .
Heel Safety shoesB) 10 35 2 18 0249 78
contact  Frror(Bg) 1277 18 7.1
AxB 10 54 2 27 0417 665
Ag x By 1169 18 6.5 -
Insole(A) 10 274 1 274 3.665 .088
Error(Ag) 6723 9 75 -
|*  Safety shoes(B) 10 83 2 42 1108 352
peak Error(Bg) 67.7 18 38
AxB 10 921 2 461 4840 .021*
AsxBg 1713 18 95
Insole(A) 10 383 1 383 1993 .192
Error(Ag) 1729 9 192 -
9™ Safety shoes(B) 10 550 2 275 1268 305
peak Error(Bg) 3902 18 217 -
" AxB 10 753 2 377 7263 005**
Ap x B 934 18 52 -
Insole(A) 10 1014 1 1014 5432 .045*
Error(Ag) 1680 9 187 -
Safety shoes(B) 10 364 2 182 1002 387
Toe-off
Error(B) 3269 18 182
AxB 10 3147 2 1573 4837 .021*
Ag X B 5855 18 325

- 8S: sum of squares, df: degree of freedom, MS: mean squares
* 1 p<0.05, ** : p<0.01
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Table 8, Angles of achilles’ tendon during gait

(unit : deg.)
Types of safety shoes Insole Heel contact Early heel contact
In 179.2+6.36 188.0+5.95
! Out 177.0+£7.50 184.7+7.80
In 183.8+6.45 190.1£4.20
2 Out 18356889 19194837
In 180.4+4.20 187.2+3.48
3 out 178.6+4.19 186.2+4.05
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Table 9. Analysis of variance of achilles’ tendon angles during
gait

Stance phase Factors N S8 d MS F p

Insole(A) 10 101 1 101 0425 .531

Errot(Ag) 2143 9 238 -

Heel  Safety shoes(B) 10 885 2 442 1729 206

contact Error(Bx) 4607 18 256 -
AxB 10 2761 2 1380 5.563 .013*
Ag % Be 4467 18 248 -
Insole(A) 10 105 1 105 0.599 .459
Error(Ag) 1576 9 175

Early heel Safety shoes(B) 10 1657 2 828 3.577 .049*

contact Error(Bg) 4169 18 232
AxB 10 1715 2 858 2726 .092
A xBe 5664 18 315

- §S: sum of squares, df: degree of freedom, MS: mean squares
* 1 p<0.05
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Table 10. Angles of rear foot during gait

(unit © deg.)
Types of safety shoes Insole Heel contact Early heel contact
In 96.4+5.09 90.6+4.16
! Out  96.6+ 6.00 92.343.84
in 91.9+ 4.55 87.8+3.18
: out 93.8+3.40 88.443.95
in 94,5+3.03 90.9+2.44
} out 95.4+4.13 91.3+1.35

Table 11, Analysis of variance of rear foot angles during gait
Stance phase  Factors N SS d MS F p

Insole(A) 10 30 | 30 0184 .678
Error(AE) 1486 9 165
Heel  Safety shoes(B) 10 38.7 194 1870 .183
contact Error(Be) 1863 18 103
AxB 10 1138 2 569 4.123 .034*
Ag X Be 2485 18 13.8
Insole(A) 10 0.1 1 0.1 0005 947
Error(Ag) 1408 9 156
Early heel Safety shoes(B) 10 59.1 2 296 5059 .018*
contact Error(Be) 1052 18 5.8
AxB 10 926 2 463 6.505 007+
A xBg 1281 18 71 -

- SS: sum of squares, df: degree of freedom, MS: mean squares
* 1 p<0.05, ** p<0.01
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