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ABSTRACT

The purpose of this study was to determine the biomechanical effect of wearing carbon nanotube-based insole on cushioning and
muscle tuning during drop landing. Twenty male university students(age: 21.2+1.5 yrs, height: 175.4+4.7 cm, weight: 70.2+5.8 kg)
who have no musculoskeletal disorder were recruited as the subjects. Average axial strain, average shear strain, inversion angle, linear
velocity, angular velocity, vertical GRF and loading rate were determined for each trial. For each dependent variable, a one-way
analysis of variance(ANOVA) with repeated measures was performed to test if significant difference existed among different three
conditions(p<.05). The results showed that Average axial strain of line 4 was significantly less in CNT compared with EVA and PU
during IP phase. The average shear strain was less in CNT compared with EVA and PU during other phases. The inversion angle
was increased in CNT compared with EVA and PU during all phase. In linear velocity, angular velocity, vertical GRF and loading
rate, there were no significant difference between the three groups. This result seems that fine particle of carbon nanotube couldn’t
make geometric form which can absolve impact force by increasing density through eliminating voids of forms. Thus, searching for
methods that keep voids of forms may play a pivotal role in developing of insole. This has led to suggestions of the need for
further biomechanical analysis to these factors.
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Figure 1. Experimental setup
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Figure 2. Reflective markers for strain and inversion angle
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Figure 3. Reflective markers for 3-D motion analysis
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Figure 4. Insoles(CNT, EVA, PU) & shoes
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Figure 5. Events and phases for strain analysis
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Figure 6. Events and phases for 3-D motion analysis
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Figure 7. Reflective markers for strain analysis
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2go] wla) AAHog s AFS HHon, 53| Line
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Table 1. Average axial strain during the IP

Table 2. Average axial strain during the DP

CNT EVA PU

Line |  -0.0106 (0.0030)  -00103 (0.0037)  -0.0088 (0.0026)
Line 2 -00126 (0.0042)  -00094 (0.0053)  -0.0111 (0.0046)
Line 3 -00140 (00047)  -00116 (0.0025)  -0.0137 (0.0047)
Line 4  -00094 (00029)  -0.0097 (0.0034)  -0.0092 (0.0023)
Line 5 -0.0098 (0.0028)  -0.0090 (0.0022)  -0.0098 (0.0023)
Line 6 -00111 (0.0029)  -0.0095 (0.0067)  -0.0086 (0.0056)
2) B AG MY E

T Bt 4% HYEL IP 714 DP 74H8] EE Line

o ] CNT 2h8-0] EVAS} PU 2Hgof HI3| Atjdoz 7143

RO 2 YERGTHTable 3, Table 4).

Table 3. Average shear strain during the IP

-

pud

CNT EVA PU
Line 1 0.2007 (0.0681) 0.2078 (0.0814) 0.2176 (0.0643)
Line 2 01791 00679)  0.1814 (00897)  0.1945 (0.0681)
Line 3  0.1783 00663)  0.1887 (0.0883) 02217 (0.0756)
Line 4  0.1578 (0.0805) 0.1618 (0.0821) 0.1738 (0.0682)
Line 5  0.1876 (0.0712) 0.1835 (0.0881) 0.2146 (0.0782)
Line 6  0.1818 (0.0755) 0.1891 (0.0855) 0.2043 (0.0790)

Table 4. Average shear strain during the DP
CNT EVA PU

Line 1
Line 2
Line 3
Line 4
Line 5
Line 6

02007 (0.0681)
0.1791 (0.0679)
0.1783 (0.0663)
0.1578 (0.0805)
0.1876 (0.0712)
0.1818 (0.0755)

02078 (0.0814)
0.1814 (0.0897)
0.1887 (0.0883)
0.1618 (0.0821)
0.1835 (0.0881)
0.1891 (0.0855)

02176 (0.0643)
0.1945 (0.0681)
02217 (0.0756)
0.1738 (0.0682)
02146 (0.0782)
02043 (0.0790)

CNT EVA PU
Line 1~ -0.0068 (0.0044)  -0.0079 (0.0063)  -0.0072 (0.0037)
Line 2 -0.0081 (0.0075)  -0.0090 (0.0063)  -0.0108 (0.0037)
Line 3 -0.0067 (0.0077)  -0.0104 (0.0093)  -0.0119 (0.0037)
Line 4 -00035°(0.0038)  -0.0084'(0.0036)  -0.0068"(0.0037)
Line 5  -0.0071 (0.0058)  -0.0106 (0.0044)  -0.0086 (0.0029)
Line 6  -0.0090 (0.0041)  -0.0104 (0.0071)  -0.0119 (0.0050)

Note. 51gnlﬁcant difference between CNT and EVA,
31gmﬁcant difference between CNT and PU
*significant difference between EVA and PU

DP 77HlXe] B3t 48 WEELS BE Linedld F7A7 0=
frold 2fol7k vehdA] kAR ONT 28] EVASH PU %
Sol Hlg) AAH o 2713 Aog Yeht 1P 77kaks Al
He A9= B tHTable 2).

2. A EERAS U 4=

LD, PF, ME AHIAe] 28 v 2

Fol Aol VeI Qg BE Aol CNT 2ol
EVAS} PU 28| Hs| Az oz & Zies HSl AR U
EPATHTable 5).
Table 5. Inversion angle (unit: deg)
CNT EVA PU

LD 167.31 (4.47) 164.88 (6.23) 164.90 (5.29)

PF 174.88 (3.61) 173.60 (4.77) 172.67 (5.64)

MF 175.87 (3.57) 175.02 (4.69) 17448 (5.82)
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3.3 £49 AEw

LD Al Tslst s8] F4e] ASEE A9, A, 5
2] BE PN EAF 37k veRiA) Q9T Table 6)

Table 6. Linear Velocity of the lower extremity

(unit: mys)
CNT EVA PU
X 025 (0.10) 022 (0.11) 022 (0.09)
Thigh y 0.59 (0.08) 0.61 (0.08) 0.59 (0.11)
z -2.65 (0.08) -2.67 (0.10) -2.65 (0.11)
X 0.17 (0.11) 0.14 (0.10) 0.17 (0.11)
Shank y 0.55 (0.10) 050 (0.12) 0.52 (0.15)
z -2.06 (0.10) 2.13 (0.16) 2.13 (0.16)

4 BEVE A&E

LD A1 MF AN FE8E A4EE & 29

He A4 felA7h YA 9t Table 7).

Table 7. Angular velocity of the knee joint

(unit: degfs)
CNT EVA PU
LD -366.87 (53.08) -351.30 (80.71) -355.29 (47.93)
MF 1.35 (37.14) 17.51 (29.31) 10.99 (38.94)

5 Y FHAENY R Fehe

DP FRtolxe] Ao FAA R Fahge 25 T4
02 g Aol7k YERHA] R3kTHTable 8).

Table 8. Peak VGRF & Loading rate (unit: %BW, Njscc)

CNT EVA PU
Peak VGRF 4.10 (0.33) 391 (0.51) 3.82 (0.65)
Loading Rate ~ 109.92 (30.84) 92.92 (18.14) 91.75 (22.32)
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