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Objective: This study was to resolve the limitations of the experimental environment and to solve the shortcomings of the method
of measuring human gait characteristics using optical measuring instruments.

Design: A cross-sectional study.

Methods: Fifteen healthy adults without a history of orthopedic surgery on the lower extremities for the past 6 months were
participated. They were analyzed gait variables using the smart guide and the 3D image analysis at the same time, and their results
were compared. Visual-3D was used to calculate the analysis variables.

Results: The reliability and validity of the data according to the two measuring instruments were found to be very high; gait
speed(0.85), cycle time(0.99), stride time of both feet(0.98, 0.97) stride legnth of both feet(0.86, 0.88) stride per minute of both
feet(0.99, 0.96), foot speed of both feet(0.90, 0.91), step time of both feet(0.77, 0.71), step per minute(0.72, 0.74), stance time of
both feet(0.96, 0.97), swing time of both feet(0.93, 0.79), double step time(0.81), initial double step time(0.84) and terminal step
time(0.76).

Conclusions: In the case of the smart insole, which measures human gait variables using the pressure sensor and inertial sensor
inserted in the insole, the reliability and validity of the measured data were found to be very high. It can be used as a device to
replace 3D image analysis when measuring pathological gait.
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Figure 1. Definition of events and phases

Z 9] A (infraed) 7}#|2HMiqus, Qualisys Inc, Sweden) 8
e HaF2o| dAsiion, MEdeS dvE &
sl Qg S 100HzE Ashaich. SFelaHA
(biomechanical) ¥¢l(variable)S F&35}7] ¢J8] x|Hut
27](Kistler type 9286AA, Kistler Instrumente AG,
Switzerland) 2t & EPF=E Z71o| HA|5te] ARE-31K

ok ol AuHEr]e] A& E(sampling  rate)>

1000Hz2 st om, Fgret 4o st A
= s

1) 24 =20

AAES] HaaiE ws)

+2 1 o]5 8 AntEQLS o|&
SEEREE PEEERE e
HA ggm HEA7F A Hef| Pi= 47HLE(right heel
contact) 717} @ EHa} QHFo] & H A(stride)= =75}
Ach(Figure 1).

3 PEAE 18T o

Phase 1: Event 1(Right heel contact) ~ Event 2(Left
heel contact)

Phase 2 : Event 2(Left heel contact) ~ Event 3(Right
toe off)

Phase 3:Event 3(Right toe off) ~ Event 4(Right
heel contact)

Phase 4 : Event 4(Right heel contact) ~ Event 5(Left
toe off)

Phase 5:Event 5(Left toe off) ~ Event 6(Left heel

contact)

2) Pl FHES}

B dlolgol tigh QA #H#3E flste] BA
BA 4 EY0](Visual 3D, C-motion Inc., USA)2] n}

E4:R_heel ES:L toacl E6: L_heel
contact - contact



218

Phys Ther Rehabil Sci 11(2)

- -
b
/ k. -y o\
/ R 3 \
Wy e
» { -
-
i |
I
2. «
Yy
|
% - Ad -

Figure 2. Marker set.

AA|LEof| F£3}o] HEAa}A (reflective marker)S &+
3} NLT(nonlinear transformation) ®4]© =2 3%}

2 233 3l th(Figure 2).

Xz =4

28 AUIEQLS Ej) FEH faREe KB
Al dlolel= 22k E7]H¥ Esuqlo]augA]A%_%
’SH Z’\_@E]J“_r_ HA—]ElOJI;]— Z‘]Q]k] 7].13.“3]‘ SEHE_ O] 6]—04

}\

5 —‘T‘T "41”1}4 Eﬂtﬂ 1519}4 bl—# HOH
A B £mEGelS olgstol A $Ee mH
act olw AREE QIAEAE A|4<= Dempster[26]7}
w3 RS B olgsle] wae| Aakt
H E(moment of inertia)E FAsIH oM, o] X
e wd B4 a9l Yold Azlakic.

SAE A diolEe YA EE o] Z(noise)o]
ot 225 AlAskL e H(filtering) Al HAY == 94
A eA(phase lagyS A|7A517] skl M)z 23} opit
E|(second order butterworth bidirectional filter)E A}
L3519, o|ujo] ApkEuk(cutoff frequency)= 6Hz
2 el

339) AR HlolEls) SR g AnlE &R IS

off HE

fol
A
i
w
N
jg
R
¢
o AL »
_IZ:
JB
_>‘i
o HU ¢
r
_L
bﬂl
oo
>
_E
fo

Inrimﬁﬂmm

= 2wl glolgl 7t xlolE
18.0(Spss Inc, USA)S o]&sto] =

?ﬁ“ﬂ 5171 9]ste] SPSS

9 t-testE AABIA

o, 7 7P HARgRel ot %Xéx}i‘ﬂ =S &
Hap7) 9lste] FHABARICC21)E AAISIAT. E
3T Foot LoggerE £3f 245 H3HS0) gl s &2
A517] Y5te] Pearson ATHEALS AX|E9I HE &

A2 o 28 =052 A3

.

ol
N

1. SEEH|of| [ME 2l Helo| Ha}

WIAES HadgEs 32k PR 0]8sto]
S5 £X7F 2nkE Q&S o]§sto] E5H &k
H|glo] thas WhE Z o= UEst oL, o2t Zfol= F
Aoz [FO3t A7t Gl AeE YBHthHp=
0.077) g54 A=Y HES(step) AlXHp=10.739),

1 IHp=0.483), 2B HAZ AlHp=
gulof w2 Zpol7} §li= A= e
© C‘% °lﬂiﬂ XPOl FTAXCE [ogt Zpol7} Gl=
S 7 YEgYt(Table 1).

Aol S ol FAEAS ol&sto] d5H
grol vk 71 Ao g yehyton, o]2fgt 2ol FAA
o2 ou7t Q= Ao=E YBHTtHp=0.014) T}
L2 S dol= & Aot gl AR YE
A, SAACRE FO3E Aol Q= AR e
(p=0.158). &y} 2] 7 S = Zfol7}
79 fls AR Yeylow, SAHoRE 2ot ¢l
= ASE YEMHTHp=0.460, p—0.967). 827 (swing
phase)ol 4] I} @ 2)FO] &= Zpo]= 33b P
A& ol8df B5H Amo vt tha wWE Jow
e oL}t o]gst zjol EAFOR ZJolrt g A
o7 Yehgdrhp=0.388, p=0.376). ¥ ALK
(left step time)> FAEAS o]gal SHH Altto] ot
2 B Aor yeigoy «B2d S AIM(right
step time)-2 207} = AS R et 183l o]y
gk 2ol FAR R e {3 Apol7t = AL

o)

ﬁ—‘

2(p=0001), 2L Hol/} gl= 02 Lhebgrhp
=0.259).

opire] Mok AEll QRS GAEAS o]gstol
=gl B AR} a2 Ao tefol} o8
HRE Cha e o Uehtt). ojefal Aol Qlure
A7 s AL E(p=0001), LEUE EAZOE
ofgt 20|} ghi O LEhiTip=0284). peFel)
Z}7|(stance phase) AJ7F2 A 9] Z}ol7F Gl AoR L
Epyton, ojgigt zfol= FAKCR ou|7t gl AL



Yi et al.: Ergonomic Performance of Medical Smart Insoles

219

Table 1. Validity of data comparing gait variables using 3D motion capture and smart insole (n=15)
Variables 3D motion capture smart insole t p r
gait velocity(cm/s) 1.27+0.11 1.24+0.14 1.78 0.077 0.748"
cycle_time(s) 1.12+0.05 1.12+0.06 0.334 0.739 0.982"
L _cycle_time(s) 1.1240.06 1.110.06 0.704 0.483 0.965™
R_cycle time(s) 1.12+0.05 1.12+0.06 —0.056 0.956 0.984™
L stride_length(m) 1.43+0.10 1.38+0.12 2.491 0.014 0.814™
R stride length(m) 1.42+0.09 1.40+0.10 1.419 0.158 0.855™"
L stride per min(stride/m) 53.78+2.63 54.09+2.72 —0.741 0.460 0.970™
R_stride_per min(stride/m) 53.91+2.56 53.89+2.68 0.042 0.967 0.983"
L_foot_vel.(m/s) 1.26+0.12 1.25+0.13 0.865 0.388 0.857"
R_foot vel.(m/s) 1.27+0.11 1.25+0.12 0.887 0.376 09117
L step time(s) 0.56+0.03 0.57+0.03 —3.587 0.000 0.791°"
R_step_time(s) 0.56+0.03 0.56+0.03 1.132 0.259 0.794"
L_step_per min(step/m) 108.74+5.39 104.97+6.09 4.246 0.000 0.797"
R_step_per_min(step/m) 106.74+5.62 107.62+5.04 —1.075 0.284 0.783"
L stance time(s) 0.69+0.04 0.68+0.04 1.450 0.149 0.907"
R_stance_time(s) 0.68+0.04 0.68+0.04 0.988 0.325 0.936"
L swing_time(s) 0.43+0.02 0.43+0.02 —0.929 0.354 0.873"
R_swing_time(s) 0.43+0.03 0.44+0.03 —1.358 0.176 0.900""
DLST time(s) 0.260.03 0.2440.03 2.514 0.013 0.705™"
DLST initial _time(s) 0.13+0.02 0.120.02 1.865 0.064 0.570"
DLST terminal time(s) 0.12+0.02 0.12+0.02 3.264 0.001 0.746"

p<0.05", p<0.001""
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Table 2. 3D motion capture and smart insole of walking variable reliability verification (n=15)
Variables 3D motion capture VS smart insole p-value
ICC(2,1) 95%ClI

gait velocity(cm/s) 0.848 0.765—0.901 0.001°
cycle_time(s) 0.991 0.985—-0.994 0.001"
L cycle time(s) 0.982 0.972—-0.988 0.001"
R cycle time(s) 0.992 0.987—0.995 0.001"
L stride length(m) 0.887 0.826—0.927 0.001"
R stride length(m) 0.916 0.871—-0.946 0.001"
L stride per min(stride/m) 0.985 0.976 —0.990 0.001"
R _stride per min(stride/m) 0.991 0.986—0.994 0.001"
L foot vel.(m/s) 0.922 0.879—-0.949 0.001"
R_foot vel.(m/s) 0.952 0.926—0.969 0.001"
L step time(s) 0.872 0.803—-0.917 0.001"
R step time(s) 0.881 0.817—-0.923 0.001"
L _step_per_min(step/m) 0.883 0.820—-0.924 0.001"
R _step per min(step/m) 0.876 0.808—-0.919 0.001"
L stance time(s) 0.951 0.924—-0.968 0.001"
R_stance time(s) 0.966 0.947—-0.978 0.001"
L swing time(s) 0.932 0.895—-0.956 0.001"
R _swing_time(s) 0.938 0.904 —0.960 0.001"
DLST time(s) 0.826 0.732—-0.887 0.001"
DLST initial time(s) 0.713 0.557—-0.814 0.001"
DLST_terminal time(s) 0.853 0.773—-0.905 0.001°

p<0.05", p<0.001"
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