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| Abstract |

PURPOSE: Most gait assessment tools are expensive and
require controlled laboratory environments. Tri-axial
accelerometers have been used in gait analysis as an
alternative to laboratory assessments. Many smartphones
have added an accelerometer, making it possible to assess
spatio-temporal gait parameters. This study was conducted to
confirm the reliability and validity of a smartphone-based
accelerometer at quantifying spatio-temporal gait parameters
of stroke patients when attached to the body.

METHODS: We measured gait parameters using a
smartphone accelerometer and gait parameters through the
GAITRIite analysis system and the reliability and validity of

the smartphone-based accelerometer for quantifying
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spatio-temporal gait parameters for stroke patients were then
evaluated. Thirty stroke patients were asked to walk at
self-selected comfortable speeds over a 10 m walkway,
during which time gait velocity, cadence and step length were
computed from smartphone-based accelerometers and
validated with a GAITRite analysis system.

RESULTS: Smartphone data was found to have excellent
reliability (ICC2,1=.98) for measuring the tested
parameters, with a high correlation being observed between
smartphone-based gait parameters and GAITRite analysis
system-based gait parameters (r = .99, .97, .41 for gait
velocity, cadence, step length, respectively).

CONCLUSION: The results suggest that specific
opportunities exist for smartphone-based gait assessment as
an alternative to conventional gait assessment. Moreover,
smartphone-based gait assessment can provide objective
information about changes in the spatio-temporal gait

parameters of stroke subjects.

Key Words: Assessment, Gait, Smart phone, Stroke



20 | J Korean Soc Phys Med Vol. 13, No. 3

i
N

N
rlo
i
of
12
1o
ror
e
|o
fru
rO
o
>
x
=
=
o
rH
)

o
oN
N

M)
Sl
é‘
R
X
ro
)

7% 424 5 BPH £

l:l]—

ol

FcH(Gunaydin %5, 2011; Hoseinabadi 5, 2013).
Big] Bt nhulo] T2 Toh] 54
] S22 BT A AL AFAA, AFol
&, SAHel 1P 479 ol 5L
QIcPeurla 5, 2007), E 1T} B
15}o] /412l Kol o2 x| aL A4t
S-egtth(Januario 5, 2010).
Vel P ficked 4
£ A HA, 2
ol 29552 22 5ol B} o] S0
ol Wae Salaly] o2l H97} WrkEng 5, 2002
Jorgensen 5 1995). HEF S| HYPEAHS A E
W o oA AN ke, DRAT SR 2
W, P ASET 20) Z7h ulupu| 2o} wAE
§ 371 5o A nyhEe Ba U, vhilS
3} voh| 5 elA) o] wgRol, Helx e 7 5o

H
NN a9 LEEH aa

_OL (e
.
t’

r
O

=
o
2
0

4

1o A i
M

=
(T

o= IN i ot rlo Jm mpu 2
toou o o
T % oxl
T
o

by

N
rlot
_|>i
L

ol

S~

|
(Balasubramanian -5, 2007; Bowden <5, 2006; Jung -
2010).

ol2igt HEF Bt HPd Hue s e

7154 BES g5t HYEAE wetsiaL, 2
SAE AlFstr] g Bgrte a5 @
(Lord 5, 2013). JArof|A] 2 AAel= B
7HEhE olgste] SakE &P ¥ B8k
A, Flakg o4k BalH 7L, GAITRite B4 A]
g7} 7k BElE 912 AL Eolo] RFTI} So| o]
o] A a1 QJthBilney %, 2003; Webster 5, 2005). o] 2|3t

O

lo
(B
e
X
T
o
u
o

Lot
>
~

]_

)
X
ol

o

BH I

-

ny

[¢]

o
f1 o b g
_\|I_‘
> Az r 5

BHE2 w2 AF e} B EE YERAT 7H4 o)
B, S-S A A 2o 2] agE

G5k o A AR HEE B 47
i Z4st7] o= SAeka oo Be 7L
Q1 th(Silsupadol 5, 2017).

oleig S meel] Yiato] 350 AL EAS

F5 B} ol 2oiA 2 gk ASEAE 27171
Z47] wf ol Fhslr] Hefstar ARgHRo] Zhhah
BABAE AN Qo] £ S50 27 Ao}
=& YelHH(Fortune 5, 2014; Hartmann 5,
2009a). 3% 7IEEAE B BHyP=2AHLS AJAE
(sagittal plane), T+4H(coronal plane), 2 THH(transverse
plane)o| A WA S)= A =4](Center Of Mass, COM)2]
198 ¥ mauez WA 24o it
(Meichtry 5, 2007; Rueterbories 5, 2010). o]2{3t 7}<&
EA AUhEEOE o] Gt ATLEE 7
A% £ A7 22 gl ol ol ks
2010). AT}EE F&EAS Ba) 454 97 Wt
H7toll thgt 24 Al ==t egeof 3 Aol A,
23 39 QAo AUEES RANT T BBS AN
AL uloh BAEAL Botol 2AE e vl
A} £8 ARE(ICC: 49-80)9F T 2] A
61-.92)8 YERW tH(Furrer 5, 2015). Fulg]A TA A
SApof| A 25 381 iAol AnfEES BRI &

240 91 wistol weh WskE waluse} 7174

off TAH HEX| ] A 24 =
HePwg 249 §84& AScIYtH(Yamada 5,
2012). Ef:fi dukela} syl ol A4 Z7gH Aot

EZ 1340k GAlTRite HPEA] AJ2H] Hawg
9] HWE Foto] ANTEES o] &3t B 49
A =9} Bht S AZ31SIKElls 5, 2015; Silsupadol

5, 2017). ]2 A A B ek ol o
A AULEE BAWs 240 At e
7 AZEUOL, HEF BApolA HEH AnfEE
uage] ZAgtol AT 4 Ut eIl that
A7E =8 Agolk

webd B AolAl: WA
Al Pk 4 2
ZenkE Eof hgElo] § %

=48 A7

AE AN 9y 1 4 1EF B4 1w 5
Ak 5 AFE B wste] te 239
& AFstas st



=X
oy HES

T ADEEES 0180 Hd4 EIol MElTQ EEE | 21

I, iy

1, S7|7F L LA

20189 1¥+EE 20184 29714 AL =4 a2E
£ HEF B oA ATe] BAS ofsst At
HolahAlck Felat 3092) Rl el
F ANtk thaRbe) g, Lol A4, 4 9]
aEl3 77 S hRete] Bt o /)% B
2ABYEOR, AR A1 712 ket ik

>
i
T
T,
rlo

) HE&F 9 3 o7 o4 24 wvkel =}

2) HERET glo] 10 m o]AF B3] 7Hsdtk &}

3) 2FA|(amblyopia), T-3(vertigo), 177|504 (vestibular
dysfunction) -] A1z} B A Zof| o7} gl A

4) sHAle] Ko FaFe & ¢ e AP &
At g A

5) k= 7ko] AldE] AAKMini Mental State
Examination-Korean; MMSE-K) 47} 247 o|A}
o2 AzAY ANNFL BE 5 = 2

6) 63 52} 247] - Y, e, 5] o) gl 7}

AT ThAbo) AolAL Bae] R & 4 Qs
5% olojo] T AsH AR 71 Aot W%
AZ 7ML Gl A Aljstrk AehRtel 2yl
S

4 EAL Table 13} Zt}.

2. HRER}

AUPEES B8 2L Rasol A=w) g
P 428 9Aoiol ANEES Fot nue] 2%
7} GAITRie B A|A9S Fat mase] 274
& F Ao AASAT AHEES o] §3 Ba¥isol
242 AnLE Z(iPhone 6s, Apple Inc, USA)o]] YA &
of gl T EAS HleoE Zguhe ojZ e Aol
21 Gait Analysis Pro (Gait Analysis Pro, YTA K K, Japan)
£ 0]83}% T} Gait Analysis Pro®] &2 F&52 100

Hzo| o, A%419] 2917} Bt AvtEEo4
AHsog BAE o] shHo| FAHTE HaEel Al F1t
A HI U 542 GAITRite HPEA AL

Table 1. General Characteristics of Subjects

Subjects

Age (years) 56.1£13"
Gender

Male 20

Female 10
Time Since Stroke (Month) 11.6+4.4
Type of Lesion

Hemorrhagic 10

Infarction 20
Side of Lesion

Right 20

Left 10
Height (cm) 165.8+9.4
Weight (kg) 66.1+6.8

*meantstandard deviation.
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Table 2. Reliability of gait parameters in GAITRite analysis system and smartphone

GAITRite Analysis System Smartphone
ICC (2,1) 95%CI ICC (2,1) 95%CI
Gait Velocity (cm/s) 99 .98-.99 99 .99-.99
Cadence (steps/m) .99 .99-.99 98 .96-.99
Step Length (cm) 97 .93-.98 98 .96-.99
Table 3. Validity of Smartphone Gait Parameters
GAITRite Analysis System Smartphone r
Gait Velocity (cm/s) 61.3+36" 61.9£34.9 99%*
Cadence (steps/m) 87.2+28.2 88.8£29.9 7%
Step Length (cm) 25.842.2 25.243.6 Al*
*Pearson’s Correlation, ’meanzstandard deviation, *p<.05, **p<.01
o AnfEEZOR AW HYPHpo| =S EA5) T e EAR AY RS Al 9=
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