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Abstract

Background: At present time, smartphones have become very popular and powerful devices, and
smartphone applications with the good validity have been designed to assess human balance ability.

Objects: The purpose of this study is to evaluate the feasibility of smartphone acceleration in the
assessment of postural control ability for six different conditions.

Methods: Twenty healthy college—aged individuals volunteered. Static balance ability was measured
twice with one-day interval using smartphone application and 3D motion capture system under the six

different conditions.

Results: Dominant frequencies for each test condition did not show significant differences except for
two conditions. The intra—rater correlation coefficient between the first and second tests showed high
correlations in six conditions(r>.70, p<.05). Smartphone acceleration and the acceleration calculated from
the 3D marker position data showed high correlation coefficient(r>.80, p<.001).

Conclusion: Acceleration recorded from a smartphone could be useful assessment variables for balance

test in the clinical field.

Key Words: Balance assessment; Frequency analysis; Smartphone acceleration.
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Figure 1. A: CDP system, B: six-test conditions, C: equations to differentiate sensories (CDP:
Computerized dynamic posturography).
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Figure 2. 3D motion capture system with lower body marker placement, phone
marker, balance board, and smartphone application 'Sparkvue’.
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Figure 3. Six different balance test conditions.(1) FCT, (2) FOO, (3) FCO, (4) BOT, (5) BCT, (6)
BOO (FCT: floor closed-eye two-leg, FOO: floor opened-eye one-leg, FCO: floor closed-eye
one-leg, BOT balance-pad opened-eye two-leg, BCT: balance-pad closed-eye two-leg, BOO:

balance-pad opened-eye one-leg).
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Table 1. Reliahility of balance abilities measure using a smartphone’s acceleration with six different conditions

(N=20)

Conditions 1st test 2nd test 1cc? 95% CI° D

(1) FCT® 13.36+.04¢ 13.54+.21 .80 37~50 04"
(2) FOO* 13.42+.06 13.38+.07 .93 74~ 99 <.001"
(3) FCOf 13.36+.05 13.19+.07 .85 46~ .96 001"
(4) BOT® 13.37+.31 13.41+.54 .86 40~ .67 04"
(5) BCT" 13.40+.24 13.37£.36 .79 57~.89 03"
(6) BOO' 13.31+.04 13.34+.46 71 45~ 92 01"

. . .. b . .
Yintraclass correlation coefficient, “confidence interval,

ibrcllance—pad opened-eye one-leg, "p<.05.
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Table 2. Pearson’s correlation coefficients of con-
current validity (N=20)
Conditions Correlation(p) P value( ¢ =.05)
(1) FCT* .99 <.001"
(2) FOO 86 <.001"
(3) FCO* .88 <.001"
(4) BOT* 92 <.001"
(5) BCT® 81 <.001"
(6) BOO' 81 <.001"

*floor closed-eye two-leg,
“floor closed-eye one-leg,
two-leg, “balance-pad closed-eye two-leg, fbalanceﬂoad

opened-eye one-leg,

“p<.0b.

bfloor opened-eye one-leg,

dbalance—prcld opened-eye



6.0

— 4
5.0

*
*
4.0
3.0
2.0
1.0
0.0
T FOO FCO BOT BCT BOO

FC

Dominant frequency (Hz)

Figure 4. One-way ANOVA and mean
comparison with Bonferroni corrections. ‘indicates
statistical significance.

v, 2%

B AdTe ZnEE ofZAloldS o]&dte] FA
& 7tEE Asoh d vkl f&eA AHEE s
A gRlstr] 918 AAIg 27| ATRA, 2utEE THE
T ASE w2 AFE e HERE BeY] i ¥
BGrfell ApgEbsk Wolo e ARl AF(EE W
Q) AAel digk A% EFE AR o] el E At

ZeA T4 Foe BAE A
Y
s
A

ACh
-
2
o 01>;
ol
32
RO

)

St AT X 583 %] 2018 257 3% 27-38
Phys Ther Korea 2018;25(3):27-38

57k ol AolE HolA ek,
ot # W A7 mrkE Ag7Iwe] B

>
i
2l
AN

F AR Foe BHS FE AL

3

2009; Dichgans -&, 1976; McClenagh
5, 2004; Njiokiktjien &, 1978)
FCT¢} BCT =24 54 T35 4

A

T 3 a88A 7 oERT) =

A Aol x

2~

il

)
f
e

Q oy N
o> 4P

ngUrloéé
S

o
rfu
a
e jo
Ny
oL

N
i
¥
Jm
o,
o
i‘
of\
>
N
ab

2 o o
N
N
B
o
ri_"
>
N
N
o
<
o
m
e
o,
fd

o
ofo
oy
=Y
oft
o,
N
4
rlr _11 -
to
2
T
T

ARE] 20149744 97
A& o] g3 7Y T (standing balance)Z} X3 <4
A(walking stability) < st
A 1ZE AR 1 mEH A O ATE
67%7F 45 IS EAAE A A, 85%7F AlA
[XF F9d AAME ¥t A3
A4 g 8 HUME A Ao AEHELS 50~
128 Hz 9o, 7I&E5 Auox F2F o3 FJrts
Y3 HAEL EEF £X(sway velocity) 23%, RMS
MR 19%, A™-(erk) 19%= FARE QL FH ol =
o F7HE s 7SR AANE HEZ ALS A 1
Els

FehA @3, APHEES W M AAE ol§

i ofy

24)

A

o mZ JE Helog o} ,
249k, FCT<FCO<FOO wMZ 4 Fu4el  AA73%Y Prkd #a 77 wol dagsm ok,
a7 BAMoR felsbl FsE, A Ad AUEZ KRR #9edEgl AMEE A 4
wrks g% b o 2 A 2% gtk @ 2 @ ATdAE AEE EE A7} g ma
S ook e vhefe] BebA@ Wi Az BE A MEEY U g ga M AR e vk
Table 3. Mean domain frequency for each test conditions

Conditions(Hz) FCT? FOOP FCO® BOT¢ BCT® BOO'

Mean dominant

can domman 242(302)  529(322)  492(230)  428(1.46)  385(1.75)  3.65(2.18)

frequency (SD¥)

“floor closed-eye two-leg, Pfloor opened-eye one-leg, “floor closed-eye one-leg, dbalance—pad opened-eye two-leg,

“balance—pad closed-eye two-leg, "halance-pad opened-eye one-leg, “standard deviation.



St S22 X 5538 %] 20189 254 3% 27-38
Phys Ther Korea 2018;25(3):27-38

A Time series B Dominant Frequency
514,
% 14.5 1400
= 1200 6.99 Hz
kS
£ & 1000
C o =
QO £ 135 5.;3
L § 3
= o
£ 130
™|
e
5=y
tm 125 ’
0 10 20 30 40 50 0 2 4 6 8 10 12 14 16 18 20
Time (s) Frequency (Hz)
13.9
120
138 4.63 Hz
13.7
13,64
= s
&)
e 13.4
13.3
13.2
13.1
0 10 20 30 40 50 0 2 4 6 8 10 12 14 16 18 20
22
; o0 3.39 Hz
45 |
&)
[y

0 10 20 30 40 50

0 2 4 6 & 10 12 14 16 18 20

Figure 5. A: Time series acceleration signal, B: frequency domain power spectral
density from conditions of floor standing (FOO: floor with eye-opened and one-leg

standing, FCT: floor with eye-closed and two-leg standing,

eyve—closed and one-leg standing).
4 AIEEME GEEA) BP9 th(Han
5, 2016). =3+ Shah 5(2016)2 A~vlEE 7M&EE2 A
AdyPS AHFgleta o] WHJoR st FHHel

2 73599 HolE FHET  Avm Bk
tHShah &, 2016). °o|x¥ o8] HdyYAFEoA AT
A 7EEE ESAS giAgTket HjAE 2A Ll

g 37F Wl R o AX AL s WWE ofue} F8
A7 EFEFRE =2 AdBEE JH FeE By
HAHCung 5, 2014; Galan-Mercant 5, 2014; Shah
5, 2016).

2 A= 8 VR ghs ol &St Fuai
Mt AAEA ol ARgsHlET), TR e
7b 2t frek Apolg Holx] g ARELR 9l
o} QAT HALY 671A] Z2AANA UFEE SRR

4
3§ wE A% PPore olFo] Brks A

g 3 el
T gomz PN folE 24 gyl sHew

1%

Mr F
P

1k

il
ro
4
K i<

o AL
ol
o

2
ot 1 &
[
[

o= T

o o

oox T
o,

A
o
_EL
=
it
to
)
T

T

.
o,

=

i rlo

=2 |o
/T
AL

> o
o< o
2
£ruln
0%
2
i)

bt

2 e o2,
o
Jo oot X
ol

ol

2

A

o

2 oot Ho T oot 2 o B

o

o] A7t EAH
w2 Aguolol & Zlow
B ATl ALGE AMIEE of
Ao AELET 24T 5 9l

s
1 kHzZH# FA4e] 7Fsshie) e

of o)
@ 2
rr
N
o
il
o I
o
H

F

Hil
o C

—_

__\'l‘
o
o
oo
oft
Bl
—_>‘J-‘4
oj
o
fru
S
&
1o
S

2 W2 s AAsg. of o

i
0
o
t
o
fu)
o
N

E
ofk
T
[
o
>~
-
ofl o:él[i
ol
0N

oft X
off
)
tlo
Mo fz
R
o
2o
—
e
‘_>|.1_|‘

e
AC)
)
o

W & o
k)
o]

OE [..lqI

FCO: floor with

Y,
>~
>,
T = V=~ R o

[\
= bt e 1o o

N o -
oo 2 yo o

> Ho
o2 )
fo X o off g > e b

o

l‘[o [‘lF —IIN’

Y ol o



St 22 X =25H38] %] 20189 254 3% 27-38
Phys Ther Korea 2018;25(3):27-38

A Time series B Dominant Frequency
; 4000
207 1 3500 3.23 Hz
3000
% 2500
fg 2000

<]
& 1500
1000

BOT
Signal vector magnitude (m/s?)

T P v o sl
0 10 20 a0 40 50 0 2 4 & 8 10 12 14 16 18 20
Time (s) Frequency (Hz)

- 2.56 Hz

BOO

0 2 4 6 8 10 12 14 16 18 20

4o00f | | |
16} || \II
{

BCT

14||..|'||||‘ | T N | =4 |
L L A J I

1 Y |

| T ot (NN
10} | 1 WL f WAL A

0 10 20 30 40 50 0 2 4 6 8 10 12 14 16 18 20

Figure 6. A: Time series acceleration signal, B: frequency domain power spectral
density from conditions of balance-board standing (BOT: balance-board with
eye-opened and two-leg standing, BOO: balance-board with eye-opened and one-leg
standing, BCT: balance-board with eye-closed and two-leg standing).
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