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ABSTRACT

The purpose of this study is to investigate the effect of aging and dual tasking to the postural control during quiet standing. It was
hypothesized that the center of pressure (COP) dynamics would be differently affected by aging and characteristics of the task. Total
60 adults (35 young adults and 25 older adults) participated in this study. They conducted two different standing tasks (dual vs. Non-
dual) twice in a random order. Variability, complexity, coupling and symmetric index from the left, right and overall COPs were mea-
sured by various parameters in nonlinear, linear and frequency analyses methods. Results demonstrated that older adults had worse
performance in postural control with decreased complexity in overall sway movement, and increased coupling between left and right
limb COP movement, even though there was no significant difference in symmetric index. These tendencies are generally clearer
in nonlinear measures at the dual task condition. Results implied that older adults had compensatory strategy in dual tasking which

results in simple and combined postural movement patterns.
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o17ke] Z}A|A| o] (postural controly= 12 ZJ’Z.L Az,
Z—] xﬂ/ﬂ 71—7_]—)/\]7tl J,]_ :Ll_,'_ Eo] E}«]oﬂ 3]..5 %%L
9l 7]xo]™(Horak & Macpherson, 1996), ZV‘] Aoy
FE A 5 shbe AREETIE Fel QA o

4 (center of pressure [COP])2] W3S SHs= Zo
(Sterglou & Decker, 2011; Winter, 2005). 4% 4=
A& Ao Zgete T3 AR A= A
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Shle] o=, A gk AR =R 24
2 w928 UEePAthWinter, 2005). A|HEFE 7S 53|
A= orgEZ=Ald 3l AEZQl ExHoz AT
zkzke] wiekoll A b SAl Y W, £, 1A (95%
ellipse area) 52| 7PAA (variability)S A 3s= Wo
T2 AREEo] ghou), Ho| AFelM s olafd AFH

9l(linear) ZAWH T} TlEo], :sh} AW So] X8 A
o " AHo] A= AR AARA = AL Se] vF
(fluctuation)5ol] WAEZE A A o A] 2%l (human control
system)?] I3 FH EAE (&, 3 [complexity] S
< A71FAM [fractal] )= PIAEE F98 49
g3l EAstar vk

Goldberger et al, 2002;
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(nonlinear dynamic analysis)2-
(Lipsitz & Goldberger, 1992;
Harbourne & Stergiou, 2009).
PHTA ) AT EAM ] 5L ,
AV, HA 54 5 T %OJ—E—OH oJste] Wsre



170  Sunghoon Shin - Dae-Geun Jang - Jae-Keun Jang - Seung-Hun Park

A2o] LA AJck(Stergiou & Decker, 2011). 53] AH
o W& ApAA|e o] Wsh= ApMAlo] Ate] FE A 7F
Holgkedl, APAF=S LA H YA A A sk
43z Z71e #F9eke] 71HA (Piirtola & Fra,
2006)7 Sobxl B34S WERH AL (Manor et al, 2010),
AGAA A 9] - WEF 58 (sway)’t =052 Auiel
Ao P o 8R1E F shdS wRleH, &
% 3% /M181% (load/unload)@ gl e -4“"Or T2
A (asymmetry)y> =R159] 2RAAlol 58 A5kE 2tk
= Aot @ 4 JL8L HEY D}(Makl, Whitelaw, &
Mcllroy, 1993). ©o]&jst H|tAAZ2 =159 AJZEAEA]
2o} o 8hel A th(Blaszezyk, Prince, Raiche, & Hbert,
2000).
gHA, AAA Aol A AR A vls=g dEs A
7| 918k Rl AFAEA oA 1‘:}%]0“ +
A5 718017 3t Damos, 1991). H2o] ATE F5
AHAES] Ao R Qg FeiEe] WMl gigh o].o]r,]o{
9l o]FHA o] A7+e] APM|IA| ] (postural control)oll
83 HyF v :3: u5]32 2ATH(Prado, Stoffregen, &
Duarte, 2007). 9E £, Lacour, Bernard-Demanze<}
Dumitrescu (2008) “Jd3} =91 15 ZFoAIA o]F
A 3 Al 7Pl AR As s, 58] =d
2ke] 735 AFae- AAHstol FdxiE o B &
8E E@Ti’ir/]—l B3R T3 Huxhold, Li,
Schmiedek®} Lindenberger (2006)2 AWy} =91 o
A olFIAL] FRell wheh W2 ] AAIF Al
A= 5’—53171] Tt 2olEw 384 9 HoAY, =
—’Fz"«] AAA FAM = =1 AIMRE S &
7t ke 84 23E JEiS TSIt
T HE Mg Ae s B e, oFHA|l £ Al
Lq._E_ Z}A| ] x{akg] ;‘q.o]‘— o].zh: uﬂ@,g]_;q o}
, =R1e] W AdE 7P T8 AAAE
dol| gt °ﬂ:rL°ﬂ7\1 @A) 2e- F27)e] Ao
] wjitell, AA gEHFAA Je 22D
gk Zpol7t 9)\%1]1‘ i R R =53 = = S
o] zpA|Aofel|A1 ] A|she FaEo] W]
E e wxoA 7IRIgE ARIA] o |,
°ﬂ A AE T 229 el gk A9 117} o}
slA] k. HEE o] Age] BUfE 3l
o] o R AAR7| W] FFAEEC] A4
Fe] AFS ofelt]o|® sh= olFHA et
Zof|x el Hls=gk ZAA )71 E Bt s
| S838 G2E AT F Ut olFHA 7
dEsalo]l ARl Adstar Jom, HA
293} oAwg FAAAIE TERI=Al gk sid

Slgme} Bl Ao whe FAAHA]
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74—3 M=
mEbA] B A Q1R FAaEe] ole A Al
AL T 7hHg, B3, A3 (coupling), T A
(symmetry index [SI]) &-¢] ZMAlO] 8 WIS Hwdt
O 2A] =sle} oAl WE L‘—‘ia«] ARAIA] A
o] F2 A= owdt AolHE 7= AE v
o2 izt et ol a2 Atelxe AR
FAIEGel wet vole AR #2 AR 1k
°LE:‘Z“«] 7, B3, A9, diFAdell= Zolzt o
< Aojgke A7HdS AT

I

m°*' r>4

1. o7 CHARL

=

B ATe H olEg AAA ZAA Adlo] §le
¢l 6078 (-2 A Lw 35981278, o239 1 =015
259 (107, ©1:157 12 tho® AAEth HFAEe]
A EAS o Atk 7 I el UelE AlLR

719k JFARA FAAL 2Fel7F fIATHp>0.05).

¢
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Table 1. Subject demographics

Age (yr) Height(cm)  Weight (Kg)
Young adults 22.85*% 166.34 67.48
Older adults 72.00 165.36 73.44

Note. Values are mean£SD. * indicates significant difference (p<0.05)

2. AEEH|
= 0471011*% 5 the] A|HEFE 7] (AMTI, Watertown,
MA, US), Z%7](MSA-6, Watertown, MA, US)e} 1t]2]

PC(Dell, Round Rock, Texas, US)7} tlo|E|=Hel| z}zt
AHSE AT

3. MEER}

jif‘f*x}—“——"— 30%7F 28]o) AAA AAZAYH AAE A
Sk BEL o) Yo Hm=e) Hetslas AAdxad 2}
AE FHsH 0}911 e 3x)7} ﬂﬂg ek 712 o)
i A st FAE S Ak 2 mol| =0

] L‘
o] IAHH HXAHS SAA s, DA Sl 9Y
A= AA2E FAYAAR 302 F H AIA SITH
o)A Aol A= 100

Aol BARR slodF 3 HA
B 38 Aol 2= A7 sl T HA Aol
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= 78 AYHAAAM Z£AE MA e FHE 2ER
(stroop) AAFE AAIEHHKang & Lipsitz, 2010). 2E
F AAks ol 7P B0 R AMgEE W
HOoEA, F IRl IR ES H7FE of 221t A
Ab ol I@2k=E AFsAQ] vES B A4S oA
AI71aL o] ARl FYFE F=3T (Kapoula,
Matheron, Demule, Fauvel, & Bucci, 2011). ¥ ¥+2 2l
BAAAA A 7F AsshE A|o)71de F2 ARGs=T v
a4 Stroop test= =01EClAl o]F A A TEpA|S} F
HE FoF FEFOEA olFHAl 3 2AHg 7
APPHO 2 A=At

A AA Al QL 7 - T Y 2po|=RE 9] HA}
& Zo7] S8 dEFAE YR A A=
WS ARSI T (Myklebust et al., 2009).

0 5 10
3= 53 4z
bR SEER EER

Figure 1. Diagram of experiment

4, A28

2he- Zbzke] A7) & ol8-3le] 2 (Fz), AF(Fy),
F(Fx) 33839 I3 Eaghe SsI90aL, A& 1
T 100 Hz= AAsision, dojxl 3t Eagio ety
e Zh7he] St SA S SEYEFAE dEsit
(Lafond, Corriveau, & Prince, 2004). ¥ ¥=}e] g
Al §E JFo] FoloA Q= FEFTAHe] HAE Fol7]
A 2 221 S IRAA YR AEAT]
= WS AESIATE (Myklebust et al., 2009). HA], 3

B4 Y FEFHL olgslel shauT By
o A9 GAFAS olgel AP W, YnA

==
(coherence) WIS S35l om, ARt 9= Fzks
3 2749 HEEAe A
Z S (sampling frequency)= 100 Hz2 A8},
74 Wl WER2: A5 E (Butterworth low-
pass filter)3HE=Z 10 HzolX ZE T} sARE B33
AWzt AN XApEndllAE A4 JEIS
2(ryt 29977 2ol AAEe] IHF5EEE fAlshe A
der o] JEHS AEsA] 2 TH(Pincus, 1991).
AR FAFA ] egste] ARIAIANA 2= 27
QAE #0171 918t 7} trialolA] & 30%7F] dlo]E]9
A% 527k ZEPA 2027 2,000 HolE A& A0
ARSI ZF FAlE 28] AA & Hapks ARSI
7} Wl gk Fol= vhadt 2
FgEsAe] 7hHA HRIQl BT (Mean velocity
[MV]), A+ (Root mean Square [RMS]), L& L
95% A ZEFIM 2 (95% ellipse area [EA]S The-3t 7ol
AHEE A

n-1
1
M= '§1 [7eoprto)

1n—l 3
RMS = =3 [eopyci)
i=1

[2 2 2
EA = 271F 512 n-2]nSapSmr=SapmrL

Ol Fysp a0y e W1l BloJE] 5 k= 95% A1%]
TFE oML ES] F SAFOR no] 1208 F A9, F
= 3013, s;p 9t sy, = 22T AP MLYE| REHA
£ 9u| & t}(Prieto, Myklebust, Hoffimann, Lovett, &
Myklebust, 1996).

25 dETAle] LA magnitude squared cohe-
rence (MSC) %+ That o] A== ATH(Myklebust et
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al., 2009)
2
MSC(f) — ’ XJ’(f)|
Pxx(f)Pyy(j)
MSCH#el 10l 75 ddidol At A& vl
gt

Td dEFHe HE/E4ES YUEh=  Approximate
entropy (ApEn) #2 Th23 o] 4HE = U oh(Pincus,
1991).

AR, u, = (upttyy gy ooty _y)s 1=1,2,...N-m+1

oluf, me YA, N& SAHE 4HFAe] T data
o] Hr},

ojmj WE S Ato]e] AFe,

Al )] = max(fu(i+k—1)—u(i+k-1)),

o, CT'(r)E diu;, uplses VHIE ;o) AFE
(N-m+D)E Ve glol =3,

N-m+1

3 InC(r)
=1

iy = 1
N-m+1
j
Approximate entropy= Tha} 7ro] g oj€ ).
ApEn(m,r,N) = &"(r)-d" "' (r)

N, 5 mE A7 % daa AN, MlaEe WEe] Zel,
WAL e ARATN me 2, 1S HEH

ML components of Left and Right COP

AP components of Left and Right COP

(SD)2] 20%= A=A} (Pincus, 1991). ApEn %ol 0

20 TWEEFE BE3d0] Avke RS ofnigith
AR W o R ApAAlole] 29 S Yepl= &

% #3542l Cross-Approximate entropy (XApEn) #t2

Tt 2ol Al

XApEn(m,r,N)(x |l y)
=" () (xly)~(&" " () Nly))

ol d'(r)(xlly)E In(C/(xlly)e Hatola,
Cl'(xlly) & tF" 2719 xoF y A% ¢, N F
data 7l Bl == WEe] o], wigalds veRdtt. A
FATZHE me 1, r& SDES 20%=E AF =AU
(Pincus et al., 1996). XApEngkol 0o 7WVe-= ZAgt
gol Att= AS ofn]git

Cross-Correlation coefficient 3t Tha3 72o] A5 $]
TH(Kreuzer et al, 2010).

3 X))
i=1

A/Z (xi_;)z Z Q’i_)_’)z

i=1 i=1

y =

WREATE A 292 FAFHOR AL
T, Theo] Ao ZHE] AEE|THAnker et al, 2008).

SI=((2*(Fzuigh-F 2iow))/ (FZpighF Ziw))* 10
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Figure 2. Cross spectrum density, Magnitude squared coherence(MSC) and COPx(ML direction) and COPy(AP direction) from each
force plate. For example, COPRx; Right COP x component(ML direction sway)
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ol Fzyge U FA3, Fzee A 52T E 2y Table 2. Variability parameters

sHH, SIiE 02 92 ¢Ast A e omjsic, Young Older Fvalue
adults adults
5. Xl=2x2| Nodual 6.61+1.17 8.68+2.51 G  19.35%
?g) Dual 624104 8374304 T 267
SYANES Yoo} IAEA, SIS 7hHA HLl GXT 002
BEE MV, RMS, BA, 534912 ApEn, B34 ® Nodual 530£0.80 7.10£185 G  2046*
ol i zo 2] A]

_E_ miﬁgiﬂ% C;“eit;?;‘;‘;gﬁ;en; ZIS%O];T j{é (R’I/I\L’) Dual 4.94+1.10 7144330 T  0.59
Matlab (R20122)°2 793l 2H=a3] O™ (Figure 2), & o 0%
A% BAL o)gl MEER HARA(wo way repeated - Nodual 9.43+142 12514188 G  26.46*
measured ANOVA with one between factor [Group], (Disp) Dual  8.85+1.52 1231+4.51 T 1.70
and one within factor [Task])S &2 HzlolE, HAE 7+ GxT 038
°] ”544?%741% Spearman F¥HEA O 2 059] FrolEol Nodual 1.89£042 3.03£0.78 G  52.54%
A ASstlt Ze SAA = SPSS 202 ARSEkAT l(%[s Dual 183£0.56 3.12+¢1.17 T  0.02
o GXT  0.55
oL 2 2 Nodual 1.15£043 1594060 G  15.79*
40 = 1] AWulE s 2EE aja 2O 7zte] o g\l/}’ILS) Dual 0974040 153077 T 281
2343 BT gEFHoEyE A2E sy Wel, ¥ GT 060
Aol Adwel thA A%, wWolzke] AnTAo] o Nodual 224051 348£0.88 G  49.02%
g BRI e} Pt (RDIYSIS) Dual 2.112060 351133 T 020
GXT 048

Nodual 13.99+7.41 30.45+16.86 G  22.79*
95%EA  Dual 11.05£6.72 35.14£36.64 T 0.11
GxXT  2.06

7haZdRiRle] thet £4d 7= <Table 2>9F 2Tt SF
Aol AF WE MV, S5 3F MY, % MV, AF
H}-3]

- - . H . 0, . 0, 1
: RMS, 54,_?_ Ho}—%]: RMS, E_—(ﬂ, RMS 95% E Aoﬂ }\1 Note. MV: meal'l velomty, RMS. r.00t mean squa.re, 95 A>E1'X‘ 95A> ellllpse
area, AP; anetrio-posterior direction, ML: mediolateral direcitoin, Disp:

I3 Z ]'°ﬂ - §3’4’ 7 ]’ 9)\911—/]’(13<0 05) Z—E‘Q‘ MV, displacement, G: Group, T: Task. * indicates significant difference (p<.05).
RMS, 95% EA°lA ZAlol] theh = a37F vehtA] &
Sk, Ftat FpA|ele] Aezke a3 YepA gt Table 3. Complexity parameters

'_ISE

(p>0.05). Young Older Fvalue
adults adults vaiu
2. S0l Nodual 0.1340.04 0.13£0.05 G  0.18
AApﬁn Dual  0.13£0.04 0.03£004 T 224
Bapguicle] g s <Table 334 ek 2% gy A T 007

ApEnSH E3 ApErl Zh2t et HAle] F E}
AN U (p>.05), FF HF ApEnollA F a3t el

Nodual 0.33+0.10 0.23+£0.09 G  22.24*
ApEn

ThHp<05). AEAE FIe FHAHINE e o (ML) Dual 037 0245000 T 3.90%

ATHp>.05). GxT  2.00

Nodual 0254006 023£0.07 G 197

3. Zataeol APED hal 026£0.08 0244006 T 040
(Disp)

_ ‘ _ _ GXT  0.03
AdwRlel gk d3h= <Table 4>9} 2t} 25 aF
- = = - Note. ApEn: approximate entropy, AP; anetrio-posterior direction, ML:
AT BFEE A A ESE AMAAZS ZHS HFEE
XApEn, aF 0 ‘*Zﬂ—r’ °H 0“&7:”‘“!‘ S Ral R mediolateral direcitoin, Disp: displacement, G: Group, T: Task. * indicates

MSC, 53 MSCAA o] = a37F YeERS AL (p<.05), significant difference(p<.05).
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Table 4. Coupling parameters

Table 5. Weight symmetry index

Young Older

Young Older

adults adults F-value adults adults F-value
nodual 0.20£0.05 0.19£0.05 G  1.40 nodual 10.58+8.50 17.03+1149 G 345
%‘gn dual  020:006 0.18:005 T  0.10 SI dual 12184975 1626+18.04 T  0.09
GXT 043 GXT 077
nodual 1.16+£0.23 0.88+0.30 G  28.56* Note. * indicates significant difference (p<0.05), G: Group, T: Task (p<.05).
%I‘;“/IPLE)H dual 126+0.16 096+026 T  7.50%
GxT 0.1 5. HOIE Zio| AREREHA|
nodual 0.34+0.09 0324009 G 226
)((]S“il;g)“ dual 035£0.10 031£0.09 T  <0.01 HOlE 7ke] Spearman JHEA] A= <Table 6>3
GXT 040 2tk 7hAA RIS B WS ke FE oFrE
Correlation. Modual 0.66£0.19 0.77£0.19 G 9.19* & T A dE BA 030 ~ -0.87, p<05)7F U3
coefficient ~ dual 0.75+0.22 0.87£0.06 T  9.55* 3L, 7RI AR T MSCollA o7t <9
(AP) GXT  0.00 AABA (0.25~0.46, p<.05) BATH 2z Wz A%
Correlation nodual 0.02£0.15 003£027 G 0.01 Auiclste] BAIM ApEntlE 7 XApEn ®RIE 2l
coefficient dual 0.08£0.14 0074021 T  3.90% T ORE AR o] A (0.32~0.92, p<05)E U

(ML) GXT  0.19

Correlation- nodual 0.46+0.19 0.65+0.15 G 14.39*
coefficient  dual 0.62+0.19 0.73+0.13 T  18.44%*
(Disp) GxT  1.61
nodual 0.67+£0.06 0.68+0.08 G 0.13

MSC
Ap)  dual 067007 067:008 T 029
GXT 0,04
nodual 0.85£0.06 094%0.03 G 37.67*
MSC *
oL dual 0888008 0955003 T 774
GxT 121
nodual 0.730.07 085£0.06 G 49.34*
MSC jial  0.80£008 088:006 T  23.61*
(Disp)
GXT  4.00*

Note. ApEn: approximate entropy, XApEn: Cross- approximate entropy,
AP, MSC; Magnitude squared coherence, AP: anetrio-posterior direction,
ML: mediolateral direcitoin, Disp: displacement, G: Group, T: Task. *
indicates significant difference (p<.05).

25 W XApEen, A5 W FoA, 2 WF 2
Alr, E% dHAT, 5 8E MSC, FF MSColl A

o & FI7F ek om (p<.05), FF MSCellX 5 2HE-
EI7F HERETHp<.05).

4. ¥ X

378 Aol gk A3h= <Table 5>} 2t}

g Al Wk Ak B Aol the = me} 7]
Al e dEAs ke dehdA ettt
(p>.05).

R}

T 2 7 7RI Aol o] = a3l aF
I A ARG adbe JEREA] %kou, =219
AR A A DS 53343 HRIQl ApEndt AR
XApEn, Correlation coefficient, MSC EFollA HdE
o w2 ks T, SeetiaA s B 2 #e A
AL Vet o]8st 23 Bernard-Demanze, Dumi-
trescu, Jimeno, BorelZ} Lacour (2009)°] =213} A dojA]
A olF A ) Al TPRARIETE HAE A e o
%91 stabilogram-diffusion #AJHo| o|FA|e] FFHE
(cognitive test vs. mental-arithmetic vs. spatial-memory
task)= O W17 7 & 7He] Ajolg FEsilnia B
gk e Blszgt oo ARPEE . o= B EA
W3 MSCollA] A8 Frequency domain #-2Ho] o]
FTIA| Tl AEE Aol Bod aFQl HY
Uee =it

THEAE, & dTeM 20159 3 ATHE
o] FEAA] FdHolE Bkl HAdHe
29 WEF ApEngtollA] =Rlo] HdRT ¥ W2 FXE
HAth= A 7 AT 7k ApAAe] dgkel|xfe] xfo]7}

ofN &
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Table 6. Spearman Correlation between parameters
Variable 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

1.S1 - - - - - - - - - - - - - - - - - - - -
2.MV_AP A2 - - - - - - - - - - - - - - - - - - -
3.MV_ML 26 58 - - - - - - - - - - - - - - - - - -
4MV_disp 21 90 8 - - - - - - - - - - - - - - - - -
5.RMS_AP A8 59 55 63 - - - - - - - - - - - - - - - -
6.RMS_ML 9 53 58 59 54 - - - - - - - - - - - - - - -
7.RMS_disp 21 65 59 69 %4 77 - - - - - - - - - - - - - -
8.EA 22 63 62 68 B8 .89 97 - - - - - - - - - - - - -
9.ApEn_AP A7 26 30 31 -36 .03 -25 -17 - - - - - - - - - - - -
10.ApEn_ML -15 -38 -31 -37 -53 -87 -74 -81 .03 - - - - - - - - - - -
11.ApEn_disp -03 .08 .08 .11 -36 -.06 -30 -24 48 .16 - - - - - - - - - -
12. XApEn_AP 06 .16 .15 .19 -50 -12 -42 -33 92 22 58 - - - - - - - - -
13. XApEn ML -17 -43 -39 -46 -47 -61 -59 -62 -07 65 .03 .14 - - - - - - - -
14. XApEn_disp 07 06 .09 .10 -55 -22 -49 -42 8 32 49 94 21 - - - - - - -
15. Corrcoef AP J0 .02 .04 06 39 -14 23 .13 -36 .09 -26 -26 .17 -25 - - - - - -
16. Corrcoef ML .15 .10 .03 .09 -01 21 .08 .10 .07 -22 22 .06 .05 .01 -06 - - - - -
17. Corrcoef disp .18 .13 .18 .18 .52 .07 39 32 -35 -10 -24 -32 -03 -39 8 .00 - - - -
18. MSC_AP 40 25 41 41 42 .10 35 28 .19 -13 .03 .12 -26 .08 .50 -11 53 - - -
19. MSC_ML -10 -03 -05 -06 -10 .11 -03 .00 .09 -10 .11 .10 -09 .04 .02 .18 .07 .13 - -

20. MSC _disp 49 27 34 36 54 .16 46 39 -06 -21 -21 -13 -23 -.17 .60 -01 .68 .80 .10 -

Note. Bold and shaded Spearman’ s rho(&)indicate statistical significance. (p<.05). SI: symmetry index, MV: mean velocity, RMS: root mean square, EA:
95% ceillipse area, ApEn: approximate entropy, XApEn: Cross- approximate entropy, MSC; Magnitude squared coherence, AP; anterio-posterior direction,
ML: mediolateral direction, Disp: displacement,
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