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Abstract

Objective: Assessing motor-cognitive dual-task performance could sensitively detect changes in
balance, an essential indicator of physical function in geriatric population. Posture Analysis and
Virtual Reconstruction (PAVIR) is a new technique to trace body posture and motion in real-time. We
investigated the clinical usability of PAVIR device to measure motor-cognitive dual-task performance.
Methods: We recruited two age groups of healthy individuals without subjective cognitive and
motor impairment: young (18 < Age < 40, N = 21) and old (Age > 65, N = 28). The dual-task
performance was evaluated by subtraction while single-leg standing using a PAVIR device.
All patients underwent comprehensive neuropsychological tests, Seoul Neuropsychological
Screening Battery-Core (SNSB-C). We conducted group comparison analysis and correlation
analysis between the scores on items of SNSB-C and task performance in each group.
Results: Old group showed significantly lower performance (p < 0.05) in all tasks except
amplitude during single task and dual task cost of amplitude, and significantly lower scores
on most items of SNSB-C. In young age group, dual-task cost was significantly negatively
correlated with the scores of controlled oral word association test and color word stroop test. In
old age group, there was significant correlation between the score of color-word stroop test and
dual-task performance as well as single task performance (p < 0.05).

Conclusion: Our study showed that the degree of motor-cognitive dual-task performance could
be measured by PAVIR device, and it was also correlated with the different aspects of cognitive
assessments depending on the age group. Further study is needed using various tasks in larger

T 120234 38 272
A 91 £ 2023 62 22
ARG : 2

T4 10|58 |37 55 5

aH
ST 363 S2UMEZAEH

population. )
XHgrofstit
Tel : 82 315189 8163
Key Words Fax : 82 315189 8565
Balance, Posture, Imaging, Dual task, Cogni e-mail : kny8452@yuhs.ac

70 |



A
nn

Aol £5Y 3

ted o] 5 A

°

i=]

I

AL, 27| A AHone

A

%

12] pA|

Fofuje}

L

1

L

o
2!

o

M
oh 2

=

7] 5
]
o}

=

j=

Alzko] ¥
A77}

T

i

xe)

7}

(Timed up and go test), 10 m X
wgolLt of

leg standing test) =

T

L Geriatric Rehabilitation 2023;13(2):70-80

ME

%O g N T IO R LT N L R - P o ™ o T Jo do 7T
Zﬁ N e v:O X O _nﬁ ‘mﬂl < .O_E H_E ‘UI O_ ,UI = E_E ~X U.._ O_ _ZT J_/l,A o o KB x_.o O E_E N @E \:O
P T O oFT g gE TR DS Ho =r T = = e R o0 ™
o H N B, g mﬂu%7azévau1ﬁﬁ&§1_fnﬁbd|%ﬂo 9 X o
~ M RS w%u'L_LﬂiszH_.dﬂoielo_ﬂo_m@.ﬂm#pl_]xromﬂ
o Togel®mEpRe T Sxly iR xpodr Koo wl
PR Zh g TR o Hae W mpoe mwe XX LT R
B 7Mﬁim%ﬂ7ﬂﬂ%%oW&zoﬁoﬁa_aﬂomﬁﬂ@lﬂoﬁi1‘__0218_
;oﬂu M_wuw_ﬂ_ﬂ%%m.ﬁliﬂ%mG%%ﬂﬂmﬁ%muﬂ.ﬂuMﬂoﬂoﬂﬂ
o oy ﬂe_eﬂomaLﬂMme%oQﬁARmﬁuoqﬁu.xoe_emﬁﬁrmo,%mA_.&waﬁ
TH xR EROLETERT G T R B Y g oo O
lo ~ O T T ~ @ e 3 ) e o LS
w_n_L J,AIZo_ﬁemrJ.HLt]ﬁro‘&oti,munm%iix z_.x_._,_momaﬂoaﬁ_ﬂu.ox_.so
e @M:_EME_E%owﬂ@mmPoe:_o%m@Mﬂ%ﬂﬂu%%&r%%%%%@#
i L 7| ~ —_ J—
£ pEEZ kR AaTasdETRRRAT Lo B E
o)) o X o0 o % ob o T Jo — ~ puigd X X oo o) o T
faxrnd - fes] o~ = 0 R~ s -
S .mrwv.m%%z?&%%%wnm;Emfwooo%Hnw@,woﬁﬂm%%
gy EN v Ed B uElonEddiges=sgBal oo
REEm®w Eogimdmb Heo £ &R R (S Ll TO ok
B mPET S EDN g g S5 Lo E gk R0y ok g g
Pog® 8 m S ga e @ =KEXIRERTE LT HE
ogr T g 2 7 N 5 m Mol B g = g eT &K RN g oo
X =W E B o U W o5 oF X5 OLWLQARQSP,NﬂoN_ﬂ__o
T PRO S EMwEg o x o™ E M e N e xR oA
o g TR dRTET xR g r £ R Wy O BT Y VD
do Jy & Fp B B @ = Rg g TN R SR W oo Moy g ok R o
Wt T E @ S e s do B Mo B & odo oo EOR XS BT HOE R
Q@@Q@ﬂomﬂi %EEaIATA_.o_eWﬂM%%@r%ﬂmﬂEﬁoﬂﬂ.moworw_mwmw
AW mm DWoe o) Mmy BN Tl M E T B R
T Jo W TR S W P oo Brxg g ey Haﬂﬂe+v__o1o_a
RN e ﬂwﬂﬁ%ﬂﬂ@%fsw‘ﬂoﬁeﬁmﬁx_ﬂoﬁo_ulLA_ﬂmm%
LN Ll BT T Ko o oMo T 2R Jo W 9 I oo BOX MM m
o W F o X e KT EWT TS W o E D T ooy 2K e
1_Iw_._.o_/ﬂ_ﬂDH41_o —_ . ._onnoq‘l —_ ~ 1U|.|
T O ) o B Ko G N g B e o S om B o 8 o ™ ome N oo s g Mo ™M o gy
A S T P B Sl B S R R G S VI O e
Moy ey wEET LSBT s Ty hPT
H oW ohoop o ogm W Aoy el R T R T o o R ok M T T oo
‘m_xamﬂ.ml\NH.._WzoﬂL T'Iz_.oﬁﬂlo_ﬂ_o_ﬂ_ZﬁAE‘_HH“_uWL,Dl..alﬂ.mﬁ]r_ﬂi%]mmo_ﬂnho‘ml
W%Mza';%mﬂﬂuuﬁﬂlﬂrﬁwq%%mﬂ.ﬂﬁﬂﬂx;w,%oﬂwamﬁowﬂaom_
TR SRk SN R R e
G o0 = ) T S )AOJul_l;oJI,._m_-W__o ol ___ o=
AR PR T ERES S BN LR L s
g I Nl o R S I G i S G
P EH LI R H By T e B T g N X g
T Rl O I R S SR . i e
el . = — o~ o ™ Iy
M T L LR W Pds P pREMP T T2 Vg
T R X W N B Ty RN O o KT Ry
Ea@rmﬂﬂ%ﬂ@%ﬂ@ﬂ__j._m%wxf_o%%nﬂ%aﬁyﬂmﬁﬁo_m,wo_e%wr
z,wJuemoamdOLE__L%%WJAw_me_LL_LHMﬂﬂ@m_L_,_M%QL_LEOO@4%@__
Ma e Tz gmo Fg g g T g KW g g o
of ® T F W < o W o TEMHE B R M MW M ook W N e A o Fr

71



Geriatric Rehabilitation 2023;13(2):70-80

CHA 2
1) 9 712 L ey

T M AT, 20219 69 RE] 20229 12971

3 52 33 ol L QA Fol7} gl w194 o]
F 404 v|gka} ok 654] o]AFe] Aol = OF0 2 HEs|o]
ql TE 71 98] Sl ot ARSI
©ou{(IRB 4§ 2021-0156-002), EH*PZ]-OHA] L EZ3} o
Holl sl 5551 AHE H FolME FEI AT Fo
T A A B
l Pslolom, W1 39 HEg o) 2

7¥o] ¢12] Alel AAHMini-Mental Status
W5|od o1+ Zhodof] AEHSEA] BRI

0.'_. ;_u

_u.,

ofr

Examination)& A|3]

2) 5% B A ALY

A AP PAVIRAA] QoA £5 FAIZ o712
ST 150] FA F Q1A Bl A S5 E 42
She olF TS Sk S8 AKEY 43 5 BAIY
54U BEE PAVIRGAIA 229 22 fAskel Ak
olek

H oTLof|A] AFE-H PAVIR (version 2.20, Moti Physio,
MG Solutions, Seoul, Korea) Ax]+= tjAZd|o], 3D RGB-D
7|2k (AstraPro®, Orbbec 3D Technology International,

7 TS FHIE 08¢t 01 1Ml 52 Eot I

Inc., Troy, MI, USA), 3] ZAx|& FLAJZc}HFig. 1A). & &+

H|= 3D RGB -D 7tw2t2 39k 7] 9] REAbG-E o] 850
background-subtracted extraction method, A3 E
E] mjAl(support vector machine), simple linear iterative
Eg) A7) 7F B o2 LRl on oFZ ¢lo|n
O] 7} UIA, A TH, OF & o7, oF& A 541 ZHzte] =
2 2510 S =
Fo 2 A SAAE ALTeIAtHFig. 1B).

71710114 P o2 SHcte oPA7]e T AR
o] yztiz o] 2to]7} 00] H= A5 o2 HOfsiSit Abs
A= AJA- o] 2184 Eﬂ;'].e -r‘]OH AR} T;H/l]-z]-_,] o]

clustering=

7F A9 7§<j—T'E— FW3(sacral endplate)

;1—.71—94 F

o2

EXﬂ«l eEHS TM]

_/'\__
2 Asksto] Hersiarart Jiﬂ A4

ol 3 HEK, Y,
2)s TAR IS st B 30 Hz2 2350 7]
259l o ni(Fig. 1C), o]& & ot A7) ZAl(Euclidean

distance, \/(p] @) +(p— )’
o|= AT)= Akt A %clznng
Al 43 AI7Ee 2 o] TR A7 i o _’\6:_%3]“, =
=9 AXSICHFig. 1.

3) T IpK| X 0|5 kx| =% Fot
AAE-2 AALo] Zrofslr] Hof| ofeta 7zt oA r]| S

Fig. 1. (A) Posture analysis and virtual reconstruction (PAViR) device (B), identification of upper center of gravity (green dot

with white arrow) based on an automatic processing of virtual skeletal model, and (C) an example of tracking upper center of

gravity during one leg standing.
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Fig. 2. Correlation between single leg stance time measured by PAViR device and by stopwatch.
Table 1. Physical Characteristics of Subjects
Old age (N = 28) Young age (N =21) p-value
Single task time (sec) 39.95+£29.07 94.74 £ 12.38 <0.01**
Dual task time (sec) 2428 £25.01 89.91 £ 19.64 <0.01**
Dual task cost of time (%) -35.53+33.95 -4.7+18.82 <0.01**
Amplitude during single task (mm/sec) 42.82+238 32+12.15 0.06
Amplitude during dual task (mm/sec) 67.29 £27.54 43.43+17.81 <0.01**
Dual task cost of amplitude (%) 71.02 +57.96 46.31 +58.15 0.15

Values are Mean + SD, *: p < 0.05, **: p <0.01.

74 |



Geriatric Rehabilitation 2023;13(2):70-80 £5 2] 291 : XtE2HE RpM| 24 8L 7R Mt FHIS 0183 015 2t 52 Eot I

Table 2. Group Comparison of Individual Tests of SNSB-C

Old age (N =28) Young age (N =21) p-value
MMSE 27.04 +£1.53 29.38+1.32 <0.01**
DST forward 6.5+1.32 7.71 £ 1.06 <0.01**
DST backward 4.5+1.07 6.43 £ 1.36 <0.01**
DST forward+backward 11+1.96 14.14 +2.22 <0.01**
S-K-BNT 12.86 +1.58 1333+ 1.16 0.25
RCFT copy score 33.04 £2.25 3495+1.16 <0.01%**
RCEFT copy time 139.46 + 58.48 104.81 £ 81.6 0.09
SVLT-E immediate recalls-1 45+1.17 6.14 +1.28 <0.01**
SVLT-E immediate recalls-2 7.07 +1.46 9.1+1.48 <0.01**
SVLT-E immediate recalls-3 8+1.79 9.57 + 1.66 <0.01%**
SVLT-E immediate recalls total score 19.57+3.5 24.81+3.84 <0.01%*
SVLT-E delayed recalls 6.68 £2.07 8.38+1.63 <0.01%*
SVLT-E recognition score 21.39+1.91 22.81+1.78 <0.05%*
DSC correct 60.82 + 18.63 108.95+19.15 <0.01**
COWAT animal 17.46 +4.75 20.19 £4.57 <0.05%*
COWAT 9.68 +4.15 17.29 +4.85 <0.01**
K-TMT-E part A time 19.14 +7.86 7.57 +3.04 <0.01**
K-TMT-E part B time 31.93 £10.66 11.9+491 <0.01%*
K-CWST-60s WR correct 101.61 £ 14.22 110.52 £ 4.12 <0.01**
K-CWST-60s CR correct 50.39 + 11.65 7929 +15.2 <0.01**
SNSB-C total score 57.67+7.92 70.06 +9.31 <0.01**

Values are Mean + SD, MMSE: Mini-Mental State Examination, DST: Digit Span Test, S-K-BNT: Short Forms for the Korean Boston
Naming Test, RCFT: Rey Complex Figure Test, SVLT-E: Seoul Verbal Learning Test-Elderly Version, DSC: Digit Symbol Coding
Test, COWAT: Controlled Oral Word Association Test, K-CWST-60s: Korean-Color Word Stroop Test-60s Version, SNSB-C: Seoul

Neuropsychological Battery-Core, *: p < 0.05, **: p <0.01.
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A. Young Adult group
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Fig. 3. Heatmap of correlation analysis between single- or dual- task performance and individual scores of SNSB-C in the young
adult group (A) and the elderly group (B). The color scale represents Pearson correlation r. Values with statistical significance

(p <0.05) outlined in light green square.

MMSE: Mini-Mental State Examination, DST: Digit Span Test, S-K-BNT: Short Forms for the Korean Boston Naming Test,
RCFT: Rey Complex Figure Test, SVLT-E: Seoul Verbal Learning Test-Elderly Version, DSC: Digit Symbol Coding Test,
COWAT: Controlled Oral Word Association Test, K-CWST-60s: Korean-Color Word Stroop Test — 60s Version, SNSB-C: Seoul

Neuropsychological Battery-Core.
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