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Al 7AYo %+ 2} (amnestic  mild
cognitive impairment, aMCI; subcortical vascular
MCI, svMCI; subcortical vascular dementia,
SvaD)e] #IREFHS JfHedrt. d F4
52 37} protocol= AU = 3)F FAHn
= 39 3 SA 54 uF Hlw HI}
AHNE 79O 2 center of target force(CoT),
complexity, view span< iL#]3}o] FH AT
AT HE AN 5 Y E
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1. Introduction

% T2 (motor performance)s th <]
+5 3] A (motor  cortex)°l 4] =2 AdE
DA = s o gA] Aol F7hghel whet
AstETE Vieluf et al(2013)9F  Naik et
al.2011)° wEW,  older adultst younger
adultsell  ®l&f A Sle] =g AT}
Ast=E™ 3§l f-A(force maintenance) 2 3
Z % (force modulation)?} -2 3 FA| T Ho|
Attt T3k, Nagasawa et al.(2013)2} Vinoth
et al.(2001) <d¥Feol & Tlwo WA=
FF] ATE Tt 5 TH Aste
&3 22 A FA4Ye d¥E Fo
AdFAL T 7] 5 A(activities  of daily
living, ADLs)?] 3o AZS = 4 Jdvu

B sk

+5 99 Aste= d#Ad A vl(vascular
dementia) £} 7o v} ok 3l ] AR
RS AL I x7)o] WAREE FQ
sHorA 7] AEE T Ax 9 AUt
Feasith. 94 A A= Ax 759
Atz g SR/ =EAn BES
(perseveration)o] U EUEH, o]F  x7|d

Adste] Axstd gHHoz Ps s
1 tH(Hong, 2010) Egh, 7E W A
80 ~ 90%%T 594 S (bradykinesia)©] Z 7|
SHoE ‘)rE]r‘Jr% Hnow A O]D}
(Weintraub et al., 2008). > <42
TES HrtgoEa Add F gled, —ri
Ad7ell g el PdFE AFHS  F3)
351 9lo(Crucian et al., 2007; Heilman,
2004), A AxRE Hog AAAHox
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Sol % =9 o8 3 EA
Squ ggd ¥ wwe BgHow
e @ FA SEe 2Ae s



AAAoz H7kd & Utk &5 FHS 3
A @A wek Az, =", 4], e
T4 d 7IA=Z EHF(Seo et al, 2009;
Heilman et al., 2004)% 12, == W2 o] sl
vely= 3 A E-X(force  control
capabilities, ~FCCs)s  ZAFO=ZH &
TES Wt & v aFd, AA &
st &5 wHES BERH R A48
ojFolxBE, tFe FFEoE WseE 39
profiles A&EH o2 FH3t+= H7} protocol=
e 4 Qth(Nagasawa et al, 2013;
Voelcker-Rehage and Alberrts, 2005).

71E 5 T8 H7F AFE(: finger
tapping, finger pinch, force tracking) &
5 Tl s vt FristAY, 22 U
AAY dd P vks A &svkes AT
Aot olE 5, Jimenez et al.(2011)Z} Vinoth
et al.(2001) Z4Z AlZHa fA] el g
d 5AS Brtsty] fdke] vk AIZEA} 34
HEds B4sislod, =g F24 =
sl e aedshA] @kvk E3E Yoon et
al.(2012)& vl 7}A] & =Hol g @ FA
545 Fetadloy, A ¥ St
1002 Ztth. 39#, Lindberg et al.(2012)3}
Voelcker-Rehage and  Alberts(2005)«=  Z+2}
Al 2] (stair-stepping) 2 AFQI =t (sinusoidal)
Fee] 9d ol o I F4 TH&

Bzt ed, #HFS  FAseE vdH
a2 71+ g, AE, AsF)y7h a9 EA
ol Ay xS wdEsteE A g3l
EEEA g

2 oATE M &4 B2y AHH FHrE
A 5 = H AR &F T
e FHob, A ¥ E A
il B = e R P A B I S o =
protocolS 7etAth AA, & AT Al
T fFA4, T2 P A s 5 H 3]
A 5AE Hriste A" Ao wWE
AR &F T8 TS AT =4,

15cm

Screen —>»[

Finger 7 _
dynamometer A 4

70 cm
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Figure 1. Layout of Finger Touch system

2 odAdgeE gdgd JFy Asart aed
23 ARl S AE3 § F3 H)
protocol= 78ttt mpA| o2 H A=
AHE A TEs ol&ste] kg
&4 B2 5 w9 vaste] AyHE
5 58 ¥ 3 %7 protocol?] E-EAHE
L&

2. Methods

21. €5 349 ¥ 3 5A 54 H7t

2.1.1. Apparatus

2 Ay &7 s SFA-srl Al
Finger Touch(FT; ¥ % = 0.196 N, sampling
rate = 30 ~ 32 Hz; SeedTech, $+=7) A|=®lS
AFESEA T FT A28l Figure 13 o]
=7t 3 4 e 2709 dynamometer<}t
S8 AHAE AL 2ador FAET
A= FA AAe 2adormRH
} cm® 70 cm Aol 91Xt
5 AXe e 7oz &, ¢
7k 15 cm "Woll Ao g Ht
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2.1.2. Participants
3 A Y B3y gL
S &7k 3 OARgOl EAE sl AN
< ez FIHAY. FJHGAAE
200~ 70tH7bAISl dHYy o ZZE 307
2AFEJeH, Hitr A= 200 24.5 £ 3.04,
300 33.7 + 2.841, 40t 442 + 2.64], 500H
534 + 274, 60t 64.3 + 274, 1283 70t
73.6 + 2.4A41Q1 Ao 2 EFRTE

f
o 9,

2~
=%
A

2.1.3. Force control tasks and measures

2 d9e 5 TEHE AFHe=
Hrtetzl S vl 7HA W EE
Al ZFA] ZH(initiation  time,  IT), =2 A|ZH

Signal Signal
L, Vi b
IT DT ME T
LB
8

Force (N}

b2

=)

0 20 40 60 80 100
Time {ms)

Figure 2. Four measurements by force control phase
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-~ Target force

(a) Initiation (b) Development,

Maintenance, Termination
Figure 3. User interfaces of FT system

(development time, DT), -f-# 2 X}(maintenance
error, ME), 12|31 %7 A]7F(termination time,
TT)S H7Fst A th(Figure 2 FZF). AA, 1T+
S HARAZE A 9 1 emell HAETES
AAT R A T AN o
LA2E ~ 5F)E AAHE w7k A3
HS-3le] AAME FE2Ed £29% Agto|tt
(Figure 3.a). =4, DT+ IH@AAZE &71g
ds F/HAA L Ex YU 98 N7HA
LEgst=d Agle AlFo]th(Figure 3.b). AA,
MEE I AAAZE 102 7+ 5% 39S Ao
A wje] ¥l 9 xZ Equation 13 7o
ALk thFigure  3.b). vHAY o R TTE
AR BE oA FAEHrE 24
Holl FAJRx ~ 52)2 AAHE wit
Ao Hkgste]  E7hERS A ZHE
ol = &8 % AlZFo] th(Figure 3.b).

10000

Mlf— 98|

_i=0 .
ME = 10000 (Equation 1)

where, f; = force (unit: N) at time ¢ (unit: msec)

2.1.4. Experimental procedure

4 SA ¥ Hrbde dd &
A, ada 2 Ade Al dAe ARt
AgHAT. A, 29 FH @
@A A AR el e AW st
Fol FoE T A, ds AY
dACAM = AR AY i
dsaAES & W d 434 dAF
Fstdct. Ao r, 2 A &
sHAZ, =Y, #A4, F4) EH42E 5
B, LEH)E 83 TR AAS
1637} =3 = A vk

2 o off o &

o ]

2.1.5. Statistical analysis methods
= Al A" ~ 70th), 4HE(H,
of), 1E]al &£(P<E, 2LEL)°] IT, DT, ME,

a3 TTol wAl&= 235 Fetetr] 9 8ke]
2145 0.001° A] three-factor mixed-subjects
ANOVAE Sttt folgt aifo] gk
A& AR o Z+= Tukey-Kramer testE
Faste] A ke zpelE EASATE
AFE 2 =w ¥ IAPAAY 95%
A E 7S "ol HlolHE o] 4| (Barbett
and Lewis, 19942 sl 2 A9
EAEA = Minitab(ver.  14)¥  SAS(ver.
9.2)7} &-& ¥ At

22. 8 34 H7} protocol 7§

2.2.1. Force tracking profile 7} ‘&

B dAG3E 7|¥ force tracking 3
ZALE &3}9] force generation®} force release
THS FHHoT A stair-stepping
8% = singular sinusoidal 33 S Al-&dt=
e Fotstdd Lindberg et al.(2012)<
Figure 4.a%} #o] 3o =9, {FX, T4
THHoR e AGY HPS MEAHORE
A AEFA I,  Voelcker-Rehage and  Alberts
(2005)F= Figure 4.b9} o] % (amplitude)}
15 (frequency)7t ZH2F 5 ~ 25% MVC, 0.2
HzSQl ARQI=tAdS A AISFATE Vieluf et al.
(2013)ell W=, 3] A 5442 task S5A(d:
force level, force profiles, movement speed)ll
wet AolstAl vEd & dded, 7S
ATES @Y FEeo Wb
7yds AAste] 3 5A4S Fetsialon,
sY3 S wRgomy AT £ 9=
g5 &3] a7k v Eskd
2 AT AR H EA #AY $
g WHEAdS Eol7] 9% ¥ F
protocolS A #H3&}7] 93] center of target force
(CoT), complexity, view span2] A| 7} @45
312338k composite sinusoidal wave 3}3 S
Nkl chFigure 5 %), AA, 3d& 6 N,
8 N, 10 N9 A| 7}#] CoTE 7]|¥F2 =, 0.1 Hz,
02 Hz, 04 Hz, 183 0.8 Hze U 71#A
ZEret £ 2 Nob = 4 No| 7 7HA4 %S

Control RH L
10% MVC ol Ijr.\ W)
| 1
0
{ 2 ok \ N
69 ms * 005 | VERVARY!
’ o 10 20 30

Time [sec.]

(a) Stair-stepping (b) Sinusoidal wave

Figure 4. Existing force tracking profiles



Figure 5. GUI of force tracking profile
(CoT = 10 N, complexity = 0.03, view span = full)

(b) Partial

(a) Igull

Figure 6. View span of force tracking

Ab&-3Fe]  random3}A|
918 9] complexity:= approximate entropy(ApEn,
time-dependent  structure?] EHFE=E  YENY;
Pincus, 1991)5 ©]&3}o] low(ApEn = 0.03)%}
high(ApEn = 0.06)Z= 2= At} vpxjero 2,
view span< I3 AA] WHO =R Figure 63
2ol AA A (full)e} AH-vE A A (partial) 3} =
Wol  dvk. 3o Jidel= Matlab
R2011a°] &&= 3T}

TREAGE. =A,

2.2.2. Participants

3 F4 T8 Hub Age ¥ &40
e A 3HA AR o8 §F3Y W &
a3 S ddez FAHAY. @A E
e ¥ &3 747 9EAd 21, oA 199
EEEYeH, Hir dAHS AHAYd 620 =+
624, B2 747 + 424191 Aoz ElR
&4 B A V94 AEAAFZ

(amnestic mild cognitive impairment, aMCI),
FAA 7 =21 A Aol (subcortical vascular MCI,
sVMCI), 734 3 u}v](progressive  supra-
nuclear palsy, PSP)2]4] A2 THF 21X
&7k 74 v (mild) 3t A Tt

2.2.3. Force tracking tasks and measures

2 A= ¥ F4o1A2  movement
accuracys 3 7}sl7] 93l target range within
the target force(TWR), root mean square

error(RMSE), 12|31l relative RMSE(rRMSE)
HE=g AR 3 F4 BHrbe 30% Eet
st A EE HYPs wet S -]
FT  v]e]  finger dynamometerd] — 3-&

7hetozx F3yHEY. TWRS 38 WS
EXTe 5%% 3}e] Equation 29} o]
AF&¥th, RMSEE  Equation 33 7ol

AEE 3, (RMSEE AA7Io® WstE E31
3ol z7IE ¥ 39 Equation 49 A tA

FA® FAET 27 0 ~ 5%9 3 F7
datai= A ol A A 2] ¥ Lot

m

%‘
TWR(%) = —— x 100 (Equation 2)
LTS Y, - SRR = BED, 5%
where, x; = { ’ i i
0,0/w

m = # measurements

m

RMSE(N) = | ‘=

d,)?

==

m

where, m = # measurements (Equation 3)

FRMSE (%)= \/ ;"E

where, m = # measurements

(Equation 4)

2.2.4. Experimental procedure

d 4 s Hrke Ad e, de
Alg, el 2 AP Al gAY At
AgHAY. A, Ad =¥ dAdA=
U AR Al A Rdel dis) AWEeta A3
T FE TEit. 2A, A5 AlY
A ol A = I A AR 7F A3 W ol
A EE  33%  dFgs T3
upxjeto g B AHHL2 ) blocksSE T4 E o
A WA blockol A=  view span©]  full?l
74 9o ths] complexity level(low, high), CoT(6
N, 8 N, 10 N)& 23|% AAst] F 123]2 x
3 x 27 FFEAT. F HA blockel A=
CoT7} 8 NI 7%l tls] view span(full,
partial)= 234 A|AlSte] F 432 x 2)7}
TP = Aot

2.2.5. Statistical analysis methods

2 AFE group(B7dA, AL, complexity
level(low, high), center of the target force(CoT;
6, 8, 10 N)7} force tracking capabilities®l
nx= Z23E geotetr] fstd folaE
0.0591 4 three-factor mixed-subjects ANOVAE



TPt weh, 2 ATE group(BES,
3k2}),  view  span(full, partial)®] &I E
gtetalr] fske]l fo) 4+ 0.059 4 two-factor
mixed-subjects ANOVAE 33l F2] 3
gy ok AlE HAHOSZ = Tukey-Kraner
test® T st AR} 1Ho] zo]E EASHAT
oA AR 95%  AE RS
Hojuhs dHo|HE o|AAZ 75 (Barbett and
Lewis, 1994)at1 o™, -EAEAol= Minitab
(ver. 14)3} SAS(ver. 9.2)7} &5 At}

3. Results
3. 25=3d 4 3 TA 54 Bt

3.1.1. A1 &} = (initiation phase)
A7dele]l IT(unit: msec)oll= A% &9}

AEH e usAE ' {Fog
QTS WA= Ao®  EAFTHTable 1
Zz). ITE  Figure 7.9 2ol 200 ~
40t 7kA = frAbskdE, 50t oldFel AL
ARLFE AAE Frtete Ao ~

40t): 2529 + 63.4, 50t) ~ 60T: 277.7 + 58.8,
70t: 307.7 + 61.6)°] YEFSTHFLS, 344] =
18.40, p < .001).

3.1.2. =€ = W (development phase)

AAFele]l DT(unit: msec)oll= A% & 37}
frolst dFS mAeE Aex EAHAT
(Table 1 #%). DT Figure 7.b2} #o] 200)

Table 1. ANOVA results by force control phase

Factors IT DT ME TT
F(5, 344) = | F(5, 347) = | F(5, 347) = | F(5, 341) =
Age (A) 18.40 5.77 47.04 19.08
p < .001* | p<001* | p<.00l* | p< .001*
F(1, 344) = | F(1, 347) = | F(1, 347) = | F(1, 341) =
Gender (G) 6.86 6.26 53.03 8.95
p=.009 | p=.012 | p<.001* | p=.003
F(1, 337) = | F(1, 347) = | F(1, 347) = | F(1, 332) =
Hand (H) 0.06 7.08 0.21 4.62
p = .803 p = .008 p = .644 p = .032
F(5, 344) = | F(5, 347) = | F(5, 347) = | F(5, 341) =
A xG 5.07 1.19 7.18 1.07
p <001* | p=2314 | p<.00l* | p=.379
F(5, 337) = | F(5, 347) = | F(5, 347) = | F(5, 332) =
A x H 2.11 0.51 1.39 0.85
p = .064 p = .756 p =227 p = .515

F(1, 337) = | F(1, 347) = | F(1, 347) = | F(1, 332) =
GxH 1.03 0.19 0.14 138

p = 310 p = .667 p = .705 p = .242

F(5, 337) = | F(5, 347) = | F(5, 347) = | F(5, 332) =
A x G x H 0.51 0.40 1.15 0.78

p = .768 p = 851 p = 336 p = .568

* p < .001

E
= 200 B

E
£ 100
£

Development time (msec)
>

0 0

(a) Initiation

(b) Development

A
-l
B

3
= 100 A &

700
Z 600

500
E 400
£ 300
H

£ 200

20s 30s 40s 50s 60s 70s 20s 30s 40s 50s 60s. 70s

(c) Maintenance (d) Termination

Figure 7. Age and gender effects by force control phase
(solid line: male, dotted line: female)

~ 60t+= frAFStH, 60t o] 1 <A el A
AatEl = Aot ~ 60t 119.9 + 47.6,
70t: 1459 £ 63.5)°] YEFSIUNF[S, 347] =
577, p < .001).

3.1.3. A = (maintenance phase)
A4l MT(unit: mN)dl&= <47, A,

aen AR gEe waggol fow
Jes wAE Ao FAHACKTable |

). MET Figure 7.8t #Zo] i ARHAFH
Z7beke Aot ~ 50th: 2239 + 95.0,
60th: 319.8 + 171.8, 70th: 469.4 + 299.5)°]

vEeb T ES, 994d(3232 £ 220.0)2
942380 + 1269)RUt 85 WEF HAE

Eote ASZ EAEHATHE[L, 347] = 53.03,
p < .001). AP HAHEE wsALORE
Figure 7.c8t #o] EE A elA ool
TR A Yol AstHe= o=
FAENL, Aol Mg E WY 1 ME
Z}o](20th: 20.8, 30TH: 40.5, 40tH: 59.8, 50t:
545, 60t: 110.8, 70th: 235.8)7} F7}sl=
207 YEGUHFS, 341] = 19.08, p < .001).

3.1.4. ¥4 =+ (termination phase)

AAFele]l TT(unit: msec)oll = A& &7}
frolgt dFES A= Aew FAHAY
(Table 1 =) TTE Figure 7.d9} %o]
dARol FEFE AAs =Ae A
0t ~ 30ti: 3256 + 934, 40t ~ 50th:
376.6 + 90.3, 60T]: 403.4 + 77.2, 70tl: 427.1
+ 90.4)°] YEFSUHES, 3411 = 19.08, p <
.001).



Table 2. Normative data of FCCs

L. . 20s ~ 30s 40s ~ 50s 60s 70s
Descriptive statistics M F M F M F M F
Initiation time (msec)
n 811 782 874 766 451 449 448 449
Mean 264.3 238.5 268.1 262.6 282.6 281.6 309.9 305.9
SD 62.8 64.2 52.5 62.9 66.8 59.0 64.6 58.4
99% LCL 258.6 232.6 263.5 256.7 274.5 274.4 302.0 298.8
99% UCL 270.0 244.4 272.7 268.5 290.7 288.8 317.8 313.0
Development time (msec)
n 836 860 891 891 445 456 448 449
Mean 117.0 1154 111.8 124.1 116.0 142.1 140.4 152.7
SD 42.93 44.73 38.32 51.33 46.36 49.35 61.32 61.93
99% LCL 113.7 111.6 108.4 121.0 109.2 136.1 132.1 144.2
99% UCL 121.5 119.6 115.0 130.6 120.6 148.1 147.7 159.4
Maintenance error (mN)
n 907 912 913 912 466 458 459 438
Mean 199.5 230.5 204.2 261.2 264.8 375.8 354.2 590.1
SD 76.9 78.8 80.4 122.8 130.1 190.2 187.7 3442
99% LCL 192.9 223.8 197.3 250.7 249.2 352.8 331.5 547.6
99% UCL 206.1 237.2 211.1 271.7 280.4 398.8 376.9 632.6
Termination time (msec)
n 890 758 912 789 455 460 458 459
Mean 318.7 333.6 365.9 389.1 397.8 409.0 425.6 428.6
SD 82.3 104.5 76.2 102.8 77.0 77.0 82.8 97.4
99% LCL 311.6 323.8 359.4 379.7 388.5 399.7 415.6 416.8
99% UCL 325.8 343.4 372.4 398.5 407.1 418.3 435.6 440.4
3.1.5. Bl FCCs 7% A o2 200 ~ 300, 40t ~ 50dll, 60T,
A= Table 29F #o] Ul 7HA A FH VIEo® AEste], A AAI A
A0 ~ 304, 40 ~ 5000, 60tH, 70tH)t AL 70th AA7E shuel Y o
AECE, ohE BER" AES FCCs tes B H= Aol UESTE Figure 82 &
T3l 429l FCCsoll  SAAo=R =Wl 209 ~ 309 @Y FecsE  7H7)
Fod e WAL A"y 4ES FE 1002 s ART Adel mE Gl
TE T Ee A 71 8H(normalization) 3} $3 TF.
Pgole dwel FasE oo ¥
250 250 52 Assh el wal AF, EE 4
200 200 Tl A= F7HAI A 40t ~ 500 8.7, 60t

=
=]
[
S

=)
S
=)
S

v
S
%
S

Normalized initiation time
Normalized development time

o
o

20~
30s

40~
50s

60s 70s 20 ~

30s

40 ~
50s

60s 70s

(a) Initiation

(b) Development

250

200

S

150

=)
S

100

w
S

50

Normalized maintenance error
Normalized termination time

o

20~ 70s

30s

40 ~
50s

60s 70s 20~

30s

40~
50s

60s

(c) Maintenance (d) Termination

Figure 8. Normalized FCCs by force control phase
(solid line: male, dotted line: female)

o).
g = .

11.2, 70t 11.0;
10.9, 303, 78.5)3}%
FHA AL fA16HS

12.0, 239, 12.2; FA:

Sk © =
4= B, T4

sl
Za]

32. 9 8 &4 %7}
3.2.1. Force tracking performance

3 F4 bl @ 3 A
4% Ay, TWRY rRMSE9
CoT$} complexity & 37}, 18|31 RMSES]
thal A=  groupd complexity &7} ZHZ)
fFolg dgs MAs Aom BAHAG
(Table 3 #=x). ¥ &4 2= g2ddol vs)
RMSEZ} 1.38) =71 YEFSETHEL, 4] = 9.90,
p = .035). T3k, 38| force levelo] HS4=

EEE

el A=

=T =
Figure 99} Z°] TWRo| 1.4¥] ~ 1.88] gl
rRMSE7}  1.64H 238 =L o=
A5 JTHTWR: F[2, 8] = 2535, p < .001;
rRMSE: F[2, 8] = 33.14, p < .001).



Table 3. ANOVA results of force tracking

Factors TWR RMSE rRMSE
F(1, 4) = 0.05, | F(1, 4) = 9.90, | F(1, 4) = 1.09,

Group (G) p = 837 p = 035 p = 355
F(2, 8) = 25.35,| F(2, 8) = 1.06, |F(2, 8) = 33.14,

CoT (©) p < .001* p =39 p < .001%
Complexity level|f(1, 4) = 183.52| F(1, 4) = 32.75 | F(1, 4) = 16.15

(1 p < .001* p = .005% p = .016*
Gxc F(, 8) = 0.13, | F(2, 8) = 0.61, | F(2, 8) = 0.40,

p = 884 p = .565 p = .684
G x I F(1, 4) = 13.62| F(1, 4) = 0.73 | F(1, 4) = 1.89

p = .021* p = 441 p =242
Cxcl F(2, 10) = 3.63| F(2, 8) = 3.68 | F(2, 8) = 0.63

p = .065 p =074 p = 556

*p < .05

Ao 2 9k o] complexitys I ETF
Figure 99} #©] TWRo| 1.3u] stil, RMSE<}
RMSE7}  Zb7} 1.40), 138 =& Zo=

UEFSETHTWR: F[1, 4] = 18325, p < .001;
RMSE: F[1, 4] = 32.75, p = .005; fRMSE: F[l,
4] = 16.15, p < .016).

SR

d5(TWR,

RMSE,

rRMSE)oll gt view span(full, partial) &3+
oAl e o= YEFSTHTWR: F[I, 4]
= 0.17, p = .701; RMSE: F[I, 4] = 0.10, p =

£ o
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(a) Effect on TWR

Complexty  0.03
cor (M) 6
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(b) Effect on rRMSE

Figure 9. Effects of CoT and complexity on
TWR and rRMSE (white-gray: low complexity,
diagonal line: high complexity)
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Figure 10. Effects of CoT and complexity on
RMSE (white-gray: controls, diagonal line:
patients)
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41. A3} A9 +F H
Yoon et al.(2012)°A A3
Fd9 60t ~ 70t ¥ £ 3
mild cognitive impairment, aMCI;
vascular MCI, svMCI; subcortical vascular
dementia, SVaD; Table 4 =)o ujsle 2
AT & =dH E HrE WHE HES
Ad, A= BE IRoA Gl s
129 ~ 34ujvrE % FHol {3
AstE = o2 YESTIT: F[3, 167]
9.21, p < .001; DT: F[3, 165] = 3.06, p =
.052; ME: F[3, 163] = 24.60, p < .001; TT:

o
&

Al 7EA
A}(amnestic
subcortical

o o

F[3, 167] = 31.13, p < .001). SVaD %A=
2E ZFHo|A aMCI, svMCI $kAfo] v
AAelm HHEEE= 138 ~ 24u) AT &

Aoz weotEgly, £3] SvaD A9 ME,

Table 4. Demographic information

oA Yoon et al.(2012)
14
T S)?‘rtrrl::l aMCI SYMCI SVaD
" Male 60 7 11 2
Female 60 10 12 8
Age 69.0 + 53|71.5 + 3.7|72.4 + 5.5|73.7 + 3.3
(mean + SD)
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Figure 11. Comparison of FCCs in normal

controls with patients by force control phase

TTE  ZHZE 340, 289 AstEE Zeow
AEoitk ==e, MC #ATe B
SHAM = AN FAFCRE f{ost
2ol 5 oA gkgtont, 4], A FHolA
474 dbl % FEol 138 ~ 2.94)
ZSHME: aMCI 1.44, svMCI 2.99; TT: aMCI
1.39, svMCI 1.6¥))% S th(Figure 11 F3).
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Figure 12. Structure of a discriminant model
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98 7]FE(threshold = 0.12, 021, 0.30,
0.50)°1 w2 AEE& WA TH(Table 5
ZFz). dE B9, threshold”} 0.129 ), #x}
¥ A S (sensitivity)>  93.3%, AU #d
2] 5 (specificity) = 69.4%% L}ESEUL

Table 5. Diagnostic performances by threshold

Thre Performance(%)
No/| shold Confusion matrix Sensi- | Speci- | Accu-
tivity | ficity racy
A
48 | 2R
1 0.12 =l aga P 3 93.3 69.4 75.0
W 2= 30 28
AT
2 | o021 B | B | og67 | 816 | 805
FH| 880 | 80 7
WE| #A 18 23
AT
48 | A
3 0.30 PR 7 3 73.3 90.8 86.7
e 9 22
AAE
43 | 2
4 0.50 =l waa % 0 66.7 98.0 90.6
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Figure 13. The ROC curve of brain lesion
diagnostic model



5. Discussion
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Figure 14. Normalized FCCs of force control phases
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