SHHABBHNEMERANE
Vol.49, No.10, 975/981 (2013)

HAFAMICLdN—F 2V REBEDIES v T EEEREE & 558

5 £ -l 0O oA -ZE K B aE 7 G S
MoK B EfE B - ENE = B

Motor Function Evaluation and Classification in Finger Tapping Movements

for Parkinson’s Disease Using a Factor Analysis

Keisuke SHIMA*, Yuki YAMAGUCHI**, Taro SHIBANOKI™*, Toshio TSUJI**,
Akihiko KANDORI*™*, Yuko SANO™* and Saburo SAKODA™***

Finger tapping movements (open-close movements of thumb and index finger) are routinely tested in order to
evaluate motor function of Parkinson’s disease (PD) patients, and more than ten different indices calculated from
measured data have been used in medical diagnosis. However, underlying relationships among the indices and
even basic factors influencing them remain still unknown. This paper investigates the basic factors that influence
the motor function evaluation of the finger tapping movements and proposes a novel method to classify and
evaluate the movements of the normal elderly subjects and the PD patients based on the extracted features of
abnormal movements. In the experiments, finger tapping movements of 35 PD patients and 86 normal elderlies
were evaluated based on 12 indices, and the factor analysis was applied to the results. The results indicate
the finger movements of PD patients have three factors: opening and closing ability of fingers; stability of the
movements; and movement rhythm. Also, it can be observed that the subjects can be classified into eight groups
by thresholding the three factors. The results lead us to conclude that the factor analysis enables the detailed
investigation of the motor function by classifying the subject movements.
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Fig.1 Structure of the motor function evaluation system for
finger tapping movements 9

Table 1 Unified Parkinson’s Disease Rating Scale part III
Finger Tapping score (UPDRS-FT) 2

UPDRS-FT | Diagnostic criterion for Parkinson’s disease

0 Normal.
1 Mild slowing, and/or reduction in amplitude.
2 Moderate impaired. Definite and early fatigu-
ing may have occasional arrests.
3 Severely impaired.
Frequent hesitations and arrests.
4 Can barely perform.
_ 100 1 __ 100
<.E i <.E
s 2 S8 Iy
=, =,
1.6 1.6
=% =¥
SE Oy TE O [rVrivrr Vv
iy i
1.6 16 |
., 30 . 30
\;E 0 ‘ }E EW ,\NKH ;’E 0 TV v
-30 -30
0 Time 7 [s] 5 0

Time ¢ [s] 5
(b) A patient with Parkinson's disease
(UPDRS-FT 2)

(a) A normal elderly subject

Fig.2 Measured results of finger tapping movements 9
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Table 2 Factor loadings calculated from 12 evaluation indices

Evaluation Factor loadings f;

indices 1 e B3
Zy 0.931 0.222 —0.182
Z2 0.624 0.726 —0.174
Z3 —-0.162 —0.088 0.973
Z4 0.250 0.785 —0.096
25 0.982 0.126 —0.045
Zs 0.731 0.603 0.182
Z; 0.970 0.153 0.004
Zg 0.671 0.665 0.051
Zy 0.184 —0.055 0.798
Zio 0.247 0.624 —0.035
Zn -0.060 0.116 0.914
Zi2 0.078 0.740 0.106

z,: Average maximum amplitude
2 CV of maximum amplitude

27: Average zero-crossing number of acceleration
zg: Average finger tapping interval

z;: Average maximum opening velocity z: CV of finger tapping interval

2,2 CV of maximum opening velocity  z,: Spectral variability of finger taps

2z;: Average maximum closing velocity  z;,: Average contact time interval of fingers

z5: CV of maximum closing velocity ~ z;: CV of contact time interval of fingers

CV: Cocfficient of variation

2.3 RFA/IC& 2EEHNDHLE &M
ZEHRTFORESIWESOTHEFOGEZITR ) L & DI,
R F15 5 % F OB o RE 2 5Pl 9% . AFSC T,
FFME s LEOKSRTERE ff (=1,2,...,L) ¥
SHULOFELEM 2 (1=1,2,...,0) 2B AL
bk o T2l MRSy — 2 @B L, HhRHE OME)
BRNNY — VI L.

T/, EHREOFMTIEOED 2 FHEIC X 5 HEFEHT
FERE & B L 7. N
(Qéﬁ%ﬁ@%ﬂstekz§:m0

=1

L
onﬁ@%@ﬁw%ﬂszﬁzz:ﬁ>
=1
IND EEWEREOFNT— 5 05 L, SWaHEITE-
DB IZLERERGE (Holm ) 2177429 L & 112 ROC #
¥ (Receiver operatorating characteristic analysis) '®) % f
W CE Rl 7 O I BIRERE 2 HGE L 72. ROC T Tid 2 B
OHIPIREE LSS/ &I, £ 1HZE->TE2HICH
AT 2EE (BHHESR) LE2FEIEL CE 2 BICHEIT 2
EE (ERHER) oEd» 5 ROC #i#f % EKT 5. ROC Hi
WT O, S5 &b AUC fili 2 v THIBUHEE % 37
HHEETH Y, AUCHHAS 1 IS EHIBIRTEE DS <, 0.5 12
T B ERNZ & 2 R 5.

3. & E=

EWBE ORI T — s hOEH Lz 12 Mo EERICL
Te/FAH 0L, 3 >ORFH M S 7z (L =3). Table
2 ICHB L-MiREo & RFAMRERT. KT, $T
DHAFIZ BV THEFE O R FAMfEOEA0.6 e 2 2R
FOUFEEL, To2REFAMELZRLTWA. 0.6 DLEomE
BGRoORFaRELHF T 2 HIEE2 B FAfTE0o K EWE
WHIZET 2 L TRROL I ko7,

BF 1 (f1)
R —7 = 7V REOFHHE (181 (5))
K7 0= r 7 #EOFM ($51E (7))



978 T.SICE Vol.49 No.10 October 2013

Table 3 Movement patterns based on factor score f'l
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(a) Normal elderly (b) UPDRS-FT |

Sub. QH

(c) UPDRS-FT 2 (d) UPDRS-FT 3

Fig.4 Examples of the radar chart representation of the index score and the factor
score. UPDRS-FT means finger tapping score in UPDRS part III, and SD

means standard deviation
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== : Significant level 1% (p <0.01)
NS : Not significant
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Fig.5 Evaluation results using simple sum of all index scores
and simple sum of all factor scores
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Fig.6 Comparison results of ROC analysis between normal
elderly and UPDRS-FT 1

BICEET A ERRTEMB T8I Lz, BF11E
T eI EE O RIE P BB R ST 2H8EICRELEE LT
W Zlnh, [HEORMEEN] Kb LTW2 b0 LBRT
&%, 72, BF 2 MRECHMEEOIESDE, ¥ v 74
YE=NVDIELDE R EOREICKRELHF S LTnD -0,
[MEBYOREM] L2 ENTE, RF 3135 v 74
8 =N OFHE AR ] O 7 IR E (HS
LTBY, EFYXL] 2RbLTWALEEZLNSE. Th
123t L, Yokoe 5 103 MGG OfEED HIRY v THEENEE
flio EpeidZzh e [RiE - #ER], [V X2501352
&, TWXLROFHE] LMRTEDLELTBY, Kk
DERDHHIC & 5 MR E D SHERE RS BB X ZEBEIH
MTEL. 72721, AT 2 L VHEG SN2 BRI 2,

6, 8MPEINLZDOIIHL, FE2EHAIWIINLIIETINT
Wi, ZHIRT 2 PEROFEEEICKRE(EST L
EETRBLTWD., ZORKRIE, FilRo L) IC/HFHHH5E
HEERT2RRAREFET L2 FETHL I LITRRATS &
EZON, ERSHIICL B FMIFEOEH TIEE2 Z &7
TERVWHDTH 5.

D LD TS 2% o 7 W& I D &, Fig. 4 1R
FTHEE L PD BEOIEEOHERIIOVWTRTALS. £
T EAFMHEEAE L PD OIERATEREIC R 5 (o CHLEED
LRECHNTWS., T/, BEREICL - CTHEEE L Y KX
WIRIZDSR ), [ UEEEOWEE R TH - T b Pk
RIIEE2ERE V. [, BTFEEOKBRIZBVLTY,
PD DFERATEE I 2 5 12D TEEMME A FEHER A S K & <
HEn T\, 7-& 20E, Sub. QL @ X 9 12H54E 3, 5 5, 5
7, 18R 9, 181F 11 ofEFKREVIHEICRT 1, BT 3 0ff
MHREL 2D, Sub. QL PMEFEEIZHTHEOMERKT L&
) XLZEENFDH D, HREE L CEEEEICHEN L L5
FTHILENTESL., ZRITH L, Sub. QH IZHETF 1 (5D
Mel) , B¥ 2 GEB)OREN) OfEAKE <, UPDRS I
Lo TR LESRELTH B &SI S NHRE T D #ERE
Lo TR ZIFMERZRLTWBEIEDNRATENRS., &
DX, AFEEEHVE I ETHBEDIRY v 7HEIO
BHICESTL2ERZLRT A2 I LB H LAY, EHkkE
B ISR T & 2 RN D 5.

4.2 EFHIIC & 2 EEDHEE &M

FHEE DRF 5T 2D 8RR (Fig. 3) Tid, PD A&
FIORRDP ST LTy — 1254 L, UPDRS Ik -
Tl CHEAERE &L B S N BE PSS ERE R T 2
EDbh5L. FIZ, PD BAMOESTEMEEIIBVWTNY —
1 (RO DET) ICEL T 2HEEHN L DElIEZE S
DTHBY, MOMMEIET L HEE L CEHOREEHNET
(788 = 4) REE)) ZLDKT (5% — > 5) BRONDH
ERE DI U CHAET S, F/-EFERES UPDRS-FT 2 Bl E
IZaE, 3 00RFITRTIETAR S NAHEREFHL
TWwb. ZOHED»LIE, PD OFEKRDIZE A L DO Y



980 T.SICE Vol.49 No.10 October 2013

BAODLTPRETICHET Y, ZOHE HITHROMMETH
KFT25r—2E, REESPVALICEF &I — AN
HHEVIRFEDELONS. ZHISKHL, BT 1 OE T2
bhVEEN Y — (85— 2, 3, 6) ILHHINLEED
BHRVENLDEELTEY, s 0BED UPDRS-FT
2P EOEMEEAFLTVALI DS, ERUNOER»S
TEFOREMER ) X 2AEEHERERE 24 L T 5 AT
RPEEMT 2EBREIE I LATRB I NS,

F70, FEIRDPEEICR D ERY =V 4~3F — 2 TIZ345Y4
FTEBEENE L oTHBY, BHOEFRFHFREEICHI
Twh, /2% 21X UPDRS (Table 1) I2351F7 % UPDRS-FT
2 B LU UPDRS-FT 3 otz zhzh [hREEOR
o FERe TV, L& UMM T B, [FHREE. 2
DIZLIFLIET < e, #EBICIEE 2 | LIRS TEY, RIF
DREESRLNVZALDHES R EDOFMICH VT VEHNERD. i
RIS T CEREMEATHEEI LT, REEHIE
Be5 2 COL2ERTHM L CHEBREASETEL20, &
WERE DS LD &S BB DY E R T 5 H & B ICHRE L
PTWETIRRT 22 LN TES.

CHIHL, BEHIZEALDNNT =2 01234 THHD
D, 87— I~TIZHE LIEFEDFEET S I LD b0 5.
F 7z, UPDRS-FT 1 ##HD% <, 3LV UPDRS-FT2 &
B D Y — Y 0 BT 2 BEDPHFIET S, THIIDWT
IZEMi> UPDRS-FT |2 & 25 iR L R 2 HTTH D,
$|2 UPDRS-FT1 BEBICBVTIZ50% LLEd/ 8% — > 0
ICEBT 2R E R oz, 18y v TEBH ST 24
BEEZWEMS Y242 8L THST 2 HEE OER) % 3105
HL, BEERLOEHOEVICOVWTHET ALENDH L.
F72, ARIOFEBETHRE LT HIIMZEICL o THEF
il - MR A L O SR B OBEEREA 2\ 2 L 2R
L7212 &9, UPDRS-FT (2% GESHREOFEMIIER
LTWwZv, 87— 0 UM SN EEEICOWTIE
AL OEEREREIFEL TV LUREDTD B 720,
UPDRS-FT & O#IZDOWT D X 1) 3EM 22 s & BRAT %
THIVENRDH S . R TRET 2 5l % =102
BB S e TENE, BHELTWS PD B
FPRIPICAZ ) —= v IS TE LMD 5.

& 51 Fig.5 TiX, (a) £FEFEHEOBINILNT (b) £
AP HEOBIMER WAL W TR ER L UPDRS-
FT 1 B, &ML UPDRS-FT 3 BEFM, BX O
UPDRS-FT 1 %% & UPDRS-FT 3 BEHM O EEN
ROLNTWaRW, T2, MFORFEFH-UPDRS-FT 1 #H
OHIBIEEZ T 2 &, (i) R TEE OB O JIHE
MR (Fig.6). ZHd, FEFHHTIC L o T 12 O FFfifE
MO OMRE LM Lo RENRTLAZEEZONS, 2
2L, AUC i (1) £fEEE OB D 86.8% DI % &
FLTWDED, ToRHIBELRELTVSE. 2ozt
o, RFEEEZHAVLZETEHOBEBZEMR LT A
BT L, BHMN R EREERHEE ERORA 7 1) —= >

FICFIATE 2NN D 5.

PEnX)ic, RFFHEEHAVD & TRHIERE BRL
RFTVALWVRICICEM L TRIRT 2 2 e REE o7,
—7%, BT %EEEL2d 0TI R EETHERT
LAY EY, EEROFHICIIEREEEAVSED
Z) LD ESCHBIRESH O NS Z LWL IR o7,
Z D 7zHRFFRIC & B FHliR R OFR & HREREE W/l
FEREHIR 2 A EDETERT 52 LD, 85 v TEHOK
RERHEIC AR TH 2 2 Db hb.

5. XEHESHOERE

KX TIX, PD BEOIKY v T EBBERTMICHEEZ R
ETERICOWTHEL, 85 v 7EBOHSEHERTAH
THEEEFWLPICT B L DI, BEEHE L PD BE D
y oy TEBBEREOFME TR o7z, AL TIIEI, DTo
3 ODFEREE .

o 12 M O FHMREE D Sl L7z 3 2OEFIC X - T 80% LL

FoFEGECEBEETFMEFHATEDZ I EEHEHLICL

7o 7z, &RTE a0 BN, ESORERE], [E

FYAL] LMRTEBLZ LRI
ot L7 3 DDHETFICESVWT 8§ ODESN/SY — ¥ HiER

L, fE&skd UPDRS-FT & 1) & & 8E OEBRIEREES 0%

WEFN»OMEMICRIHTEL L EPELIC L.
ot L7z 3 DDRFDAZHNEZ LICX Y, SEFMfeE

fiize F 7285 A1 R T 86.8% FEEE D F§E T PD E D A

)=V IHWETH L, FEE L FMICEET 5

72IiE, 3RFIC L 2 EH) Y — 5 L SFFMREIC

& D EHRREEHE O BRI CTH B Z L LI L7,

A%, EB) XY — 2 EOBEDYE R ERREORR
B 08B XY — O EIRETT 2L BEDRH D, Tz,
R TR E Y AT L OMELXITE I TFETH 5.

2 % X &

1) G. Holmes: The symptoms of acute cerebellar injuries due
to gunshot injuries, Brain, 40-4, 461/535 (1917)

2) S. Fahn, R.L. Elton and Members of The UPDRS De-
velopment Committee: Unified Parkinson’s Disease Rat-
ing Scale, S. Fahn, C.D. Marsden, D.B. Calne, M.
Goldstein (Eds.), Recent Developments in Parkinson’s Dis-
ease, Macmillan Health Care Information, 2, 153/304
(1987)

3) C.G. Goetz, G.T. Stebbins, T.A. Chumura, S. Fahn, H.L.
Klawans and C.D. Marsden: Teaching tape for the mo-
tor section of the unified Parkinson’s disease rating scale,
Movement Disorders, 10-3, 263/266 (1995)

4) fEdiH, AR, FTER, BT AR B B 8 LW EHEEH,
WAENF O RIER, 288/293, Sl EHHMBIZERT (2004)

5) A. Jobbagy, P. Harcos, R. Karoly and G. Fazekas: Anal-
ysis of finger-tapping movement, Journal of Neuroscience
Methods, 141, 29/39 (2005)

6) C. Lainscsek, L. Schettino, P. Rowat, E. van Erp, D. Song
and H. Poizner: Nonlinear DDE Analysis of Repetitive
Hand Movements in Parkinson’s Disease, Applications of
Nonlinear Dynamics: Model and Design of Complex Sys-



FHEEREFRRCE £49% H10%5 2013410 A 981

tems (Understanding Complex Systems), 421/425 (2009)

7) R. Okuno, M. Yokoe, K. Akazawa, K. Abe and S. Sakoda:
Finger Taps Acceleration Measurement System for Quanti-
tative Diagnosis of Parkinson’s Disease, Proceedings of the
28th Annual International Conference of the IEEE Engi-
neering in Medicine and Biology Society, 6623/6626 (2006)

8) A. Kandori, M. Yokoe, S. Sakoda, K. Abe, T. Miyashita,
H. Oe, H. Naritomi, K. Ogata and K. Tsukada: Quan-
titative Magnetic Detection of Finger Movements in Pa-
tients with Parkinson’s Disease, Neuroscience Reseach,
49-2, 253/260 (2004)

9) &, W, if, fks, UL, b K Y EHVRY v T
EERERERTM > A 7 4, [EEELRSE, 78-12, 909/918 (2008)

10) M. Yokoe, R. Okuno, T. Hamasaki, Y. Kurachi, K.
Akazawa and S. Sakoda: Opening Velocity, a Novel Param-
eter, for Finger Tapping Test in Patients with Parkinson’s
Disease, Parkinsonism and Related Disorders, 15, 440/444
(2009)

11) P.M. Bentler and Y. Kano: On the Equivalence of Factors
and Components, Multivariate Behavioral Research, 25-1,
67/74 (1990)

12) &, W, of, &, #5, BT, L, 50 Alofs v 7
EEEHIZ BRY & Lo L~ oBER:, FHIE BhFIMSES
Ak, 43-9, 821/828 (2007)

13) S. Usui and I. Amidror: Digital Low-Pass Differentia-
tion for Biological Signal Processing, IEEE Transactions
Biomedical Engineering, BME-29-10, 686/693 (1982)

14) Y1, M3 @ SR OIERE, BERFI#RT (1972)

15) AHFER Ao Z T8mY 7ov—fRk - AR - GHL -
BRUZED T LoF, 91/171, JCKE (2007)

16) /MEETF] 1 SPSS & Amos 12X 5.0 - #AKTF— 7 fT—HA
Foi - o EEESHT £ T, 58/150, BREKE (2008)

17) H.H. Harman: Modern factor analysis, University of
Chicago Press (1976)

18) HEHILE : ROC T Eat LI H, Bfds#s 8, 65/69,
H B2 (1994)

(Z &5 & )
n (E2H)

2007 4EJ5 BRSSP TP 7o Rkl - AR it
57 . 2009 FRHEREEEET. 2007~2008
4 HAREHRESIFHIFIZER (DC1), 2009~2012
ERENTEE (PD). [FERIEE T Kotk
TWFFebe B 2 4% C, 2013 ERMESRIS, BE
ICES. it (T%). £ERESHIN, —a2—-9)
v b, ba—<UA 0¥ T - A EORRIC
ft¥$. IEEE 2 LD £&H.

E
O
B
£

2011 L B REFTHEREE “ R, 2013 414
B R R F B T e i A nis 7. fE2
ey v TEEE R ORI fEE.

Z # K BB

2008 EFEB RFETHHMEER T FERFE.
2010 4R Bk R b T e Rl LR s
T. 2012 FERBRREAET. BAFMRES
FERIRFZER (DC2), RUFHIFFZERE (PD) 24T,
HITE, LB TR se bt e %, 1t
(T#). ERMESHT, RTHliK, ~v - v -
4287 x—R % EOFFEICHES. IEEE &2 &0
£H.

xt B Xk (E&H)

1985 4EIL B R T#EM 7R HE AR AT
157, RELRBRETERBTF. 94 FRBHHIZ%
T, 2002 R KFREFER TEMERSIE, HE
WCEL, TEELE. AME Ry b oE#)H#H,
Za—=FNVERv b, TV -V ATFLRED
WFFEICHEs. IEEE, HARAMIHES, N+ 2%
ZAnEE, BABHESREOEA.

1990 4 R K&K T se kg - ail
AR T. FE4E (BB HLEERTH IR ZERT ART.
2006 F & ) B EERTILEERTZEAT ICiR)E . 2012
L) P OREFZERTICRE. RIS 4 794 =
Y AWIE v ¥ FEWER, BUEICES. TH
+, EFtEL. BE SQUID #EETDRZER 3,
LR - INBERT o0 B3 & BRPRIC F BT Heaf o B 56
e EOWFRICHES. BRERETZER EOEH.

% B & T
3 2005 FHRFEAF THEEHBEMIGHR T #R %,
2007 fE R KF R EBEE R T A FeR A
TERFEHMEEE. [E R EERT LR g A+,
2011 4F X Y R fgeRT ICiRE, BAECES.

#£EBR = BB

7 & 1984 fE KPR KEEREFEPEEEM e RHE 51210
T. FRFERFRBF, M, MEds (R
WEL - EEEFEHETSE) 8T, 2008 ERKFHER
PRERPRA BRI 1T BT, 2010 4E & b BV ket
HEDRILEREIRS RIS, BEICES. E¥Et.
HAMEY S, HANEES, HAMRREES
7 ECR.




