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Abstract

The purpose of this study is to investigate the angular velocity of forearm pronation/supination movement in Parkinson's disease patients, as
a quantitative measure of the bradykinesia. Thirteen Parkinson's disease patients (64 + 11.0 yrs, roale:6, female:7) participated in the
experiments. The subjects' both right and left forearms were scored by a rater according to rapid alternating movement of hands category in
the UPDRS (unified Parkinson’s disease rating scale) and the angular velocity of forearm pronation/supination was measured at the same
time. As analysis parameters, RMS (root mean square) angular velocity and RMS angle were used. The parameters showed negative
correlation with the clinical score (RMS angular velocity: r= - 0.914, RMS angle: r= - 0.749). The RMS angular velocity of all clinical
scales were significantly different one another except for the non significant difference between those of scale 3 and 4. RMS angle of scale
0 was significantly different from those of scale 2, 3, 4 and that of scale 1 was significantly different from those of scale 3 and 4. This suggests
that RMS angular velocity can be used for a quantitative measure of bradykinesia in motor examination.
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Fig. 1. angular velocity measurement system.
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Fig, 2. The measurement of angular velocity of pronation/supination movement (dorsal side of right arm).
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Fig. 3. Power spectrum of a subject with distinctive voluntary movement and tremor. (a) and a subject with two patterns overlapping in frequency domain (b).

AHE-3

AL B71E S A B3] WA E 402 AR
ql 23 qe] A& T S o W) g]le] ok A e] Furgd
& 5~8HzEA[7], A o] A gerlg o G2 vlX)A] A 3t
7] 98 ol el 2155 AAL P ert givk 2% 39 (a)sh &
AREA Q) Bxlol A& APRA Q) FAbo] e ApA Q) Fate]
g7t AR FSRT on 2 SHzo A¥EH HEE o)
St - AZE AAE & Uk 22, 27 39 (b)e} 2ol
Z/40) AekA] ol L7} BHE ghAbe) B9, AP $-go] F}
F7F AAe Faptido] AR 4t A& Ee e x
A=Az} Aol oe] vt e EAS B, AR %9 75
£ AR Qe A9 vms) A 8 Fariigel 23E ¢
ApdA o] Auimele] A7|7F 1A Hujge) v o) $-
2L A T S Uk whE, ojei @ Aol AAE FA
8t3L 50Hz] A5 e & AMedl aFagdsa A493s
THS Al A she Aol wka stk

e} Zo] FYAHEY F WA TG dFojA A A

Ql &Y L sk WY& HHEs] flekd ded) e
v ekl th vt 2 ¥ A ERE B BA% A

2, 1A Foed g o) Ao)at9) 7t 23107 [deg2/sec2/Hz] ©|
Ql 7% AperA gH el Az eA, Aty rt 7 o8l B
AN Z2A B8t ol# g B3 ] I (threshold)E H]T]
o3} ol BAE o] 48 A s Bale] AR
2E 9819 data®] dole 10270082, stge FHFHow
v g & YUk o83t A A 71ES ol RS A, 2 AT
o] Z7kek @At F 1919ho] FEA&F Fart A Faed)

3
7o

b

to = ox

144 | J. Biomed. Eng. Res.

Ao T E S4E B9k

ol FH YL AN dole R Z&Ee} Are] Wk
(root mean square: RMS)S A&3I$ith. UPDRS A% ¢ RMS
Ztew 9 RMSZHES] ARBAE EA5] 3 SPSS 16.0€
o8] Spearman A} (correlation) 241§ 44| 8141 5, UPDRS
o] 53 RMSZH&E 2 RMSZAEY] Ao| & #413817] 918 ¥
ZEA (ANOVA)Z AH3-7 5 (post hoc test: tukey test, p<0.05)
& AAskgich

n 2z

19 45 UPDRS 271 00l A 491 572] S =}l vha) 242t
Al g AFAQ & E AT E Yehd Aotk 03] &=
37} o) B3, 57t €T E AEE AT 27 E0l=
AL E 4 ok W] of$ 4% #1474 ¥R 45
5 A Z7h - 2 AL B 4 9

a9 5% BE g3z 4% Agd dsid RMSAEE
RMSZI29] 3h& UPDRS A47t 28 2§HE BFste et
W Aot} 07d:370, 13:770, 278:870, 33:67H, 47%4:27H). UPDRS
A7t #2548 RMSZAEE9 RMSAEE /93] A3ta
(p<0.01), Z479] A#ASTE RMSZAEE: r= - 0.914, RMSZ
o= - 0,749 o]Qich

W akR A Ay RMS 24459 RMS ZHe 25 UPDRS A42F
o] #2Jgt xjo] & KTt (p<0.01)

E 1 & RMSZAE R e AFEN ) ALEAF Z27E v
3 iek 3ol th 3 RMSZ& =9t 449 tht RMSZH4: 571



Ji-Won Kim, Joseph Lee, Jin-Young Shin, Jae-Ho Lee, Yu-Ri Kwon, Do-Young Kwon, Kun-Woo Park, Gwang-Moon Eom

gradel
2000
0
—-2000
0
2000 —
ol
—2000
0
2000
0 d
—2000 i i i i i i i
0 1 2 3 4 5 6 7 8 9 10
graded
2000 T T T T T T 1 T
0 : .« ; i e : : i
—2000 I i i i i i i i i
0 1 2 3 4 5 6 7 8 9 10
graded
2000 1 T T ‘ T
0 b _ : :
2000 i i i i i i
0 1 2 3 4 5 6 7 8 9 10

I3 4, 2 &z8 SEC| UPDRSH ol w2 tHEAel 24EENT,

Fig. 4, Representative angular velocity signals of rapid alternating movements of hands for different UPDRS scores.
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Fig. 5. RMS angular velocity. (a) and RMS angle (b) during rapid alternating movement of hands.
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