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[Abstract] Objective The 3D motion capture system was used to measure the upper limb
bradykinesia in Parkinson’s disease (PD) to make up for the lack of artificial measurement. Methods
Ninteen patients with PD (PD group) and 10 healthy subjects (control group) were recruited from June to
December 2019 in Tianjin Huanhu Hospital. All the subjects completed the Unified Parkinson’s Disease
Rating Scale . (UPDRS-1Il) evaluation in the room equipped with 3D motion capture system. The thumb
and index finger of the subjects were fixed with reflective markers to collect motion information. In this
study, only the action of finger tapping was evaluated digitally, and five parameters were extracted from the
evaluation results: 1) average maximum amplitude of finger taps (amp). 2) Average finger tapping interval
(intval). 3) Average zero-crossing occurrences of acceleration (zc). 4) Average of the forward maximum
velocity (vl). 5) Average of the negative maximum velocity (v2). Using receiver operating characteristic
curve (ROC) to evaluate the value of intval, zc and their combination indexes in the diagnosis of upper limb
bradykinesia in PD. Results In PD group, UPDRS- Il score was 33.79 + 13.14, bradykinesia score was
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13.61 + 5.26, upper limb bradykinesia score was 6.61 + 2.65, finger tapping score was 1.68 + 0.78. Intval
(P =0.001) and zc (P =0.004) in PD group were higher than those in control group, and the difference was

statistically significant. The ROC curves of intval and zc for upper limb bradykinesia showed that the AUC
of them were 0.858 (95% CI: 0.743-0.973, P = 0.000) and 0.799 (95% CI: 0.642-0.955, P = 0.008); the
sensitivity was 0.737, 0.921, and the specificity was 0.900 and 0.600, respectively. After the combination
of intval and zc, the AUC was 0.858 (95%CI: 0.752-0.964, P = 0.001), the sensitivity and specificity were
0.711 and 0.100, respectively. Conclusions The digital evaluation of upper limb bradykinesia in PD can

be realized by using 3D motion capture system, which makes up for the deficiency of manual evaluation to

a certain extent. The extracted parameters intval and zc have high sensitivity and specificity, which are

expected to be used as characteristic indicators for early screening of PD.
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Figure 1 Test site, equipment and operating system interface The test site and camera (Panel la). The reflective

markers (Panel 1b). The operating system interface (Panel 1c).
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Table 1. Comparison of outcomes measured between PD and
control groups

MR MEA(n=10)  WEHFHA(=19) (HZMH P

amp(X £, mm) 89.52+16.58 0.945  0.350
intval[M(P2s,Ps),s]  037C 030, 0.51)  0.71C 048, 0.93) 3453  0.001
VILM(Pys, Prs) ,mmis]  7.82C 6.40, 9.16)  7.43( 3.15,19.56)  0.000  1.000
V2 M(P2s, Pss) ,mm/s] -9.27(-10.95,-6.36) -8.86(-20.76,-3.87)  0.000  1.000
2¢[ M(Pus,Pys) ] 6.90(  5.90,12.00) 14.90( 9.60,24.90) 2.882  0.004

94.91+£13.68

Two-independent-sample ¢ test for comparison of amp, and Mann-Whitney U
test for comparison of others, amp [ H 4R FH 9 20 37 B R 11 ¢ A 36, 4% 4% 03
1 Lt A Rl Mann - Whitney U K7 35 o amp, average maximum amplitude of
finger taps, X #§ fie K4 I s intval , average finger tapping interval , X 48 [B] [ B
[8] ; zc, average zero-crossing occurrences of acceleration, fIll 3 J& 11 & K 4L
vl, average of the forward maximum velocity, 1E [7] iz K # J& ; v2, average of
the negative maximum velocity , 11 [1] fie K &

F2  intval Flze XTI 4 £ B8 L RGE 2R 2 19 12 Wi (E
Table 2. The diagnostic value of intval and zc for upper limb
bradykinesia in patients with PD

S5 AUCHH 95%Cl PIE  #WE REE BRE VI
intval  0.858  0.743~0.973 0.000 0.520 0.737 0.900 0.637
zc 0.799  0.642~0.955 0.008 7.056 0.921 0.600 0.521

AUC, area under the curve, i £& T 1fi #1; YI, Youden index, Youden f5 %1 ;
intval, average finger tapping interval, X #§ [8] f& B [A] 5 zc, average zero -
crossing occurrences of acceleration , JIIT ¥ J& 13 2 5L

F3 MR IESS 1 5] intval Tl ze X IF 42 2R B8E 0912 W7 M (8
Table 3. The diagnostic value of intval and zc in patients with PD
with finger tapping score of 1

ZH AUCfH 95%CI PE WRWHE REE FRE VI
intval (on) 0.840  0.666~1.000 0.010 0.522  0.700 0.900 0.600
ze(on) 0.750  0.532~0.968 0.059 7.900 0.900 0.600 0.500

on, Z5W“IF"#; AUC, area under the curve, 12 F I 45 YI, Youden index,
Youden #§ %X ; intval, average finger tapping interval, X 4§ [B] F& B[] 5 zc,

average zero-crossing occurrences of acceleration , I & 2 Z2 K %L
R4 intval Fl ze X HA S B0 B E TGS 308 52 KA 12 BT fE

Table 4. Combined diagnostic value of intval and zc¢ for upper limb
bradykinesia in patients with PD

AL N 2 AUCTH  95%CI PAE MW REUE F55E VI
B EERE 0.858  0.752~0.964 0.001 0.826 0.711 1.000 0.711
XHEIESY 148 0.850  0.671~1.000 0.008 0.716 0.700 1.000 0.700

AUC, area under the curve, [l & F 1 1 ; YI, Youden index, Youden 4§ %% ;
intval, average finger tapping interval, X & ] [ i 7] 5 zc, average zero -
crossing occurrences of acceleration , I i 2 U EL
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Figure 2

To draw ROC curves of intval and zc for upper limb bradykinesia in patients with PD
(95%CI: 0.743-0.973, P = 0.000) and 0.799 (95%CI: 0.642-0.955, P = 0.008; Panel 2a). The ROC curves of intval and zc in PD patients
with finger tapping score of 1 point were shown, the AUC of intval and zc were 0.840 (95%CI: 0.666—1.000, P =0.010) and 0.750 (95%CI:
0.532-0.968, P =0.059; Panel 2b). The ROC curve of intval and zc combined for upper limb bradykinesia in PD was as follows: AUC was
0.858 (95%CI: 0.752-0.964, P =0.001; Panel 2¢). The ROC curve of the combination of intval and zc when the finger tapping score was 1
showed that: AUC was 0.850 (95%CI: 0.671-1.000, P =0.001; Panel 2d).
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