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A study on the quantitatively evaluation of motor dysfunction characteristics in early
Parkinson’s disease by a multi-point wearable device

DING Chenchen', LIU Weiguo™

'Department of Neurology, the Fourth Affiliated Hospital of Nanjing Medical University, Nanjing 210031;
’Department of Neurology,the Affiliated Brain Hospital of Nanjing Medical University, Nanjing 210029, China

[Abstract] Objective: To evaluate the potential of using a multi-point wearable device in facilitating early diagnosis of Parkinson”s
disease (PD)with the unified Parkinson’ s disease rating scale Il (UPDRS I ). Methods: A total of 54 subjects were recruited in this
study. They were divided into the early PD group (n=30, UPDRSIII <30 points) and the normal control group (n=24). Each subject wore
a multi-point wearable device when performing the standard actions required by the UPDRSIIl. Ten inertial sensors were employed to
collect data on angular speed, acceleration, and other parameters from the subject”s chest, waist, knee joints, elbow joints, ankle joints,
and both feet. The motor parameters of specific movements were compared between the two groups, and a support vector machine
within ten -fold cross - validation was used to calculate the optimal model to distinguish the two groups and assess its diagnostic
potentials. Results: There were significant statistical differences in the motion parameters of wearable devices in the early PD group
and the normal control group after completing the specified actions of UPDRSIIl (P < 0.05). The accuracy of speech action between the
two groups was the highest, reaching 0.907. Compared to the upper body movements, the lower body movement and the whole body
movements had higher consistency, sensitivity and accuracy, allowing for specific identification of motor dysfunction in early PD
patients. Conclusion: Multi - point wearable devices can objectively evaluate the characteristics of movement disorders in early PD
patients, and can be used as a tool for auxiliary diagnosis and quantitative evaluation of early PD.
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Node

1D Name Position Status Version ID

1 A Waist V2.2.0

2 B Left thigh v2.2.0

3 F Right thigh V2.2.0

4 G Left calf v2.2.0

5 H Right calf V2.2.0

6 1 Left foot V2.2.0

7 J Right foot V2.2.0

8 @ Left hand V2.2.0

9 D Right hand V2.2.0

10 B Chest V2.2.0

Hint: Connected
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Figure 1 Standardized actions and sensor distribution locations during multi-point wearable device testing
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Table 1 Comparison of basic characteristics between the early PD group and control group

Variable Early PD group(n=30) Normal control group(n=24) P
Female[n(%) ] 16(53.3) 13(54.2) 1.000
Height(em, x £ s) 164.40 +7.24 164.25 + 8.42 0.945
Test age(years,x % 5) 62.80 +9.02 61.71 £ 12.19 0.716
Age of onset(years,x £ s) 57.70 + 8.40 - -
Disease course(years,x £ s) 5.10+3.31 - -
UPDRSII scorel M(Pas, Pr5) ] 15(12,22) 00,4 <0.001
MOCA score(x + s) 2875+ 1.11 23.07 +4.14 <0.001

%*2 ETUPDRSIMIFHIEEIMETHEMNSHREREEEF T EHIDHTERE
Table 2 Exploration of the optimal model based on the motor parameters for each specified action of UPDRSIII and calcu-

lation of its diagnostic performance

Total number of

With the best

With significant differences

Action motor parameters between the two groups classification performance Accuracy Kappa
1 3824 209 40 0.907 0.817
2 760 89 20 0.763 0.511
3 760 147 135 0.723 0.433
4 765 64 30 0.810 0.607
5 760 293 95 0.840 0.671
6 760 46 40 0.793 0.577
7 1524 288 170 0.770 0.526
8 1517 237 55 0.703 0.394
9 3822 800 200 0.797 0.578

10 3824 697 255 0.873 0.744

11 3803 121 45 0.867 0.732

12 3804 1226 300 0.887 0.765
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P\ 2956 F8 505 WA P AE 4 28 B JE I 3E 43

)~ 0.64+0.29.0.94+0.11. 0.85+0.20. 0.80+0.28,
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B M NI VR R R A SRS
T B AE 4 28 I UE & B9 33 4E 43 53l 8 0.89+0.18.
0.92+0.14.0.92+0.14.0.97+0.11.0.93+0.14. 0.90 =
0.16 710.94£0.09. 4= & Z)1F 4H e (AR B 1) — S0
2 T AR Rr e B RURE L ) G 4R E S i B AE
A 28 SO UE S ) 54E 4 A 08 0.92+0.18.0.97 +
0.07.0.95+0.16.0.97+0.11.0.92+0.18 £ 0.96+0.08 .
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Taking experiment 1 as an example, when only the features extracted from experiment 1 were used for modeling, the best feature set was deter-

mined by selecting features in ascending order based on their P-values. The performance of the observed model was then verified by modeling and cross-

checking. The experiment 1 had the highest the accuracy (ACC) of 0.907 when the number of features reaches 40, with a corresponding kappa value of

0.817.
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Figure 2 The motor parameter models for each designated movement in UPDRS III
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Table 3 Diagnostic performance of upper body, lower — PD mean ROC(AUC=0.916£0.134) =1 std.dev.
bodys and whole body motion models L ;Ba;zn ROC(AUC=0.939+0.107) #l st dev.
Upper body  Lower body  Whole body -~ Chance
Performance movements  movements  movements — PD mean ROC(AUC=0.966+0.067)
Kappa 0.64+0.29 0.89+0.18 0.92+0.18 107
Area under the curve  0.94 +0.11 092 +0.14 0.97 £0.07 0.8
Specificity 0.85+0.20 097+0.11 0.95+0.16
Sensitivity 0.80+0.28 093+0.14 0.97+0.11 E‘ 0.6
Yoden index 0.65+0.28 090+0.16 0.92+0.18 2
Accuracy 0.81 +0.16 0.94+0.09 0.96+0.08 i 0.4
0.2 1
33 ik
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The solid part represented of the mean, while the shaded area indi-
cated the range of + one standard deviation. The standard deviation of
the upper body movement model and the lower body movement model

were greater than that of the whole body movement model.
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Figure 3 ROC curves for the best models for upper body
movements, lower body movements, and whole

body movements
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Table 4 The number of sensors that receive signals triggered by specified actions

Experiment Specified Full name speech

1 2 3 4 5 6 7 8 9 10
Waist Left Right Left Right Left Right Left Right Chest

number actions thigh thigh calf calf foot foot hand hand

1 SP Left finger tapping v V. V. VvV VvV VvV VvV VvV VoV

2 FT Right finger tapping V

2 FT Left hand movements VvV

3 HM Right hand movements V

3 HM Postural tremor of the hands VvV

4 PTOH  Left pronation-supination movements of hands VoV

5 PSOH  Right pronation-supination movements of hands V

5 PSOH Left kinetic tremor of the hands VvV

6 KTOH Right kinetic tremor of the hands vV

6 KTOH Left toe-tapping VvV

7 TT Right toe-tapping V V

7 TT Left leg agility V vV

8 LA Right leg agility V vV

8 LA Arising rrom chair VvV vV

9 AFC Posture vV AVZRE VAR VAR VA VARV vV V vV
10 POS Posture vV A2 VAR VAR VA VARV vV VvV \V
11 PS Stability v V. V. VvV VvV VvV VvV VY
12 Gait Gait v V. V. VvV VvV VvV VvV oV
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