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TIME & FREQUENCY DOMAIN MEASURES OF MOTOR SYMPTOMS IN PARKINSON'S DISEASE

The current study is focused on the development of an experimental protocol designed to elicit Parkinson's disease (PD) related symptoms using real-world stimuli. To evaluate the effects of the stimuli, we compared: (1) gait termination before planned and unplanned stops, and (2) walking through wide and narrow spaces. The results suggest that this protocol can be used to measure the contribution of environmental stimuli to PD related symptoms.

Dataset

Lower and upper body motions of ten individual with PD (6M/4F, 70.3 ± 9.2 years) were monitored using wearable sensors containing tri-axial accelerometer, rate gyroscope, and magnetometer. The sensors were placed on:  left and right wrists superior to the ulna  left and right ankle superior to the tibia/talus joint  waist at the lumbar spine The environmental stimuli included:  180 ∘ wide and narrow turns  varied path widths in the Object Area  planned stops before entering the turn areas  unplanned stops in the Unplanned Stop Areas

Planned and Unplanned Stops

 From 2-second windows of data before each stop, we used SD of acceleration as a measure for amplitude of acceleration.  We also used skewness of power spectral density (PSD) of ankle accelerations. Skewness measures how the energy, within a specific frequency range, is distributed among lower or higher frequency bands.  A total sample of 360 instances of planned stops, and 40 of unplanned stops (400 total instances) were collected. To compare planned and unplanned stops, we utilized an independent samples t-test with a significance level 𝛼𝛼 = 0.05.
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Results

 The results suggest that SD of acceleration from Ankle (Vertical, Forward, Total) and Waist (Forward) before unplanned stop is higher than planned stop ( 𝑡𝑡 400 = -2.630, 𝑝𝑝 = 0.009, 𝑡𝑡 400 = -4.736, 𝑝𝑝 < 0.001, 𝑡𝑡 400 = -4.364, 𝑝𝑝 < 0.001, 𝑡𝑡(400) = -7.877, 𝑝𝑝 < 0.001).  Skewness of PSD of acceleration from Ankle (Forward) was greater before Unplanned stop (𝑡𝑡 400 = -3.868, 𝑝𝑝 < 0.001).  There was a statistically significant difference between walking through wide and narrow spaces (𝐹𝐹(2,1080) = 4.630, 𝑝𝑝 = 0.010). A Tukey post-hoc test revealed that the ratio between SD of acceleration when walking through narrow space (1.30 ± 0.76) was greater than towards (1.15 ± 0.86, 𝑝𝑝 = 0.016) and passed it (1.17 ± 0.55, 𝑝𝑝 = 0.035).

Narrow Spaces

 The standard deviation (SD) of acceleration from wrists shows the average range of swing. Due to unilateral reduced arm swing, SD differs between left and right sides.  We compared ratio of SD of acceleration between wrists in three cases of walking towards, through and passed narrow space.  A total sample of 361 windows for each case (1083 total windows) were compared using an analysis of variance (ANOVA) with a significance level 𝛼𝛼 = 0.05 

  number of obstacles = [0 , 1 , 2] (w) width of the object area= [150 , 100] % of shoulder