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 Objective: To investigate whether spirography-based objective 
measures are able to effectively characterize the severity of un-
wanted symptom states (Off and dyskinesia) and discriminate 
them from motor state of healthy elderly subjects.

Background: Sixty-fi ve patients with advanced Parkinson’s 
disease (PD) and 10 healthy elderly (HE) subjects performed re-
peated assessments of spirography, using a touch screen telem-
etry device in their home environments [1]. On inclusion, the 
patients were either treated with levodopa-carbidopa intestinal 
gel or were candidates for switching to this treatment. On each 
test occasion, the subjects were asked trace a pre-drawn Archi-
medes spiral shown on the screen, using an ergonomic pen sty-
lus. The test was repeated three times and was performed using 
dominant hand. A clinician (DN) used a web interface which an-
imated the spiral drawings, allowing him to observe different ki-
nematic features, like accelerations and spatial changes, during 
the drawing process and to rate different motor impairments [2]. 
Initially, the motor impairments of drawing speed, irregularity 
and hesitation were rated on a 0 (normal) to 4 (extremely se-
vere) scales followed by marking the momentary motor state of 
the patient into 2 categories that is Off and Dyskinesia. A sam-
ple of spirals drawn by HE subjects was randomly selected and 
used in subsequent analysis.
 
Methods: The raw spiral data, consisting of stylus position and 
timestamp, were processed using time series analysis techniques 
like discrete wavelet transform, approximate entropy and dynam-
ic time warping in order to extract 13 quantitative measures for 
representing meaningful motor impairment information (Table 1). 
A principal component analysis (PCA) was used to reduce the di-
mensions of the quantitative measures into 4 principal components 
(PC). In order to classify the motor states into 3 categories that is 

Off, HE and dyskinesia, a logistic regression model was used as 
a classifi er to map the 4 PCs to the corresponding clinically as-
signed motor state categories. A stratifi ed 10-fold cross-validation 
(also known as rotation estimation) was applied to assess the gen-
eralization ability of the logistic regression classifi er to future in-
dependent data sets. To investigate mean differences of the 4 PCs 
across the three categories, a one-way ANOVA test followed by 
Tukey multiple comparisons was used. 

Results: The agreements between computed and clinician rat-
ings were very good with a weighted area under the receiver 
operating characteristic curve (AUC) coeffi cient of 0.91 (Table 
2). The mean PC scores were different across the three motor 
state categories, only at different levels (Figure 1). The fi rst 2 PCs 
were good at discriminating between the motor states whereas 
the PC3 was good at discriminating between HE subjects and 
PD patients. The mean scores of PC4 showed a trend across the 
three states but without signifi cant differences. The Spearman’s 
rank correlations between the fi rst 2 PCs and clinically assessed 
motor impairments were as follows: drawing speed (PC1, 0.34; 
PC2, 0.83), irregularity (PC1, 0.17; PC2, 0.17), and hesitation 
(PC1, 0.27; PC2, 0.77).  

Conclusions: These fi ndings suggest that spirography-based 
objective measures are valid measures of spatial- and time-de-
pendent defi cits and can be used to distinguish drug-related 
motor dysfunctions between off and dyskinesia in PD. These 
measures can be potentially useful during clinical evaluation of 
individualized drug-related complications such as over- and un-
der-medications thus maximizing the amount of time the patients 
spend in the On state.
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Table 1. Description of the quantitative measures and their con-
tribution to the fi rst 4 principal components (PC).

Measure Description Impairment PC1 
(%)

PC2 
(%)

PC3 
(%)

PC4 
(%)

Mean speed Mean of speed (defi ned as the 
rate of change of distance with 
time)

Drawing 
speed

8.8 11.6 4.1 9.6
Coeffi cient of 
variation (CV) of 
speed

CV (defi ned as the ratio between 
standard deviation and mean) of 
speed

Drawing 
speed

15.0 5.7 2.3 1.9
Skewness of speed Sample skewness (asymmetry of 

distribution) of speed
Drawing 
speed 12.3 5.9 13.1 2.4

Mean delta time 
(DT)

Mean of change in time Drawing 
speed 2.8 21.3 0.4 0.6

Mean details delta 
radius (DR)

Mean of fi rst-level high frequency 
components of DR (displacement 
from ideal trajectory)

Irregularity

0.8 3.3 13.0 30.9
CV details (DR) CV of fi rst-level high frequency 

components of DR
Irregularity

1.1 2.3 11.3 31.1
Min details speed Minimum value of fi rst-level high 

frequency components of speed
Irregularity

14.8 0.7 2.7 4.8
Max details speed Maximum value of fi rst-level high 

frequency components of speed
Irregularity

15.6 0.7 2.8 1.8
ApEn DR Approximate Entropy of DR Irregularity 10.4 5.1 3.6 2.3
Sum peaks DT Sum of the magnitude of the iden-

tifi ed peaks (local maxima) in DT
Hesitation

1.2 21.0 5.5 0.0
Area DT Area under the DT Hesitation 1.5 17.5 11.4 6.4
ApEn speed Approximate Entropy of speed Hesitation 2.5 4.2 24.2 8.1
Mean DTW speed Mean difference of Dynamic Time 

Warping values of DT of the fi rst 
and second part of the time series

Hesitation

13.1 0.7 5.7 0.2

Table 2. Classifi cation of the motor states for the computer 
method and clinician. Abbreviation: HE, healthy elderly subjects.

             Computer  
Clinician

Off HE Dyskinesia Total/Weighted

Off 79 7 13 99
HE 7 85 7 99
Dyskinesia 8 16 75 99
Total 94 108 95 297
AUC 0.91 0.93 0.88 0.91

Figure 1. Mean scores of the 4 PCs across the three motor 
state categories.
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