
OBJECTIVE
To develop a method for objective quantification of PD motor symptoms 
related to Off episodes and peak dose dyskinesias, using spiral data 
gathered by using a touch screen telemetry device. The aim was to ob-
jectively characterize predominant motor phenotypes (bradykinesia and 
dyskinesia), to help in automating the process of visual interpretation of 
movement anomalies in spirals as rated by movement disorder specia-
lists.

BACKGROUND
A retrospective analysis was conducted on recordings from 65 patients 
with advanced idiopathic PD from nine different clinics in Sweden, re-
cruited from January 2006 until August 2010 [1]. In addition to the 
patient group, 10 healthy elderly subjects were recruited. Upper limb 
movement data were collected using a touch screen telemetry device 
from home environments of the subjects [2]. Measurements with the de-
vice were performed four times per day during week-long test periods. 
On each test occasion, the subjects were asked to trace pre-drawn Ar-
chimedean spirals, using the dominant hand. The pre-drawn spiral was 
shown on the screen of the device. The spiral test was repeated three 
times per test occasion and they were instructed to complete it within 10 
seconds. The device had a sampling rate of 10Hz and measured both 
position and time-stamps (in milliseconds) of the pen tip.

METHODS
Four independent raters (FB, DH, AJ and DN) used a web interface that 
animated the spiral drawings and allowed them to observe different 
kinematic features during the drawing process and to rate task perfor-
mance [3]. Initially, a number of kinematic features were assessed in-
cluding ‘impairment’, ‘speed’, ‘irregularity’ and ‘hesitation’ followed by 
marking the predominant motor phenotype on a 3-category scale: tre-
mor, bradykinesia and/or choreatic dyskinesia. There were only 2 test 
occasions for which all the four raters either classified them as tremor 
or could not identify the motor phenotype. Therefore, the two main mo-
tor phenotype categories were bradykinesia and dyskinesia. Figure 1 
shows two spirals rated as bradykinetic and dyskinetic, as rated by the 
four raters. ‘Impairment’ was rated on a scale from 0 (no impairment) 
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to 10 (extremely severe) whereas ‘speed’, ‘irregularity’ and ‘hesitation’ 
were rated on a scale from 0 (normal) to 4 (extremely severe). The pro-
posed data-driven method consisted of the following steps. Initially, 28 
spatiotemporal features were extracted from the time series signals be-
fore being presented to a Multilayer Perceptron (MLP) classifier. The fea-
tures were based on different kinematic quantities of spirals including 
radius, angle, speed and velocity with the aim of measuring the severity 
of involuntary symptoms and discriminate between PD-specific (brady-
kinesia) and/or treatment-induced symptoms (dyskinesia). A Principal 
Component Analysis was applied on the features to reduce their dimen-
sions where 4 relevant principal components (PCs) were retained and 
used as inputs to the MLP classifier. Finally, the MLP classifier mapped 
these components to the corresponding visually assessed motor pheno-
type scores for automating the process of scoring the bradykinesia and 
dyskinesia in PD patients whilst they draw spirals using the touch screen 
device. For motor phenotype (bradykinesia vs. dyskinesia) classifica-
tion, the stratified 10-fold cross validation technique was employed. 

RESULTS
There were good agreements between the four raters when rating the 
individual kinematic features with intra-class correlation coefficient (ICC) 
of 0.88 for ‘impairment’, 0.74 for ‘speed’, 0.70 for ‘irregularity’, and 
moderate agreements when rating ‘hesitation’ with an ICC of 0.49. 
When assessing the two main motor phenotype categories (bradykine-
sia or dyskinesia) in animated spirals the agreements between the four 
raters ranged from fair to moderate (Table 1). There were good corre-
lations between mean ratings of the four raters on individual kinematic 
features and computed scores (Table 2). The MLP classifier classified the 
motor phenotype that is bradykinesia or dyskinesia with an accuracy of 
85% in relation to visual classifications of the four movement disorder 
specialists. Table 3 presents the results of classification of motor pheno-
types with the MLP, including the confusion matrix, accuracy, sensitivity, 
specificity, Weighted Kappa and AUC. The test-retest reliability of the 
four PCs across the three spiral test trials was good with Cronbach’s 
Alpha coefficients of 0.80, 0.82, 0.54 and 0.49, respectively. These 
results indicate that the computed scores are stable and consistent over 
time. Significant differences were found between the two groups (pa-
tients and healthy elderly subjects) in all the PCs, except for the PC3.
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Figure 1.
Two illustrative examples of spirals rated as bradykinesia (upper row) 
and dyskinesia (lower row) by the four raters. The first column shows 
the actual spiral drawings, the second shows drawing speed over the 
test trial and the third column shows the high-frequency wavelet coeffi-
cients of radial velocity within the frequency range 2.5-5Hz. Note the 
different Y axis scales for the two cases. Mean visual ratings of the four 
raters for the two spirals were as follows: ‘impairment’ (bradykinesia = 
4.75, dyskinesia = 7), ‘speed’ (2.25, 0), ‘irregularity’ (2, 2.75), and 
‘hesitation’ (1.5, 0.25).

Table 1. Weighted Kappa statistics for the 
four raters when rating the predominant 
motor phenotype (bradykinesia and dyski-
nesia) in animated spirals. All Kappa statis-
tics are highly significant (each P<0.001).

Table 2. Absolute Spearman rank correla-
tions (significance level) between the first 
four PCs and mean visual ratings of indivi-
dual kinematic features. Significant level: * 
= P<0.05, ** = P<0.01, *** = P>0.001, 
n.s. = not significant.

Table 3. Assessments of motor phenotypes 
for the MLP classifier and four raters. The 
sample used in this analysis consisted of 
randomly selected cases that were rated 
from the four raters. The computed scores 
are derived after applying stratified 10-
fold cross validation on the MLP classifier. 
Abbreviation: AUC, area under the recei-
ver operating characteristics curve; CI, 
confidence interval.
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CONCLUSIONS
The proposed method automatically assessed the severity of unwanted 
symptoms and could reasonably well discriminate between PD-specific 
and/or treatment-induced motor symptoms, in relation to visual assess-
ments of movement disorder specialists. The objective assessments could 
provide a time-effect summary score that could be useful for improving 
decision-making during symptom evaluation of individualized treatment 
when the goal is to maximize functional On time for patients while mi-
nimizing their Off episodes and troublesome dyskinesias.

PC1 PC2 PC3 PC4
Impairment 0.56 (***) 0.03 (n.s.) 0.1 (n.s.) 0.17 (*)
Speed 0.58 (***) 0.53 (***) 0.51 (***) 0.43 (***)
Irregularity 0.69 (***) 0.24 (**) 0.03 (n.s.) 0.03 (n.s.)
Hesitation 0.08 (n.s.) 0.34 (***) 0.29 (***) 0.33 (***)

MLP classifier

Bradykinesia Dyskinesia Total

Raters Bradykinesia 28 8 36

Dyskinesia 9 64 73

Total 37 72 109

Accuracy 85%

Sensitivity 75.7% (CI: 58.8–88.2%)

Specificity 88.9% (CI: 79.3–95.1%)
Weighted 
Kappa/AUC

0.65/0.86

Rater 1 Rater 2 Rater 3
Rater 2 0.52
Rater 3 0.33 0.54
Rater 4 0.23 0.26 0.32


