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Objective: To investigate whether advanced visualizations of 
spirography-based objective measures are useful in differentiat-
ing drug-related motor dysfunctions between Off and dyskinesia 
in Parkinson’s disease (PD).

Background: During the course of a 3 year longitudinal clinical 
study, in total 65 patients (43 males and 22 females with mean age 
of 65) with advanced PD and 10 healthy elderly (HE) subjects (5 
males and 5 females with mean age of 61) were assessed. Both pa-
tients and HE subjects performed repeated and time-stamped assess-
ments of their objective health indicators using a test battery imple-
mented on a telemetry touch screen handheld computer [1], in their 
home environment settings. Among other tasks, the subjects were 
asked to trace a pre-drawn Archimedes spiral using the dominant 
hand and repeat the test three times per test occasion (Figure 1) [2].

Methods: A web-based framework was developed to enable a 
visual exploration of relevant spirography-based kinematic fea-
tures by clinicians so they can in turn evaluate the motor states of 
the patients i.e. Off and dyskinesia (Figure 2). The system uses dif-
ferent visualization techniques such as time series plots, animation, 
and interaction and organizes them into different views to aid cli-
nicians in measuring spatial and time-dependent irregularities that 
could be associated with the motor states. Along with the anima-
tion view, the system displays two time series plots for representing 
drawing speed (blue line) and displacement from ideal trajectory 
(orange line). The views are coordinated and linked i.e. user inter-
actions in one of the views will be refl ected in other views. For in-
stance, when the user points in one of the pixels in the spiral view, 
the circle size of the underlying pixel increases and a vertical line 
appears in the time series views to depict the corresponding po-
sition. In addition, in order to enable clinicians to observe erratic 
movements more clearly and thus improve the detection of irreg-
ularities, the system displays a color-map which gives an idea of 

the longevity of the spirography task. Figure 2 shows single ran-
domly selected spirals drawn by a: A) patient who experienced 
dyskinesias, B) HE subject, and C) patient in Off state.

Results: According to a domain expert (DN), the spirals drawn in 
the Off and dyskinesia motor states are characterized by different 
spatial and time features (Table 1). For instance, the spiral shown in 
Fig. 2A was drawn by a patient who showed symptoms of dyskine-
sia; the drawing speed was relatively high (cf. blue-colored time se-
ries plot and the short timestamp scale in the x axis) and the spatial 
displacement was high (cf. orange-colored time series plot) associat-
ed with smooth deviations as a result of uncontrollable movements. 
The patient also exhibited low amount of hesitation which could be 
refl ected both in the animation of the spiral as well as time series 
plots. In contrast, the patient who was in the Off state exhibited dif-
ferent kinematic features, as shown in Fig. 2C. In the case of spi-
rals drawn by a HE subject, there was a great precision during the 
drawing process as well as unchanging levels of time-dependent 
features over the test trial, as seen in Fig. 2B.

Conclusions: Visualizing spirography-based objective mea-
sures enables identifi cation of trends and patterns of drug-relat-
ed motor dysfunctions at the patient’s individual level. Dynamic 
access of visualized motor tests may be useful during the evalua-
tion of drug-related complications such as under- and over-med-
ications, providing decision support to clinicians during evalua-
tion of treatment effects as well as improve the quality of life of 
patients and their caregivers. In future, we plan to evaluate the 
proposed approach by assessing within- and between-clinician 
variability in ratings in order to determine its actual usefulness 
and then use these ratings as target outcomes in supervised ma-
chine learning, similarly as it was previously done in the study 
performed by Memedi et al. (2013) [3].
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Figure 1. Spiral tracing on the telemetry device.

 

Figure 2. Three illustrative examples of visualized spirals in the 
web-based system. (A) a spiral drawn by a patient experiencing 
dyskinesias (drug-induced involuntary movements), (B) a spiral 
drawn by a HE subject, and (C) a spiral drawn by a patient in 
Off state. Note that y axes of the time series plots are presented 
as truncated/different scales.

Table 1. Kinematic features of spirals drawn by patients in Off 
and dyskinesia motor states.

               Motor state
Feature

Off Dyskinesia

Drawing speed Slow Fast
Spatial irregularity Small but sharp Large, associated with 

smooth deviations in the 
corners

Hesitation Common Can occur
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