Parkinson’s disease patients’ perspective on context
aware wearable technology for auditive assistance
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Abstract—In this paper we present a wearable assistive tech-
nology for the freezing of gait (FOG) symptom in patients
with Parkinson’s disease (PD), with emphasis on subjective user
appreciation. Patients with advanced PD often suffer from FOG,
which is a sudden and transient inability to move. It often
causes falls, interferes with daily activities and significantly
impairs quality of life. Because gait deficits in PD patients
are often resistant to pharmacologic treatment, effective non-
pharmacologic treatments are of special interest.

We have developed an ambulatory device that detects FOG
episodes in real-time and provides an automatic cueing sound
until the subject resumes walking. We tested our device on ten PD
patients. Eight patients experienced FOG during our study. Over
8h of data has been recorded and 237 FOG events have been
identified by professional physiotherapists in a post-hoc video
analysis. The device detected the FOG events with a sensitivity
of 73.1% and a specificity of 81.6% on a 0.5sec frame based
evaluation.

The most important finding of the study is that we can provide
online assistive feedback for FOG events in PD patients. Based
on subjective reports, the majority of patients indicated that the
context aware automatic cueing is beneficial for them.

I. INTRODUCTION

A. Parkinson’s disease

Parkinson’s disease (PD) is a common neurological disorder
caused by a progressive loss of dopaminergic and other sub-
cortical neurons [1]. PD often includes impaired motor skills
as part of its symptoms [2]. Beside a flexed posture, tremor at
rest, rigidity, akinesia (or bradykinesia) and postural instability,
motor blocks, i.e., complete inability to move, are a common
negative effect of PD.

Clinical assessment of PD is largely based on subjective pa-
tient reports. The Hoehn and Yahr (H&Y) scale is a commonly
used system for describing the symptoms of PD progress. The
scale allocates stages from I to V, to indicate the relative level
of disability [3]. The five stages are:

I: Symptoms on one side of the body only.

II: Symptoms on both sides of the body. No impairment of
balance.

III: Balance impairment. Mild to moderate disease. Physi-
cally independent.

IV: Severe disability, but still able to walk or stand unas-
sisted.

V: Wheelchair-bound or bedridden unless assisted.
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B. Freezing of gait

About 50% of patients in the advanced stages of the PD are
affected by the freezing of gait (FOG) symptom [4]. Patients,
who frequently experience FOG report that during the freezing
episode their feet are inexplicably glued to the ground [5].

Schaafsma et al. have divided FOG into start hesitation, turn
hesitation, hesitation in tight quarters, destination hesitation
and open space hesitation [5].

A survey among the 12000 members of the German Parkin-
son Association, which was answered by 6620 patients, has
shown that 47% of the patients experience FOG. FOG occurs
more frequently in men than in women and less frequently
in patients whose main symptom is tremor [6]. 10% of re-
spondents with mild PD symptoms and 80% of those severely
affected regularly experience freezing.

FOG is associated with substantial social and clinical con-
sequences for patients. In particular, it commonly causes falls
[7], interferes with daily activities, and significantly impairs
quality of life [8].

C. Limits of pharmacological treatment of FOG

Most common form of treatment to manage the motor symp-
toms of PD is Levodopa (LD). LD is the metabolic precursor to
dopamine and is used to replace endogenous dopamine at the
striatum. However, only 1-5% of LD enters the dopaminergic
neurons. The remaining LD is often metabolised to dopamine
elsewhere, causing a wide variety of side effects.

The medication cycle between two consecutive intakes is
roughly divided to two periods, the ON period in which the LD
is effective, and the OFF period in which the influence of the
medicine has subsided. By determining dosage and frequency
of daily LD consumption, the clinicians attempt to maximize
the ON periods and to minimize the OFF period. As the
disease advances more frequent LD administration is necessary
[9]. In addition, the development of involuntary movements
and the ON/OFF phenomenon (motor response fluctuations
un-correlated with the expectation from the daily medications
intake schedule) can limit mobility and complicate dosing.

Gait deficits and FOG are often resistant to pharmacologic
treatment [7]. Especially when FOG occurs during the ON
period, it does not respond to dopaminergic therapy. Therefore,
effective non-pharmacologic treatments need to be developed
as an adjunct therapy to relieve symptoms and improve mo-
bility.





















study. Both patients reported lots of freezing at home and
could not explain why they did not have any FOG during
the study. They expressed the motivation to test our device
during their natural daily activities.

Further investigations are necessary to analyze and prove
the real-world performance. Remaining open questions are:
(i) How useful will the patients find the system when using it
for 2-3 hours for several days; (ii) During constant use, can
the patients learn to rely on the system the way they rely on
other walking aids? (iii) Can they even get used to it so much,
that the cueing sound is not disturbing?

Although the system was already well accepted by the
patients, there are further possibilities for technical improve-
ments. The whole miniaturized computing system with all its
functionality can be integrated in the buckle of a belt [22].
A more specialized system, especially designed for this task
can even be miniaturized to a size of a button with the FOG
algorithms included in the sensor node itself. Roggen et al.
have shown that even complex calculations such as FFT, which
is used in the online detection of FOG, can be processed
with low power consumption on a device of the size of a
button [23]. Such a system could be entirely integrated into (or
attached to) normal shoes of the patient, and only the trigger
for the external cueing signal is transmitted to the feedback
device. The external cueing signal could be given by a hearing
aid like device or even the hearing aid itself.
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