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1. Project Summary  

 

Gait disorders (GD) are one of the most common symptoms in Parkinson’s disease 

(PD). They cause significant reduction in the capacity for self-care, leading to 

deterioration in the quality of life (QoL) of those affected and their families. Visual and 

auditory stimulation are known to be effective for the improvement of a PD patient's 

gait, improving speed, cadence and stride length variability and reducing freezing of 

gait (FoG). Despite their potential effectiveness, the use of cues is limited by practical 

constraints such as a lack of portability and administration difficulties in daily life. Novel 

technological devices offer interesting opportunities in cueing methods. The use of 

wearable sensors that can detect bradykinetic gait as well as FoG episodes connected 

to portable devices for the cue administration can help to implement the cues into the 

daily life of the patient. In this way, an automatic (on-demand) solution can be 

available when a patient requires it, increasing its effectiveness, and maximizing 

comfort. 

 

The goal of the project is to evaluate the effectiveness of a Mobility Assistance System 

(MAS) for PD in terms of gait parameters and quality of life (QoL) in a real 

environment. 

 

Specific Objectives 

• To obtain a reliable FoG detector through an unobtrusive sensor device. 

Movement sensors combined with signal processing and machine learning approaches 

are needed to accomplish this goal. 

• To determine the degree of improvement in both frequency and duration of 

freezing episodes with the use of the MAS. 

• To determine the degree of improvement in speed, cadence, and the number of 

steps with the use of the MAS. 

• To Improve the usability of the system in the PD population 

• To study the association between cognitive performance and benefits of the MAS 

in PD. 

• To demonstrate that the MAS, with automatic triggering of external cues, 

improves these patients’ QoL. 
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Methodology: 

Standard protocol approvals, registrations, and patient consents 

All study procedures were conducted in accordance with the 1964 Declaration of 

Helsinki (2008 Revision) and Good Clinical Practice guidelines. The study was approved 

by the Research Ethics Committee of Centro Médico Teknon, Quirónsalud group (code 

201404.31.32, MASPARK) and by Spanish Agency for Medicines and Health Products 

(565/16/EC). All patients gave their informed consent before enrolment. All subjects 

provided written informed consent. 

 

Study participants 

Patients with a clinical diagnosis of idiopathic PD according to the UK Parkinson's 

Disease Society Brain Bank in moderate phase (Hoehn and Yahr scores between 2 and 

3 in ON phases), with motor fluctuations, GD and/or FOG motor fluctuations, able to 

walk unassisted in the OFF phase; between 50 and 80 years of age and the ability to 

understand the potential risks and benefits of the study were recruited at the 

Movement Disorder’s Unit of the Centro Médico Teknon (UParkinson) from April 2016 

to September 2017. Subjects were excluded if they had other health problems that 

hampered physical activity and gait, met criteria for dementia (Mini Mental State 

Examination<24), being treated carrying deep brain stimulator or continuous 

dopaminergic drugs by pumps, or were unwilling to cooperate with study procedures, 

or were participating in other clinical trials. 

 

Design procedures 

This was a randomized crossover study trial divided into 5 principal stages: The first 

stage was based on the recruitment of the subjects for the study. Sociodemographic 

data, neurological data, and written informed consent were collected from all subjects 

enrolled in the study. In the second phase, algorithms for detecting gait disorders were 

customized. For this purpose, all participants were instructed to wear a waist sensor for 

4 days. In the third phase, the participants were cognitively assessed using a 

neuropsychological battery. In the fourth phase, patients and their families were 

instructed to carry a mobile phone, a sensor and an auditory cues system in their 

home. All the patients underwent the following conditions in random order with a rest 

of 30 days in between. Condition 1: The auditory cues system was not activated when 

the sensor detected gait alterations. Condition 2: The auditory cues system was 

activated automatically and provided auditory cues when the sensor detected gait 
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disturbances. During this phase, the researchers visited the participants once a day 

and they will help the patients with any incidental problems which may have occurred. 

The last phase was voluntary and consisted in carrying out the activated system 

(condition 2) at home for 4 weeks. 

 

Evaluation 

All the participants underwent a clinical and neuropsychological evaluation. Likewise, 

QoL and assistive technology was assessed. 

 

Equipment 

Mobility assistance system (MAS) comprises the following elements: 

 

1) The MOVEMENT SENSOR is a commercial product certified as medical device in 

the EU and consists of a small wearable device that is worn on the waist. Within this 

device there are algorithms based on artificial intelligence that detect several motor 

symptoms: bradykinesia, dyskinesia, and freezing of gait and ON-OFF fluctuations. 

Moreover, the sensor detects falls, gait parameters, energy expenditure, activities and 

postures. 

 

2) The SMARTPHONE is the interface through which study participants connect to the 

system. The user interfaces of the smartphone were designed following an iterative 

user-centred design process, and were heavily based on a previously existing version 

designed for the project REMPARK1. Standard smartphone applications, such as 

contacts, calls, and messages, were integrated in the system and disease-specific 

applications were also developed: Appointments, to record the dates/times of medical 

appointments; Medication, to keep a medication schedule, remind about medication, 

and keep a record of one’s intakes; My Day, to register, visualize and edit events for 

current and past days, relative to medication intake, eating hours, feeling well and 

feeling bad periods; Auditory Cueing System (ACS) controller, to trigger and stop the 

ACS, change its volume, and change the cueing characteristics. 

 

3) AUDITORY CUEING SYSTEM: The actuator consists of a headset connected 

wirelessly to the system and which will manage the cues. The sensor is in charge of 

controlling the headset based on the current patient’s detected symptoms. 
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2. Results  

 

Study participant characteristics 

A total of 27 participants were included. Five (18%) dropped out of the study. The 

reasons were: voluntary abandonment alleging family problems (n=1), sensor 

difficulties to recognize their walking pattern due to the shape of the iliac crest (n=1), 

and health problems not related to the study (n=3, fracture of the tarsus of the right 

foot, dysautonomia, and spine operation). 

 

A total of 22 participants completed the study. 68% (n = 15) were men. Their mean 

age was 62 ± 9 years, 78% (n = 17) had secondary or university studies. All presented 

a Hoehn and Yahr of 2.5, and mean duration of the disease was 8 ± 4 years. Half, 50% 

(n = 11) presented FoG. All patients were evaluated cognitively except one whose 

mother language was different from Spanish or Catalan. A total of 7 participants (33%) 

presented mild cognitive impairment according to current criteria. 

 

Effects of the Auditory Cueing System on gait parameters 

The gait parameters were compared when the auditory cueing system was used (ACS) 

and when it was not (n-ACS). No significant differences were found (see Table 1). 

 

 
Table 1. Comparison of gait parameters with activated and non-activated MAS. 

 

Several publications have found a relationship between gait parameters and cognitive 

performance in Parkinson's disease. We assessed cognitive variables by administering 

widely used neuropsychological tests for the assessment Parkinson’s cognitive 

disorders. With this exploration we were able to classify the participants into people 
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with mild cognitive impairment (MCI) and without cognitive impairment according to 

the current criteria of the Movement Disorders Society and we studied whether people 

with and without MCI benefited differently from MAS. In our sample we observed that 

people with MCI benefited from MAS in relation to the number of FoG, however, those 

without MCI worsened the number of FoG with MAS. These results indicate that 

cognitive performance is an important variable in gait and therefore should be 

controlled in future studies that study the benefit of a mobility support system. 

Likewise, in the subgroup of voluntary patients who were given the system for one 

month for their free use there was a tendency to improve the mobility subscale of the 

Parkinson’s QoL questionnaire. 

 

 

3. Relevance of the results and possible future implications  

 

The purpose of the MASPARK project was to evaluate the effectiveness of a mobility 

assistance system through auditory tracks automatically activated by an artificial 

intelligence system to improve gait disorders in PD and the QoL of people with 

Parkinson's. Although the use of the mobility assistance system was not associated 

with gait improvements when it was applied in daily life, the study has helped to test 

the system in real conditions and to improve it. The results obtained show that the 

system is safe: its use has not worsened the parameters of the gait nor have incidents 

caused by the system been observed. In addition, the data obtained show that patient 

cognition is an important variable to consider since people with PD could benefit 

differently depending on their cognitive status. 

 

It is also important to note that the accessibility to use the system in real life showed a 

tendency to improve an aspect of the QoL of people with PD (the mobility dimension), 

although this could not be considered statistically significant. It should be noted that 

the results have been obtained in a pilot study, with a small sample of patients, and 

should be taken as preliminary. It is necessary to expand the sample to test the 

portable mobility support systems based on the latest technology that could improve 

the autonomy and QoL of people with Parkinson's. 

 

The development and use of these devices with the described characteristics would 

allow the doctors to accurately personalize the intake of medicines and, therefore, to 
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improve the response of the patient to the treatment. These new approaches are 

aimed at significantly improving the QoL of patients and will allow a deeper 

understanding of the personalized evolution of the disease. In addition, the use of 

highly technology-based systems, such as the one in question, could contribute to 

clinical and epidemiological research. Such tools would provide the unique opportunity 

to objectively monitor and control the effectiveness of treatment of any given therapy 

individually, which would sustainably change traditional methods of medical care. 
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