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Introduction: Parkinson's disease (PD) is one of the most frequent causes of disability among older people, characterized by motor disorders, rigidity, and balance problems. Recently, dance has started to be considered an effective exercise for people with PD. In particular, Irish dancing, along with tango and different forms of modern dance, may be a valid strategy to motivate people with PD to perform physical activity. The present protocol aims to implement and evaluate a rehabilitation program based on a new system called “SI-ROBOTICS,” composed of multiple technological components, such as a social robotic platform embedded with an artificial vision setting, a dance-based game, environmental and wearable sensors, and an advanced AI reasoner module.

Methods and Analysis: For this study, 20 patients with PD will be recruited. Sixteen therapy sessions of 50 min will be conducted (two training sessions per week, for 8 weeks), involving two patients at a time. Evaluation will be primarily focused on the acceptability of the SI-ROBOTICS system. Moreover, the analysis of the impact on the patients' functional status, gait, balance, fear of falling, cardio-respiratory performance, motor symptoms related to PD, and quality of life, will be considered as secondary outcomes. The trial will start in November 2021 and is expected to end by April 2022.

Discussions: The study aims to propose and evaluate a new approach in PD rehabilitation, focused on the use of Irish dancing, together with a new technological system focused on helping the patient perform the dance steps and on collecting kinematic and performance parameters used both by the physiotherapist (for the evaluation and planning of the subsequent sessions) and by the system (to outline the levels of difficulty of the exercise).

Ethics and Dissemination: The study was approved by the Ethics Committee of the IRCCS INRCA. It was recorded in ClinicalTrials.gov on the number NCT05005208. The study findings will be used for publication in peer-reviewed scientific journals and presentations in scientific meetings.
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INTRODUCTION

Parkinson's disease (PD) is one of the most frequent causes of disability among older people. According to the Parkinson's Foundation, more than 10 million people worldwide are living with PD1. PD is a chronic-progressive neuro-degenerative disease, characterized by motor disturbances such as bradykinesia (poor and slow movement), tremor at rest, rigidity, posture in flexion and “shuffling gait,” and, not least, a lack of balance resulting in a high risk of falling (1–4). Balance disorders do not always respond to the dopaminergic therapy used in PD. Therefore, physiotherapy becomes an important intervention for their management (5, 6). Postural instability and the resulting falls are among the main factors leading to poorer quality of life, morbidity, and increased mortality risk for people with PD (7). These pathological conditions are routinely treated by rehabilitation approaches aimed at improving static/dynamic balance, recovering walking ability, and preventing falls (3, 8).

Recently, dance has started to be considered as effective training for people with PD, especially for those at the initial stage of PD and with mild/moderate disease severity (9, 10). It has been shown that dance in people with PD can have a positive effect on balance and mobility and can help improving quality of life by reducing symptoms of depression (11–14). Recent studies have shown that sometimes dance can improve balance and functional mobility (15, 16).

Irish dancing, along with tango and other forms of modern dance, may be a valid strategy to motivate people with PD to perform physical activity. Recent studies have shown that Irish dancing can improve balance, mobility, and quality of life through the integration of complex learning patterns of motor skills, dynamic balance, musicality, and socialization (17–20). In addition, Irish music, due to its rhythm, has a predictable pattern that can improve gait and walking (18).

A recent review of the literature (21) pointed out the relevance of different types of dance for improving motor and non-motor symptoms in PD. Despite limited evidence, this review highlights an improvement in motor function, freezing, balance, and gait, as compared to physiotherapy, in people with PD who underwent Irish dance intervention.

In a recent study (22), the researchers have examined the feasibility of a randomized controlled study design and the benefits of an Irish dancing-based intervention, with 90 patients with idiopathic PD. The participants were randomized to Irish set dance classes or to a usual care group. The dance group attended a 1.5-h dancing class each week, for 10 weeks and undertook a home dance program for 20 min, 3 times per week. The usual care group has followed usual care and daily activities. The results have shown that, in the case of mild to moderately severe PD, the Irish dance is a feasible and enjoyable strategy to improve patients' quality of life.

Besides highlighting the positive impact of dancing, several studies have also tried to assess the impact of robot dancers to support older people (23), especially with PD (24). In comparison to human–human partner dance, robot dance partners may support the collection of objective health parameters during the performance, allowing the customization on the basis of the older people's needs and preferences. Furthermore, robot dance partners potentially complement human–human dance by giving the opportunity of also training alone (25).

Moreover, a recent study (26) has demonstrated the acceptability and feasibility of a dancing intervention such as a robot as a partner. The results of this study underline that the 16 older dancers perceived the robot as useful, easy to use, and fun, suggesting a positive attitude toward the system and thus the intervention, evaluated through the Technology Acceptance Model (TAM) scale (27), a specific tool to assess and predict user acceptance of information systems and information technology. The authors have highlighted the need of increasing the complexity of dance exercises with the robot, to favor the engagement of the older dancers.

In line with the literature in the field, the main objective of this paper is to present the protocol for the “SI-ROBOTICS” intervention, aimed at assessing the acceptability of an innovative robotics-based system for engaging patients with Parkinson's disease in an Irish set dancing intervention.



METHODS AND ANALYSIS


Trial Design

The study is designed as a technical feasibility pilot to test the SI-ROBOTICS system on a group of 20 older people with PD at an early stage (Hoen and Yahr Scale 1–2), during an Irish set dancing training. Assessment will be performed at the baseline (T0), after 4 weeks (mid-T1), and after 8 weeks of intervention (end-T2).

The primary aim is to evaluate the acceptability of the SI-ROBOTICS system in a group of patients with PD while performing a rehabilitation treatment based on Irish dancing, using the Unified Theory of Acceptance and Use of Technology (UTAUT) scale (28).

The secondary aim is the analysis of the modification of dimensions related to the general functional status, in terms of gait, balance, fear of falling, cardio-respiratory performance, motor symptoms related to PD, and quality of life.



Study Setting

This study will be conducted at the Clinical Unit of Physical Rehabilitation of the Istituto Nazionale Ricovero e Cura per Anziani IRCCS INRCA, Ancona, Italy. The last version (second version) of the current protocol is dated May 25, 2021.



Participants

The inclusion criteria will be:

• Aged 65 and over;

• Capacity to consent;

• Hoen and Yahr scale: 1–2 stage;

• Functional Ambulation Category (FAC) ≥ 2;

• Rankin Scale score ≤ 3;

• Stability of drug treatment for at least 1 month;

• Geriatric Depression Scale 4-items ≤ 1;

• Mini Mental State Examination ≥ 24;

• Maintaining an upright posture ≥ 30, evaluated by a trained physiotherapist during the recruitment.

The exclusion criteria will be:

• Failure to meet the inclusion criteria;

• Concomitant participation in other studies;

• Lack of written informed consent;

• History of syncopal episodes, epilepsy, and vertigo not controlled pharmacologically;

• Serious dysfunction of the autonomic system;

• Severe behavioral syndromes not compensated by drugs;

• Concurrent neurological and/or cardiac diseases;

• Recent femur fracture;

• Chronic medium to severe pain affecting standing or walking.



Recruitment

Patients will be selected by the outpatient department at the Clinical Unit of Physical Rehabilitation, of IRCCS INRCA, in the Ancona branch. These patients will be contacted to schedule a visit with the clinical team. Once the compliance with the inclusion and exclusion criteria of the study will be verified and the informed consent will be obtained, the doctor will proceed with the baseline evaluation and with the acquisition of gait assessment parameters through G-walk sensor. The trial will start in November 2021 and is expected to end in April 2022.



Intervention

For this study, 20 patients with PD will be enrolled. Sixteen therapy sessions of 50 min will be conducted (two training sessions per week, for 8 weeks), involving two patients at a time. Cardiac and respiratory activity monitoring will be conducted during dancing treatments in order to detect heart rate and breathing frequency. Participants will have to complete at least 80% of the sessions.

Each session will involve the following activities:

• breathing, relaxation, and postural harmonization exercises (5 min);

• active mobility and stretching exercises (5 min);

• Irish dancing with the SI-ROBOTICS system (35 min);

• relaxation exercises (5 min).



Platform Description

The SI-ROBOTICS system is composed of multiple technological components. Usability and acceptability of the single components have been evaluated singularly before the system integration. These components are:

• A robotic platform: a social robot that will motivate the participants during the sessions, equipped with the Inter Real Sense camera, able to collect information on kinematic parameters such as position of pressure center in relation to the support base, steps, and body symmetry.

• The let's dance game: a serious game based on the choreography and a personalized avatar which will guide the participants to perform the dance sessions.

• Wearable wellness system sensorized shirt: to collect data on the patient's main clinical parameters (e.g., heart rate, breathing frequency, etc.) during the performance. These data will allow to collect the patient's performance data during the execution of tasks.

In addition, the system is constituted by:

• The AI reasoner module: the backend intelligent part of the SI-ROBOTICS system that will allow the adaptation of the dance sessions, based on the users' performance and the data collected through the sensors. In this way, it will be possible to dynamically customize the session according to the user's needs and abilities.

• The artificial vision setting: a commercial camera called Inter Real Sense, installed in the experimental setting for the extraction of kinematic parameters. To extract features of interest from the signals, proprietary skeleton tracking software of the Real Sense camera will be used, together with specially developed algorithms for feature extraction.

Figures 1A,B shows the experimental setting in a protected environment (gymnasium) and the positioning of the technologies, the user and the physiotherapist, during the training sessions. In particular, the two participants will be placed in front of the screen and the central camera at a distance of 3.40 m. The robot and the physiotherapist will be positioned laterally, at a distance of 3 m. The robot will move without entering the blue area drawn in Figure 1B, using the navigation algorithm based on literature (29, 30).


[image: Figure 1]
FIGURE 1. SI-ROBOTIC system (A). Expermental setting (B).


The technical components are described in details in the following paragraphs.


Robotic Platform

From a technical point of view, the SI-ROBOTICS robot is composed of the MoVeR1 robotic platform (Co-Robotics, Italy) as shown in Figure 2, a two-axle autonomous vehicle with two front driving wheels and two rear omni-drive wheels, and an external cover, whose customized design was realized in collaboration with the Department of Design of the University of Genova.


[image: Figure 2]
FIGURE 2. SI-ROBOTICS platform.


The platform has been equipped with the following commercial sensors to be compliant with the scenario requirement:

- a microphone and a speaker to interact with the participants;

- a tablet, providing a web interface to support the interaction during the service;

- an Intel RealSense D435i RGB-D camera (Intel, USA), which helps the patient–robot interaction, measuring movements, and which performs the remote plethysmography service, by real-time measurement of heart rate and breath rate (31, 32);

- a SICK TIM781 laser 2D, able to detect obstacles and people in the environment.

The robot software is based on the Robot Operating System (ROS) (33), which performs middleware function, i.e., connection layer of all software components strictly related to the robot operation. Among the relevant modules built on ROS, the autonomous navigation module is devoted to performing motor control, avoiding obstacles, planning the best paths, and so on. Furthermore, for the user interaction part, basic modules deal with synthesizing text into dialogs. Other two modules have been developed to link the robot tasks to the application scenarios defined in the project: (1) the social navigation module (34), which is used to make the robot autonomously approach the users, following methodologies in line with social behaviors and (2) the dialogue module, providing motivational statements based on the context and data collected during the dance session, which will be sent to the underlying speech synthesis module for vocal interaction.



Let's Dance Game

Let's dance is a game based on Irish dancing sessions. It has been designed to be intuitive and easy to use for both the patient and the physical therapist. After selecting a difficulty level, players are presented as dancers on the screen, along with footprints that suggest the movement to be done.

Each task can vary from simple aerobic exercises (side steps, arm raising, hand-clapping, etc.) to choreographies.

Preliminarily to the use of the game, warm-up exercises will be proposed, in order to minimize physical problems related to the execution of dance steps. After the warm-up, the therapist will log in, will select the involved patients, and will choose the first song and level to be performed. At the end of the dance session, cool-down exercises will be carried out in order to restore the resting condition.

The complexity of the step sequence may increase, ranging from simple steps interspersed with pauses, to sequences of steps, up to complete choreographies, based on the dance movements in the Irish style and Irish music.

An example of steps that will be used: rest, step forward right or left foot, step backward right or left foot, side-step right or left, fake step forward right or left foot, fake step backward right or left foot, full lift right or left arm, partial lift right or left arm.



Wearable Wellness System Sensorized Shirt

During the rehabilitation session, patients will wear the Wearable Wellness System (WWS) sensorized shirt, produced by Smartex (http://www.smartex.it/it/prodotti/204-wws). WWS offers a high level of comfort that makes it particularly suitable for monitoring physiological parameters even for long periods. The sensorized garment is produced using natural and synthetic yarns and it can be used as underwear.

The shirt is a fully integrated wearable system for the continuous monitoring of physiological parameters, composed of a sensorized undershirt and an electronic board allowing the continuous monitoring of some clinical parameters relevant to the evaluation of the user's stress and physical state. The shirt is composed of:

- a sensorized garment (t-shirt, in different sizes and profiled for female and male silhouette);

- an electronic device designed for data acquisition, pre-processing, storage, and transmission;

- a customized software for the configuration of the device and the processing, management, transmission of the acquired data.

The system is capable of simultaneously acquiring the following signals:

- ECG signal and

- respiratory signal.

The ECG and respiratory signals are obtained through the use of textile-based fiber sensors integrated directly into the structure of the garment.

The processor on board the electronic device elaborates the acquired signals, through sophisticated signal processing algorithms for artifacts/noise reduction and for the real-time extraction of heart and breathing rate values in a reliable way.

The system has been tested to evaluate its duration in number of washes and times of use. The first signs of aging appear after 50 cycles of delicate washing.



AI Reasoner

Its role is to realize the reasoning capabilities necessary to contextualize and adapt the behavior of the SI-ROBOTICS system according to the clinical objectives of the session and the “dynamic performance” of the users. During the session, the artificial vision system and the installed physiological sensors will produce a flow of data used by the reasoner to monitor the progress of the session and the status of the users.

The step sequences generated by the reasoner will be sent to the game for the dance session execution. During the exercise, the reasoner's role will be to monitor performance and to dynamically adapt the exercise when necessary.

Generally, there are two types of scenarios that we will consider during the course of the session:

- Complete session: in this scenario, the reasoner will not face any special situations and/or conditions during the exercise.

- Interruption or dynamic adaptation of the session: in this scenario, the reasoner encounters abnormal situations that require direct intervention of the system and dynamic adaptation of the session.

Moreover, the reasoner will suggest to the therapist the change from one level of difficulty to another during the treatment, on the basis of variations calculated on patient-specific baseline values taken at the beginning of the intervention.



Artificial Vision Setting

As already said, another Intel RealSense depth camera will be installed in the experimental setup and will be used for the extraction of kinematic parameters, thanks to the Skeleton Tracking SDK developed by Cubemos (München, Germany). Indeed, for each detected skeleton, the spatial coordinates (x, y, and z) and the detection confidence of 18 joints will be estimated. For each step involved in the Irish dance subsession, the following clinical key performance indicators (KPIs), agreed with the physiotherapists, will be extracted in real-time:

- step symmetry;

- symmetry between left and right foot (computed for lower limbs);

- symmetry between left and right arm, with respect to the request, i.e., 90° or 180° lift exercise (computed for upper limbs);

- inclination of the trunk: the flexion of the trunk will be measured during the dance. A warning will be triggered if the person tilts the trunk forward exceeding the tolerance.

- the center of gravity: the stability of the subject will be evaluated by calculating the position of the center of gravity. The system will give a warning when the projection of the center of mass exits the support base defined by the length and position of the feet.



A Middleware to Facilitate Module Interaction

The interoperable platform is intended as a distributed middleware, i.e., a set of protocols, interfaces, and services for the development of applications capable of processing large amounts and streams of data from heterogeneous sources.

For the rehabilitation program, the platform will monitor the values and allow the exchange, and processing of data through artificial intelligence algorithms, thus obtaining information useful to the physical therapist in the evaluation of the patient's performance.

This is possible through the main components internal to the middleware:

• Event bus interoperability framework: it allows communication and data exchange between the components through the use of connectors and topics according to the publish–subscribe mechanism (a publisher publishes an event to the Event Bus; on the other hand, the subscriber receives this event).

• Stream and batch processing for the data analysis in real-time or batch.

• Persistence layer: it allows the persistence of circulating information.




Outcomes

All outcomes will be measured following a standardized operating procedure. Table 1 shows the primary and secondary outcomes.


Table 1. Outcomes and clinical assessments.

[image: Table 1]

A summary of all data collected and when these are collected is provided in Table 2.


Table 2. Schedule of assessment and outcome measures.

[image: Table 2]

The scales which will be used during the evaluations are described below.


Mini-Mental State Examination

Mini-Mental State Examination was designed as a clinical method for grading cognitive impairment. The score ranges from 0 to 30: scores ≥ 24 indicate normality between 18 and 23 indicate mild cognitive impairment, between 11 and 17 average cognitive deficits, scores ≤ 10 severe cognitive impairments. The reported score is corrected according to age and education (35).



Functional Ambulation Categories

The scale is used to classify the severity level of gait disturbances in neurological disorders. It provides a hierarchical classification from level 0 (impossible walking) to level 5 (no limitation) (36).



Rankin Scale

It is a simple scale for the evaluation of the outcomes following a stroke. Reliability is well-defined. The individual categories are essentially based on patient mobility. There are 6 grades of classification from 0 to 5, where 0 means independence and 5 means severe disability (37).



Hoehn and Yahr Scale

This scale is used in the medical field to describe the symptoms of PD progression. It was originally published in 1967 in the Neurology Journal by Melvin Yahr and Margaret Hoehn, and included stages 1–5. Since then, a modified scale has been proposed, with the addition of stages 1.5 and 2.5 describing the intermediate course of the disease (38).



Geriatric Depression Scale 5-Items Version

This questionnaire assesses the current condition of the patient's mood. For the screening required by our study, only the first five items of the scale can be used. The answers highlighted indicate the statements expected by a non-depressed subject (39).



Barthel Index

Barthel index is an ordinal scale used to measure a subject's performance in everyday life activities. The index analyzes ten variables that describe the activities of daily life and mobility. A high overall score is associated with a greater probability of being able to live at home independently after discharge from the hospital (40).



SF-12 Health Survey

The SF-12 is composed of 12 items that produce two measurements related to two different aspects of health: physical health and mental health. The subject is asked to answer on how he feels and how he is able to carry out the usual activities, evaluating the current day and the four previous weeks (41).



Assistive Device Predisposition Assessment

The purpose of the tool is to assess the user expectations about technological devices (42).



Unified Theory of Acceptance and Use of Technology

The UTAUT (28) scale is made up of four constructs (performance expectancy, PE; effort expectancy, EE; social influence, SI; facilitating conditions, FC) that determine the level of acceptance of a technology by users, in terms of both attitudes toward the system (behavioral intention, BI) and its use (use behavior, USE). In addition, UTAUT incorporates four moderators (gender, age, experience, and voluntariness) that regulate the existing relationships between independent quantities (constructs) (PE, EE, SI, and FC) and dependent quantities (constructs) (BI, USE).



Tinetti's Scale or Performance-Oriented Mobility Assessment

Tinetti's scale is a tool used to evaluate balance and gait performance. The test is clinically used to determine the mobility status of a subject or to assess changes in balance and gait time. The total POMA (POMA-T) consists of two sub-scales: the balance evaluation scale (“balance scale” or POMA-B) and the gait evaluation scale (“gait scale” or POMA-G) (43).



Short Falls Efficacy Scale – International

The scale measures the “fear of falling.” The cut-offs for the fear of falling are divided as follows: a score between 7 and 8 indicates a low concern, between 9 and 12 a moderate concern, and between 14 and 28 a high concern (44).



Short Physical Performance Battery

The SPPB scale is a short battery of tests designed to assess the function of the lower limbs. This scale consists of three different sections: balance assessment, evaluation of walking on four linear meters, evaluation of the ability to perform, for five consecutive times, the sit to stand from a chair, without using the upper limbs. The total scale score, therefore, has a range from 0 to 12 (45).



Unified Parkinson's Disease Rating Scale – III

The UPDRS is the most widely used rating scale in assessing the prognosis of Parkinson's disease. The total number of items investigated in this clinical assessment is 65, which can be scored from 0 to 4. A score of 0 is given in a situation of normality with respect to the problem being investigated, while if there is a minimal impairment, 1 point is given, if it is mild it is indicated by 2 points, while if it is moderate it is marked with a 3, in a more serious situation a score of 4 is given (46).



Timed Up and GO

TUG is a simple test to measure a person's level of mobility and requires static and dynamic balancing skills. It measures the time and takes a person to get up from a chair, walk three meters, turn around, return to the chair and sit down again (47).



Six Minute Walking Test

6MWT is a test that allows measurement of a patient's residual functional capacity. The test is performed by asking the patient to walk for 6 min along a corridor with a rigid walking surface. The 6MWT is based on a so-called self-pace mode, i.e., the patient chooses the intensity of effort (48).



Goal Attainment Scale

GAS is a measure referring to an individualized criterion for assessing the achievement of objectives. Five possible levels are defined for each objective: −2 result much lower than expected; −1 result lower than expected; 0 achievement; +1 result higher than expected; +2 result much higher than expected. Behavioral objectives are usually measured dichotomously: as YES or NO, “achieved” or “not achieved” (49).

Ad hoc scale on satisfaction with the SI-ROBOTICS intervention: The scale consists of 47 items, the domains of which are:

• Social Presence: its sub-dimensions are overall perceived social presence, psycho-behavioral interaction, and trust. The overall perceived social presence consists of six items. Subjects are asked to rate their opinion on a five-point scale. The psycho-behavioral interaction scale consists of five items. The trust scale consists of four items.

• HRI: its sub-dimensions are Language, Communication, and Perceived safety during movement. The language scale is composed of two items, built ad-hoc to verify the speech capability of the robotic platform. Communication is composed of three ad-hoc developed questions. Finally, the perceived safety scale is built on four items. Two of them are built ad-hoc for the project, while the other two are an adapted version of the standardized Godspeed tool on perceived safety, where users are asked to rate their emotional state in relation to the speed of the robot.

• Usability: its sub-dimensions are perceived as easy to use (four items), perceived usefulness (six items), and satisfaction with use (three items). All questions were constructed ad-hoc for the SI-ROBOTICS system.

• Acceptability: its sub-dimensions are anxiety (three items), attitude (three items), perceived adaptability (four items), and intention to use (four items). All questions were constructed ad-hoc for the SI-ROBOTICS system.



Instrumental Gait Analysis

Gait analysis will be performed through the G-Walk (BTS Bioengineering) during the 6MWT. G-Sensor is a wearable system for gait and movement assessment. It allows having a kinematic evaluation of the trunk and of the spatio-temporal parameters recorded during the different tests and integrated protocols.




Risk Management and Mitigation

The risk of falling is major during any rehabilitation program. The SI-ROBOTICS platform is not only designed to partner dance with patients with PD, but also to motivate them during the training and to capture information on kinematics at a secure distance. Moreover, the robotic platform is equipped with obstacles avoidance sensors at the basis to counteract the risk of hurting the participants during the performance. However, a dedicated physiotherapist will be present and will supervise the entire session, in order to intervene promptly in case of fall risk or any other emergency.

In case a fall occurs, the physiotherapist will follow this procedure: they will ask the patient to stay still before checking for pain, loss of sensation (feeling), and loss of movement in arms and/or legs which might indicate a fracture. If there is no evident injury and no signs of a change in health, in line with the person's wishes they allow them to get up independently if possible, or assist the patient in doing so. However, any adverse event related to the training will be covered by the Institution's insurance.



Data Management

The project committed to the maintenance of participants' anonymity and confidentiality throughout all procedures, such as screening, recruitment, testing, evaluation, and dissemination procedures. Data collection, usage, and storage procedures complied with national laws and the EU's General Data Protection Regulation (GDPR) such as the commitment of participants' the right to access, right to be informed, right to withdraw, and right to data erasure. Data collection will be compliant with the principle of data minimization, i.e., the collection of personal information from study participants will be limited to what is directly relevant and necessary to accomplish the specific goals of the testing and evaluation work packages. Data entry will be carried out using specific software, providing blocks, and data entry checks, in order to reduce the number of entry errors. All screening data were will be discarded upon the project completion. During the testing procedures, all visual, auditory, and sensory data that the robot collects and processes in order to function as planned will be discarded after the procedures have been completed. The exception to this is the collection of the number of interactions that the robot logs with each participant. However, these interactions will be anonymous. All research data shall be made openly available for secondary analysis 3 years after the project completion.



Data Analysis

The first step of the data analysis will deal with the description of the sample. Continuous variables will be reported as either mean and standard deviation or median and interquartile range on the basis of their distribution (assessed using the Kolmogorov–Smirnov test). Categorical variables will be expressed as an absolute number and percentage. The Mann–Whitney U-tests (for non-normal distribution), or the chi-square tests (normal or non-normal) will be used to compare the independent and dependent variables between the pre- and post-conditions, in addition to simple descriptive statistics (means, medians, and SDs as appropriate).

In order to verify the achievement of the primary endpoint (i.e., acceptability of the SI-ROBOTICS system), subscales of the UTAUT will be calculated. Means and standard deviation or medians and IQR of the scores will be reported according to their distribution. Correlation coefficients (Pearson for normally distributed variables, Spearman for non-normally distributed variables) of the UTAUT sub-scales with the other rating scales at each stage of the study and with the main characteristics of the subjects will be calculated to check for potential determinants of higher acceptability.




DISCUSSION

In this study, we have described an intervention protocol to evaluate the acceptability of the SI-ROBOTICS system in a group of patients with PD, while performing a rehabilitation treatment based on Irish dancing.

While the focus of common rehabilitative approaches for patients with PD relies on the improvement of static and dynamic balance, walking, and falls (50–52). It was recently found that performance improvements after technology-delivered balance training correlate with evident neurobiological changes in the cerebral cortex. In particular, combining the high personalization and flexibility of the technological system (53) with smart objects or robots to encourage the participants during the training with Irish dancing (54–58), will strongly motivate the patients with PD in participating in the rehabilitation program, by promoting satisfactory pattern (59) and distracting by fatigue (60).

Moreover, the SI-ROBOTICS intervention has the potential to reduce several barriers to exercise, such as lack of self-confidence, lack of skills, lack of support, costs, and lack of physical activity options (61), while enhancing motivators based on the users' profile. It will also provide evidence to private and public health facilities of an innovative therapeutic treatment based on dance, making the physical therapy more similar to a leisure activity, while improving compliance to an effective treatment, and thus counteracting the exacerbation of motor and non-motor symptoms.

However, there are also limitations in the applicability of the intervention. First of all, at present, participation is limited to patients with PD at an initial stage of the disease. In the future, it is planned to arrange a larger study to better understand the opportunity of involving more participants at different stages of the disease. Moreover, participants need to be controlled in regards to adherence to medical treatments, to avoid the risk of bias during the performance.
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