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Abstract. The prevalence of balance deficits increases as the population is age-

ing. Such deficits are associated with the increased incidence of falls which in 

turn is linked with substantial limited functionality and morbidity. Vestibular 

rehabilitation therapy (VRT) as a component of the treatment has been shown 

to be effective in reducing symptoms and improving balance. 

HOLOBALANCE is an intervention based on a novel technology platform for 

providing VRT unsupervised, at home which means that motivating citizens to 

be compliant and promoting empowerment are the cornerstones for its wide 

adoption. Here we present how citizens empowerment is being addressed in 

HOLOBALANCE. 

Keywords: Empowerment, vestibular rehabilitation therapy, human machine 

interaction. 

1 Introduction 

As population ages, an increasing number of community dwelling citizens face per-

manent balance problems that lead to limited functionality. For these citizens, dizzi-

ness, which is a significant risk factor for falls [1], and/or imbalance are the most 

frequent reason for visiting a physician [2]. Falls are a leading cause of serious injury. 

The overall rate of older adult deaths from falls increased 31% from 2007 to 2016 

(3.0% per year) [3]. In a recent study [4] the estimated medical costs attributable to 

fatal and nonfatal falls was approximately $50.0 billion and the overall medical 

spending for fatal falls was estimated to be $754 million. It is estimated that peripher-

al and central vestibular deficits cause around 50% of the cases of dizziness. 
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Vestibular rehabilitation therapy (VRT) is a form of physiotherapy that aims to re-

train postural, movement and sensory strategies and to adapt these to changing con-

texts by means of a range of gaze, standing, and gait exercises [5]. In recent trials [6] 

and studies [7] VRT has been shown to be more effective than generic exercises in 

resolving symptoms after vestibular impairment [8]. VRT is predominantly delivered 

at home, daily, without supervision. It is personalized, defined and directed by expert 

physiotherapists and it is largely dependent on patient engagement and motivation, 

since the number of clinical visits is very limited and varies among settings. The exer-

cises are progressive with increasing difficulty as physiological compensation (i.e. the 

recovery process that harnesses the adaptive, plastic properties of the posture and 

balance control system) and symptom habituation occur. Due to the nature of the 

intervention and as literature confirms [9-11] empowerment is of outmost importance 

for keeping the elderly individuals engaged. Citizen and patient empowerment is one 

of the strategic directions and priority areas for European policy action for health and 

well-being up to 2020 according to WHO [12] which actively and continuously pro-

motes it. 

2 The concept of empowerment in HOLOBALANCE 

Empowerment is a key concept when developing health promotion technological 

solutions and strategies for community dwelling citizens. In the context of balance 

disorders, empowerment can be achieved by providing expert guided vestibular reha-

bilitation at home, that is to a large extent informed by citizen choice (in terms of 

rehabilitation goals, types of exercise and activities, timing of these etc.) and different 

tools to support adoption of a more active lifestyle. This is made possible and provid-

ed via a novel technological platform. 

The HOLOBALANCE platform among other functionalities, offers a range of 

choices to the patient and enables clinicians to monitor their patients and their behav-

iors during the different interventions employed in it in order to understand their pa-

tients’ engagement and willingness for change. As evidence suggests, shared deci-

sion-making [14-16], rewarding [17], goal setting [18], action planning [19] and self-

engagement [20], are the other core elements for achieving empowerment. All of 

these can be facilitated by technology. 

The design of the system is user-centric and based on direct feedback from older 

users [21] and the software development approach is agile in order to iteratively in-

clude that feedback. The HOLOBALANCE platform makes use of the Internet of 

Things (IoT) and edge computing for monitoring and evaluating in real time the per-

formance of the users during physiotherapy exercises, exergames and cognitive train-

ing tasks. Personalized and adaptive coaching is provided to the users during the daily 

sessions, by employing progressive and reinforcement learning methods. Data are 

collected in the cloud backend for: a) exercise performance and adherence using pro-

cessing of sensor data and analytic methods, b) stress and frustration using machine 

learning algorithms, c) active and sedentary periods and steps, distance etc. using the 

Fitbit backend, and d) symptoms related to the exercise performance during the reha-
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bilitation regime. These data are made available through a Dashboard to the physio-

therapists, thus facilitating the remote monitoring of patients’ progress in the rehabili-

tation program and supporting the physiotherapist decision making for adjustments 

and progression in the management plan.  

The novel human machine interaction (HMI) consists of a hologram acting as a 

physiotherapist surrogate, who guides older users with balance disorders through the 

whole multisensory balance rehabilitation regime. Holograms aim to take HMI a step 

beyond the current state of the art [22]. Augmented reality exergames consist of virtu-

al objects and tasks presented in a mixed reality environment to provide stimuli to the 

users. Such interventions are gaining interest and are effective [23] in reducing falls. 

Both holograms and exergames are projected through a head mounted device with a 

smartphone embedded on it, which is a solution with reduced costs, compared to simi-

lar mixed reality headsets, and increased accessibility and usability. A mobile app is 

also developed for remote auditory training aiming to improve speech in noise per-

ception and auditory memory in accord with recent studies [24].   

 

Fig. 1. The HOLOBALANCE conceptual architecture. 

HOLOBALANCE adopts a holistic approach that aims to empower citizens. In ad-

dition to the intervention related empowering features, it provides citizens with access 

and control over their data, since this is one of the key elements of empowerment, as 

also emphasized in GDPR too [25]. Data download on demand, tagging and tracking 

personal data, transparency over data usage and permissions including the right to 

revoke are all included in this regulation.  

HOLOBALANCE is personalized, in that the vestibular rehabilitation therapy plan 

and the activity goals will be co-decided by the patients and the physiotherapists at 

baseline and will be revised in follow up visits every 4 weeks. In between visits the 

physiotherapist will revise the weekly plan based on the data from the platform about 

Dashboard

Physio
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performance of exercises, stress levels, compliance, progress in activity goals etc. 

against automated suggestions coming from reinforcement learning methods. 

The HOLOBALANCE approach is based on the Capability, Opportunity and Mo-

tivation (COM) and Behavior (B) theoretical model in order to systematically identify 

the sources of the behavior that should be targeted for intervention and propose ap-

propriate and specific Information Technology components (holograms, exergames, 

cognitive games, mobile apps) that provide the different intervention strands (balance 

physiotherapy, physical activity, cognitive and auditory training) to the users  in order 

to achieve motivation and compliance to the home based rehabilitation. 

HOLOBALANCE further aims to educate the patient by providing knowledge and 

information thus promoting health literacy, i.e. one’s knowledge about his own health 

status and the available options to manage, since these also are core elements of em-

powerment. This element is achieved by educating the patient during the baseline and 

follow up visits, and with phone calls whenever it is needed, e.g. if the patient is not 

adherent to the program. Additionally, knowledge about balance disorders as well as 

about treatment options will be available in the patients’ mobile app (videos, written 

materials, graphs) that will provide a continuous and reliable source of information. 

Finally, this will be achieved within the patient e-forum and virtual community, since 

patients tend to exchange information and tips in these. 

The platform will promote engagement and enjoyment with feedback, challenge 

and rewarding mechanisms that will be embedded in all technological components. 

The hologram instructs the user, shows him the correct performance of the exercises 

and provides feedback for correcting him as well as rewards dependent on the per-

formance to motivate him. The exergames provide feedback and rewards in a similar 

to the hologram way. Progress of auditory and cognitive training is also monitored 

and evaluated for the provision of personalized feedback. Self-monitoring is enabled 

through the mobile app in which all rewards and achievements are recorded and 

available. It also enables action planning and goal setting. The users can set their spe-

cific activity goals, mainly for steps and distance covered, as well as goals co-decided 

with their clinicians. Such shared decision making is nowadays central to evidence-

based medicine and it is core component of patient-centered care. Patient empower-

ment is key to shared decision-making which can only happen when a patient admits 

responsibility for his health. 

 

3 Conclusions 

Current theoretical models and scientific evidence indicate that patient empowerment 

for patients with balance disorders at risk of falls can be achieved by adopting a holis-

tic approach, to provide personalized home based, unsupervised interventions, by 

employing advanced technology and novel human machine interactions. Health liter-

acy is the basis of such intervention since it enables citizens to use their own care 

information and information about balance problems in order to motivate them to 

engage with and complete their treatment plan. Feedback, goal setting, rewarding and 
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action planning are other core elements of this intervention. Measuring empowerment 

within HOLOBALANCE, which is a challenging task [26], will add evidence to the 

field and will be one of the outcomes of the multicenter, randomized controlled trial 

that will be conducted towards the end of this project to assess the feasibility and 

estimate the efficacy of the whole concept. 
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