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Abstract
E-health or digital health care is becoming increasingly relevant in Multiple Sclerosis (MS) clinical management. The digital revolution has completely changed the medical approach to MS in terms of information conveying and sharing, neurorehabilitation and patient care management through digital devices. The first part of this review focuses on the information on MS conveyed through the Web and digital media. The second part illustrates the recent advances in digital technology which can be applied to improve clinical management, motor and cognitive rehabilitation of people with MS Finally, this review advocates future development of “digital health case manager” as a new figure to coordinate clinical management and care of MS patients.


Introduction
E-health or digital health care is becoming increasingly relevant in the management of people with mMultiple sSclerosis (pwMS) clinical management.1 Examples of E-health include social mMedia use, correct online scientific information and sharing through patient networks,2 assistive technology, mobile phone aApps, wWearable dDevices and technicalological tools for neurorehabilitation.1 
The first part of this review focuses on the information on MS conveyed through the Web internet and digital media. The second part illustrates the recent advances in digital technology which that can be applied to improve clinical management, motor and cognitive rehabilitation of people with MS (pwMS). Finally, this review advocates future the development of “digital health case manager” as a new supportive entity figure to coordinate clinical management and care of pwMS. 

Information on MS in the digital era

Infodemiology of MS: why people search online information on MS
An ever-increasing number of people search online for health information. This phenomenon has been described emerged into as a new field of epidemiology, called infodemiology ,– which is the study of how health information is conveyed and accessed oin the Internet.3
One of the applications of infodemiology is to determine possible associations between internet searches and epidemiology of a certain disease. This kind of analysis has shown a close association between geographic distribution of MS and online searches both in Italy and France.4 However, online searches for information on MS do not correlate with absolute prevalence of the disease, reflecting also curiosity and interest towards in MS. Peaks in online interest towards MS occur when a celebrity is reported to have MS, or when a celebrity with MS participates to in a television talk show.5  Factors influencing online searches on MS may be considered and exploited in public health policy when launching new campaigns to increase awareness on the disease. Infodemiology could also be used to identify unmet informationve needs among Internet users or to assess how the health information is provided and accessed in the Internet.6	Comment by kschmierer: If you wish, you could include this as a reference: http://www.dailymail.co.uk/health/article-4831046/Made-Chelsea-star-s-doctors-failed-spot-MS.html

Digital opinion leaders in E-health and MS
The role of Key Opinion Leaders (KOL) in health field medicine has been a reality for decades. Generally, the KOLs are prominent persons individuals in their field who are usually recognized for their research, publication record, impact factor and leading role at in a national and international congressescontext, and are routinely consulted for research, publishing or speaking projectsengagements.   However, KOL in health field tend to communicate using traditional media: less than 20% of them engage through social media or other digital media.7	Comment by kschmierer: Suggest inserting a reference here.
Nowadays, these experts can reach a much broader audience by becoming Digital Opinion Leaders (DOL), exploiting digital media to create or amplify their message. 
Whereas Whilst the KOL model is fundamentally hierarchical or vertical, with influence coming from experience and publications, the DOL model is characterized by a less vertical horizontal architecture, more  that is collaborative in nature and intended as a continuous interaction among peers, and between experts, patients and members of the public. 
The influence of DOLs can be quantified in terms of number of online followers and how often their message is shared in the online community.
In the E-health field the role of DOL can be held by clinicians or researchers, but also by patients, caregivers, patient advocacy groups and health bloggers. The role of these E-health DOLs include clinical trial recruitment, consultation on marketing strategies and development of training and support programs.7 Furthermore, by reaching many people, DOLs can amplify specific medical information (or indeed misinformation – see below) in the online community. A further critical role of DOLs is to provide a reliable source of valid information on diseases and treatments. 
Digital media have transformed the way we communicate8 and made easier for expert Opinion Leaders to emerge, providing them with a powerful platform to convey their messages. DOLs generally challenge the public on common social media (e.g. Twitter or Facebook) but frequently also handle run a personal or collaborative website or blog.; the most Pprominent examples in MS include are My MS Team, the BartsMS Blog, MS living well, and SM Social Network. These websites may differ considerably in scope and format. Some may have a main scientific/research interest, while others are focused on fundraising, or are conceived as educational resources to facilitate communications among physicians and interactions with patients. 
The problem of misinformation in the digital age has emerged within the wider context of the so-called post-truth era.9 It is therefore important to monitor information trends and developments in online patient communities to promptly intervene by providing rapid evidence-based and correct information in a timely fashion. DOLs may effectively contribute to avoid the spread of false health information. 

The role of social media to in providinge valid information on about MS: the example of BartsMS Blog
A major turning point and key driver to develop an online digital presence to promote quality care, distribute valid information and contrast misinformation, came with the proposed controversial MS therapy based on the unproven chronic cerebrospinal venous insufficiency (CCSVI) theory of MS etiology.10 Gavin Giovannoni established the The BartsMS Blog, established in 2009, was set up as a direct  in response to that this hardly evidence-based yet hugely popular conceptsituation .11 This The BartsMS Blog site has since grown as a model for dissemination of evidence-based information, supported by a team of researchers and clinicians that focus on a wide range of issues in MS research, diagnosis, treatment and much more. The team organizes real world events that are linked to the online material; these include the an annual “Research Day”, where people can listen to and interact with health professionals in a semiformal setting. 
The system at The BartsMS team  seeks to provide a platform not only for specialist in the field of MS, whether or not they are members of “BartsMS”, and get move away from the solely traditional specialist-centric model. Their favoured model  and put is the patient- at the centred includes the use and provision of bringing services to them, when practical. This is facilitated by telemedicine clinics (using WhatsApp or Skype),  clinics and other digital technologies, whilst the . backdrop of the National Health Service (NHS) Services include also offers electronic automated appointment reminders,  and regular a system for minimizing the number of trips to the clinic by scheduling sequential visits. Blog posts on common issues in MS can help savinge time during a clinical visits through  by educating patients before their consultation, visit and or allowing enable the clinician to refer the patient to the Blog website after the visit. 
Blogs like BartsMS Blog are also well suited to conduct surveys and for self-monitoring activities, to document function over time. AlsoTheir regularly updated provision of the risk of progressive multifocal leukoencephalopathy (PML) in pwMS treated with natalizumab is an example how the Blog has also assumed an unofficial role in , a pharmacovigilance.  function to the online community setting provides further useful information on MS drug safety issues. 

Digital technology and MS

Wireless e wearable devices in MS
The most common use of telemedicine (TM) include synchronous or asynchronous communication for clinical examination and/or rehabilitation, and remote disease monitoring via electronic devices. TM has provided benefits in the fields where it has been applied,12 although - compared to other specialties - Neurology has been slow to adopt it. Some characteristics of MS make TM applicable to this disease;
MS is progressive and affects predominantly young adults, many of which are digitally fluent highly and engaged. Periodic assessments are fundamental to monitor clinical activity and detecting disability progression. Thus, TM-based management may be an appropriate integration to traditional clinical models of patient management.13 The most frequent assessment tools are walking scales; however, these are not always representative of what a patient does in daily life.14 Moreover, patients do not always have a realistic idea of their walking capacity. This is one setting in which a wearable GPS device (smart watch) can be helpful. 
Accelerometers can measure steps, body position: standing, sitting, laying down, sedentary time, hours of sleep, etc. They provide information on gross activity patterns, but cannot determine the quality of movement, joint kinematics, or motor impairments.15 Studies have shown that the steps/day parameter is a reliable and valid measure of free-living walking behavior in pwMS.16 However, long-term studies are needed to determine if disease progression can be detected monitoring these parameters. 
Numerous devices are available on the market, and validation should guide the choice. Testing should be conducted in different populations using large patient cohorts, and their value in improving patient management must be established. Validation could possibly be useful for obtaining reimbursement from the healthcare system. 
Glove-type monitors have been developed to monitor upper limb function and measure fine movements and force applied by fingers.17 Such activity monitors are passive, in that they do not require input from the patient; more sophisticated systems can incorporate cognitive testing and other parameters that require the patient to actively participate in the monitoring. 

Exergames in motor neurorehabilitation for pwMS 
Whereas pharmacological treatments can slow the loss of function, physical rehabilitation can help to increase residual function in patients with motor deficits. Gamification is a way of translating a motor activity into game form so that the physical effort may become more sustainable or efficient.18 Games that increase or promote physical activity are known as exergames, and these can be used to increase fitness in general population19 as well as for rehabilitation purposes20 to improve aimed specific areas and functions in neurological conditions.21 Several exergames that are already available as entertainment tools can be modified for a specific rehabilitative target.22 Moreover, in pwMS with motor deficits, home-based exergames could prove effective in maintaining over time the functional gains achieved with physiotherapy.23 
Potential advantages of using exergames for neurorehabilitation include targeting specific functions by choosing tasks relevant to the patient’s needs, adjusting task difficulty, repetition and intensity to maximize the effect.24 Although it cannot replace physiotherapist-assisted rehabilitation, home-based training can promote fitness and healthy behavior in pwMS with mild disability, and help to maintain long-term abilities acquired by traditional physiotherapy in patients with moderate disability.23 It may also have implications for neuroscience research, as a tool for studying training-enhanced brain plasticity and links between motor and cognitive domains processed by overlapped brain networks serving different functions (e.g., balance and executive function).25

Videogames and exergames in cognitive neurorehabilitation for pwMS 
Some studies have shown that playing action video games has some beneficial effects on cognitive skills, including attention, spatial relations and processing speed.26 An association has been reported between hours per week of video gaming and cortical thickness in the left dorsolateral prefrontal cortex (executive control, strategic planning) and left frontal eye field (visuo-motor integration) in adolescents.27 Besides Apart from promising results in motor functions,23 there is increasing evidence showing that exergames may prove beneficial in cognitive neurorehabilitation,28 thus raising the hypothesis hope that improved performance in a motor function may be transferred to different untrained functional domains.29
Meta-analyses of studies on action video gaming effects in healthy subjects and clinically impaired populations reveal a small to medium effect size on a series of cognitive skills.28,29 A recent meta-analysis considered only studies of patients with neurological conditions, in which cognitive tests were primary or secondary endpoints. Compared to conventional therapies, exergames are equally effectiveicacious for global cognitive functions and attention, and more effective efficacious for executive functions and visuo-spatial perception.29 
The effect of exergames (balance board video game) training on sustained attention was investigated in a small crossover study on 21 pwMS.30 During balance board training, PASAT 3” and 2” scores significantly improved when compared with a wait-list group, but returned to baseline when not training. Improvements at PASAT correlated with improved balance control that, in turn, was associated with structural changes in the cerebellum on MRI, thus highlighting the role played by the cerebellum in balance control and cognition.31 

Digital health case manager: a new figure in E-health management of pwMS? 
In an appropriate healthcare setting, case managers should coordinate patients’ care with characteristics of consistency (following widely accepted guidelines), continuity (maintaining contact over time), commitment (towards improving health and social conditions), and consolidation (of the health status).32
In general, case managers are involved from the very beginning of healthcare assistance and are specifically involved in the preliminary evaluation first, and then in establishing the care plan and its periodic revision. In everyday life, this role is played by the general practitioner/family doctor. An appropriate health case management should ultimately leads to reduced waiting times, to uniformity of health services, to controlled prescriptions of high cost services, to fostered adherence to therapy, and to improved relationships within among health care and allied professionals.33 
Looking at the clinical management of pwMS, the role of health case manager is generally played by specialized nurses or physicians who can work either in MS Centers or within local services. When case managers are located based within the MS Centre there is the are great advantages for pwMS  of being in a highly specialized context, continuously up to date with the evolving scenario of MS management. However, MS Centers are often far from the homes of pwMS and access therefore limitedfrom organization issues of local services. On the cConverselytrary, case mangers based in the community and with within local services,  ideally much closer to pwMS, are may find it difficult to keep up to date with the latest in MS research and treatmentworlds. 
Digital technology can help in overcoming these limitations at a relatively low cost. Currently, there are some examples of how digital technology can be applied in clinical management and patient care. In the United Kingdom, the National Health Service NHS operates a digital case management system called “GP at Hand”, staffed by general practitioners that able to coordinate care delivery and medication prescription remotely.34 A Digital Case Management could also be applicable to MS, that is characterized by marked heterogeneity both in terms of clinical features and type of care needed. In the next near future a digital MS case manager may prove useful to act as coordinator of patient care. The first step would be the digitalization of the MS care pathway achieved by creating a digital platform that operates as a case manager. Then, each patient’s care path would be personalized according to individual characteristics and to the local organization of healthcare services. The process could be optimized for each patient, with coordination of appointments, reminders, etc., putting the patient at the centre of the process. The costs for such a system would not be great, whilst but the improvements through immediate access to expert input feed-back may could substantially improve the quality of care and indeed of life for pwMS.35

Conclusions
E-health is a reality involving several fields of medicine, including neurology. An increasing number of people seek information on diseases and health issues on the Internet, and this generates data which can be assessed for research and used for health policy purposes. The online searches for MS only partly reflect the epidemiology of the disease and are influenced by several factors which can be exploited for planning health campaigns to increase the awareness towards this condition and for raising fund raisings. With an increasing amount of information conveyed through the Internet and shared in social media, the new figure of DOL is emerging. With regard to online information on MS, further efforts should be made to have reliable E-health information provided and amplified by DOLs coming from the scientific community, in order to limit the negative impact and uncritical diffusion of unsubstantiated or even false information about scientifically-unproven treatments. An outstanding example of reliable information on MS conveyed in an effective way is the BartsMS Blog. The enormous potentialities of digital technology can should also be further exploited for in pwMS, both for rehabilitative purposes (motor and cognitive), and as well as to improve the clinical management of pwMS through online platforms (digital health case managing). 
The digital revolution has completely changed the medical approach to MS in terms of information conveying and sharing, and new neurorehabilitation and patient care approaches through digital devices. 
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