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Abstract
Purpose of Review Advances in technology have expanded telemedicine opportunities covering medical practice, research, and
education. This is of particular importance in movement disorders (MDs), where the combination of disease progression,
mobility limitations, and the sparse distribution of MD specialists increase the difficulty to access. In this review, we discuss
the prospects, challenges, and strategies for telemedicine in MDs.
Recent Findings Telemedicine for MDs has been mainly evaluated in Parkinson’s disease (PD) and compared to in-office care is
cost-effective with similar clinical care, despite the barriers to engagement. However, particular groups including pediatric
patients, rare MDs, and the use of telemedicine in underserved areas need further research.
Summary Interdisciplinary telemedicine and tele-education for MDs are feasible, provide similar care, and reduce travel costs
and travel time compared to in-person visits. These benefits have been mainly demonstrated for PD but serve as a model for
further validation in other movement disorders.
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Introduction

Technology advancements have expanded the application of
information technology in the field of medicine, changing the
landscape and enablingmedical practice and educationwithout
the encumbrance of geographical barriers. Telemedicine (also
referred to as telehealth in this article) is the use of electronic

information and communication technology to provide and
support healthcare when distance separates participants [1].
Over time, the utility of telemedicine has expanded beyond
conventional clinical uses (e.g., diagnostic evaluation, patient
monitoring, and preventive health) to non-clinical applications
such as continuing medical education (e.g., through web-based
conferencing), research, and health systems administration
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[2–4]. Uneven distribution and shortages of manpower and
infrastructure hamper delivery of quality healthcare. The inher-
ent attraction of telemedicine is its ability to bridge the major
barriers that limit such access, including distance, disability,
and distribution of qualified health providers [5••]. The typical
outpatient visit to the clinic offers face to face contact, but is, at
best, a very crude and often inaccurate perspective of the pa-
tient’s real functioning at home.

Telemedicine allows physicians and other healthcare pro-
fessionals to literally take healthcare back into the patient’s
own home and to reinstate within a modern context the
cherished “house-call” of past centuries [6]. It offers the ability
to judge patients in their own natural environment.
Furthermore, telemedicine holds promise as a tool to help
reduce mounting healthcare costs, by increasing efficiency
of consultations and care delivery, not least for patients who
no longer have to travel long distances or to wait in public
waiting rooms. The variety of current (traditional) and emerg-
ing options for deploying telehealth (such as real-time com-
munication, store and forward [asynchronous] connections,
remote patient monitoring, and mobile health technologies,
apps and web-based services) extend opportunities to include
patients in urban, suburban, rural, and remote locations [1, 7].

Telemedicine is of particular importance in neurological
disorders [8], and specifically movement disorders [9••],
where the combination of disease progression, limitations in
mobility, and the sparse distribution of movement disorder
specialists globally add layers of difficulty to the challenges
of access. Movement disorders are clinical syndromes mani-
fested by slowness or poverty of movement (such as parkin-
sonian disorders), at one end of the spectrum, and abnormal
involuntarymovements (such as tremor, dystonia, chorea, tics,
etc.), at the other. Over three million adults and children
worldwide suffer from movement disorders. Many have poor
access to subspecialists and a multidisciplinary approach to
care. Current care models require travel to tertiary centers,
increasing the burden on patients and caregivers [10].
Moreover, many patients with movement disorders have
symptoms and signs that are difficult to assess in a clinical
setting, either because they are intermittent (e.g., freezing in
patients with PD), because they are rare and typically home-
based (e.g., falls), or because they require longer observation
periods to be assessed reliably (e.g., response fluctuations to
dopaminergic medication).

In this article, the Telemedicine Task Force of the
International Parkinson and Movement Disorders Society
(IPMDS) discusses the current and future prospects, chal-
lenges, and strategies to overcome barriers for the practice of
telemedicine in movement disorders from a global and inter-
disciplinary perspective. Overall, major advantages and limi-
tations of different telemedicine applications are presented in
Table 1. Extensive description of new technologies is beyond
the scope of this review.

Telemedicine in Parkinson’s Disease

Telemedicine is particularly suited to the evaluation of patients
with PD, primarily because much of the physical exam find-
ings are visual. Training and certification for many PD motor
rating scales are completed via video, and those who serve as
blinded raters for clinical trials often do so via asynchronous
video evaluations. Synchronous telemedicine allows for face-
to-face virtual interactions, enabling the provider to interact
with the patient and request repetition or alternative tasks to
better define the characteristics of both normal and abnormal
movements. One of the first mentions of telemedicine for PD
was by Hubble and colleagues (1992) [11], who used “inter-
active video conferencing” to assess its validity in evaluating
PD patients. Numerous studies have confirmed the validity of
remote assessments [9••, 12–15], but telemedicine does have
limitations. There are portions of the exam, such as rigidity
and pull testing, which cannot be adequately evaluated via
telemedicine without the use of an on-site reliable assistant.
Although rigidity and postural reflex testing and their re-
sponse to dopaminergic drugs help with the initial diagnostic
evaluation and management plan, these relative limitations do
not detract from other significant benefits. Furthermore, a
modified version of the Unified Parkinson’s Disease Rating
Scale (UPDRS) with rigidity and postural instability removed
has been deemed reliable and valid [16].

As the global incidence and prevalence of PD are expected
to rise, doubling between 2005 and 2030 [17,5••], the shortage
of neurologists is predicted to increase as well, widening the
gap between those in need of specialized PD care and those
providing it [18]. Furthermore, evidence shows that PD pa-
tients who receive treatment from a movement disorders spe-
cialist show improved health outcomes, including greater ad-
herence to quality indicators [19] and increased patient satis-
faction [20]. In one US study, more than 40% of patients with
PD did not receive any neurologist care [21]. Neurologist-
treated patients were less likely to be placed in a skilled nurs-
ing facility, had a lower risk of hip fracture and lower likeli-
hood of death [21]. Telemedicine offers the opportunity for
enhanced access to specialty care, thus potentially reducing
morbidity and mortality and improving quality of life (QoL)
for patients with PD.

Telemedicine in Other Movement Disorders

The body of evidence for telehealth in PD is in stark contrast
to the sparse investigation of telemedicine in the treatment of
other movement disorders. For example, very little has been
published on the use of telemedicine for Huntington disease
(HD). As an illness that causes such severe motor, cognitive,
and psychiatric disability, as well as psychosocial and finan-
cial burden, a more patient-centered approach would entail
moving the multidisciplinary, subspecialty care from an
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outpatient clinical setting to the home via telehealth. In a small
pilot study, virtual home visits were found to be reliable for
conducting motor assessments in HD [22]. Telemedicine for
HD patients was also found to improve healthcare access
while maintaining quality of care [23]. Unfortunately, the lim-
ited research on the use of telemedicine in HD leaves impor-
tant questions unanswered. This includes the effect of tele-
medicine interventions on HD-specific symptoms, as well as
on access to interdisciplinary care and palliative care. Disease-
specific barriers to telemedicine and an analysis of the cost-
effectiveness of telemedicine for HD are also important to
explore.

Neuroleptic-induced movement disorders are common but
a formalized screening method to identify related symptoms
remains unavailable. The Abnormal Involuntary Movement
Scale (AIMS) has been validated to monitor drug-induced
movement disorders via synchronous videoconferencing

[24]. However, research is required to formalize the proce-
dures, assess the strengths and limitations of this method,
and monitor response to treatment. Furthermore, advanced
technology utilizing digital measures of abnormal movement
could objectively assess hyperkinetic disorders, which is of
relevance to other movement disorders such as HD.

Tics are a common childhood-onset movement disorder
which are often associated with psychiatric co-morbidities,
such as attention deficit disorder and obsessive compulsive
disorder [25]. Tics are typically less pronounced when the
patient is being examined face-to-face, so telemedicine and
less obtrusive monitoring is attractive for this group [26].
The wide spectrum of primary chronic tic disorders can have
significant effects on cognitive function and QoL. Currently,
Comprehensive Behavioral Intervention for Tics (CBIT) is the
most effective treatment for tic disorders [27, 28].
Unfortunately, access is limited due to a paucity of skilled

Table 1 Major advantages and
limitations of telemedicine Advantages Limitations

Parkinson’s
disease

Home-based gait assessment, particularly gait
freezing

Validated online-motor UPDRS assessment

Rigidity and pull-tests are not
assessed.

Other MDs HD: validated online-UHDRS assessment

Tics: VoIP comprehensive behavioral
intervention for Tics (CBIT).

Tics are usually suppressed less frequently
compared to in-clinic visits.

Limited data compared to
Parkinson’s disease

Pediatric MDs Familiarity with technology

Validated online UBDRS

Neurofunctional assessment
(playing with toys, etc).

Limited data compared to adult
MDs

Underserved
areas

Feasibility studies available in Africa, China, and
South America

Covering different targets: allied health
professional, doctors, medical students

Reduce academic isolation

Cultural, costs, and technology
barriers

Interdisciplinary
approach

Speech pathology applications

Physiotherapy programs

Multidisciplinary consulting

Palliative care

Psychological care

Remains underutilized

MDs overview Home environment assessment

Decrease healthcare costs

Access to remote areas

Access to patients with limited mobility

Virtual research visits

Wearables and other mobile applications
can be used

Dearth of established telemedicine
programs worldwide

Low reimbursement

High cost of equipment

Limited technology access and
infrastructure

Limited training in technology

Long-term adherence

Cultural limitations on examining
certain body areas

MDs movement disorders, UPDRS Unified Parkinson’s Disease Rating Scale, UBDRS Unified Batten Disease
Rating Scale, HD Huntington’s disease
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providers. Voice over Internet Protocol (VoIP) provides an
online CBIT option with high patient satisfaction [29]..
TicHelper.com (“TicHelper”) [30] is another available tool
providing an interactive module treatment program. Online
modalities may increase compliance and adherence by
creating alternative avenues for diagnosis, monitoring, and
management of chronic tic disorders.

Telemedicine is an equally important tool for the treatment
of pediatric movement disorders. With limited access to ade-
quate care, many children remain under-treated with compli-
cations that could be averted by continuous care via telehealth
instead of fragmented in-person follow ups. Young adults and
children may feel more comfortable with video conferencing
compared to adults; furthermore, young adult parents are more
likely to be technologically aware than elderly adult patients,
facilitating teleconsultations [31]. Likewise, working parents
may prefer the convenience of teleclinics, which do not add
travel burden and cost to strained schedules and budgets.

Batten disease, a juvenile neurodegenerative disorder
caused by neuronal ceroid lipofuscinoses, is the only example
in the literature of telemedicine being employed for the treat-
ment of a pediatric movement disorder [32]. A recent pilot
study suggested that remote cognitive assessment using the
Unified Batten Disease Rating Scale (UBDRS) is feasible
and reliable [33]. In our experience, pediatric movement dis-
order examinations with cooperative children are similar to
those for adults. Limited cooperation due to age and/or cog-
nitive impairment is addressed with the assistance of the care-
giver or allied health professional, similarly to in-person visits,
facilitating videography and examination. We recommend
that the physician organizes the examination area to ensure
that both the child and caregiver are seated in front of the
screen, enabling the physician to maintain eye contact with
both of them. Home telemedicine provides the opportunity to
observe children in their natural environment, whichmay help
reduce patient and caregiver anxiety. The neurological exam-
ination could include observing the child performing daily
chores and playing in his/her natural environment, which
might bring out symptoms or signs not apparent in clinic. It
is important to appreciate that examining certain body areas
may be very uncomfortably perceived by patients and families
in a telemedicine setting. As such, we recommend that the
healthcare provider consider the cultural and environmental
issues when planning a telemedicine visit [34,35].

The paucity of data regarding the use of telemedicine in the
evaluation and treatment of additional movement disorders is
even more problematic. Ataxia, for example, causes progres-
sive motor and cognitive disability, with over 150,000 indi-
viduals affected in the USA alone, and limited access to ter-
tiary care centers for these patients. Creating online tools and
dedicated telehealth research efforts should be encouraged to
help expand subspecialty and interdisciplinary care to a pop-
ulation in need. This will also create a larger pool of patients

that can potentially contribute to disease-modifying trials and
genetic phenotyping.

Telemedicine Health Networks for Parkinson’s
Disease and Other Movement Disorders

Telemedicine programs are blossoming across the globe as
virtual clinical visit becomes more readily accepted as an al-
ternative to in-person clinic visits. In the USA, the Department
of Veteran’s Affairs (VA) Office of Connected Care leverages
robust telemedicine infrastructure and advanced information
technologies including telehealth and mobile applications,
among others, to provide alternatives to in-person clinic visits
[36]. This includes not only synchronous encounters for pa-
tients at remote VA clinics but home telehealth and e-
consultations as well. Kaiser Permanente, an integrated man-
aged care consortium, has widely adopted a telehealth model
accounting for more than half of all health encounters in the
system in 2016 [37]. Medicare, the United States’ universal
healthcare system for older (> 65 years of age) and disabled
adults, currently reimburses telemedicine in only a subset of
rural areas. However, recently proposed legislation aims to
expand the scope and reach of telemedicine services allowed
by Medicare [38]. Many other programs, such as those de-
scribed by Dorsey, Biglan, and colleagues, have reported on
the benefits of “virtual house calls” which provide equal clin-
ical outcomes compared with office visits but are of greater
efficiency and service to patients in residential care facilities,
in terms of patient/provider satisfaction with comfort/
convenience [14, 15, 39].

Canada is home to one of the most established telemedicine
programs. The Ontario Telemedicine Network provided
telehealth services to 785,986 patients, over 1200 patients
with movement disorders in 2017, and continues to provide
care for advanced PD patients, including those with deep brain
stimulation (DBS) [40]. dB makers are also examining ways
to remotely perform DBS programming for PD patients with-
out requiring patients to leave their home [41].

Interdisciplinary Telemedicine Care for Patients
with Movement Disorders

Research demonstrates that people with PD and other move-
ment disorders benefit greatly from interdisciplinary medical
care [42–44]. Telehealth technologies have the potential to
increase the accessibility of care for patients, especially those
with advanced disease living in underserved areas with diffi-
culties accessing specialized centers [45]. Telemedicine in the
field of pediatric psychology is still rather new but important
to consider for clinical applications including individual and
group therapies for depression, obesity, and other chronic ill-
nesses [46]. In a survey conducted in Australia among allied
health professionals to study the use of telehealth in research,
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most studies evaluated speech pathology applications (64%)
[47] and physiotherapy (22%) [48], with only one study in
each of the following disciplines, respectively (occupational
therapy, podiatry, and audiology). Only one study involved
more than one allied health discipline [45,49]. The study out-
comes indicated that interdisciplinary telehealth was compa-
rable with traditional in-person care delivery [45]. Bloem et al.
[50] analyzed therapeutic interventions for PD outside phar-
macological and surgical therapies, and growing evidence has
been found for the effectiveness of various types of non-
pharmacological interventions. Physiotherapy is best studied
[51], with several advances in recent years, and an interesting
challenge for the next years is to evaluate whether some of the
evidence-based treatments (such as cueing to improve gait)
can now also be delivered remotely using telehealth, either
entirely or—more likely—as part of an integrated approach
that also involves occasional in-person consultations [50]. The
effectiveness of aerobic training, gait training, and balance
training has been further established, and several promising
physiotherapy interventions administered via telehealth have
been developed, including Balance Training on Postural
Control in Patients with PD Using a Virtual Rehabilitation
System [52], and PD-Webb approaches [53, 54]. Interesting
new work suggests that emerging technologies, e.g., virtual
reality dancing [51], may offer tools to accomplish a better
long-term adherence to a physically active lifestyle. In addi-
tion, computer game-based exercise for different modalities
(movement, speech, cognition) is a promising and rapidly
growing field [55]. Dias et al. [56] used a synchronous tele-
rehabilitation (videoconferences) approach to study the effec-
tiveness and feasibility of vocal tele-rehabilitation by using the
extended version of the Lee Silverman® method in PD pa-
tients. This is a particularly promising area, because current
voice treatment programs are fairly intensive, requiring regu-
lar visits to the clinic, and in that regard, doing at least some of
those treatments via telemedicine would be a great service to
patients. Moreover, treatment effects may taper off after the
intensive treatment period, so remote follow-up visits would
be ideal to ascertain a sustained efficacy. A recent study pro-
vided integrative specialized care to PD patients and care-
givers by using synchronous videoconferencing telehealth
technology [42]. A movement disorder team composed of
movement disorder specialists, psychologists, nurse practi-
tioners, researchers, physical and speech therapists, nutrition-
ists, and graduate students followed 36 PD patients for
6 months. In this study, PD patients, after being evaluated by
this interdisciplinary approach [42], received recommenda-
tions to change their medication regimen or were referred to
physical therapy, speech therapy, occupational therapy, and/or
mental health care, as clinically indicated.

Beyond PD, there are little data about the use of interdisci-
plinary care delivery models using telemedicine for move-
ment disorders. In a survey conducted to analyze the

organization of clinical services for HD at 231 sites surveyed
in Europe, North America, Latin America, and Oceania, mul-
tidisciplinary case reviews were offered in 54.5% of sites, and
only videoconferencing and telemedicine were used by only
23.6% sites [57].

A different setting where telemedicine can be used involves
palliative care, which is aimed at optimizing QoL and reliev-
ing suffering for people with life-threatening illnesses or ad-
vanced chronic diseases, as well as that of their caregivers. In
many cases, the treating neurologist/clinician remains the
principal physician for these patients, even in late-stage dis-
ease. With the expansion of palliative care needs and a relative
lack of access to palliative care specialists, an interdisciplinary
approach involving nurses, allied health therapists, social
workers, chaplains, and hospice workers is important for ho-
listic care coordination [58]. In this regard, the Telemedicine
Task Force of the IPMDS is currently conducting a research
study analyzing the feasibility of providing an interdisciplin-
ary palliative care via telemedicine to patients with atypical
parkinsonian syndromes. Results of this study are
forthcoming.

Telemedicine Programs in Underserved Areas

Access to specialty care remains poor for certain sub-
populations even among nations with developed healthcare
systems and is even more limited in nations with limited re-
sources for healthcare. Telemedicine is particularly needed in
remote areas that are currently facing a shortage of general
practitioners and specialists. Telemedicine may be also con-
sidered to be an effective strategy to aid in the recruitment and
retention of physicians in underserved areas by breaking their
professional isolation and reducing the stress related to this,
facilitating their distance learning and, in doing so, improve
access to healthcare [59].

Over the last 5 years, the IPMDS has been sponsoring
several telemedicine programs in underserved areas, including
South America, Africa, and China. The Asynchronous
Consultation in Movement Disorders (ACMD) is a special-
ized program conducted in Africa. The use of this store-and-
forward technology has enabled referring sites with slower
internet speeds and variable electrical power to participate in
ACMD. In addition, our referring sites in Africa are able to
access the simple equipment required (PC and digital camera
or smartphone) to request a consult, eliminating the challenges
of scheduling virtual clinic visits in different time zones. The
ACMD program is structured such that the consultant solely
provides advice to the local provider, who continues to be the
treating physician. The consultant’s report may include a dif-
ferential diagnosis, a list of follow-up questions for consider-
ation, and/or an empiric plan of care. The consultant can also
attach other documents, such as relevant academic literature.
The feedback from consultants and referrers has been
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overwhelmingly positive. In particular, the referrers have
identified that the program has been especially useful as a
professional development tool.

Using a different approach, a tele-education PD program for
health providers was conducted at Hospital Laquintinie in Douala
(Cameroon) (see picture presenting a tele-education classroom;
Fig. 1) [60•]. Twenty lectures over the course of a year that con-
nected participants with movement disorder experts using live,
synchronous video conferences and teaching materials were giv-
en. Thirty-three health professionals (52.4%women) including 16
doctors and 17 allied health professionals and 18 speakers partic-
ipated. Videoconferences were successfully completed in 80%,
participation ranged from 20 to 70%, and satisfaction was at least
above average in 70% of participants. Whereas medical knowl-
edge was dramatically improved, post-course patient access was
not changed in the short-term. On the other hand, using a different
audience target, a movement disorders tele-education project for
medical students was conducted in 2016 in a low-middle-income
(Cameroon) and a middle-high-income (Argentina) country lack-
ing access to movement disorders education [3]. Six real-time
videoconferences covering hyperkinetic and hypokinetic move-
ment disorderswere included. This study included 151 undergrad-
uate medical students (79.4% from Argentina, 20.6% from
Cameroon). Feasibility was acceptable with 100 and 85.7% of
the videoconferences completed in Argentina and Cameroon, re-
spectively, and medical knowledge improved similarly in both
countries. Attendance was higher in Argentina compared to
Cameroon (75 vs. 33.1%).

In China, a pilot project supported by the IPMDS
Telemedicine Task force used telemedicine to provide care
to PD patients through a network of neighborhood clinics
and to train primary care neurologists in neighborhood clinics
in the diagnosis and management of PD with specialist sup-
port. The community neurologists were satisfied with the use
of telemedicine to obtain expert advice. Contrary to our ex-
pectation, PD performance was similar in the intervention and
non-intervention group. However, a non-significant reduction

in fractures, emergency visits, and hospitalizations was ob-
served in the intervention group. The use of telemedicine fa-
cilitated consultations between community neurologists and
movement disorders experts providing a step forward in ac-
cess to high-quality care in remote provinces of China. PD
patients saved hundreds of hours of traveling time, and serious
adverse outcomes such as fractures and hospitalizations ap-
peared to be reduced.

Quality of Life, Cost-Effectiveness, and Barriers

Telemedicine for movement disorders has been evaluated
mainly in PD and has been shown to deliver similar QoL
outcomes and is cost-effective compared to in-office care,
despite barriers to engagement. Five randomized controlled
trials conducted to date compared telemedicine versus usual
care for persons with PD [14, 15, 61–63]. QoL was similar
[14, 15, 62, 63] or improved [14, 64] for those receiving tele-
medicine care. In a separate non-controlled study, there was
no improvement in QoL after 6 months [65••]. Cost reduction
is one of several benefits of applying telemedicine to chronic
movement disorders such as PD [9••]. Firstly, telemedicine is
cost-effective for patients by reducing direct out-of-pocket
travel costs and travel time compared to in-person visits [15,
61, 62, 66, 67]. For example, telemedicine saved up to
US$100 [15] or CA$200, travel time up to 209 min, and travel
distance up to 160 km, per visit [67]. One study calculated
savings for 34 patients with PD over 3 years as approximately
1500 attendant travel hours, 100,000 km of distance, and
US$37,000 [66]. Secondly, it is cost-effective for healthcare
delivery, with similar clinical outcomes and motor and non-
motor assessments, for telemedicine versus in-office visits
[61, 63]. Lastly, it is cost-effective for physicians who practice
in well-established telemedicine systems (e.g., Canada;
Veterans Affairs [federal], Kaiser Permanente [private] in the
USA), where telemedicine visits have similar or higher reim-
bursement to in-office care [68].

Fig. 1 Tele-education for medical
students in Cameroon. Courtesy
of Dr. Jacques Doumbe,
Cameroon
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However, a number of major barriers limit universal adop-
tion of telemedicine and are generally more prohibitive for
physicians than for patients. The most common barriers per-
ceived by physicians include the inability to perform a full
neurological exam, technological difficulties, and reimburse-
ment issues [69, 70]. Although providers are typically not
trained in the use of telehealth technologies in their respective
medical specialty and subspecialty training programs, new
telemedicine rotation programs are emerging for neurology
residents in a few US centers. From a patient perspective, a
significant barrier is accessing telemedicine due to the digital
divide. Persons with PD who participate in telemedicine stud-
ies are overwhelmingly white, well-educated, and more famil-
iar with technology than the general PD population [62].
Additionally, older and less educated individuals with chronic
diseases are less likely to have internet access. While research
trials may provide cameras and even smart phones to research
participants, this is not currently feasible for standard practice
[71]. Patients who have participated in telemedicine have also
reported difficulties establishing rapport with medical pro-
viders in this clinical setting [9••, 69].

Although video camera technology and smartphones are
almost ubiquitous and becoming more affordable over time,
a major challenge is the lack of reimbursement for providers’
time and expertise in some health systems. It is difficult to
properly assess the value of telehealth considering the rapid
rate of change in both technologies and healthcare reimburse-
ment. It is likely that an entirely new role, perhaps called
“telehealth technologist,” may need to be developed to track
and organize the plethora of novel and emerging technologies
applied in healthcare. Funding for this new role may pose a
challenge for smaller medical facilities.

New Technologies and Other Research Opportunities

Novel technologies that constantly track our activities, sleep, mo-
tor performance, location, and a variety of other daily functions
are evolving at an unprecedented rate. These technologies are
swiftly penetrating the commercial fitness and health industry,
and we also foresee their increasing applications in telemedicine.

Some of the most exciting novel technologies being ap-
plied or tested in the context of telemedicine include [1] pro-
prietary wearables; [2] self-sensing and adjusting “closed
loop” systems for optimizing DBS programming; [3] robotic
technologies to enhance remote physical exams; [4] applica-
tions for commercial smart devices to detect movement, back-
ground keyboard use, or standardized motor tasks; [5••] pro-
grams that improve medication adherence; [6] “smart home”
integration with ADL assistance; [7] triangulated cloud-based
networks for enhanced family/care partner engagement; and
[8] more recently, machine-learning/AI-based systems.

These technologies [1] aid treatments (DBS “closed loop”
system, medication reminders), [2] facilitate care delivery

(virtual visits, triangulated cloud-based networks), and [3]
help assess therapeutic response (wearables, most app-based
technologies). Complex multi-element technologies, especial-
ly with the use of machine-learning, may represent multiple or
all three of these categories. In this regard, another major
development is the use of wearables as surrogate—and occa-
sionally primary—outcomes in clinical trials [72].

Expansion of the role of telemedicine for movement disor-
ders necessitates more objective methods to measure neuro-
logical signs as well. To this goal, numerous mobile applica-
tions and wearables have been developed. While in-depth
evaluation of these is beyond the scope of this review, some
of the largest studies warrant mention. The Mobile
Parkinson’s Observatory for Worldwide, Evidence-based
Research (mPOWER) is a clinical observational study that
obtains data via surveys and frequents sensor-based record-
ings purely through an iPhone app interface [73]. In a different
study, the Parkinson@home study, the feasibility of using
multiple wearable sensors in PD during daily life in a large
cohort was studied, providing promising results [71]. The
Michael J. Fox Foundation has also launched a virtual re-
search study using a wearable device to monitor a patient’s
movements and activity level during daily activity as well as
collecting data via surveys [74]. Lastly, other private compa-
nies such as Great Lakes Neurotechnologies, Inc., have per-
formed validation studies using finger- and wrist-worn motion
sensors to objectively measure motion in PD patients [75–78].

While the rapidly improving ability to objectively and ac-
curately measure every major aspect of movement and daily
function is of tremendous interest to movement disorder neu-
rologists and clinical trialists, it also brings novel challenges.
One such problem is the appropriate interpretation of massive
amounts of data and extraction of actionable and clinically
meaningful information, to aid patient management decisions
on the one hand and to establish dependable clinical outcomes
on the other. The validation of wearable sensor, smartphone
app, and smartwatch data as “gold standard” outcomes remain
largely unresolved.

While many of these novel technologies have showed pos-
itive preliminary results in aiding clinical decision-making
and capturing a specific aspect of disease, they do not yet offer
validated global measures of motor function or well-being as
do standard scales and traditional exams. As a result, they are
not yet being used as mainstream research instruments to mea-
sure primary or secondary outcomes in clinical trials.

Conclusions

Telemedicine and tele-education using synchronous and asyn-
chronous technology has been shown to be feasible, reduce direct
out-of-pocket travel costs and travel time compared to in-person
visits, and provide similar care to in-person visits. These benefits
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have been mainly demonstrated for PD and will require valida-
tion for many other movement disorders. Recognizing the poten-
tial of telemedicine and overcoming current barriers will translate
to much greater adoption of this modality in the future. In the
decades ahead, the IPMDS and its telemedicine and technology
task forces, and other medical associations, will continue to pro-
vide authority and guidance in these rapidly developing areas.
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