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Introduction: Parkinson’s disease (PD) is a chronic neurodegenerative disease involving
a progressive alteration of the motor and non-motor function. PD influences the patient’s
daily living and reduces participation and quality of life in all phases of the disease.
Early physical exercise can mitigate the effects of symptoms but access to specialist
care is difficult. With current technological progress, telemedicine, and telerehabilitation
is now a viable option for managing patients, although few studies have investigated
the use of telerehabilitation in PD. In this systematic review, was investigated whether
telerehabilitation leads to improvements in global or specific motor tasks (gait and
balance, hand function) and non-motor dysfunction (motor speech disorder, dysphagia).
The impact of TR on quality of life and patient satisfaction, were also assessed. The
usage of telerehabilitation technologies in the management of cognitive impairment was
not addressed.

Method: An electronic database search was performed using the following databases:
PubMed/MEDLINE, COCHRANE Library, PEDro, and SCOPUS for data published
between January 2005 and December 2019 on the effects of telerehabilitation systems
in managing motor and non-motor symptoms. This systematic review was conducted
in accordance with the PRISMA guideline and was registered in the PROSPERO
database (CRD42020141300).

Results: A total of 15 articles involving 421 patients affected by PD were analyzed. The
articles were divided into two categories based on their topic of interest or outcome.
The first category consisted of the effects of telerehabilitation on gait and balance (3),
dexterity of the upper limbs (3), and bradykinesia (0); the second category regarded
non-motor symptoms such as speech disorders (8) and dysphagia (0). Quality of life
(7) and patient satisfaction (8) following telerehabilitation programs were also analyzed,
as well as feasibility and costs.
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Conclusion:

Telerehabilitation is feasible in people affected by PD. Our analysis of

the available data highlighted that telerehabilitation systems are effective in maintaining
and/or improving some clinical and non-clinical aspects of PD (balance and gait, speech
and voice, quality of life, patient satisfaction).

Systematic Review Registration:

CRD42020141300.

https://www.crd.york.ac.uk/prospero/, identifier:

Keywords: Parkinson’s disease, review, remote physical activity, digital health, telerehabilitation, online

rehabilitation

INTRODUCTION

Parkinson’s disease (PD) is the second most common
neurodegenerative disorder (1) and the most common
movement disorder worldwide (1, 2). The prevalence of
PD increases steadily with age: in industrialized countries, it
affects 0.3% of the entire population, about 1% of people over
60 years of age and 3% of those older than 80 years (1-4);
annual incidence rates of PD are estimated between 8 and 18
per 100,000 (4). Statistically, the prevalence varies according to
different factors. First, geographical location—PD prevalence is
significantly lower in Asia than in North America, Europe, and
Australia (1, 5). In Europe, estimated prevalence ranges between
65 and 12,500 per 100,000 inhabitants, while annual incidence
rates are estimated between 5 and 346 per 100,000 (6). Another
factor affecting PD prevalence is sex—males are more affected
than females (7).

PD is a chronic neurodegenerative disease of the
extrapyramidal system that affects the central nervous system
and involves a progressive alteration motor and non-motor
function (8). Pathologically, PD is a consequence of the depletion
of dopaminergic neurons in the pars compacta of the substantia
nigra, components of the basal ganglia (2). The key motor
symptoms go by the acronym TRAP (9): (1) Tremor, which is the
primary disorder in 70% of PD patients; (2) Rigidity (or stiffness);
(3) Akinesia/bradykinesia; and (4) Postural control/postural
instability. TRAP associated with flexed posture and freezing
are the main motor dysfunctions in patients affected by PD (2).
Although PD is typically a motor disorder, it is also characterized
by non-motor symptoms (2, 10, 11). Non-motor dysfunctions
include a wide range of symptoms: speech and communication
disorders (dysarthria) (12); autonomic dysfunction (13) of
the gastrointestinal (dysphagia, sialorrhea) (14), urinary (15),
and cardiovascular (16) systems; sleep problems (17); sensory
features: olfactory and visual deficits, pain and somatosensory
disturbances (11, 18); neuropsychiatric symptoms: anxiety (19),

Abbreviations: PD, Parkinson Disease; QoL, Quality of Life; ICT, Information and
Communication Technologies; TR, Telerehabilitation; VR, Virtual Reality; RCT,
Randomized Controlled Trial; ADL, Activities of Daily Living; H&Y, Hoehn &
Yahr Scale; MMSE, Mini-Mental State Examination; BBS, Berg Balance Scale; 10-
MWT, 10-Meter Walking Test; DGI, Dynamic Gait Index; TUG, Timed Up & Go
test; 6mW'T, 6-min Walking Test; MDS-UPDRS III, Unified Parkinson’s Disease
Rating Scale; ABC, Activities-Specific Balance Confidence; PDQ, Parkinson’s
disease Questionnaire; UL, Upper Limbs; BBT, Box and Block Test; 9HPT, Nine-
Hole Peg Test; FIM, Functional Independence Measure; LSVT, Lee Silverman
Voice Treatment; SPL, Sound Pressure Levels.

apathy and fatigue (20), depression (21) and, finally, cognitive
impairments, and dementia (22). Together, motor and non-
motor symptoms play a decisive role in patients’ disability and
worsen their quality of life (QoL).

PD is characterized by a relatively slow progression. The
therapies available to date offer a good response in the control
of motor symptoms, but lose their effectiveness during the
natural course of the disease, particularly in the advanced stages
when non-motor symptoms become more evident (10, 23, 24).
Alongside drug therapy, research shows that early physical
exercise is beneficial for PD patients and an early start of
rehabilitation is highly recommended, even in the initial stages
of the disease (25-27). Regular physical exercise and appropriate
training in a multidisciplinary setting can significantly improve
motor function, postural control, balance, and strength in PD
patients (28), improving clinical outcomes (29). Treatment can
mitigate the effects of symptoms, reduce the progression of PD,
and prolong the patient’s autonomy. The success of PD treatment
depends not only on the quality of treatment, but also on the
timing and frequency of interventions (30). Intzandt et al. (31)
analyzed how different types of training—aerobic, resistance, and
goal-based—can influence motor function (gait) and cognition.
Their review highlighted the potential for exercise-driven
mechanism to improve gait and cognition. Research has shown
that appropriate physical exercise can mitigate some of the non-
motor symptoms of PD such as fatigue, depression, apathy,
and cognitive impairment, all symptoms that can also influence
negatively the motor performance (24).

However, access to PD specialists is difficult, with
transportation barriers resulting in additional costs for those who
do not live near a specialty clinic, and creating a potential health
risk for patients (29). In recent years, the use of technologies
in various clinical settings has progressed considerably and,
with the development of telemedicine systems, telehealth has
now become a viable option for managing patients with PD
(32-34). Telecommunications and virtual technologies are
the tools with which telemedicine functions to provide health
support outside traditional health settings. At the base of digital
health, which uses information and communication technologies
(ICTs), there is telemedicine. Well-designed telehealth schemes
can improve health care access and outcomes, especially for
chronic disease and fragile groups. Telemedicine refers to
the remote delivery of health care services (by all health care
professionals) where distance is a critical factor. As the World
Health Organization (WHO) states, “telemedicine should
include diagnosis, monitoring, treatment and prevention of

Frontiers in Neurology | www.frontiersin.org

August 2021 | Volume 12 | Article 627999


https://www.crd.york.ac.uk/prospero/
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

Vellata et al.

Telerehabilitation in PD Patients: Systematic Review

disease and injuries, research and evaluation, as well as the
continuing education of health care providers, all in the interests
of advancing the health of individuals and their communities.”
The ability to provide technological health services has been
made possible by the increase in digital availability and
almost free internet access. Telemedicine offers an innovative
approach to increase access to clinical rehabilitation medicine
services, particularly for people with geographic or mobility
limitations (35). Through remote rehabilitation systems, called
Telerehabilitation (TR) (36), services can be provided to users at
reduced cost and time. TR aims to improve the QoL and daily
life autonomy of patients (35-38). Galea (39) showed how TR
can strengthen the patient-provider connection by (i) enhancing
the health care providers' knowledge about the patients and
their contextual factors; (ii) providing information exchange and
facilitating patient education; and (iii) establishing shared goal
setting and action planning. In the inpatient setting, TR has been
used to shorten the hospital stay, facilitate discharge home, and
provide patient and caregiver education and support.

The patient approach with TR has proven to be as
effective as face-to-face treatment in different clinical conditions
such as chronic cardiac disease, neurological dysfunction, and
musculoskeletal disorders (40). In addition, TR may not just
be comparable to but it may be more effective than traditional
rehabilitation, in that it provides new opportunities for increasing
accessibility and creating a less restrictive environment (37).

Telemedicine and TR are particularly suitable for patients with
PD. Recent clinical trials and some meta-analyses indicate that
specific treatments, mostly based on VR systems delivered by
TR, are feasible and can offer clinical benefits and outcomes that
are comparable to inpatient care, with potential time- and cost-
savings (33, 38). In recent years, virtual reality (VR) systems
with exercise-based computer activities and video monitoring
have been introduced in the management of PD. VR applications
allow the user to enter a simulated environment through
multimodal sensory feedback. VR-based programs (with or
without TR) have led to improvements in sensory strategies (i.e.,
sensorimotor integration and reweighting) and improved the
ability to integrate and reweight the incoming sensory inputs and
shape the system of coordinates on which the body’s postural
control is based (41). Finally, VR-based exercise programs
can elicit the integration of motor and cognitive abilities (i.e.,
attention, executive functions) and stimulate the brain’s reward
circuitry. VR engages participants in cognitive and motor
activities (i.e., dual tasking) that require planning, attention,
sensory integration, and processing of stimuli from the virtual
environment (42). Recently, videoconferencing technologies
have become more available, more precise, and less expensive.
Continuation of exercise therapy with TR programs at home
could be an acceptable solution in cases where intensified
exercising and prolonged periods of training are required. TR
can be used both as an alternative to traditional inpatient,
outpatient, or home care and as an integration to these care
modes (35). Use of a specific TR protocol enables a larger group
of patients to perform a task, at the same time and with less
healthcare personnel than in clinical settings. Studies have been
carried out using TR as a treatment strategy for different clinical

disorders, e.g., neurologic disease [stroke (43, 44), spinal cord
injury (45), multiple sclerosis (46, 47)], cardiopulmonary disease
(coronary artery, congestive heart failure) (48), musculoskeletal
dysfunctions (49, 50) and chronic pain and rheumatic diseases
(51). For example, Finkelstein et al. (52) in their pilot study
in 12 patients with multiple sclerosis report that TR resulted
in improvements in gait and balance at the 25-foot walk, 6-
min Walking Test (6mWT), and Berg Balance Scale (BBS).
Another study by Marshall et al. (53) showed TR to be effective
in individuals with lung problems who did not have access
to treatment.

Although telemedicine (and TR) is now widely accepted as an
appropriate model for delivery of health professional services in
the field of physical therapy, with already established standards,
guidelines, and policies, there are still few studies in the literature
on the use of TR as a rehabilitation tool in people affected by PD.
In this systematic review, the use of TR as a treatment approach
for motor and non-motor symptoms in people affected by PD
were investigated, specifically gait and balance, dexterity of the
upper limbs, bradykinesia, and dysphagia and speech disorders,
respectively. The usage of TR technologies in the management of
cognitive impairment was not addressed. Although these deficits
are involved in non-motor disorders related to PD, we consider
this topic too wide to cover in a single study—it deserves a
dedicated work.

The aim of this systematic review was to investigate whether
TR leads to improvements in global or specific motor tasks
(gait and balance, hand function) and non-motor dysfunction
(motor speech disorders, dysphagia). The impact of TR on QoL
and patient satisfaction, as well as its feasibility and costs, were
also assessed.

METHODS

This systematic review was conducted according to the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines and flow diagram (54). The
protocol is registered in the International Prospective Register
of Systematic Reviews (PROSPERO) under the registration
number CRD42020141300.

Data Sources

An electronic database search was performed from 1st September
to 31st December 2019 wusing the following databases:
PubMed/MEDLINE, COCHRANE Library, PEDro, and
SCOPUS. In line with the PRISMA guidelines, we then
performed an additional manual search (e.g., through citations
of articles included in this review). All databases were searched
from the establishment of the database (January 2005) to
31 December 2019. The search strategy used a combination
of MeSH (Medical Subject Headings) terms and keywords
including “Parkinson’s disease,” “Telerehabilitation,” “TR;
“Remote Rehabilitation,” “Home-based Rehabilitation,” and their
related synonyms. The detail strategy is presented in Appendix 1.
The PICOS principle (Population, Intervention, Comparison,
Outcome measures, and Study design) was followed to define
our research main question—Table 1.
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TABLE 1 | PICOS design.

PICOS

Population Parkinson

Intervention/indicator Telerehabilitation; Remote rehabilitation;

Home-based rehabilitation

Comparator/Control Not using the device, face-to-face
Outcome Effectiveness of telerehabilitation; Patient
satisfaction

Study Review

TABLE 2 | Inclusion criteria.

Inclusion criteria

1) Use of remote monitoring via computer devices and wearable sensors to
treat PD patients at home

2
3
4
5

Recording of human physical activity
Adults aged 18-80 years with PD diagnosis
Data released between January 2005 and December 2019

Randomized Controlled Trial (RCT), review and systematic review,
case study/series

TABLE 3 | Exclusion criteria.

Exclusion criteria

1) No use of any type of wearable/portable sensors/TR system

2) Management of other types of neurological dysfunction or
musculoskeletal disorders

3) Focus on cognitive deficit management with TR

5) Article not written in English

)
4) Article type (abstract, letter, poster or chapter from a book)
)
6)

Full access not available to article

Study Selection Process

Two authors (C.V., S.B.) conducted the literature search
independently. First, they manually identified and excluded
duplicate references, and then screened titles and abstracts for
relevance. The eligibility criteria were agreed by consensus when
comparing search results (C.V., S.B.). They were (i) the use of
remote monitoring via computer devices and wearable sensors
to treat PD patients at home, (if) recording of human physical
activity, (iii) adults aged 18-80 years with PD diagnosis, (iv) data
published between January 2005 and December 2019, and (v)
randomized controlled trial (RCT), review and systematic review,
case study or series—Table 2. The exclusion criteria were (i) no
use of wearable/portable sensors/TR system, (ii) management
of other types of neurological dysfunction or musculoskeletal
disorders, (iii) focus on cognitive deficit management with TR,
(iv) article type = abstract, letter, poster or chapter from a book,
(v) article not written in English, and (vi) full access to article not
available—Table 3.

Data Extraction and Analysis

Data were extracted (C.V.) and checked (S.B., F.B., G.M.) with
final adjudication by consensus. Variables extracted included
the population sample studied, disease-specific severity levels,
TR device name, intervention, setting, demographic data
and study details, including design, funding sources, and
motivational factors.

RESULTS
Analysis Methods

The search identified 689 articles: 258 were retrieved from
PubMed Central, 85 from COCHRANE Library, 1 from PEDro,
304 from Science Direct, while 41 papers were identified by an
additional manual search. After removing duplicate items (60),
629 articles remained. Of these, 320 were excluded based on the
title only. Of the remaining 309 articles, a further 216 records
were excluded after reading the abstract. We fully assessed the
full texts of the remaining 93 papers according to the eligibility
criteria, and 15 articles met the study criteria and were included
in the final analysis (Figure 1). These 15 articles, involving 421
patients affected by PD, consisted of 8 RCTs (42, 55-61), 1 clinical
trial (62), 2 case studies (63, 64), 3 pilot studies (65-67), and 1
study design (68).

Overview of TR Use
The selected articles were divided into two categories based on
their topic of interest or outcome.

The first category dealt with the effect of TR on gait and
balance (3), dexterity of the upper limbs (3), and bradykinesia (0).
The second category dealt with the effect of TR on non-motor
symptoms such as speech disorders (8) and dysphagia (0). We
also analyzed QoL (7) and patient satisfaction (8) with the TR
program, as well as feasibility and costs—Table 4.

Motor Symptoms

Gait and Balance

The search identified 2 RCTs (42, 55) and 1 case study (63)
on gait and balance—Table 5. Balance and postural stability
improvement after in-home VR-based balance training was the
primary outcome in Gandolfi and Chatto while it was the
secondary outcome in Seidler. Both RCTs compared postural
stability and balance improvements of an experimental TR
group with an inpatient rehabilitation group. They included 90
patients with diagnosis of PD stage 1-3 on the Hoehn and
Yahr scale (H&Y) (mild to moderate PD) and Mini-Mental
State Examination (MMSE) >24 (absence of overt dementia).
The evaluation scales used in the two RCTs were: motor sign
severity (MDS-UPDRS III), Gait and balance measures (BBS;
BESTest), Activities-Specific Balance Confidence (ABC), 10-Meter
Walking Test (10-MWT), Dynamic Gait Index (DGI), and the
Parkinson’s Disease Questionnaire (short version, PDQ-8) for QoL.
In detail, Gandolfi et al. (42) divided 76 PD patients (H&Y 2.5-
3; MMSE >24/30) into two treatment groups: in-clinic SIBT
(Sensory Integration Balance Program) vs. TeleWii protocol.
The SIBT group (38 patients) underwent 10 balance exercises
(with self-destabilization and/or external destabilization). The
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Science Direct

Record identified through database:

PubMed, Cochrane Library, PEDro,

Additional records identified
through recursive search and
manual reference search

(n=41)

(n= 648)
v '
Records after duplicates removed
(n= 629)
Records excluded
> [Titles onty]
{n=320)
v
Records screened
(n=309)
Records excluded
> [Abstract only]
{n=216)
v
Full-text articles assessed for
eligibility
(n=93)
Full-text articles excluded (n=
78):
> *  NoPDreferred (n=8)
*  VRsystem (n=139)
* Telemedicine (n=47)
v *  General arguments
=5 8 e (n=4)
Studies included in qualitative
synthesis
(n= 15)

FIGURE 1 | Flow chart.

TeleWii group (38 patients) utilized the Nintendo Wii console
for motion-controlled inputs and the Wii Fit gaming system
and balance board. A laptop computer connected to a high-
resolution web-camera was used to establish real-time remote
visual communication via Skype software (Skype/Microsoft)
between the clinic and patient’s home. Ten exergames for
recovery balance were developed in each session according to the
patient’s clinical condition and progressive improvement. Both

groups performed treatment sessions of 50 min each, 3 days a
week for 7 weeks.

Seidler et al. (55) used tango dance as the rehabilitation
technique. They split 26 PD patients (H&Y 1-3; MMSE >24/30)
into two groups with non-random allocation: Telerehabilitation
(Telerehab) vs. an in-person instruction group (In-person). The
Telerehab group performed sessions online, connected through a
private meeting room in Acrobat Connect using pro webcams.

Frontiers in Neurology | www.frontiersin.org

August 2021 | Volume 12 | Article 627999


https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

610" UISI8UO MMM | ABOJOINSN Ul SI81UOI

666/29 8oy | 21 8WN|oA | 1202 IsnbBny

TABLE 4 | Focus on points of interest of the included articles.

Title Author Study Focus
GB ULd Bk SV Dy QoL Sat Feas Cost
Virtual Reality Telerehabilitation for Postural Instability in Parkinson’s Disease: A Multicenter, Gandolfi et al. (42) RCT O ] O O
Single-Blind, Randomized, Controlled Trial
Feasibility and preliminary efficacy of a telerehabilitation approach to group adapted tango Seidler et al. (55) RCT O ]
instruction for people with Parkinson disease
Use of a Telehealth System to Enhance a Home Exercise Program for a Person With Parkinson Chatto et al. (63) Case study O ] ] ]
Disease: A Case Report
Can telerehabilitation games lead to functional improvement of upper extremities in individuals Cikajlo et al. (56) RCT O O o
with Parkinson’s disease?
Using the Internet to assess activities of daily living and hand function in people with Hoffmann et al. (57) RCT O
Parkinson’s disease.
An Internet-Based Telerehabilitation System for the Assessment of Motor Speech Disorders: A Hill et al. (65) Pilot Study O ]
Pilot Study
Delivering the Lee Silverman Voice Treatment (LSVT) by web camera: a feasibility study Howell et al. (66) Pilot Study O O
Home-based speech treatment for Parkinson’s disease delivered remotely: a case report Constantinescu Case Study O O O
et al. (64)
Assessing disordered speech and voice in Parkinson’s disease: a telerehabilitation application Constantinescu RCT ] O O
et al. (58)
Treating disordered speech and voice in Parkinson’s disease online: a randomized controlled Constantinescu RCT O O
non-inferiority trial etal. (59)
Clinical and Quiality of Life Outcomes of Speech Treatment for Parkinson’s Disease Delivered to  Theodoros et al. (60) RCT O O
the Home Via Telerehabilitation: A Non-inferiority Randomized Controlled Trial
The effectiveness of Lee Silverman Voice Treatment therapy issued interactively through an Griffin et al. (62) Trial ] O O m]
iPad device: a non-inferiority study
Delivering group speech maintenance therapy via telerehabilitation to people with Parkinson’s Quinn et al. (67) Pilot study O ] O
disease: A pilot study
ParkProTrain: an individualized, tabletbased physiotherapy training programme aimed at Siegert et al. (68) Study design O
improving quality of life and participation restrictions in PD patients—a study protocol for a
quasi-randomized, longitudinal and sequential multi-method study
High patient satisfaction with telehealth in Parkinson disease A randomized controlled study. Wilkinson et al. (61) RCT ] ]

GB, Gait and Balance; ULd, Upper Limb Dexterity; Bk, Bradykinesia; SV, Speech and Voice; Dy, Dysphagia; QoL, Quality of Life; Sat, Satisfaction; Feas, Feasibility; Cost.
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TABLE 5 | Description of the articles included focused on “Gait and Balance” as primary outcome.

Author Pop Groups Inclusion Training Device Primary Outcome Secondary Outcome Results
Criteria
C Ct Description Scale Description Scale
Gaitand  Gandolfietal. 76 38 38 H&Y 50’/sess, 3 Nintendo Wii Console +  Static and BBS Balance confidence ABC Improvement of static and
balance (42) 2.5-3; ds/w, 7 ws Skype dynamic balance Gait speed 10 mWT dynamic postural control.
MMSE > Ability to modify gait DGl
24/30 QoL PDQ-8
Cost analysis
Seidleretal. 26 13 13 H&Y 1-3; 1h/sess,2  Acrobat connect—PTZ Feasibility Balance BESTest Feasibility of TR.
(55) MMSE > ds/w, 12 ws  pro webcam PD severity MDS-UPDRS Il Improvement of balance and
24/30 Gait velocity GAITRite motor sign.
Chatto et al. 1 / 1h/sess, 4  START system Feasibility Health-Related and H&Y Feasibility of START.
(63) ds/w, 4 Adherence UPDRS Good satisfaction.
months Satisfaction PDQ-39
10 mWT
TUG
ABC
6 mWT
Satisfaction
questionnaire

Pop, Populations; C, Case Group; Ct, Control Group; H&Y, Hoehn & Yahr Scale; MMSE, Mini-Mental State Examination; BBS, Berg Balance Scale; ABC, Activities-Specific Balance Confidence; 10-MWT, 10-Meter Walking Test; DG,
Dynamic Gait Index; PDQ-8, Parkinson’s disease Questionnaire (Short version); UPDRS, Unified Parkinson’s Disease Rating Scale; START system, System for Technology-Augmented Rehabilitation and Training; PDQ-39, Parkinson’s
disease Questionnaire; TUG, Timed Up & Go test; 6 mWT, 6-min Walking Test.
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The In-person group attended instead the class sessions. With
the same instructor, both groups underwent two 1-h sessions a
week for 12 weeks. The main finding was that TR was feasible
and produced similar improvements to face-to-face/inpatient
treatment in static and dynamic postural control and balance.

The scales considered in the case study were: PD severity
(UPDRS), Activities-Specific Balance Confidence (ABC), 10-
Meter Walking Test (10-MWT), Timed Up ¢ Go (TUG)
test, 6-Min Walking Test (6mWT) and the Parkinson’s disease
Questionnaire (PDQ-39).

Chatto et al. (63) presented a telehealth System for Technology-
Augmented Rehabilitation and Training (START) to deliver
the Lee Silverman Voice Technique BIG (LSVT BIG) therapy
protocol, a physical or occupational program that improves
mobility and movements used in everyday function. This system
uses motion capture technologies to provide real-time and post-
hoc feedback. A 67-year-old woman with PD at H&Y stage 2
performed 7 exercises daily organized in 16 sessions of 1 h/day, 4
times a week for 4 weeks. The main finding was that START was
feasible and the patient showed high satisfaction.

Upper Limb Dexterity

Only one clinical trial focused on dexterity of the upper limb
(UL). Cikajlo et al. (56) developed a TR exergaming system to
improve UL dexterity; 26 people with PD (H&Y 2-3, MMSE<24)
underwent TR treatment (an additional 2-3 weeks) after a period
of inpatient training. The assessment scales used were UPDRS 111,
Box and Block Test (BBT), Nine-Hole Peg Test (9HPT), Jebsen’s
test, and PDQ-39. The results showed a short-term improvement
in motor functions. In an earlier non-clinical trial, Hoffmann
et al. (57) had evaluated Activities of Daily Living (ADL) (FIM,
UPDRS) and hand function (9HPT) using a TR system and
demonstrated that TR application can be used to produce valid
and reliable assessment in people with PD—Table 6.

Bradykinesia
No studies dealing specifically with the treatment of bradykinesia
using TR systems were found.

Non-motor Symptoms

Speech and Voice

Eight articles dealing with an Internet-based TR application
for the assessment of motor speech disorders in PD patients
were identified—Tables 7A-C. These were 3 pilot studies [Hill
et al. (65); Howell et al. (66); Quinn et al. (67)], 1 case report
[Constantinescu et al. (64)], and 4 clinical trials [Constantinescu
et al. (58); Constantinescu et al. (59); Theodoros et al. (60);
Griffin et al. (62)]. Most of the studies used the online delivery
of the Lee Silverman Voice Treatment (LSVT) LOUD program.
LSVT LOUD is an intensive evidence-based speech therapy
technique for motor speech and voice disorders that improves
communication in daily living. This protocol requires patients
to perform 16 sessions of 1 h/day, 4 times a week for 4 weeks.
Research on LSVT LOUD documented that people with PD show
improvements in vocal loudness and intonation of their speech,
as well as speech intelligibility and voice quality (69) with short-
and long-term improvements (67, 70).

TABLE 6 | Description of the articles included which have “Upper Limb Dexterity” as primary outcome.
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TABLE 7A | Description of the articles included which have “Speech and Voice” as primary outcome.

Author Pop Groups Inclusion Criteria Training Device Primary outcome Secondary outcome Results
(] Ct Description Scale Description Scale
Speech and Constantinescu 61 30 31 H&Y 1-4; 1h/d, Personal computer-based video  Validity and reliability ~ SPL Satisfaction Validity and
voice et al. (58) hypokinetic 4ds/w, 4ws  Conferencing system with of online ASSIDS reliability of online
dysarthria + 1sess/w  store-and-forward capabilities, assessment assessment
FtF operating on a 128 kbit/s High satisfaction.
Internet connection.
Constantinescu 34 17 17 H&Y 1-4; 1h/d, PC-based videoconferencing Validity and reliability ~ SPL Satisfaction Validity and
et al. (59) hypokinetic 4ds/w, 4ws (128 kbit/s Internet connection) reliability of online
dysarthria; assessment
videolaryngoscopic (Non-inferiority)
evaluation High satisfaction.
Theodorosetal. 51 21+15 15 H&Y 1-5; 1 h/d, eHAB (Version 2.0), a mobile Validity SPL QoL DIP Validity of online
(60) hypokinetic 4ds/w, 4ws  multimedia TR system. (Non-Inferiority) PDQ-39 assessment
dysarthria Real-time videoconferencing (Non-inferiority)

(820 x 240 pixels), and real-time
video (MPEG-4, ~768 kbit/s)

*RCT Metro FTF n = 15—conventional clinic-based setting; Metro Online N = 15—treatment online; A Non-metro Online N = 21—non-randomized independent group.
Pop, Populations; C, Case Group; Ct, Control Group. H&Y: Hoehn & Yahr Scale; SPL, Sound Pressure Levels; ASSIDS, Assessment of Intelligibility of Dysarthic Speech; TR, Telerehabilitation; QolL, Quality of Life; DIF, Dysarthria Impact
Profile; PDQ-39, Parkinson92s disease Questionnaire.

TABLE 7B | Description of the articles included which have “Speech and Voice” as primary outcome.

Author Pop Groups Inclusion criteria Training Device Primary outcome Secondary outcome Results
C Ct Description Scale Description  Scale
Speech and Griffin et al. (62) 29 8 21 Moderate LSVT iPAD LSVT: “Facetime” software  Feasibility SPL Cost Feasibility of online
voice hypokinetic program—18 on Apple iPads. (Non-inferiority) Satisfaction assessment (non-inferiority).
dysarthria sess (1 pre, Improvement of SPL level.
16 sess, 1 Cost reduction.
follow-up) High Satisfaction.
Constantinescu 1 / H&Y 1; hypokinetic 1 h/d, PC-based videoconferencing Validity and feasibility SPL Satisfaction Feasibility and effectiveness
et al. (64) dysarthria 4ds/w, 4ws  system (128 kb/s over public of remote LSVT program.
+ 1sess/w  telecommunications network). Improvement of SPL level.
FtF (LSVT High satisfaction.
program)
Hill et al. (65) 5 Dysarthria; 1 h/d, Real-time video Conferencing at  Feasibility and FDA Feasibility of online
acquired 4ds/w, 4ws 128 kb/s effectiveness (19-item) assessment
neurological + 1 sess/w ASSIDS
impairment FtF

Pop, Populations; C, Case Group; Ct, Control Group. LSVT, Lee Silverman Voice Treatment; SPL, Sound Pressure Levels;, H&Y: Hoehn & Yahr Scale; QoL, Quality of Life; FDA,

Frenchay Dysarthria Assessment.
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All pilot studies explored the feasibility and effectiveness of TR
treatment for motor speech disorders. Hill et al. (65) investigated
the feasibility of an Internet-based TR for treating dysarthria in 5
patients: one assessment was conducted in the traditional face-to-
face manner, while the other was conducted online using the 19-
item version of the Frenchay Dysarthria Assessment (FDA) and
the Assessment of Intelligibility of Dysarthric Speech (ASSIDS).
Howell et al. (66) delivered the LSVT program to 3 patients
using Internet (broadband connection and a web camera) to
treat speech disorders, measuring vocal Sound Pressure Levels
(SPL) during the treatment. The result was an increase in the
vocal effort and improvement in coordination. Quinn et al. (67)
delivered treatment via a TR system to 8 participants who had
previously received LSVT LOUD. Significant improvements were
found for all SPL measures PRE-POST, which persisted in both
the short- and long-term. All these pilot studies demonstrated the
feasibility and the effectiveness of the online assessment of motor
speech disorders. Delivering speech therapy via TR improves and
maintains vocal loudness in people with PD.

Constantinescu et al. (64) explored the validity and feasibility
of online delivery of LSVT in a case study using a PC-based
videoconferencing system. Remote LSVT delivery proved feasible
and effective. Patients reported a preference for online sessions
rather than face-to-face treatment. LSVT LOUD was used to
assess the participants’ SPL in clinical trials. Constantinescu
et al. (58) investigated the validity and reliability of a TR
application for assessing speech and voice simultaneously in an
online and a face-to-face environment in 61 PD patients (H&Y
1-4). The results indicated that an Internet-based assessment
appears to be valid and reliable. The TR application proved to
be effective to treat dysarthria. In the subsequent non-inferiority
RCT, Constantinescu et al. (59) investigated the validity and
reliability of online delivery of LSVT for the speech and voice
disorder. 34 patients (H&Y 1-4) with hypokinetic dysarthria
received LSVT in either the online or face-to-face environment.
Non-inferiority of the online LSVT modality was confirmed.
Online treatment for hypokinetic dysarthria associated with PD
appeared to be clinically valid and reliable. Theodoros et al.
(60) demonstrated non-inferiority and validity of an intensive
speech treatment delivered via TR. The study was conducted on
51 PD patients (H&Y 1-5) with hypokinetic dysarthria using
a mobile multimedia TR and a real-time videoconferencing
system. Clinical and QoL outcomes (PDQ-39) supported the
results of the intensive speech treatment. Griffin et al. (62)
compared the differences in recorded speech variables between
people treated with conventional “in person” LSVT to those
treated remotely via iPad-based “Facetime.” Amongst 29 patients,
8 participants were selected for the iPad LSVT, while 21 joined
the “in person” group. The results demonstrated a confidence
interval of 90% on the measured SPL variables in both groups.
Non-inferiority testing showed that the iPad LSVT is non-
inferior in treating task performance measures compared to
traditional LSV'T.

In a grand total of 192 patients present in these 8 studies,
the non-inferior effectiveness of TR was demonstrated. The
online treatment of motor speech disorders with LSVT proved
feasible and reliable. Improvement in the vocal pattern was a

Feasibility of remote LSVT

program (non-inferiority)
assessment (non-inferiority).

Feasibility of online
Improvement of SPL level.
Improvement of QoL.
High satisfaction.

Results

Scale
DIP
PDQ-39

Secondary outcome

Description
Satisfaction

QoL

Scale
P

Primary outcome

Description
(Non-Inferiority)

Feasibility
Feasibility

Windows Media
Player, web

256 MB RAM,
cam

50 MB of free
disk space.
BC990 web

Windows XP
camera

Device
1-GHz
processor,
operating
system with
Adobe
Connect, a
Logitech

Training

1 h/d, 4ds/w, 4ws +
1sess/w FtF
90’/sess

2 d/w

4 ws

(LSVT program—8
sess)

H&Y 1-3; MoCA >

18; indipendent
communication and

Inclusion criteria
mobility, adequate
cognitive status

Pop Groups
C Ct
/ Hypokinetic
dysarthria
3/3/2
=2.

3
g+

Quinn et al.

Howell et al.
(67)

Author
(66)

Pop, Populations; C, Case Group; Ct, Control Group; FtF, Face to Face. LSVT, Lee Silverman Voice Treatment; H&Y: Hoehn & Yahr Scale; MOCA, MOntreal Cognitive Assessment; SPL, Sound Pressure Levels; QoL, Quality of Life; DIF,

TABLE 7C | Description of the articles included which have “Speech and Voice” as primary outcome.
Dysarthria Impact Profile; PDQ-39, Parkinson’s disease Questionnaire.

**Group one n = 3, group two n = 3, group three n

Speech and

voice

Frontiers in Neurology | www.frontiersin.org 10 August 2021 | Volume 12 | Article 627999


https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

Vellata et al.

Telerehabilitation in PD Patients: Systematic Review

repeatable outcome of all studies, associated with a high level of
patient satisfaction.

Dysphagia (and Swallowing)
No studies investigating functional outcomes of dysphagia
were found.

Quality of Life

Only one study by Siegert et al. (68) investigated QoL as a
primary outcome—Table 8. However, QoL was investigated in
other studies whose main purpose was to evaluate the efficacy
of TR on motor and non-motor disorders, respectively, gait and
balance (42, 63), UL dexterity (56, 57), and speech and voice
(60, 67). Change in QoL was analyzed through the Parkinson’s
Disease Questionnaire (PDQ-39) and improvement was shown
in all these studies.

Specifically, PDQ-39 is a self-report questionnaire which
assesses the perception of QoL in PD patients. Consists of
39 questions investigating difficulties in 8 domains such daily
activities, physical discomfort, emotional and social aspect of the
disease (71).

Patient Satisfaction
Only one study by Wilkinson et al. (61) investigated satisfaction
after a telehealth program in people with PD as a primary
outcome—Table 9. To assess patients satisfaction was used
the Patient Assessment of Communication of Telehealth
questionnaire (PACT), a 33-item validated questionnaire
(Likert scale). Greater satisfaction with the telehealth
modality was detected in the assessments of convenience
and accessibility/distance.

Patient satisfaction was investigated in several studies as
a secondary outcome. Research on motor (42, 63) and non-
motor (58-60, 62, 64, 67) symptoms analyzed satisfaction after
programs delivered by TR. In studies concerning motor aspects
(gait and balance), the satisfaction was investigated using a 5-
point Likert scale on a questionnaire in the RCT (42), while a
semi-structured interview was conducted in the case study (63).
A questionnaire with a nominal scale of 5 points was used on
studies investigating non-motor aspect (speech) (58, 59, 64, 67);
an opinion patients’ was detected in Griffin’s study (62). All
studies reported high levels of agreement and patient satisfaction;
only Gandolfi et al. (42) found no significant difference in
satisfaction level.

Bias Analysis

Several different biases were detected that may affect the analysis
of the results. Our search identified different types of studies: 8
RCTs (42, 55-61), 1 Clinical Trial (62), 2 case studies (63, 64),
3 pilot studies (65-67), and 1 design study (68). Most trials
did not blind participants and outcome assessors [UL dexterity
studies (56, 57) and patient satisfaction report (61)], while the
RCTs considering gait and balance (42, 55) and speech and voice
(58-60) were single-blinded examiner studies. Furthermore, the
analyzed reports were carried out in a variable number of
participants. Of these, although some subjects affected by PD
were included, the heterogeneity of the sample was noted and

the inclusion criteria were variable. The range of severity of PD
score measured by the Hoehn and Yahr scale was often wide:
the studies on motor symptoms presented a small variability
[2.5-3 (42), 1-3 (55), 2-3 (56)] while those on speech and voice
dysfunction showed a larger range [1-3 (67), 1-4 (58, 59), 1-5
(60)]. The other studies do not refer to the same scale. Moreover,
some studies (42, 55, 56) assessed cognitive status by MMSE,
while others (67, 68) utilized the MoCA. Some of the included
studies had as primary outcome the feasibility and validity of
TR treatment (55-60, 62-67), while only two studies (42, 57)
investigating motor symptoms in PD had as primary endpoint
some clinical outcomes. Finally, motor symptoms of PD were
evaluated with different scales in the different studies—details are
found in Tables 5-9. In contrast, for motor speech disorders we
found a greater consensus about the methods and the scales used.
In summary, it was difficult to perform a robust quality analysis
for each category and the dataset was considered insufficient for
the planned sensitivity analyses.

DISCUSSION

This systematic review examined the literature to investigate
whether TR leads to improvements in global or specific
motor tasks (gait and balance, hand function) and non-motor
dysfunction (motor speech disorders, dysphagia).

PD is a chronic degenerative pathology that leads to both
motor and non-motor dysfunctions. Rehabilitation is important
to improve motor function and enhance QoL. Research shows
that early physical exercise is beneficial for PD patients (72). The
effectiveness of sensorimotor function retraining is influenced by
the quantity, duration, frequency, and intensity of exercise, and
not only by the type. The feasibility and potential value of TR
in people with PD has been amply demonstrated over the last
decade (30, 73-77). The feasibility and accuracy of performing
remote physical assessments via TR, compared with traditional
face-to-face methods, showed a significantly high level of inter-
and intra-rater reliability (29). Some studies evaluating the costs
of telemedicine through economic analysis reported similar costs
for face-to-face vs. the TR modality, but the latter saved time and
cost of travel. The long-term costs have been investigated in other
neurological diseases but not to date in PD dysfunction. More
formal cost-benefit analysis is needed to quantify the magnitude
of these benefits (29, 42, 61, 76, 78).

Motor Symptoms
Although VR-based balance programs through TR have proved
feasible and effective in several neurological conditions, in PD
this system has been used separately to evaluate or to treat
balance dysfunctions. Most studies related to VR application in
patients with PD indicated that VR positively affected movement
velocity, time, balance and gait, and postural control compared to
healthy controls (79-81). Other studies that examined the effects
of VR in PD patients reported a better improvement in postural
stability and functioning compared to conventional treatments
only (74, 82).

Others compared home-based VR training with conventional
home-based balance training in patients with PD (83, 84); both
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TABLE 8 | Description of the article included which have “Quality of Life” as primary outcome.

Author Pop Groups Inclusion Training Device Primary outcome Secondary outcome Results
criteria
C Ct Description Scale Description Scale
Quiality of life Siegert et al. OT UC MoCA > 9 months Tablet-based + app QoL PDQ-8 Participation restrictions; IMET (Improvement in QoL;
(68) 18; BBS > Falling; FES-I long-term improvements and
41 Sleep problems; PDSS-2 continuous care.)

Anxiety and depression.

PHQ-4

Pop, Populations; C, Case Group; Ct, Control Group; OT, Online Treatment,; UC, Usual Care; MoCA, MOntreal Cognitive Assessment; PDQ-8, Parkinson’s disease Questionnaire (short version); IMET, ICF-oriented instrument; FES-I,
Falls Efficacy Scale International Version;, PDSS-2, Parkinson’s disease sleep scale; PHQ-4, Patient Health Questionnaire-4.

TABLE 9 | Description of the article included which have “Satisfaction” as primary outcome.

Author Pop Groups Inclusion criteria Training Device Primary outcome Secondary outcome Results
C Ct Description Scale Description Scale
Satisfaction Wilkinson 86 42 42 PD; not require 12months A Global Med  Satisfaction PACT PD severity UPDRS H&Y High satisfaction
etal. (61) in-person visits; Telehealth questionnaire Depression GDS
Internet access Specialty Carts QoL PDQ-8
and Cisco
Webcams +
Intel Health
Guide

Pop, Populations; C, Case Group; Ct, Control Group; PD, Parkinson Disease; QoL, Quality of Life; UPDRS, Unified Parkinson’s Disease Rating Scale; H&Y, Hoehn & Yahr Scale; GDS, Geriatric Depression Scale; PDQ-8, Parkinson’s

disease Questionnaire (short version).
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groups showed similar improvements in balance and walking
function. A few studies tested the Virtual Motor Rehabilitation
(VMR) system, designed to improve postural control, in PD
patients; preliminary results indicated improvement of balance,
gait performance, and postural stability (8, 28, 81, 85, 86). To
date, no study analyzed home-TR via VR systems specific for
PD treatment. In fact, no specific systems have been designed.
Exergames already on the market (i.e., Nintendo Wii) were used
adapting them to the rehabilitation field. For example, Gandolfi
et al. (42) compared improvements in postural stability after in-
home VR-based balance training (TeleWii group) vs. inpatient
sensory integration balance training (SIBT group). The TeleWii
group performed a home-VR TR program consisting of graded
exergames using the Nintendo Wii Fit system while the control
group did inpatient SIBT including exercises to improve postural
stability. The results suggested a similar improvement in balance
(on the BBS) between the two groups.

On the contrary, studies on UL exergames found them to be
acceptable and safe but they did not translate into improvement
in functional activities. Tremor and rigidity in the UL can
contribute to gross and fine motor coordination difficulties,
which can subsequently adversely impact hand function (57).
Exergames improved arm and hand activities with a home-
based intervention (85). With a TR application, it was possible
to perform a valid and reliable assessment of ADLs and hand
function (56). Only the study by Cikajlo et al. (56) developed
an intensive target-based physiotherapy for UL suitable for TR
services (“FruitPicking” computer game). The TR services were
comparable with usual treatment and the results showed a non-
significant improvement in the dexterity of the hand.

To date only one paper (78) has evaluated the reliability and
responsiveness of a motion sensor paired with a tablet app-based
system for objective bradykinesia assessment both in the hospital
and at home.

Non-motor Symptoms
TR treatment studies for acquired neurologic speech disorders
have mostly investigated the delivery of the LSVT LOUD.
Individuals with PD are trained to “recalibrate” their motor
and perceptual systems to improve self-monitoring and thus
make more consistent use of the louder voice in daily
communication (87). Various forms of synchronous and
asynchronous technologies either as alternatives to, or in
combination with, face-to-face delivery of LSVT LOUD have
been investigated. The results indicate that internet-based
assessment is generally reliable and valid. TR led to long-
term improvements in vocal patterns and quality of voice and
was well-accepted by patients with PD. The results showed
high patient comfort and positive results in satisfaction. Patient
perceptions have been explored (58-60, 64) using questionnaires
following TR sessions. Most participants reported a positive
experience and willingness to accept speech language pathology
services delivered via TR (88, 89). The evidence suggests that
TR will become an alternative service delivery mode for speech-
language pathology.

Dysphagia is a symptom common to a wide range of
medical conditions. Impairments of swallowing (dysphagia) may

occur because of damage or dysfunction in the neurological
control. Communication and swallowing disorders are highly
prevalent in people affected by PD. Maintaining these functions
over time becomes a challenge for PD patients and their
caregivers. Although some emerging studies support the delivery
of certain aspects of speech pathology practice via TR, the
clinical assessment of dysphagia presents specific challenges for
a TR model.

Only 2 preliminary reports by Sharma (90, 91) investigating
patient satisfaction with regard to a specific TR-based treatment
for dysphagia were identified. Sharma et al. (90) provided pilot
information on the basic feasibility and validity of conducting
dysphagia assessments via TR and examined the potential of TR
for swallowing disorders. Ten simulated patients were assessed
simultaneously face-to-face and by TR. The results were positive,
with high levels of agreement observed between both groups on
all parameters of interest (oromotor function and swallowing).
Sharma et al. (91) evaluated patients’ perception pre-treatment
and their satisfaction after the TR treatment through pre- and
post-session questionnaires in 40 patients with dysphagia (4 with
PD). The 14 questions explored comfort with the use of TR,
satisfaction, benefits of TR assessments, and the patient-preferred
assessment modality. The results demonstrated that the use of TR
in speech-language pathology, specifically in the assessment, and
management of swallowing disorders, is a promising approach.
It however requires insight from patients and clinicians in order
to achieve optimal care. Patients had positive changes in their
pre-assessment perceptions and had high levels of satisfaction
with their experience. The data were positive and highlighted that
patients are interested in and willing to receive services via TR.
This provided preliminary evidence for the feasibility of remote
dysphagia assessment. In the literature, only preliminary data
collections in patients following laryngectomy were identified by
Ward et al. (89). Recent evidence supports the feasibility, validity,
and reliability of administering clinical dysphagia assessments via
TR as opposed to face-to-face in several neurological conditions
including PD (90-92).

QoL and Patient Satisfaction

PD can significantly alter the capacity to perform regular ADLs
(e.g., self-care tasks) as well as work and leisure activities.
Reduced independence in ADLs has been linked to a poorer QoL
in people with PD (57). Some studies have evaluated how TR
programs and, more generally, telemedicine can influence the
QoL. Siegert et al. (68) investigated QoL as a primary outcome
and found that providing remote specialist assistance directly
into people’s homes is feasible and improves healthcare, QoL,
and social participation. These results show that a tablet-based
training program can help to maintain long-term functional
ability for PD. Dorsey et al. (75), in a telemedicine study,
evaluated if the remote delivery of specialty care directly into
people’s homes can enhance access and improve the healthcare
of individuals with chronic conditions, via virtual house calls.
The authors showed that telemedicine can improve participants’
QoL. QoL was also investigated in studies whose aim was
to study the influence of TR on motor (30, 42, 56, 63) and
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non-motor symptoms (60, 67). The results indicate a short-term
improvement in the QoL.

In addition, a few studies on motor (42, 63) and non-motor
(58, 59, 64) symptoms have investigated patients’ satisfaction
with a TR program, reporting positive results. Although these
results are positive, the number of studies analyzing patient
satisfaction in association with TR is still too small to draw
any meaningful conclusions. However, several studies exist that
reported patient satisfaction following a telemedicine program.
The study of Wilkinson et al. (61) is a dual-arm RCT focused on
patient satisfaction as the primary endpoint (Patient Assessment
of Communication of Telehealth questionnaire—PACT), as well
as on clinical outcomes, patient travel burden, and health care
utilization, using clinical video telehealth vs. usual inpatient
care. Telemedicine studies, such as Venkataraman et al. (93),
sought to characterize the recommendations and feedback of
patients with PD obtained following a free consultation with
a specialist via a virtual visit. The studies found high patient
satisfaction with telehealth. Two studies by Sharma et al. (90)
and Sharma et al. (91) had as primary endpoint the satisfaction
of patients following participation in assessment of dysphagia
conducted by TR. The studies showed patients’ comfort and
high satisfaction. Feasibility studies reported patient satisfaction
following a telemedicine intervention.

High patient satisfaction was found in the studies by Antonini
et al. (76) and Ferreira et al. (77), which also highlighted the
ease of use of the treatment system. Barbour et al. (29) analyzed
satisfaction not only of the patients, but also of family members,
sub-specialists and nursing staff, reporting the same results.

Limitations and Strengths of TR in PD

TR systems for people with PD show some limitations. First,
feasibility of TR is good in PD early stages and adult patients (not
too old): patient’s age, stage of disease and cognitive status are
fundamental factors determining the success of a TR program.
The majority of the studies cited in the present review found
use of TR for assessment and treatment to be valid and reliable
in the early stages of PD, but reported that it may not apply to
individuals at an advanced stage of PD. To date, the findings
regarding TR are similar to those for face-to-face treatment but
there are no studies evaluating the long-term effectiveness of
TR systems on motor symptoms. Secondly, long-term follow up
are not available: while studies have demonstrated TR systems
to be effective in the management of musculoskeletal disorders
and neurological pathologies, in PD only preliminary studies are
available, carried out on small numbers of patients. Finally, motor
symptoms of PD (balance, gait, postural instability, UL dexterity)
were evaluated with different scales in the different studies and
different types of devices were applied (often not specifically set
for PD patients), making it difficult to analyze accurately across
the board the effectiveness of the TR systems. In contrast, for
motor speech disorders a greater consensus about the methods,
the scales and the devices used was evident.

The positive aspects of these preliminary studies are that at
first TR has been proven to be suitable to treat both motor and
non-motor symptoms in PD patients. Secondly, the majority

of the studies reported here considered and measured the
improvement in QoL and patient satisfaction after treatment.

Future Researce

Regarding future studies, based on the evidence to date, we
would make two main recommendations. The standardization
of the assessment scales used for PD motor symptoms is highly
recommended. The scales most commonly used are: PDQ for
QoL, UPDRS (embraces motor symptoms but does not embrace
the pathology in all its complexity); BEST/mini-BESTest, TUG,
10-MWT, ABC for gait and balance and postural instability;
9HPT for UL dexterity. On the contrary, studies on non-motor
symptoms (speech and voice) used a standardized system for
research, which led to results that are more meaningful. Further
studies on the efficacy of TR in the management of motor and
non-motor symptoms of PD are also necessary.

CONCLUSION

Telerehabilitation is a solution for delivering services at home,
supporting patients and clinicians by minimizing the barriers
of distance, time, and cost. TR applications may increase the
accuracy of assessment scoring and therefore provide more
precise information for diagnostic and treatment purposes.
Home-based assessment, compared to patients reporting to a
clinic, allows more frequent evaluations, greater consistency, and
adherence to therapy changes. The availability of low-cost home-
based solutions for the reliable and automated assessment of
motor and non-motor symptoms in PD is highly desirable due to
the advantages it offers. This analysis highlighted that TR systems
with VR and wearable sensors are effective in maintaining and/or
improving some clinical aspects of PD (gait and balance, speech
and voice, QoL, patient satisfaction). The TR model opens up
new opportunities for treating PD patients enabling the delivery
of rehabilitation care with a reduction of patient discomfort,
although no proven superiority of a TR treatment over face-to-
face has been demonstrated yet.

Key Message

This systematic review suggests that TR in PD patients is
indicated in the early stages of disease and in particular in adult
patients with preserved cognitive status.

As a general outcome, the indication is to carry out the TR
treatment for 1 h/day, 3-4 days/weeks, for 4-12 weeks.

TR was demonstrated to be efficient in the improvement of
specific outcomes since feedback or augmented reality embedded
in this particular rehab-technique help the training of specific
gestures stimulated by the achievement of a target, the correct
execution of the movement and self-management.

This review highlighted that in order to improve the
effectiveness of the treatment, a key factor is the use of devices
that incorporate advanced technologies like visual/auditory
feedback and augmented reality in order to specifically train
a task. However, a comparative study amongst different
technologies does not exist yet.

For the clinician it is of paramount importance to dispose of
standardized and effective assessment tools (scales) and devices
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that use the same technology in order to normalize the treatment
on a set of patients.

The patient must have an easy-to-use tool that provides
feedback to guide him toward the achievement of the goal.

Through augmented feedback (VR, biofeedback, etc.) used in
technologically assisted rehabilitation it was possible to whiteness
an increase of the patient compliance and to train successfully
tasks that are generally unaware like daily and sport gestures.
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APPENDIX 1

Search strategy: take the search process via PUBMED as an example.
“Parkinson’s Disease” OR “Parkinson Disease” OR PD
AND
Telerehabilitation OR “Remote Rehabilitation” OR “home-

based rehabilitation” OR telehealth OR telemedicine

Filters Used:

e Article Type: Clinical Trial, Randomized Controlled Trial,
Review, Systematic Review, Meta-Analysis

e Publication Date: studies released between January 2005 and
December 2019

e Language: English

e Age: Adults 19+
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