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Abstract

Telerehabilitation

Background: In recent years, telerehabilitation applications have increased with the rapid development of mobile
technology. Remote rehabilitation services have utmost importance in chronic neurological disorders. The aim of this
narrative literature review was to discuss the physical exercise interventions via telerehabilitation in patients with neu-
rological disorders. The literature search was conducted via PubMed using the neurological pathology terms in the
MeSH (Medical Subject Headings) database. Physical exercise-based studies within the scope of neurological rehabili-
tation were included in the study. The contents of the studies were discussed with narrative synthesis.

Results: A total of 329 studies were obtained in the initial search. Twelve studies including cases of multiple sclerosis
(MS), stroke, parkinson's disease, intracranial tumors, spinal-cord injury were interpreted. A vast majority of studies
(50%) was conducted with stroke cases. On the other hand, half of the studies addressed the specific results of bal-
ance or balance-falling. The results of the studies were discussed comprehensively.

Conclusion: Physical exercise with telerehabilitation provides productive results to improve quality of life, muscle
strength-endurance, hand function, balance, aerobic capacity in neurologic rehabilitation.

Keywords: Neurological rehabilitation, Physical exercise, Remote rehabilitation, Telehealth, Telemedicine,

Introduction

Telerehabilitation is defined as rehabilitation delivered
remotely via telephone, videoconferencing, computer
software or smart device applications [1]. Many health-
care professionals, including clinical neurologists, physi-
cal medicine doctors, physiotherapists, speech therapists,
and occupational therapists, use telerehabilitation exten-
sively as part of a multidisciplinary team. Individuals
sometimes could not reach this large multidisciplinary
team quickly, resulting in inadequate patient recovery. In
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addition, supervised health care is often interrupted due
to a lack of access to hospitals and clinics [2].
Telerehabilitation could be used to manage neurologi-
cal diseases in both acute and chronic cases [3]. Telere-
habilitation increases the effectiveness of treatment. On
the other hand, remote rehabilitation services improve
patient motivation, expectation, and satisfaction [4].
Telemedicine applications were assumed to provide an
outstanding contribution to rehabilitation in terms of
synchronous evaluation-treatment and training-consul-
tancy services via video-conference methods [5].
Although telerehabilitation service was not found
to be equivalent to one-to-one treatment, it would be
effective in terms of cost-effectiveness, labor and time
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[6, 7]. Current telerehabilitation services are offered to
patients through software, mobile applications, games,
virtual reality, augmented reality, artificial intelligence,
and video-conferencing or sensor-based devices [8, 9].
Rehabilitation programs can become more efficient by
increasing the motivation and participation of patients
during the exercise [10].

To the best of our knowledge, exercise interven-
tion studies via telerehabilitation have not been
reviewed comprehensively. Demonstrating the pur-
pose and effectiveness of telerehabilitation in neuro-
logical rehabilitation would significantly contribute to
the literature. Emphasizing the parameters for which
telerehabilitation is most efficient in terms of clinical
practice may increase the effectiveness of treatment
and rehabilitation. This study was aimed to present the
current evidence of telerehabilitation in neurological
rehabilitation patients.

Materials and methods

Search strategy and selection criteria

The search strategy of the study was carried out
according to the recommendations of international
guidelines [11]. One of the researchers was searched
the literature via the PubMed database to find the
studies. The physical exercise-based telerehabilitation
studies within the scope of neurological rehabilitation
were included, published between January 2015 and
January 2021.

Keywords were determined as follows; “Multiple
Sclerosis” and “Telerehabilitation” (n:58), “Stroke” and
“Telerehabilitation” (n:190), “Parkinson’s Disease” and
“Telerehabilitation” (n:38), “Neuromuscular Disease”
and “Telerehabilitation”(n:12), “Cerebellar Ataxia™
and “Telerehabilitation” (n:1), “Spinal Cord Injury” and
“Telerehabilitation” (n:27), “Peripheric Nerve Injury”
and “Telerehabilitation (n:0), “Polyneuropathies” and
“Telerehabilitation” (n:0), “Intracranial Tumors” and
“Telerehabilitation” (n:3).

A total of 329 studies were obtained during the ini-
tial search. Inclusion criteria of the study were; (1) the
studies including a physical exercise program within
the scope of the physiotherapy program and (2) hav-
ing a randomized controlled design. Exclusion criteria
of the study were; (1) studies for which only abstract
available, (2) duplicate studies, and (3) studies includ-
ing cases with traumatic brain injury. It was aimed to
obtain a more homogeneous review by excluding stud-
ies that included traumatic brain injury cases. Because
the sudden change in psychological status in individu-
als with traumatic brain injury may change the propor-
tion of individuals who benefit from telemedicine.
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Evidence synthesis

The researchers reached a consensus at the meeting on
the inclusion of the articles. The qualitative/narrative
synthesis was conducted. We also aimed to systematically
present the studies with tables into categories [12].

Results

Inclusion and exclusion of the studies using Rayyan soft-
ware yielded the following data: Multiple Sclerosis (MS)
(3 studies), Stroke (6 studies), Parkinson’s Disease (1
study), Intracranial Tumors (1 study), Spinal Cord Injury
(1 study). In conclusion, a total of 12 randomized con-
trolled studies were included in this narrative literature
review (Fig. 1). The following information was collected:
first author, year, intervention, evaluation parameters,
and results (Tables 1, 2, 3).

Discussion

Studies on multiple sclerosis

Three of the 12 studies included in this review were con-
ducted on individuals with MS. Considering that most
MS patients had a relapsing—remitting type of disease,
the importance of telerehabilitation is further understood
[13]. Because urgent changes are required in the treat-
ment program during MS attacks, two studies focused on
balance and stabilization. In one of the studies, Conroy
et al. investigated the effectiveness of a customized inter-
net-based telerehabilitation on ambulation rate, balance,
exercise compliance in MS patients. The intervention was
included core stabilization and lower extremity function-
ality exercise training. The control group was received
supervised exercise sessions. No difference was found
in terms of physical performance, balance and walk-
ing in terms of three and six-month follow-up periods
(p>0.05) [14]. Since it is known that supervised exercises
are effective in terms of balance and gait parameters in
MS rehabilitation, it may be a different alternative teler-
ehabilitation option to conduct balance programs via tel-
emedicine in MS alternatively with sensory integration
and other additional methods [15].

Muscle strength of MS patients significantly decreases
due to fatigue and relatively diminished nerve conduc-
tion velocity during attack periods. Low muscle force
reduces functionality and quality of life of the patients.
Paul et al. evaluated telerehabilitation based exercise
applications compared to a conventional home care pro-
gram in MS patients. The authors recommended physical
exercise (two days a week) to their patients for 26 weeks.
As part of an individualized exercise program through
web-based physiotherapy, patients were given cardio-
vascular, strength and balance exercises as well as warm-
ing, cooling and stretching exercises. The conventional
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Fig. 1 CONSORT diagram of the study

group received the same exercise prescription with a
paper guide. There was no significant difference between
the web-based physiotherapy and standard home exer-
cise groups in any parameter at the 3rd-month follow-up
(p>0.05). A significant difference was found between the
web-based physiotherapy and standard home exercise
groups in favor of the web-based exercise group only
in the EQ-5D-VAS parameter at the 6th-month evalu-
ations (p<0.05) [16]. These results suggested that teler-
ehabilitation could improve the overall quality of life in
MS patients. However, there is a need for more compre-
hensive research on whether this situation occurs with
a direct effect on clinical parameters or through the sat-
isfaction and motivation parameters brought by better
compliance with the clinician [17].

In another study with the 24-week exercise program
to evaluate the effect of web-based protocol training on
quality of life in MS patients, training support with was
presented asynchronously via a message, e-mail and tel-
ephone. Exercise band and medicine balls were used as
additional material in the training sessions. Exercise
intensity was adjusted with the Borg Scale. Strength and
endurance exercises was performed once a week. On the
other hand, the control group continued their previous

physical activities and were followed up for 3 months.
There was no significant difference between the two
MS groups regarding health-related quality of life and
fatigue (p>0.05). In the intervention group, knee exten-
sion and knee flexion motion were significantly higher at
three months (p <0.05). Both knee extension, knee flex-
ion, trunk flexion and extension were significantly higher
in favor of the intervention group at the 6th month
(p<0.05). There was a significant difference in the inter-
vention group compared to the control group after only
three months of training (p<0.05) [18]. Improvements
were reported in strength and endurance. However, psy-
chological parameters, including fatigue and quality of
life, did not positively affected. We assumed that more
subjective data was required to point out the effective-
ness of telehealth on the psychological state of neurology
patients.

Studies on stroke

Stroke was the most frequent case group in our study
to yield telerehabilitation. Because the transfer of stroke
patients to the hospital is difficult. It is essential to man-
age both home care and other health services remotely in
some cases. Since stroke requires life-long rehabilitation,



Page 4 of 9

(2022) 58:26

Ozden et al. Egypt J Neurol Psychiatry Neurosurg

A 3leds

1edw s1S0131S S|ABIN ZASISW ISIYP3YD WOoIdWAS Pa1eRY-SIN SIY-SIV 32104 3[ISNIN FLIDWOS| WNWIXe W/ ‘UoIsuBWIQ § [0DOINT g§-0F 1591 0D pue dn pawiL DL 431 )[BM SSINUIN T LMINZ ‘T L-3[edS Buriiem
S1S0432S S|dNINIA ZL-SMSIV ‘24036 duejeg B1ag Sgg 1593 3[eM SINUIW-XIS | MING ‘1S3 Y[BM 3004-GZ PaWL] MASZL ‘Audeded [e3A pa2104 DAL ‘uondwinsuod usbAxo jewixepy **“ZoA ‘o)1 Jo Aujenb pajejas yiesH 70044

as-03
SOY=SW
ZASISIN |020304d 3s[219X3 dules paseq-iaded
oNL (9€:U) WDIBOIH 35I249XF dUIOH pIDPUDIS
sg9 wioje|d paseq
(SO0 >d) uonenjead M4SCL -gOM B YUM $S3SIDIDXS YD113$ pue adueleq ‘buiusayibusis 21gqoiay
uow yxis u dnoib paseq-gam ut aybly Apuesyiubis sem SyA 0s-0F - HsiA 32440-u| 1MWC (9¢:u) Adpiay0isAyd pasog-gap)  810C ‘e 313 |ned
SPOYIDU |eUOUSAUOD
ZL-SMSIN YHM UDAID 219M S$3SID19X SWIRS 3] (8:U) dNoID) 351213XF [DUOUSAUOD)
sg9 wiogie|d uoneljigeyaialal
(500 < d) SIUDUISSISSE SYIUOW Y19 pUe PIE Ul Z LSMSIN ‘SF9 ‘LMIN9 1MW paseq gam e 1M USAID 219M $351219Xe BulUSY1BUS.IS ALWSIIXD
'M4SZ1 U0 sdnoib usamiaq seduSISYIP JURDYIUBIS OU 91oM 213y USIA DLJO-U| MJSZL  JSmO| pue uopez||IgeIs 2100 (91:U) dnoio Uoupl|IqpyaIaiaL paspg-Gaj) /107 |8 18 AoJuoD
(500> d) dnoib uoney|igeyaia|l ul JWNIW  S351219%3 [eDISAYd SUIINOJ 11943 SNURUOD O} Pa3Se 2JaM sjualzed ay |
1UBWISSISSe Yauow pig 1e 1aybiy Ajuo sem A1peded diqouay (500 > d) M (1#:u) dnoub j013u0)
dnoib 351219%3 PISEG-GOM Ul 19119Q 919M UOISUSIXS—UOIX3|) Jun.} TE27ON paguasaid a1am 3s1219% BuluayIbualls pue dIgolae 3yl Y1og 's|jed
'UOISUSIXS—UOIX3|4 93U Y10 ‘SYIUOW Y19 U] (SO0 > d) Yruow pig anbiie auoyda|a1 pue |1ew-2 ‘bulbessaw eIA USAID Sem UONRL|IGRYID|S |
1e dnoib UOIIRY|IGRYDI|D] Ul J3YDIY SeM UOIX3|) PUB UOISUSIX 93UY|  MSIA 90Lj0-U| J0DIH (9€:u) dnou 3si21ox3 pasbg-gajl 9107 |e 19 JaujjeL
JUdWISsasse
puz pueisi
s)nsay bumas JO sawod1INQ UOIUBAIDIU| JBdA loyiny

UOIIRY|IGRY243]3) PUB SISOI9|DS 3|di}NW UO S3IPNIS L d|qel



Ozden et al. Egypt J Neurol Psychiatry Neurosurg (2022) 58:26

Table 2 Studies on stroke and telerehabilitation

Page 5 of 9

Author Year Intervention Outcomes of Setting Results
1stand 2nd
assessment
Linder et al. 2015 Telerehabilitasyon group (n:51) SIS In-office visit  There was significant difference between
Hand Mentor Pro robotic assisted wrist and  CES-D groups on hand function (p <0.05)
finger active assistive range of motion
Home exercise group (n:48)
Active, active-assisted, and functional
range of motion exercises
Chumbleretal. 2015 Telerehabilitasyon group (STeleR) (n:25) FES Remotely STeleR group was better on satisfaction
Consisted of telephone and message- SSPS-CS (p <0.05). There were no significant differ-
based function exercises and adaptive ences on FES (p>0.05)
techniques for the daily life
Conventional Care (n:23)
Conventional rehabilitation care was
applied to this group
Chen etal. 2017 Telerehabilitasyon group (n:26) mBl In-office visit  There was no significant difference between
Live video-conferencing was conducted by  BBS groups (p>0.05)
physiotherapist
Conventional Physiotherapy Group(n:25)
Conventional face-to-face physiotherapy
was applied
Chenetal. 2020 Home-Based Telerehabilitasyon (n:22) FMA In-office visit  Telerehabilitation group was better in terms
Telerehabilitation based home exercise BI of hand function (p < 0.05)
program was applied with the assistance of
physiotherapist
Conventional Physiotherapy (n:22)
Consists of face-to-face physiotherapy
sessions
Wu et al. 2020 Intervention Group (n:32) FMA In-office visit - Telerehabilitation group was significantly
Multi-disciplinary care model was applied ~ BBS higher score on Fugl-Meyer Motor Function
via the teleconferencing 6MWT Assessment, Berg Balance Scale ve Stroke-
Control Group (n:32) mBI Specific Quality of Life Scale (p <0.05)
Extremity position, transfer activities, range  SSQolL
of motion exercises was prescribed
Asano et al. 2021 Telerehabilitation-Based Physiotherapy (n:50) ~ LLFDI In-office visit  There was no significant difference between
Standardized telerehabilitation, includ- SF-36 groups (p>0.05)
ing physiotherapy and ergotherapy was TFMWT
carried out 2MWT
Conventional Care Group (n:48) Standard mBl

hospital care was conducted

SIS Stroke Impact Scale, CES-D Center for Epidemiologic Studies Depression Scale, FES Falls Efficacy Scale, T25FW Timed 25-Foot Walk Test, mBI Modified Barthel Index,
BBS Berg Balance Score, FMA Fugl-Meyer Assessment, Bl Barthel Index, 6MWT Six-minute walk test, SF-36 Short Form 36, TFMWT Timed Five-Meter Walk Test, 2MWT
2 Minutes Walk Test, SSPS-CS Stroke-Specific Patient Satisfaction with Care Scale, SSQoL Stroke Specific Quality of Life Scale, LLFDI Late-Life Function and Disability

Instrument

the accessibility of telerehabilitation provides essential
contribution to the patients [19]. Linder et al. planned a
randomized controlled trial to determine the effective-
ness of remote home exercise program (HEP) on qual-
ity of life and depression in people after stroke. The
exercise program included range of motion exercises:
active, active-assisted movements, and functional exer-
cises with the Hand Mentor Pro robot-assisted device
for eight weeks (5 days/week, 3 h a day). There was no
significant difference between the two groups regarding
function and depression (p>0.05) [20]. In particular, the
ineffectiveness of a telerehabilitation service including
robotics in stroke, may be due to the system’s complexity.

Additionally, the 8-week follow-up period may not be
enough time to observe this possible positive effect.
Chumbler et al. determined the impact of multifactorial
stroke telerehabilitation on satisfaction in patients with
stroke, who had fall history. Multifactorial Stroke Teler-
ehabilitation Group received telerehabilitation via mes-
saging, telephone calls to give patients function exercises
and adaptive daily life techniques. Conventional care was
applied to the control group. Compared with the control
group, intervention group showed significant changes
in hospital satisfaction (p <0.05) [21]. No difference was
observed in self-efficacy due to falling. It is known that
telerehabilitation does not affect clinical parameters in
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Table 3 Studies on other neurologic disorders and telerehabilitation
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Author Year Disorder Intervention Outcomes of Setting Results
1stand 2nd
assessment
Gandolfietal. 2017 Parkinson's Disease TeleWii Group (n:38) BBS In-office visit  TeleWii group was higher in terms
Home-based TeleWii education ABC of balance (p <0.05)
was consisted of 21 balance exer- 10MWT
cise session, each of 50 min DGl
Sensory Integration Balance Edu-
cation (n:34)
Static, dynamic balance and gait
education was consisted of 21
balance exercise session, each of
50 min
Coulteretal. 2017 Spinal Cord Injury  Web-Based Physiotherapy Group ~ 6MWT In-office visit There was no significant difference
(n:15) WHOQoL between groups (p >0.05)
Video-based exercise, exercise HADS
diary was ordered for 8 weeks
Conventional Care Group (n:6)
Routine physical activity was
encouraged and patients were
asked to fill exercise diary
Gehring etal. 2018 Intra-cranial Tumor Home Telerehabilitation Group IPAQ In-office visit  Telerehabilitation group was better
(n:23) VO, max on VO, peak and BMI (p <0.05)
Maximum heart rate was set as BMI

%60-85. Aerobic exercises were
applied and monitorized
Control Group (n:11)

Active life-style prescriptions

were ordered regarding national

health guidelines

BBS Berg Balance Score, ABC Activity Specific Balance Confidence, T0MWT 10-Meter Walking Test, DG/ Dynamic Gait Index, 6MWT Six-minute walk test, WHOQoL World
Health Organization Quality of Life assessment, HADS Hospital Anxiety Depression Scale, IPAQ International Physical Activity Questionnaire, VO,,,,, Maximal oxygen

consumption, BMI Body Mass Index

some cases. On the other hand, it has a positive effect in
the long term by increasing satisfaction and participation
[22]. It can be argued that this psychological effect may
also contribute to the physical condition over the years.

In another study, Chen et al. were aimed to provide the
effectiveness of a 12-week telerehabilitation program of
motor exercises in stroke patients. One hour of physi-
otherapy and 10 rehabilitation training sessions per week
were applied in a 3-month program. Under the guidance
of physiotherapists, the telerehabilitation system and the
face-to-face training program were compared with in-
home rehabilitation training. The telerehabilitation group
showed a significant improvement in upper extremity
performance compared to the conventional rehabilitation
group (p<0.05) [23]. These results may suggest that teler-
ehabilitation is more effective than face-to-face train-
ing in remote stroke management. We also believe that
patients may have worked more efficiently in their home
setting.

To investigate the effectiveness of exercise training
based telerehabilitation on patients with acute stroke, Wu
et al. designed a comprehensive study for home care. The
training was given to the patients, including extremity

positioning, bed positioning, transfer activities and joint
mobility for three months. After the patients were dis-
charged, routine rehabilitation recommendations were
applied to the patients in the control group via phone fol-
low-up once a week. Significant changes were observed
in both intervention and control groups compared to
baseline (p<0.05). However, intervention group gained
more on “Fugl-Meyer Motor Function Assessment’
“Berg Balance Scale” and “Stroke-Specific Quality of Life
Scale” (p<0.05) [24]. These results suggest that teler-
ehabilitation can be an effective care model in the acute
period [25]. In order to improve balance, hand function
and quality of life of stroke patients in the acute period,
the remote care model may benefit clinical practice.
Chen et al. conducted a 3-month program to assess the
effectiveness of home telerehabilitation on physical per-
formance in stroke patients. After discharge, both groups
were given exercises (“Bobath Therapy” and “Propriocep-
tive Neuromuscular Facilitation”) and Electromyography-
Triggered Neuromuscular Stimulation” The conventional
physiotherapy group received rehabilitation treatment in
the outpatient physical therapy unit. There were signifi-
cant improvements in function and balance parameters
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in both groups (p<0.05), but none of the differences
between the groups was significant (p >0.05) [26]. Due to
the complex nature of the “Bobath Therapy” and “Propri-
oceptive Neuromuscular Facilitation” exercises applied in
this study, better results could not be obtained compared
to the conventional rehabilitation group. Further studies
may prefer simple exercises within the scope of remote
rehabilitation. Comparing complex and simple exercise
prescriptions in randomized controlled trial may further
explain this situation.

Asano et al. planned a study to assess the effect of the
telerehabilitation system on functional results after the 3
months of stroke. The telerehabilitation group received
both an occupational therapy and a physiotherapy pro-
gram. The study physiotherapist revised the exercises
with a personalized program. The usual care group
received the routine care (1-h clinic-based rehabilita-
tion sessions once or twice a week) until to the discharge.
No significant difference was found in any parameter
between the groups (p>0.05) [27]. It may also be the case
that the clinical picture affects the efficiency of telereha-
bilitation in individuals with stroke. Remote rehabilita-
tion may be less effective, especially in the very old-aged
and disabled population, also depending on the socio-
cultural level.

Studies on other neurological disorders

Another case group was the Parkinson’s disease. Gandolfi
et al. was planned research to demonstrate the effect of
in-home virtual reality based telerehabilitation on bal-
ance. The control group was received “Sensory Integra-
tion-Based Balance Training (SIBT)” in the face-to-face
application. Both groups received 21 individualized treat-
ment sessions of 50 min. The frequency of the exercises
was 3 days for week. Static and dynamic balance training
were given with a SIBT approach. Balance was found to
be significantly higher in virtual reality group (p<0.05).
There was no significant difference in other outcome
measures (p >0.05) [28]. Virtual Reality can give effective
results in balance training. On the other hand, it should
be considered that the sustainability of the balance
results on the function is controversial.

The other case group was intra-cranial tumors.
Gehringer et al. evaluated the effect of a home-based
exercise for patients with high-level glioma. The program
lasted a total of 24 weeks. The home-based group was
given an aerobic exercise prescription with a maximal
heart rate adjusted to 60—85%. Compared with the con-
trol group, the intervention group presented significant
improvements in absolute VO, .. and body mass index
(p<0.05) [29]. It should be emphasized that remote aero-
bic exercise follow-up and monitoring can also be effec-
tive in neurological rehabilitation [30].
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It is also known that the efficacy of telerehabilitation
in the management of spinal cord injuries has already
been proven. Coulter et al. planned an 8-week, 2 sessions
per week exercise program to assess the effect of web-
based tele-exercise protocol in participants with spinal
cord injury. The web-based physiotherapy group used
the website for personalized exercise programs. Each
exercise page includes a video and a written descrip-
tion of the exercise. 30-min sessions were given 2 days
a week for 8 weeks. Ordinary care group was received
conventional exercise program. Although the differences
between the groups were not significant, six-meter walk
test performance was higher in web-based physiotherapy
group (p>0.05). No significant differences were found
between the groups for other parameters (p>0.05) [31].
We assumed that exercise progression via video confer-
ence would provide additional contributions to the web-
based applications.

Conclusions

Most of the telerehabilitation studies were conducted in
the stroke cases. Telerehabilitation was found to be effec-
tive on patient satisfaction as well as clinical parameters
including hand function, balance and function in patients
with stroke. On the other hand, it was observed that
telerehabilitation positively affected the general quality
of life, muscle strength and endurance in individuals with
MS. Balance and function improved with telerehabilita-
tion in individuals with Parkinson’s disease. Lastly, aero-
bic capacity increased in individuals with intra-cranial
tumor and spinal cord injury via telehealth applications.
It has been emphasized that the most significant barri-
ers to access to telerehabilitation are the advanced age of
the patients and the problems of accessing the internet.
In summary, physical exercise with telerehabilitation pro-
vides productive results to improve quality of life, mus-
cle strength-endurance, hand function, balance, aerobic
capacity in patients recruiting neurologic rehabilitation.
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