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Remote rehabilitation is an innovative approach that allows patients to receive medical
support and rehabilitation services in a convenient and safe way in their own home or remotely
from a medical facility. Remote rehabilitation can be used for a wide range of medical condi-
tions and problems, including physical therapy, rehabilitation after injuries or surgeries, pain
management, rehabilitation after stroke, Parkinson's disease and other neurological diseases,
pulmonary rehabilitation for patients with chronic obstructive pulmonary disease, as well as
psychological support and counseling. This approach may include the use of video communi-
cation, monitoring of physiological parameters, mobile applications, and sensors to measure
progress and monitor the patient. Remote rehabilitation is especially useful in situations where
it is difficult or impossible for patients to physically visit a medical facility, for example, due
to physical activity limitations, remote geographical locations, or epidemiological circum-
stances. Remote rehabilitation has both positive and negative aspects. Positive aspects: acces-
sibility — allows patients to get the help they need regardless of location; convenience — to re-
ceive rehabilitation services at a time and place convenient for them; cost — can be more cost-
effective, as it reduces travel and accommaodation costs for patients. Negative aspects: lack of
direct contact; limited capabilities — some types of therapy that require guidance or correction
from a specialist may be less effective in a remote format; technological problems. It is im-
portant to consider these positive and negative aspects of remote rehabilitation when deciding
whether to use it. The specific circumstances and needs of the patient may affect the effective-
ness of this approach to rehabilitation. Remote rehabilitation is a promising area in medicine,
as it allows for increased accessibility and convenience of rehabilitation services for patients.
It can also help reduce the burden on healthcare facilities and reduce the cost of organizing
rehabilitation programs.
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Physical rehabilitation is a process
that uses patient assessment and individu-
alized treatment programs, which, unfor-
tunately, often remain limited by the re-
sources of medical centers. Recently, we
have seen the rapid development of a mod-
ern trend in the healthcare sector — tele-
medicine and remote rehabilitation.

Modern mobile technologies are be-
coming an important, potential and effec-
tive solution for objective assessment and
monitoring of patients inside and/or out-
side the clinical environment. The infor-
mation obtained with the help of this tech-
nology provides a more detailed assess-
ment of the patient's well-being and helps
determine the optimal rehabilitation thera-
py [1]. The advantage of these devices in
terms of portability, low cost, and unobtru-
sive sensors makes this technology highly
effective for tracking movements to im-
prove care for patients with neurological
or musculoskeletal diseases. In addition,
these sensors allow for quantitative assess-
ment of motor behavior, which is useful
for compensatory mechanisms of muscu-
loskeletal rehabilitation, remote monito-
ring and telerehabilitation using robotics
[2-4].

The relevance and advantages of this
area also lie in the fact that remote rehabil-
itation overcomes geographical barriers
and provides access to rehabilitation ser-
vices for people who may have limited
mobility or live in remote areas. This en-
sures that people who have had a stroke
can receive timely and necessary assis-
tance regardless of their location [5]. Allows

for continuous monitoring and follow-up,
ensuring that stroke survivors receive on-
going care even after discharge from the
hospital. Healthcare professionals can re-
motely assess patient’s progress and make
adjustments to their treatment plans, con-
tributing to better outcomes [6].

From an economic perspective, re-
mote rehabilitation has the potential to re-
duce healthcare costs associated with in-
person visits, such as transportation costs
and prolonged hospital stays. It also opti-
mizes the use of healthcare resources and
provides a more cost-effective approach to
providing rehabilitation services [7]. It can
provide personalized interventions tai-
lored to the unique needs of each stroke
survivor. Thanks to telemedicine technol-
ogies, healthcare professionals can re-
motely monitor patients, provide recom-
mendations and prescribe exercises and
therapies appropriate to their condition, in-
creasing the effectiveness of the rehabili-
tation process [5].

Remote rehabilitation offers con-
venience and flexibility, as it allows stroke
survivors to receive care from the comfort
of their own homes. This reduces the bur-
den of travel and increases patient engage-
ment, leading to greater compliance with
the rehabilitation program [6]. Remote re-
habilitation combines remote data collec-
tion and processing, personalized user-
centered technologies, and artificial intel-
ligence. Data from smartphone applica-
tions and the ever-growing number of mo-
bile devices with environmental sensors
can be processed by artificial intelligence
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and help adjust the rehabilitation program.
In general, it provides valuable support af-
ter discharge from the hospital. It helps to
eliminate functional limitations, provides
self-control training, and helps to return to
daily activities, contributing to better long-
term recovery [5].

Telerehabilitation is a fairly young
area of healthcare that is actively develop-
ing and being researched. Currently, there
are four stages in the development of tele-
medicine:

. Early development (late 20™ cen-
tury): telerehabilitation started as an ex-
perimental approach, primarily focusing
on video consultation between healthcare
professionals and patients; initial efforts
were focused on assessing the feasibility
and effectiveness of remote rehabilitation
interventions, especially in rural or under-
served areas.

I1. Technological advances (2000s):
with the development of technologies such
as high-speed Internet, improved video
conferencing capabilities, and wearable
devices, telerehabilitation expanded its
scope; the development of user-friendly
software, mobile applications, and special-
ized devices facilitated the remote deliv-
ery of rehabilitation services; researchers
and healthcare professionals began to ex-
plore the use of telerehabilitation in vari-
ous rehabilitation fields, including physio-
therapy, occupational therapy, and speech
therapy.

I11. Research and Evidence (2010s):
the 2010s saw a surge in research and evi-
dence supporting the effectiveness of tele-
rehabilitation in various patient popula-
tions; studies highlighted the positive out-
comes, patient satisfaction, and cost-effec-
tiveness of telerehabilitation compared to
traditional face-to-face rehabilitation; pro-
fessional associations and healthcare or-
ganizations began to develop recommen-
dations and best practices for implement-
ing telerehabilitation.

IV. Expanded applications and inte-
gration (present): telerehabilitation has
gone beyond video consultations to in-
clude features such as remote monitoring,
virtual reality, gamification, and wearable
sensor technologies; with integration, it
has become an integral part of healthcare
systems of electronic health records and
interoperability between telemedicine
platforms and hospital systems; the
COVID-19 pandemic has further acceler-
ated the introduction and adoption of tele-
rehabilitation as a mainstream way of de-
livering rehabilitation services [1; 3; 4; 7].

Telemedicine uses modern techno-
logical tools that provide new opportuni-
ties for both patients and medical staff.
The tools and methods are constantly be-
ing improved and their capabilities are ex-
panding, but at the moment we can high-
light the main ones.

1. Teleconsultation. Virtual consul-
tations between healthcare professionals
and patients to assess, guide and monitor
rehabilitation progress.

2. Telerehabilitation. Remote deliv-
ery of rehabilitation services, including
exercises, therapy sessions and assess-
ments, via video conferencing or telecom-
munication technologies.

3. Mobile applications. Mobile pro-
grams that offer rehabilitation exercises,
progress tracking, and educational re-
sources to support remote rehabilitation.

4. Wearable technologies such as
sensors or smartwatches that track move-
ment, collect data, and provide real-time
feedback for remote rehabilitation.

5. Virtual reality (VR). Immersive
virtual environments or simulations that
are used for rehabilitation exercises,
providing a controlled and immersive ex-
perience.

6. Gamification. The incorporation of
game elements or mechanisms into reha-
bilitation programs to increase motivation,
engagement, and adherence to exercise.
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7. Robotics. Remote-controlled or
programmable robotic devices used to as-
sist in rehabilitation exercise or therapy.

8. Sensor systems. The use of sen-
sors to capture motor data and provide
feedback during rehabilitation exercises,
enabling remote monitoring and analysis
[8-10].

Like any new trend in healthcare,
TV rehabilitation has advantages and dis-
advantages compared to classical physical
rehabilitation. We can highlight and adjust
the main points:

advantages of remote rehabilitation:

- accessibility: remote rehabilitation
allows patients to access rehabilitation ser-
vices from the comfort of their homes,
eliminating the need for travel and reduc-
ing barriers to access;

- convenience: patients can schedule
rehabilitation sessions at a time that is con-
venient for them, which provides flexibil-
ity in their rehabilitation path;

- cost-effectiveness: remote rehabil-
itation has the potential to reduce costs as-
sociated with transportation and accom-
modation, especially for patients living in
remote areas or with limited mobility;

- continuity of care: remote rehabili-
tation can provide consistent and uninter-
rupted care, as patients can receive regular
sessions without interruptions due to fac-
tors such as weather or transportation is-
sues;

- individualized approach: remote
rehabilitation can use technology to pro-
vide personalized exercises, monitoring
and feedback, tailoring the program to in-
dividual needs [3; 11; 12];

disadvantages of remote rehabilita-
tion:

- technological barriers: some pa-
tients may face challenges in using the
necessary technology, such as smartpho-
nes or computers, that are required for dis-
tance rehabilitation;

- lack of physical contact: remote re-
habilitation may lack the physical touch
and hands-on guidance that can be pro-
vided during in-person sessions, which
can be crucial for certain aspects of reha-
bilitation;

- limited access to equipment: cer-
tain specialized equipment used in tradi-
tional rehabilitation settings may not be
available or easily replicated for use in dis-
tance rehabilitation;

- potential communication challen-
ges: remote rehabilitation depends on ef-
fective communication between patients
and healthcare providers. technical diffi-
culties or limitations of communication
technologies may prevent clear under-
standing or timely feedback;

- adaptation constraints: some pa-
tients may require immediate intervention
or adjustments to treatment plans based on
real-time assessments, which may be more
difficult to achieve in a remote location [1;
7;11; 12].

Telemedicine, which is constantly
evolving, uses new technological capabil-
ities, combines them with modern physical
rehabilitation techniques, and creates mo-
re comprehensive and individualized reha-
bilitation programs. Developments and re-
search are ongoing, and the results empha-
size the relevance, effectiveness, and pro-
spects of remote rehabilitation.

Telemedicine combines the use of
sensors, mobile applications, social net-
works, and location tracking technologies
to obtain data related to health, diagnosis,
prevention, and treatment of diseases.
Data from smartphone applications and
the ever-growing number of mobile de-
vices with environmental sensors can be
processed using artificial intelligence to
help make medical decisions. An inte-
grated approach makes it theoretically
possible to monitor and intervene any-
where and anytime for acute and chronic
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diseases. The benefits of telemedicine as
a form of care have become incredibly evi-
dent during the COVID-19 pandemic. Tele-
medicine is now an integral part of health-
care in the United States, Canada, Aus-
tralia, and other developed countries. It
seems that telemedicine and digital tech-
nologies have ushered in a new era of
cheaper, patient-centered healthcare [12; 13].

Digital technologies in stroke re-
habilitation

Stroke is one of the leading causes
of disability among adults worldwide [14].
In addition, many survivors of acute cere-
brovascular accident (ACVA) suffer from
hemiplegia, which makes walking diffi-
cult or even impossible. Thus, the rehabil-
itation of post-stroke patients is aimed at
restoring the functions of the musculoskel-
etal and nervous systems [15]. Dosed
physical activity during rehabilitation has
been repeatedly proven to be effective in
improving muscle activity and neuromus-
cular control [16]. Electromyography in
combination with controlled neuromuscu-
lar electrical stimulation (NMES) has
shown significant benefits in restoring
motor function of the upper extremities in
clinical trials with stroke patients [17].
Monte-Silva et al. work in this area and of-
fer a systematic review and meta-analysis
of the effect of EMG-NMES on upper
limb recovery after stroke. Another signif-
icant contribution was made by Hameed et
al. [18; 19]. The authors highlight robotic
devices as valuable tools that help patients
in their daily activities and restore hand
function through rehabilitation programs.
In particular, they emphasize the potential
of using SEMGs to control hand-held ro-
botic devices, including gloves and exo-
skeletons, for rehabilitation activities and
in everyday life.

For example, the RoboTeleRehab
home robotic upper limb telerehabilitation
system aims to create a new home telere-
habilitation system, supplemented by a ro-

botic and VR module, consisting of: (A)
a patient's home telerehabilitation system
and (B) a physician's telemonitoring sys-
tem [14; 18; 20].

The system of remote rehabilitation
of a patient at home consists of a commer-
cially available cobot with two force sen-
sors (six-axis force sensors SRI M3715C
and SRI M3713C) and a special steering
wheel. The cobot consists of one robot
arm, one robot controller, a touch panel,
and a pre-installed program called "Poly-
Scope”. The cobot arm is a kinematic
equipment that can meet all the mobility
criteria for human arm rehabilitation [16;
19; 21]. With the help of built-in functions,
it is possible to obtain data on the speed
and location of the joints of the cobot arm
in real time [22].

Several studies have compared the
outcomes of a center-based rehabilitation
(CBCR) program with a home-based reha-
bilitation (HBCR) program, including im-
provements in cardiorespiratory fitness,
quality of life, risk factor management,
and mortality. HBCR participants, for ex-
ample, showed an increase in 6-minute
distance (462 m 74 cm vs. 421 m 90 cm,
p=0.03), higher tolerance and increased
physical fitness compared to CBCR par-
ticipants [21; 23; 24].

Hospital rehabilitation after stroke
can be limited by staffing ratios and length
of stay, which can impede recovery. Thus,
a home-based gamified rehabilitation sys-
tem (i.e., IntelliRehab) was tested for its
ability to increase cerebral blood flow
(CBF) and the secondary effects of
changes on upper limb motor function and
functional outcomes. A pilot before-after
group study was conducted to measure the
impact of 3 months of IntelliRehab™ use,
and this study was approved by the USM
Human Research Ethics Committee
(HREC); USM/JEPeM/18030172 [20; 24].

A total of eight adults (n=8) with
hemiparetic ischemic stroke were recrui-
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ted from Hospital Universiti Sains Malay-
sia, a suburban tertiary care center for neu-
rological disorders on the east coast of
Malaysia. The sample size was determined
based on the mean difference (0.25) and
standard deviations (0.20) from a previous
study calculated using PS software. In the
previous study, the FMA score was used
as a measure of participant evaluation.
With a two-sided significance level of
p<0.05 and a power (1-B) of 0.8, the re-
quired sample size was 8 subjects. The se-
lection of subjects was based on purpose-
ful, convenient sampling [21; 25; 26].

IntelliRehab was complemented by
customized sensor hardware that gamified
physiotherapy with "exergames" as a means
of remotely monitoring patient progress
and adherence. This remote rehabilitation
tool consisted of an intelligent virtual as-
sistant, wireless interaction sensors to cap-
ture body movements, and a customized
exercise tool designed to facilitate clinical
feedback. The new cloud-based platform
was designed specifically to track patient
data and incorporate multiple inputs, re-
mote monitoring and analytics services.
IntelliRehab sessions were conducted at
home, where the IntelliRehab tool allowed
subjects to perform upper extremity motor
training at home as a telerehabilitation
setup.

Primary motor function was as-
sessed by FMA, which showed significant
improvement after rehabilitation with In-
telliRehab. The results of our study are in
line with previous studies that demon-
strated moderate benefits of Virtual Real-
ity of Broad Range (VRBR) on upper and
lower limb body functions and activities
compared to standard rehabilitation in
stroke patients [20; 24; 27-29].

Randomized control trials (RCTs)
have shown that VR was more effective
than conventional therapy and signifi-
cantly more effective than no therapy in
improving upper extremity function. VRBR

has also been shown to improve Activities
of Daily Living (ADL) function compared
to more traditional therapy approaches,
which supports our current results with the
IntelliRehab system. The Fugl-Meyer As-
sessment (FMA) of IntelliRehab partici-
pants showed a significant increase after 3
months of rehabilitation compared to 1
month. This result reflects the effective-
ness of the IntelliRehab system in improv-
ing functional outcome after 3 months,
leading to increased ADLS in stroke pa-
tients [30; 31].

On the other hand, secondary motor
function was assessed using the SIS scale
for stroke patients during IntelliRehab. It
had a significant difference in Question-7
(S1S-Q7), which showed a significant in-
crease after 1 month of rehabilitation com-
pared to baseline. The SIS-Q7 measures
the patient's ability to use the arm most af-
fected by the stroke. The results are con-
sistent with previous studies that showed
similar significance in SIS-Q7 after one
month in stroke patients [32].

Factors that influence the success of
telerehabilitation. Currently, there are sev-
eral influential factors. Access to telemed-
icine services is significantly lower for
low-educated social groups (21%) than for
groups with higher education (60%) [33].
The use of telemedicine may also be lim-
ited for older people, especially when
combined with geographic barriers (such
as small towns and villages). Numerous
studies on telemedicine show the im-
portance of prior patient education and
training [34]; however, it is clear that the
rapid and hasty introduction of telemedi-
cine also carries a number of threats. Some
of them are technological (whether the ser-
vice is provided on a reliable platform in
terms of data security), medical (certain
patient problems cannot be solved by tele-
medicine), while others are legal and ethi-
cal (how patients can be transferred to de-
finitive treatment), therapeutic (with tele-
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medicine, how to mitigate side effects and
compensate for missing patient safety
standards) [35]. Another important task is
to establish proper quality assurance. Even
countries that have been integrating tele-
medicine into their healthcare system for
more than 15 years (Australia, United
States) need to constantly improve the rel-
evant rules. In the United States, the prac-
tice of telemedicine is subject to licensure,
and some states require a professional
exam. Defining the legal and ethical
framework is also vital, as it is also related
to the issue of patient safety and patient
care management. International experi-
ence shows that important steps have also
been taken in the fields of urology, derma-
tology, diabetes, and pediatrics to make
better use of telemedicine [36; 37].
Commercial and clinical value of
telerehabilitation. Despite regulatory chan-
ges, the digital healthcare sector saw a rec-
ord $8.1 billion in investments in 2018. A
recent change to the Medicare fee sched-
ule that allows physicians to bill for time
spent managing and interpreting remote
monitoring data (e.g., electrocardiogram,
blood pressure, and glucose monitoring) to
treat chronic conditions provides an incen-
tive for clinicians to use mobile health
data. However, there are no standard mod-
els for who should pay for mobile health
technologies that are recommended or pre-
scribed to patients. In clinical trials, decent
ralized clinical trials use digital biomar-
kers as endpoints and replace in-person
study procedures with virtual and mobile

References

procedures. Apple's ResearchKit and An-
droid's ResearchStack, mobile research
platforms that facilitate large-scale virtual
recruitment and evaluation, are expanding
the reach of clinical trials, similar to the
impact of mobile health on clinical care
[38-40].

Conclusions

Mobile health technologies are evol-
ving from descriptive monitoring tools
todigital diagnostics and therapies that
combine tracking with behavioral and
other interventions to directly impact
health outcomes. Key challenges include
identifying and validating meaningful dig-
ital biomarkers, regulating and paying for
mobile health technologies, and integra
ting them into advanced care. Clearer ar-
ticulations of how mobile health technolo-
gies can directly impact clinical outcomes
are needed, as well as more rigorous as-
sessments of clinical effectiveness.

It is possible that mobile health tech-
nologies can cause harm. Concerns about
digital surveillance are not unique to mo-
bile health, but health-related risks can be
mitigated through increased digital liter-
acy among patients, ethical codes of con-
duct for mobile health developers and reg-
ulators, and transparency and accountabil-
ity in how healthcare organizations deploy
mobile devices. The transformative poten-
tial of mobile health compels clinicians to
play an active role in ensuring that this
new frontier is safe, fair, and equitable for
all patients.

There is no conflict of interest.

1. Maceira-Elvira P, Popa T, Schmid AC, Hummel FC. Wearable technology in stroke
rehabilitation: Towards improved diagnosis and treatment of upper-limb motor impairment. J.
Neuroeng. Rehabil. 2019;16:1-18. DOI: 10.1186/512984-019-0612-y. PMID: 31744553.

2. Porciuncula F, Roto AV, Kumar D, Davis I, Roy S, Walsh CJ, Awad LN. Wearable
movement sensors for rehabilitation: A focused review of technological and clinical advances.
J. Inj. Funct. Rehabil. 2018;10:S220-32. DOI: 10.1016/j.pmrj.2018.06.013. PMID: 30269807.

®di3nyHa Tepanis, peabinitauis
Ta CNOPTUBHA MeAULIMHA

Physical Therapy, Rehabilitation

50 and Sports Medicine



EkcnepumeHTtanbHa i kniniyna meauumHa  90(3)2021  Experimental and Clinical Medicine

ISSN print 2414-4517, ISSN online 2710-1487, https://lecm.knmu.edu.ua, ekm.journal@knmu.edu.ua

3. Rodgers MM, Alon G, Pai VM, Conroy RS. Wearable technologies for active living
and rehabilitation: Current research challenges and future opportunities. J. Rehabil. Assist.
Technol. Eng. 2019;6:2055668319839607. DOI: 10.1177/2055668319839607. PMID: 31245033.

4. Li C, Un KF, Mak PI, Chen Y, Munoz-Ferreras JM, Yang Z, Gomez-Garcia R. Over-
view of recent development on wireless sensing circuits and systems for healthcare and bio-
medical applications. IEEE J. Emerg. Sel. Top. Circuits Syst. 2018;8:165-77. DOI: 10.1109/
JETCAS.2018.2822684.

5. Dodakian L, McKenzie AL, Le V, See J, Pearson-Fuhrhop K, Quinlan EB, et al. Home-
based telerehabilitation for post-stroke recovery. International Journal of Environmental Re-
search and Public Health. 2017;31(10-11):923-933. DOI: 10.1177/1545968317733818. PMID:
29072556

6. Laver KE, Adey-Wakeling Z, Crotty M, Lannin NA, George S, Sherrington C. Telere-
habilitation services for stroke. Cochrane Database of Systematic Reviews. 2020;(1):
Art.No.CD010255. DOI: 10.1002/14651858.CD010255.pub2/abstract. PMID: 32002991.

7. Tenforde AS, Hefner J, Wachs J, laccarino MA. Telehealth in Physical Medicine and
Rehabilitation: A Narrative Review. PM&R. 2017;9(5):S51-8. DOI:10.1016/j.pmrj.2017.02.013.
PMID: 28527504.

8. World Health Organization. Rehabilitation in Health Systems. Available at:
https://www.who.int/news-room/fact-sheets/detail/rehabilitation-in-health-systems

9. Johansson T, Wild C. Telerehabilitation in stroke care —a systematic review. J Telemed
Telecare. 2011;17(1):1-6. DOI: 10.1258/jtt.2010.100105. PMID: 21097560.

10. Cramer SC, Wolf SL, Adams JrHP, Chen D, Dromerick AW, Dunning K, et al. Stroke
Recovery and Rehabilitation Research: Issues, Opportunities, and the National Institutes of
Health StrokeNet. Stroke. 2017;48(3):813-9. DOI: 10.1161/STROKEAHA.116.015501.
PMID: 28174324.

11. RCOT Informed Views. Royal College of Occupational Therapists [Internet]. Available
at: https://www.rcot.co.uk/about-occupational-therapy/rcot-informed-views [accessed 20 Sep
2021].

12. Silver L. Smartphone Ownership Is Growing Rapidly Around the World, but Not
Always Equally. Pew Research Center, 5 Feb 2019 [Internet]. Available at: https://www.pewre-
search.org/global/2019/02/05/smartphone-ownership-is-growing-rapidly-around-the-world-
but-not-always-equally/ [accessed on 20 Sep 2021].

13. Buttorff C, Ruder T, Bauman M. Multiple Chronic Conditions in the United States.
USA: RAND Corporation, 2017. 28 p. Available at: http://www.rand.org/pubs/tools/
TL221.html

14. Langhorne P, Bernhardt J, Kwakkel G. Stroke rehabilitation. Lancet 2011;277:1693-
702. DOI: 10.1016/S0140-6736(11)60325-5.

15. Lin SH, Dionne TP. Interventions to improve movement and functional outcomes in
adult stroke rehabilitation: Review and evidence summary. J. Particip. Med. 2018;10:e8929.
PMID: 33052128.

16. Aceves-Fernandez MA. Artificial Intelligence: Applications in Medicine and Biolo-
gy. London: Intech Open; 2019. 140 p.

17. Qian Q, Nam C, Rong W, Li W, Guo Z, Huang Y, et al. Robotic and neuromuscular
electrical stimulation (NMES) hybrid system. In: Intelligent Biomechatronics in Neurorehabil-
itation. USA: Cambridge Academic Press: 2020. P. 147-66.

®di3nyHa Tepanis, peabinitauis 51 Physical Therapy, Rehabilitation
Ta CNOPTMBHA MeAMLMHA and Sports Medicine



EkcnepumeHTtanbHa i kniniyna meauumHa  90(3)2021  Experimental and Clinical Medicine

ISSN print 2414-4517, ISSN online 2710-1487, https://lecm.knmu.edu.ua, ekm.journal@knmu.edu.ua

18. Monte-Silva K, Piscitelli D, Norouzi-Gheidari N, Batalla MAP, Archambault P,
Levin MF. Electromyogram-related neuromuscular electrical stimulation for restoring wrist and
hand movement in poststroke hemiplegia: A systematic review and meta-analysis. Neuroreha-
bilit. Neural Repair. 2019;33:96-111. DOI: 10.1177/1545968319826053. PMID: 30704366.

19. Hameed HK, Hassan WZW, Shafie S, Ahmad SA, Jaafar H. A review on surface
electromyography-controlled hand robotic devices used for rehabilitation and assistance in ac-
tivities of daily living. J. Prosthetics Orthot. 2020;32:3-13. DOI: 10.1097/JPO.0000000000000277.

20. Mocan B, Mocan M, Fulea M, Murar M, Feier H. Home-Based Robotic Upper Limbs
Cardiac Telerehabilitation System. 2022;19(18):11628. DOI: 10.3390/ijerph191811628.
PMID: 36141899.

21. Liu C, Liang H, Ueda N, Li P, Fujimoto Y, Zhu C. Functional Evaluation of a Force
Sensor-Controlled Upper-Limb Power-Assisted Exoskeleton with High Backdrivability. Sen-
sors. 2020;20:6379. DOI: 10.3390/s20216379. PMID: 33182271.

22. Chaparro-Rico BDM, Cafolla D, Castillo-Castaneda E, Ceccarelli M. Design of arm
exercises for rehabilitation assistance. J. Eng. Res. 2020;8:203-18. DOI: 10.36909/JER.V8I3.6523.

23. Kraal JJ, Marle M-V, Abu-Hanna A, Stut W, Peek N, Kemps HMC. Clinical and cost-
effectiveness of home-based cardiac rehabilitation compared to conventional, centre-based car-
diac rehabilitation: Results of the FIT@Home study. Eur. J. Prev. Cardiol. 2017;24:1260-73.
DOI: 10.1177/2047487317710803. PMID: 28534417.

24. Chen YW, Wang CY, Lai YH, Liao YC, Wen YK, Chang ST, et al. Home-based
cardiac rehabilitation improves quality of life, aerobic capacity, and readmission rates in pa-
tients with chronic heart failure. Medicine. 2018;97(4):e9629. DOI: 10.1097/MD.
0000000000009629. PMID: 29369178.

25. Mocan B, Schonstein C, Neamtu C, Murar M, Fulea M, Comes R, Mocan M. Cardio-
VR-ReTone-Robotic Exoskeleton for Upper Limb Rehabilitation following Open Heart Sur-
gery: Design, Modelling, and Control. Symmetry. 2022;14(1):81. DOI: 10.3390/sym14010081.

26. Hwang R, Bruning J, Morris NR, Mandrusiak A, Russell T. Home-based telerehabil-
itation is not inferior to a centre-based program in patients with chronic heart failure: A ran-
domised trial. J. Physiother. 2017;63(2):101-7. DOI: 10.1016/j.jphys.2017.02.017. PMID:
28336297.

27. Tang LH, Tang LH, Berg SK, Berg SK, Christensen J, Christensen J, et al. Patients’
preference for exercise setting and its influence on the health benefits gained from exercise-
based cardiac rehabilitation. Int. J. Cardiol. 2017;232:33-9. DOI: 10.1016/j.ijcard.2017.01.126.
PMID: 28159358.

28. Moulson N, Bewick D, Selway T, Harris J, Suskin N, Oh P, et al. Cardiac Rehabili-
tation During the COVID-19 Era: Guidance on Implementing Virtual Care. Can. J. Cardiol.
2020;36:1317-21. DOI: 10.1016/j.cjca.2020.06.006. PMID: 32553606.

20. Bravo-Escobar R, Gonzalez-Represas A, Gomez-Gonzalez AM, Montiel-Trujillo A,
Aguilar-Jimenez R, Carrasco-Ruiz R, Salinas-Sanchez P. Effectiveness and safety of a home-
based cardiac rehabilitation programme of mixed surveillance in patients with ischemic heart
disease at moderate cardiovascular risk: A randomised, controlled clinical trial. BMC Cardio-
vasc. Disord. 2017;17(1):66. DOI: 10.1186/s12872-017-0499-0. PMID: 28219338.

30.Joo LY, YinTS, XuD, ThiaE, Fen CP, Kuah CWK, et al. A feasibility study using
interactive commercial off-the-shelf computer gaming in upper limb rehabilitation in patients
after stroke. J Rehabil Med. 2010;42(5):437-41. DOI: 10.2340/16501977-0528. PMID:
20544153.

®di3nyHa Tepanis, peabinitauis 59 Physical Therapy, Rehabilitation
Ta CNOPTMBHA MeAMLMHA and Sports Medicine



EkcnepumeHTtanbHa i kniniyna meauumHa  90(3)2021  Experimental and Clinical Medicine

ISSN print 2414-4517, ISSN online 2710-1487, https://lecm.knmu.edu.ua, ekm.journal@knmu.edu.ua

31. Dodakian L, McKenzie AL, Le Vu, See J, Pearson-Fuhrhop K, Quinlan EB, Zhou
RJ, et al. A home-based telerehabilitation program for patients with stroke. Neurorehabil Neural
Repair. 2017;31(10-11):923-33. DOI: 10.1177/1545968317733818. PMID: 29072556.

32. Kamel A, Ghani AA, Zaiton MA, El-Motayam AS, El-Fattah DA. Health related
quality of life in stroke survivors measured by the Stroke Impact Scale. Egypt J Neurol Psychi-
atry Neurosurg. 2010;47:267-74.

33. Petersen LS, Bertelsen P. Equality challenges in the use of eHealth: selectedresults
fromaDanishcitizenssurvey. Stud Health Technol Inform. 2017;245:793-7. PMID: 29295207.

34. Almathami HK, Win KT, Vlahu-Gjorgievska E. Barriers and facilitators that influ-
ence telemedicine-based, real-time, online consultation at patients’ homes: systematic literature
review. J Med Internet Res. 2020;22(2):e16407. DOI: 10.2196/16407. PMID: 32130131.

35. Gadzinski AJ, Gore JL, Ellimoottil C, Odisho AY, Watts KL. Implementing telemed-
icine in response to the COVID-19 pandemic. J Urol. 2020;204(1):14-6. DOI:10.1097/
JU.0000000000001033. PMID: 32249678.

36. Barsom EZ, Feenstra TM, Bemelman WA, Bonjer JH, Schijven MP. Coping with
COVID-19: scaling up virtual care to standard practice. NatMed. 2020;26(5):632-4.
DOI:10.1038/s41591-020-0845-0. PMID: 32405054.

37. Ban A. The potential role of telemedicine in the improvement of the availability and
quality of general practitioner attendance. Budapest: Magyar Tudomanyos Akademia; 2017.
DOI: 10.18427/iri-2017-01009.

38. Day S, Zweig M. 2018 Year end funding report: is digital health in a bubble? USA:
Rock Health; 2019. Available at: https://rockhealth.com/reports/2018-year-end-funding-report-
is-digital-health-in-a-bubble/

39. Richman B. Health regulation for the digital age - correcting the mismatch. N Engl J
Med. 2018;379(18):1694-5. DOI: 10.1056/NEJMp1806848. PMID: 30380380.

40. Open mHealth. Open source data integration tools [Internet]. Awvailable at:
http://www.openmhealth.org [accessed on 20 Sep 2021].

Kpueakun O.A., Illyoa JI.B.

AKTYAJIBHOCTh COBPEMEHHOW JUCTAHIIMOHHOMN PEABWJINTA-
U (0030p JUTEpaTYypbI)

JlucranuroHHas peaObuInTalus — 3T0O UHHOBALIMOHHBIN MOIXO0/, TO3BOJISIOIINHN MallueH-
TaM MOJIy4aTh MEAUIIMHCKYIO MOAJIEPKKY U peadMINTallMOHHbIE YCIYTH YI0OHBIM U Oe3omac-
HBIM CIIOCOOOM B COOCTBEHHOM JOME WUJIM BJIAJIM OT MEIUIIMHCKOTO yupexaeHus. Jlucranuu-
OHHas peaOWIUTALNS MOKET ObITh UCIIOJIb30BAHA JJISl IIMPOKOTO CIEKTPa MEIUIIUMHCKUX CO-
CTOSIHUU U Mpo0JieM, BKIIOUYask (PU3NUECKYIO Teparuio, peaduInTAIUIO [TOCIe TPaBM WM OIle-
panuii, yrpasieHue 00Jb10, peadHIUTAIUIO MTOCe UHCYIbTa, Oone3nu [lapkuHcoHa U IPyTruxX
HEBPOJIOTUYECKUX 3a00JI€BAaHUH, TyIbMOHABHYIO PEaOMIUTALIMIO U1 OONBHBIX XPOHUYECKON
OOCTPYKTUBHON OOJIE3HBIO, & TAK)KE MCHXOJIOTUYECKYI0 MOIEPKKY M KOHCYJIBTUPOBAHUE.
DTOT MOAXO]T MOYKET BKJIFOYATh HCIOIb30BAHUE BUICOCBA3M, MOHUTOPUHTA (PU3UOIOTUYECKUX
MoKa3arenei, MOOMJIbHBIX IPUIIOKEHUI U CEHCOPOB VISl U3MEPEHUS Iporpecca U HabII0JCHHS
3a manueHToM. J[MCTaHIMOHHAs peadMINTalUsS OKa3bIBaeTCI OCOOCHHO MOJIE3HOM B CUTya-
[USX, KOTJa MalleHTaM TSHKeNlOo WM HEBO3MOXKHO (PM3UYECKH MOCEIIaTh METUIIUHCKOE yUupe-
XKJCHUEe, HaIpUMep M3-3a OTPaHUYEHUI B IBUTATEIbHON aKTUBHOCTHU, OTJIAJICHHBIX Teorpadu-
YECKUX PACIOIO0XKEHUH UITH SMUIEMUOIOTHIECKIX O0CTOATENBCTB. J{UCTaHIIMOHHAS peaOdun-
TalKsg UMEET KaK MOJIOKUTENIbHbIE, TaK U OTPHUILATEeNIbHbIE CTOPOHBI. [103UTUBHBIE CTOPOHBI:
JOCTYIMHOCTh — MO3BOJISIET MAIIUEHTaM MOIy4aTh HEOOXOAUMYIO TOMOIIb BHE 3aBUCUMOCTH OT
MECTOHAXOXJCHHS; YI0OCTBO — MOJNy4aTh peaOMIUTAIIMOHHBIE YCIYTH B YIOOHOE Ui HUX
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BpeMsi U B YJJOOHOM MECTE; CTOUMOCTb — MOXKET OBITh 3KOHOMUYECKH OoJiee BBITOJHOH, I10-
CKOJIbKY OHa YMEHBIIIAET PACXO/bl Ha MOE3/IKU U MPOKUBAaHKUE ManueHToB. HeratuBHbie cTO-
POHBI: OTCYTCTBHUE MPSIMOTO KOHTAKTA; OrPaHUYEHHBIC BO3MOXXHOCTH — HEKOTOPbIE BUIbI TEpa-
UM, TpeOyIolIre PYKOBOJICTBA HITH KOPPEKIIUU CO CTOPOHBI CIICIIUAIIMCTA, MOTYT OBITh MEHEE
3 PEeKTHBHBI B OTAAICHHOM (hopMaTe; TEXHOJOTHYECKHe MpoodaeMbl. BaKHO yYUTHIBATh 3TH
MIOJIOKUTEIBHBIE U OTPHUIIATEIBHBIC ACTIEKTHI AUCTAHIMOHHON peadMIMTalliyi PU TPUHATHA
peleHws 1Mo ee UCTI0Ib30BaHnI0. KOHKpeTHBIE 00CTOSTENhCTBA U TIOTPEOHOCTH MAIMEHTa MO-
T'YT OKa3bIBaTh BIHsHUE HA Y3PPEKTUBHOCTD ITOTO MOIX0Aa K peadbunuranuu. [lucTaHmoHHas
peadmmTanys SBIsSETCS MEPCIEKTUBHBIM HAIIPABICHUEM B MEUIIMHE, BE/Ib TIO3BOJISET IOBHI-
CHUTbH JIOCTYITHOCTh U yJOOCTBO TMONyYeHHS PeaOMIMTAIIMOHHBIX YCIyT Ui manueHToB. OHa
TaKXKe MOXKET CITIOCOOCTBOBATH YMEHBIICHUIO HATPY3KH Ha MEAMIIMHCKUE YUPEKICHHUS U CHU-
KEHHIO 3aTpaT Ha OPraHU3ALUI0 PeaObMIMTAIMOHHBIX IPOTPaAMM.

Kniouegvie cnosa: peabunumayuonnvie mexnHonocuu, peaourumayuonHule ycaya, Mo-
OUNbHBIE MEXHON02UU, NOTOHCUMENbHBLE U HEe2AMUBHbIE ACHEKMbL.

Kpueaxin 0.0., lllyéoa JI.B.

AKTYAJIBHICTh CYYACHOI JINCTAHIIIMHOI PEABLIITAIII (orasia Jire-
paTypm)

Jucraniiiina peaOumiTais — e 1HHOBAIIMHUN MAX1J, SKHU J03BOJISIE MAI[iEHTaM OTpH-
MyBaTH MEIWYHY MIATPUMKY Ta peaduliTaliiHl HOCIYTd 3pyYyHUM 1 Oe3NeyHuM crocoOom
y BJIaCHOMY JIOMi a00 BIIJIaJICHO BIJ MEIWYHOTO 3akiany. JlucTaHiiiiiHa peadumiTariss MOXe
OyTH BUKOpHUCTaHa ISl IIUPOKOTO CIEKTPY MEAUYHUX CTaHIB 1 Mpo0sieM, BKITI0Yarouu Gi3uuHy
Teparito, peadlTiTaIito micis TpaBM ado omneparlii, ynpasiaiHHsA 6o1eM, peadbimiTarito micis iH-
CynbTy, XBopoOu [TapkiHCOHA Ta THIIMX HEBPOJOTIYHUX 3aXBOPIOBAaHb, MyJbMOHAILHY peadi-
JITaIo 711 XBOPUX HAa XPOHIYHY OOCTPYKTHBHY XBOPOOY JIETE€Hb, @ TAKOK TICUXOJIOTIUHY ITiJI-
TPUMKY Ta KOHCYJIbTyBaHHs. L{e# miaxim MoXxe BKIIFOYaTH B ce0€ BUKOPUCTaHHS BiJICO3B'SI3KY,
MOHITOPHUHTY (h1310JIOTTYHUX TTOKA3HHUKIB, MOOUTHFHUX JTOJATKIB Ta CEHCOPIB JJI1 BUMipPIOBaHHS
MPOTPECY Ta CIIOCTEPEIKCHHS 3a TalieHToM. Jluctaniiiiina peabimiTallisi BUSBISETHCS OCOOIHBO
KOPHUCHOIO B CUTYAIIisIX, KOJIM MaIlieHTaM BaKKO a00 HEMOXJIMBO (DI3WYHO BiJBITyBaTH MEIH-
YHUH 3aKJ1a]], HalPUKJIaJ, Yepe3 0OMEKeHHs B PYXOBili akTUBHOCTI, BiiianieHi reorpadiuHi po-
3TanryBaHHsA abo0 emifeMiosioriuni o0cTaBuHU. JucTaHiiiHa peabitiTalis Mae K MO3UTHUBHI,
TaK 1 HeraTuBHI CTOPOHU. [I03UTHBHI CTOPOHU: AOCTYIHICTh — JO3BOJISIE MALlIEHTAM OTPUMY-
BaTH MOTPIOHY JAOMTOMOTY HE3aJISKHO BiJl MICIIE3HAXO/KECHHSI; 3pDYYHICTh — OTPUMYBATH peadi-
JITaliiH] MOCIYTH B 3pYYHUH IS HUX Yac 1 y 3pyYHOMY MICIIi; BapTICTh — MOXKe OyTH €KOHO-
MIYHO BUTIJHIIION, OCKIJILKA BOHA 3MEHILYE BUTPATH HA MOI3JIKU Ta MPOKUBAHHS MAllI€HTIB.
HeratuBHi cTOpoHU: BIACYTHICTh MIPSMOr0 KOHTAKTY; OOMEKEHI MOKJIMBOCTI — 1K1 BUIU Te-
parii, sSiki BUMararoTh KepyBaHHS a00 KOpEeKIIii 3 00Ky (axiBIs, MOXKYTh OyTH MeHII €(EKTUB-
HUMHU Y BifiaieHoMy (Gopmari; TeXHOJIOT14HI mpodiemMu. BaxkimBo BpaxoByBaTH 111 MO3UTUBHI
Ta HETaTHBHI aCIEeKTH JUCTAHIIMHOI peadumiTamii Ipy MPUHUHATTI PilIEHHS Mpo il BUKOPHC-
tanHs. KonkpeTHi oOcTaBUHU 1 MOTpeOH MallieHTa MOXKYTh BITUBATH Ha €()EKTUBHICTH LIbOTO
nigxoay 1o peadimitamii. J{ucraniiitna peaOiiTallist € epCreKTUBHUM HAIIPSIMOM B MEAMIIMHI,
aJke BOHA JI03BOJISIE MIABUIIUTH JOCTYIHICTD Ta 3py4YHICTh OTPUMAaHHS peadiaiTaliiHuX noc-
JyT AJs MarieHTiB. Tako BOHA MOXE CIPHUSATH 3MEHIICHHIO HaBAHTAXCHHS Ha MEAMYHI 3a-
KJIa/I1 Ta 3HWKEHHIO BUTPAT Ha OpraHizallilo peadbuTiTaliifHuX mporpam.

Knwouoei cnosa: peabinimayitini mexnonoeii, peabinimayitini nociyau, MoOiIbHI MexHo-
10211, NO3UMUGHI Mma He2amueHi acnekmu.

Haoitiuna oo peoaxyii' 21.08.2021
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