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ABSTRACT

Introduction

In recent years, there has been an intensive development of telerehabilitation as a special
form of contact between the patient and the physiotherapist. As a result, publications on
this issue appeared in the literature

Aim
Presenting up-to-date information on some clinical and economic aspects of telerehabilita-
tion in relation to traditional rehabilitation of patients.

Methods

The research was conducted using PubMed datasets. The search period was limited to the
years 2012-2022. Keywords telerehabilitation, physiotherapy, telemetry, costs, original papers,
review papers, meta-analysis, dysfunctions, injuries, hip joint, knee joint were used. Less than
300 results were obtained, i.e. papers published in those years. Only original, review and meta-
analyses were analysed, which resulted in limiting the number of researched publications to 15.

Results

Analysis of works shows that telerehabilitation is as effective as classical rehabilitation. This
effectiveness mainly concerns the reduction of pain and physical performance. The use of
the PEDro and AMSTAR scales made it possible to determine the quality and credibility of
the papers included in the article.

Conclusions

The analysis of publications on telerehabilitation in the case of injuries and diseases of the
hip and knee joints suggests that this form of therapy can be effective and bring benefits to
patients. Telerehabilitation can also be less expensive compared to traditional rehabilitation.
However, further research are needed to get a fuller picture of the effectiveness and benefits
of telerehabilitation.
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STRESZCZENIE

Wstep

W ostatnich latach nastepuje intensywny rozwéj telerehabilitacji jako szczegbélnej formy
kontaktu pacjenta z fizjoterapeuta. Efektem tego byly publikacje na ten temat w literaturze.

Cel
Przedstawienie aktualnych informacji na temat wybranych aspektéw klinicznych i ekono-
micznych telerehabilitacji w odniesieniu do tradycyjnej rehabilitacji pacjentéw.

Metody

Badania przeprowadzono z wykorzystaniem zbioréw danych PubMed. Okres poszukiwan
ograniczono do lat 2012-2022. Zastosowano stowa kluczowe telerehabilitacja, fizjoterapia,
telemetria, koszty, prace oryginalne, prace pogladowe, metaanaliza, dysfunkcje, urazy, staw
biodrowy, staw kolanowy. Uzyskano niecate 300 wynikéw, czyli prac opublikowanych w tych
latach. Analizie poddano wytgcznie prace oryginalne, przeglagdowe i metaanalizy, co skutko-
walo ograniczeniem liczby badanych publikacji do 15.

Wyniki

Analiza prac wskazuje, ze telerehabilitacja jest rownie skuteczna jak rehabilitacja klasyczna.
Skutecznoéc ta dotyczy przede wszystkim zmniejszenia bélu i wydolnosci fizycznej. Zastoso-
wanie skal PEDro i AMSTAR umozliwito okreslenie jakosci i wiarygodnosci prac zawartych
w artykule.

Whnioski

Analiza publikacji na temat telerehabilitacji w przypadku urazéw i choréb stawéw biodro-
wych i kolanowych sugeruje, Ze ta forma terapii moze by¢ skuteczna i przynosi¢ korzysci
pacjentom. Telerehabilitacja moze by¢ takze tafisza w poréwnaniu z tradycyjna rehabilitacja.
Konieczne sg jednak dalsze badania, aby uzyska¢ petniejszy obraz skutecznosci i korzysci
plynacych z telerehabilitacji.

Slowa kluczowe: telemetria, telerehabilitacja, rehabilitacja

Introduction

The dynamic development of computer sci-
ence at the beginning of the 21stcentury
is referred to by many authors as the next
technical revolution (Frueh et al. 2017). This
fact is also observed in medicine and has been
referred to as telemedicine (Teoli et al. 2022).
It can be assumed that telemedicine is a form
of remote communication between a patient
and a specialist in a given field of medicine. The
main advantages of this “remote communica-
tion” include the possibility of increasing the
number of patients under the care of a given
specialist and accelerating the exchange of
information on the patient’s health between

several centers providing comprehensive
medical care to the patient (Teoli et al. 2022).
The above-mentioned features of telemedicine
allow for a significant increase in access to spe-
cialist medical services for patients. This also
applies to physiotherapeutic services, which,
due to the number of functional problems
under the supervision of physiotherapists
and resulting from the number of services
provided by them (Seron et al. 2021), seems
to bode well in the near future in terms of
the quality of physiotherapeutic care (Seron
et al. 2021). In short, the development of
communication technologies increases the
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availability of physiotherapy. Taking into
account the places where services are pro-
vided by physiotherapists, mainly larger
cities (Tsvyakh et al. 2017), telemedicine in
terms of physiotherapy has the potential to
reduce the distance between the patient and
the therapist.

In addition, due to the need to maintain the
continuity of physiotherapy services in many
clinical situations, it enables constant, super-
vised and smoothly controlled interaction
between the patient and the physiotherapy
specialist (Seron et al. 2021, Tsvyakh et al.
2017, Xie et al. 2021). Telemedicine in terms
of physiotherapy is also the possibility of
selective assessment of restored functions
without exposing the patient to time-con-
suming and cost-intensive commuting to
a physiotherapist. The previously mentioned
“technical revolution” is not only image and
verbal communication at a distance, but also
the possibility of registering and measuring
movement through the use of technically
advanced and miniaturized cameras and
motion sensors. Examples of such solutions
already described in the literature are devices
such as Kinect (it is a motion controller con-
nected to a computer or console), cameras
embedded in devices (televisions, computers,
smartphones), sensors mounted on limbs, or
phone applications (Azma et al. 2018, Wang
et al. 2019, Kloek et al. 2018, PruvBettger
et al. 2020, Tousignant et al. 2015, Huang
et al. 2020). In the analysis of the benefits
of telemedicine in the described area, it is
also worth signaling the possibility of cre-
ating the desired environment in which
the implementation of physiotherapeutic
tasks takes on a completely different qualita-
tive dimension (Berton et al. 2020, Piqueras
et al. 2013). Thanks to appropriate software,
gamification allows not only forcing specific
movements in a patient with motor func-
tion deficits, but also, thanks to emotional
stimulation, increases the patient’s active
participation in the rehabilitation process,
(Berton et al. 2020, Pastora-Bernal et al. 2017).
Virtual reality may be a good example here.

It is used to stimulate the patient to re-edu-
cate their self-service activities (Berton et al.
2020, Piqueras et al. 2013). Augmented, vir-
tual reality allows you to introduce fictitious

elementsinto the existing environment that
force the person using it to behave or perform

certain activities.

It is also worth paying attention to the
relatively low costs of therapy, mentioned
in publications (Tsvyakh et al. 2017, Berton
et al. 2020, Hinman et al. 2020, PruvBettger
et al. 2020, Nelson et al. 2021), compared to
the existing form of patient-specialist contact.

Aims

The aim of the study is to present the charac-
teristics of selected papers fulfilling criteria
described during the database analysis of
the use of telerehabilitation with a focus on
patients requiring rehabilitation treatment
due to injuries or diseases of the joints of
the lower limbs.

Methods

The research method was the analysis of
publications available in the PubMed data-
base. Publications from 2012 to 2022 were

analyzed. Telerehabilitation, physiotherapy,
telemetry, costs, original papers, review papers,
meta-analysis, dysfunctions, injuries, hip joint,
knee joint were used as keywords. Less than

300 works were found which, after applying

the search criteria, allowed to select only 15

works related to the keywords used. Selected

papers were subsequently analyzed in the

PEDro and AMSTAR scales. (Pastora-Bernal

etal 2017).

Research articles, reviews and meta-anal-
yses concerning both diseases and injuries
of the knee and hip joints were analyzed, in
which any contribution of telerehabilita-
tion technology was assessed, the costs of
classic rehabilitation and telerehabilitation
were compared, and their effectiveness was
compared. Telerehabilitation was defined
as rehabilitation through any technology
enabling the rehabilitation of a patient with-
out direct control by a physiotherapist, using
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telecommunication technologies, specialized
devices mounted on the lower limbs, the
Internet and virtual reality devices. The main
categories to which special attention was paid
were the effectiveness of a given method in
restoring function and function in patients
and the assessment of pain before, during
and after therapy. Additional categories to
which attention was paid were the compari-
son of the costs of classic rehabilitation and
telerehabilitation, the patient’s quality of
life, the patient’s participation in the study
and his self-assessment. A total of 15 papers
were analyzed, in which 9581 people were
surveyed. Articles were checked using the
PEDro (11 articles) and AMSTAR (4 articles)
scales, and the results of these works were
checked by placing them in Table 1, allow-
ing for quick and transparent data checking.

The PEDro scale is based on the Delphi list
and is used to help quickly identify which
randomized clinical trials or studies likely
to be randomized clinical trials (i.e., RCTs
or CCTs) and likely to contain information
likely to be valid may also contain statistical
information sufficient to the results of these
works could be interpreted using this scale.
This scale consists of 11 criteria evaluating
the components of the works.

The AMSTAR scale determines the quality
of reviews and has four possible responses:
Yes, No, Not Applicable and Unanswerable.
Scores greater than 9 “Yes” indicate a high-
quality review, scores greater than 5 indicate
moderate quality, and scores below 5 indicate
low-quality responses.

Results

Qualified papers were analyzed and all rele-
vant data for this study are presented in tables

1-3. They contain the following information:

characteristics of the works, their results,
qualitative assessments using the PEDro

(Table 2) and AMSTAR (Table 3) scales. The

results of the work are discussed in the dis-
cussion and conclusions section. The analysis

of selected works shows that telerehabilita-
tionis as effective as classical rehabilitation,

both in the short and long termevaluation.
This effectiveness mainly concerns the possi-
bilities of reducing the intensity of pain and
improving physical fitness. Detailed data are
presented in Table 1.

The use of the PEDro scale in relation to
selected original works (N =11) shows that
these studies because of using blinding of
participants were of medium to good metho-
dological quality. Detailed data are presented
in table 2. Possible answers are y(yes), n(not).
Scores > 6 are of good quality, and scores < 6
are of medium methodological quality.

The analysis of selected review papers
(N =4) using the AMSTAR scale allows us
to conclude that they are reliable and the
conclusions drawn from them have an accept-
able research value. Details are provided in
Table 3.

Discussion

The development of computer science at the
beginning of the 21st century contributed
to the emergence of telemedicine, which
enables remote communication between
a patient and a medical specialist. The aim
of this study was to present (based on the
literature analysis) the current level of knowl-
edge about telerehabilitation in relation to
traditional rehabilitation in people after hip
and knee arthroplasty, and in osteoarthritis
of these joints (Xie et al. 2021, Berton et al.
2020, PruvBettger et al. 2020, Oritz-Pifa et al.
2021). All papers cited in this review are of
medium to good quality as assessed by the
PEDro and AMSTAR scales, which proves their
acceptable credibility (see Tables 2 and 3). The
analysis indicated that the authors in their
research focused primarily on such aspects
of the use of remote methods of diagnosis
and therapy, such as: VR, AR, gamification,
telephone applications, telephone calls, vide-
oconferences, computer simulations and
sensor devices (see Table. 1). Comparing the
results obtained by the authors, it is worth
noting that the tools and methods used by
them turned out to be as effective in combat-
ing pain, improving physical fitness and
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Table 3. AMSTAR scale assessment.

AMSTAR control list 1. Su-Hang Xie et al.[5]

3. Berton A. et al.[7]

4. Pastora-Bernal JM

et al[8] 6. Wang X. et al.[10]

1. Was an ,a priori” design
ensured?

yes yes

yes yes

2. Were the study selection
and data extraction
repeated?

no answer yes

yes no answer

3. Was a comprehensive lit-
erature search conducted?

yes yes

yes yes

4. Was publication status

(i.e, gray literature) used yes yes

as an inclusion criterion?

yes yes

5.Is alist of studies (included  Included - yes
and excluded) provided? Excluded - no

Included —yes
Excluded-no

Included - yes

yes Excluded - no

6. Are the characteristics

of the included studies yes yes

provided?

yes yes

7. Has the scientific quality

of included studies been yes yes

assessed and documented?

yes yes

8. Was the scientific quality
of the included studies
appropriately used in
drawing conclusions?

yes yes

yes yes

9. Were methods used to

combine the study yes yes

results appropriate?

yes yes

10. Has the likelihood of
publication bias been no no
assessed?

no yes

11. Has the conflict of
interest been considered?

yes yes

yes yes

Source:own data, based on https://amstar.ca/

increasing the range of motion in the joints
as the methods commonly used so far (Xie
et al. 2021, Nelson et al. 2020, Berton et al.
2020,Azmacetal. 2018, Wanget al. 2019, Kloek
etal. 2018, Oritz-Pifia et al. 2021). Therefore,
in the enumerated areas of assessment, it
cannot be said that telemedicine methods
offer more than classical methods.

However, if we pay attention to the costs
of standard diagnosis and therapy,i.e., those
taking place in direct cognition, it turns out
that telemedicine offers lower costs, a higher
level of self-esteem in patients and a very
significant increase in the sense of agency
in relation to the therapy conducted. (Berton
et al. 2020, Hinman et al. 2020, PruvBettger
et al. 2020, Nelson et al. 2021).

It is worth paying special attention to the
fact observed in publications on telemedicine
that the costs of telerehabilitation are lower
the greater the distance between the patient
and the therapist. The factor differentiating
urban and rural areas in this aspect is the

distance of 30 km in urban areas and 50 km
in rural areas (Tsvyakh et al. 2017).

Focusing on the costs of telemedicine, it
should be emphasized after Janet PrvuBettger
and Michel Tousignant that they are mainly
generated by the need to purchase appro-
priate equipment to participate in remote
therapy and the need to master the skills of
using this equipment or applications.(Tsvy-
akh et al. 2017, PruvBettger et al. 2020).

On the other hand, pain and the possibility
of its abolition or mitigation with the use of
telemedicine methods was also described in
works in this diagnostic and therapeutic field.
It turns out that pain therapy controlled
with WOMAC and VAS scales is as effec-
tive in this case as in classic rehabilitation,
which translates into comparable coping
with everyday activities.(Xie et al. 2021, Azma
et al. 2018, Wang et al. 2019, Piqueras et al.
2013). Thus, the efficiency of the subjects can
be seen that they achieve a comparable or
greater level in the telerehabilitation group.
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(Xieetal. 2021, Nelson et al. 2020, Berton et al.
2020,Hinman et al. 2020, Piqueras et al. 2013,
Oritz-Pifia et al. 2021).

To sum up —telerehabilitation has recently
been given a lot of attention, providing valu-
able knowledge about the principles of its
use and the effects it brings. When analyzing
publications in this field, it is worth noting
that they included large groups of patients,
which increases the credibility of the results
obtained. As with any new form of therapy, the
authors’ interests were diverse and covered
many aspects requiring further analysis. Future
research should continue to test the effective-
ness, usefulness and cost of telerehabilitation
in the treatment of various medical cases.

Conclusions
Telerehabilitation is in many cases as effective
as traditional rehabilitation in patients after
total knee and hip arthroplasty and in the
treatment of knee and hip osteoarthritis. Some
sources clearly define it as a good alternative to
classic rehabilitation for patients. Supporting
the assumptions of the work with the results
of range of motion tests, physical fitness tests,
the get up and go test, self-esteem surveys, and
pain perception by patients, which in many
cases was comparable or less felt in the group
of patients after telerehabilitation.
Telerehabilitation can complement or - if
necessary — replace classic rehabilitation on
many levels, which is undoubtedly supported
by the constant development of technology.
Remote rehabilitation is also cheaper and more
efficient than classic physiotherapy, which
can shorten the time that patients have to
wait for therapy.
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