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ABSTRACT

INTRODUCTION. An urgent problem of medical rehabilitation is the loss of results that were achieved at various stages due to
the interruption of the recovery process and the absence of patients' classes at home after discharge from a medical institution. In
this regard, at the third stage of medical rehabilitation, the remote (telemedicine) form of rehabilitation assistance is of particular
importance, which has broad prospects for development due to the emergence of new information technologies that allow for active
communication between a medical professional and a patient. Nevertheless, the issues of the effectiveness and safety of remote
physical rehabilitation remain insufficiently studied, and therefore it is necessary to conduct randomized comparative trials with the
analysis of long-term results.

AIM. Evaluation of the effectiveness and safety of the remote physical rehabilitation (RPR) model for a group of patients who have
undergone hip (HR) or knee (KR) replacement, the study of patient adherence, as well as the selection of the most informative evaluation
tools.

MATERIALS AND METHODS. The study included 30 patients aged 30 to 75 years who underwent HR or KR. The study participants were
distributed by the envelope method into groups for remote rehabilitation in addition to routine clinical practice of providing medical
rehabilitation (RPR group) or conducting only routine medical rehabilitation (comparison group), including daily independent physical
exercises at home, mastered during inpatient medical rehabilitation, lifestyle modification, taking nonsteroidal anti-inflammatory
drugs with the development of pain syndrome. An assessment of the effectiveness and safety of rehabilitation measures was carried
out, including an analysis of physical examination data, vital signs, as well as data from various scales, tests and questionnaires (the
10-point visual-analog scale (VAS), the Timed 25-Foot Walk (T25-FW), the "Timed Up and Go Test", the Berg Balance Scale (BBS), the
Western Ontario and McMaster University Osteoarthritis Index (WOMACQ)).

RESULTS AND DISCUSSION. 14 patients were randomized to the remote physical rehabilitation group (49.6 + 12.4 years) and 16 to the
comparison group (57.8 + 11.2 years). Participation in the study was completed by 10 patients from the RPR group and all 16 patients
in the comparison group. Comparing the results of rehabilitation between the groups 1 month after the inclusion of participants in
the study revealed a more pronounced statistically significant improvement in the functional profile of the patient on the T25-FW
(p < 0.0001), the "Timed Up and Go Test" (p = 0.0064), the Berg Balance Scale (p = 0.0008) and WOMAC (p < 0.0001) in group of RPR.
The "Timed Up and Go Test", the visual analog scale and the WOMAC were selected based on the results obtained for further practical
work. The most significant predictors of premature termination of RPR were older age (x? 16.75, p < 0.0001), pensioner status (x> 11.75,
p = 0.0006) and residence in the region (x? 11.75, p = 0.0006). The analysis of adverse events showed that 4 patients in the RPR group
and 6 in the comparison group had a periodic increase in pain syndrome in the operated limb.

CONCLUSION. The results obtained demonstrate that of patients who have undergone hip or knee replacement is safe and effective in
restoring functional mobility, reducing the risk of falls and the severity of pain syndrome, and increases adherence to physical exercises.
The main limitations in the practical use of remote physical rehabilitation are related to the availability of high-speed Internet and the
skills of using Internet portals.
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PE3IOME

BBEAEHUE. lMNpepbiBaHne BOCCTAaHOBUTEIbHOMO NpoLecca 1 OTCYTCTBME 3aHATUN NaLMEHTOB B AOMALLHMX YCIIOBUAX NOCe BbIMUCKM
13 neyebHOro yupexxaeHva NpUBOAUT K MOTepe pe3yNbTaToB, AOCTUTHYTbIX Ha Pa3fIMYHbIX STanax MeAnLMHCKON peabunuTtaumm. B ca-
31 € 3TM ocoboe 3HaueHne npuobpeTaeT AMUCTaHUMOHHaA (TeneMeanumHcKan) popma okasaHuA peabunmTaLMoHHON NoMoLLK, NMe-
oLan LWWMPOKKME NepCcrneKTBbl Pa3BUTUA B CBA3M NOABJIEHNEM HOBbIX MHPOPMaLIMOHHbIX TEXHONOTMIA, MO3BOJIAOLMX pPean30BbiBaTb
AKTUBHYIO KOMMYHUMKaLMIO MeXAY MeANLUHCKMM paboTHUKOM 1 MaumeHToM. Tem He MeHee, BONpocCbl 3GdeKTUBHOCTM 1 6e30nacHOCTH
AVNCTaHUMOHHON peabunntaumm ocTaloTCA HeJOCTaTOUYHO N3YyYEHHbIMY, B CBA3M C YeM HEOOX0AMMO NPoBeAeHNe PaHAOMM3NPOBAHHbIX
CpaBHUTENbHbIX NCCNIeAOBaHNI C UCMOMb30BaHNEM Hanbosee MHGOPMATVBHBIX OLl€HOUYHbIX MHCTPYMEHTOB.

LIEJIb. OueHka addeKTBHOCTM 1 6e30MacHOCTV Mofenu ANCTaHLUUOHHOW pur3nyeckor peabunutaumm (AOP) ana rpynnbl naumMeHTos,
nepeHecwnx sHgonpoTesmposaHue (3MM) TazobepgpeHHoro (TEC) nnu koneHHoro (KC) cycTasa, M3yyeHune NprBepeHHOCTN NaLMEeHTOB,
a Takke oT60p Hanbonee NHGOPMATVBHbIX OLL€HOUHbIX UHCTPYMEHTOB.

MATEPUAJIbl U METOAbI. B nccnenosaHue BkntoyeHo 30 naymeHToB oT 30 Ao 75 neT, nepeHeclunx sHLoNpoTe3npoBaHme Tasobe-
LAPEHHOrO NN KOJIEHHOTO CyCTaBa. YUaCTHUKM UCCNefoBaHUA pacnpeaenannch MeTofoM KOHBEPTOB B rpynmnbl Ana nposeaeHna JOP
B [IOMOJSTHEHMNE K PYTMHHOW KNMHMNYECKON NPaKTUKe OKa3aHuAa MeanLMHCKON peabunutaumm (rpynna AOP) nnu npoBefeHns TONbKO
PYTVHHOW MeAMLMHCKON peabunutaumn (rpynna cpaBHEHMSA), BKIOYaloLWeN exefHeBHble CaMOCTOATeSNIbHblE 3aHATUA GU3NYECKU-
MU yNpaxHeHUAMUN B JOMALLHUX YCOBUAX, OCBOEHHbIE BO BPEMSA CTaLMOHapHON MeAULMHCKON peabunutauum, mogndukaumno ob-
pasa Xn3HW, NprMemM HeCcTepouHbIX NMPOTMBOBOCMANUTENbHBIX NPenapaToB Npu pa3sutumn 6onesBoro cMHApoma. BeinonHeHa oueHKa
3¢PeKTMBHOCTU 1 6e30MacHOCT PeabUNUTaLMOHHbBIX MePONPUATUN, BKIIOYalOWana aHann3 faHHbIX ¢usmkanbHoro obcnefoBaHus,
nokKasaTenen X1U3HefeATeNIbHOCTY, @ TakXKe AaHHbIX Pas3fIYHbIX LWKas, TECTOB 1 ONPOCHNKOB (10-6annbHas BU3yasbHO-aHaNoroBas
wkana (BALL), Tect BpemeHmn npoxoxaeHus 7,62 m (Timed 25-Foot Walk, T25-FW), TecT «BCTaHb 1 nan», WKana paBHoBecua bepra (Berg
Balance Scale, BBS), ¢pyHKLMOHaNbHbIN MHAEKC OLEHKN OCTeoapTpo3a KOJIEHHOTro 1/unu TasobeapeHHoro cyctasa (Western Ontario
and McMaster University Osteoarthritis Index, WOMAC)).

PE3YJIbTATbl U OBCYKAEHUE. 14 nauneHTOB paHaomunsmpoBaHbl B rpynny OP (49,6 + 12,4 roga) n 16 B rpynny cpaBHeHusA (57,8
+ 11,2 ropa). Yuactue B nccnepoaHuy 3asepwny 10 naumeHTtoB u3 rpynnbl JOP 1 Bce 16 nauueHToB B rpynne cpaBHeHuA. [pu
CpaBHEHUN Pe3ynbTaToB peabunmntaummn Mexay rpynnamu cnycts 1 MecsAl nocse BK/IIOUYEHMs YUYacTHUKOB B UCC/IEAOBaHNE BbiABIe-
HO 6ornee Bblpa)keHHOe CTaTUCTUYECKN 3HaUMMOoe ynyylueHne ¢pyHKLMoHanbHoro npoduna nauyueHta no T25-FW (p < 0,0001), Tecty
«BCTaHb 1 nan» (p = 0,0064), wkane bepra (p = 0,0008) 1 WOMAC (p < 0,0001) B rpynne JOP. Ha ocHOBaHMM NOMyYEHHbIX pe3ynbTaToB
ONA fanbHenwen npakTnyeckonm paboTbl 6b1IM 0TOO6PaHbI TECT «BCTaHb U UAW», BU3yaNbHO-aHanorosas wkana n WOMAC. Hanbonee
3HaUMMbIMUN MPefUKTOpamMy NpexxaeBpeMeHHoro npepbiBaHuna JOP agnanucb 6onee ctapwmin Bo3pacT (X2 16,75, p < 0,0001), ctaTtyc
neHcnoHepa (x2 11,75, p = 0,0006) n npoxneaHue B obnactn (x2 11,75, p = 0,0006). AHann3 HexkenaTenbHbIX ABAEHWUI NoKasan, utoy 4
nauveHToB B rpynne JOP n 6 B rpynne cpaBHeHNA OTMeYanocb nepuoauyeckoe ycuneHre 601eBoro CMHAPOMa B OnepripoBaHHOM
KOHeYHOCTW.

3AKJTIOYEHUE. MonyuyeHHble pe3ynbTaTbl JEMOHCTPUPYIOT, UTO AUCTaHLMOHHaA Gpuanyeckasn peabunmraumna nauneHToB, MepeHecLlmnx
SHAoNpoTe3MpOBaHNe Ta3o6eApPEeHHOro UM KONIEHHOro CcycTaBa, 6e3onacHa 1 3$ppeKTBHA B OTHOLLEHMN BOCCTaHOBNEHNA GyHKLN-
OHaJIbHOM MOBVNBbHOCTY, CHUMXEHWA PUCKa NafeHU 1 BbIPaXXeHHOCT 60NeBOro CMHAPOMA, NMO3BOJIAET MOBLICUTb NPUBEPXKEHHOCTb
K 3aHATUAM dU3MYeckumn ynpaxHeHnAaMn. OCHOBHbIe OrpaHMYeHNa NPY NPaKTUYECKOM UCMONb30BaHUW ANCTaHLUMOHHON $usnye-
CKOW peabunuTtaumm cBA3aHbl C JOCTYMHOCTbIO BbICOKOCKOPOCTHOIO MHTEPHEeTa 1 HaBblkaMU UCMOJIb30BaHNA UHTEPHET-MOPTaNoB.

KJTIOYEBDIE CJIOBA: tenemeguuyta, gUctaHLMOHHaA GpU3nyeckas peabunmntaLys, SHAONPOTe3poBaHmne, Ta3obeapeH-
HbIA CYCTaB, KOJMIEHHbIV CyCTaB, MEAULIMHCKanA peabunutaymm.
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INTRODUCTION

In the last decade, great changes have been taking place
in the system of organization of medical rehabilitation (MR) in
Russia: a new specialty «doctor of physical and rehabilitation
medicine» has appeared, a clear three-stage system of
routing of rehabilitation patients has been established, and
the corresponding regulatory and legal framework has been
developed [1, 2]. However, one of the problems is the loss of the
results achieved at different stages of MR due to the patients'
discontinuation of home-based activities after discharge from
the treatment facility [3]. This problem is associated with a
significant burden on the rehabilitation care system due to the
large number of people in need of MR in Russia (more than
6 million people) and staff shortages [1, 2]. The availability
of rehabilitation care at home may also be reduced due to
geographical peculiarities (long distances and low population
density) of some regions of our country [4].

In this regard, the remote form of organizing rehabilitation at
the third stage of rehabilitation care is of particular importance,
which has prospects for development due to the emergence of
new information technologies that enable the implementation
of active communication between the healthcare worker and the
patient [5]. Remote MR is one of the areas of telemedicine and
is a system of interactive rehabilitation process with the use of
information and telecommunication technologies that help to
restore health, functional state and working capacity of patients
[1, 6]. In both developed and developing countries, there
are still obstacles to the introduction of telemedicine, which
unnecessarily slows down its spread. In the Russian Federation,
remote rehabilitation currently exists only in some rehabilitation
institutions; there are no unified approaches to its organization
[7, 8]. In addition, the efficacy and safety of remote rehabilitation
remain poorly studied, and therefore randomized comparative
studies with analysis of long-term outcomes are needed.

Since February 2023 the Institute of traumatology and
orthopaedics of the University Clinic of FSBEI HE «Privolzhsky
Research Medical University» of the Ministry of Health of
Russia (Nizhny Novgorod) has been implementing the project
«Development of a model of remote rehabilitation care for
persons with motor disorders within the third stage of the
MR using a digital rehabilitation platform» within the frames
of Privolzhsky Research Medical University «Priority-2030»
Development programme. The aim of the project is to create a
model of remote physical rehabilitation (RPR) for persons with
motor impairments due to a hip or a knee joint replacement
and to introduce this model into the practice of rehabilitation
institutions of the Russian Federation. The choice of the DFR
model is not accidental: on the one hand, kinesiotherapy is the
basis for rehabilitation of patients who have undergone a hip
or a knee joint replacement, on the other hand, the number
of physical rehabilitation specialists is still insufficient to meet
the demand for full-time rehabilitation of patients with this
profile at stage lll. The relevance of this project is particularly
emphasized by the fact that approximately 500,000 hip and
knee replacements are performed worldwide each year and
the need for these operations is constantly increasing [9-12].
According to the report of «National Medical Research Centre
for Traumatology and Orthopaedics named after N. N. Priorov»,
76,849 knee replacements and 54,720 knee replacements were
performed in Russia in 2019, the increase in the number of
endoprosthetic surgeries during 2017-2019 was 16.2 % [9, 13].
Among 85 regions of the Russian Federation, Nizhny Novgorod
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region ranks the 7th in the number of primary hip replacements
(7.4 per 10,000 population) and the 16th in the number of
knee replacements (3.3 per 10,000 people) [9, 13]. The growing
number of hip and knee replacements increases the relevance
of remote approaches to medical rehabilitation of this category
of patients [14].

When planning the work, it was decided to use the
existing portal of remote rehabilitation «Steps Reabil» («Digital
Technologies Centre» Ltd.), having created a separate block for
it regarding DPR of patients with hip or knee replacements. The
«Steps Reabil» Internet platform combines the best practices
of other similar Internet resources and is already being actively
used in leading medical institutions of the Russian Federation,
such as the Pirogov National Medical and Surgical Centre, Federal
State Autonomous Institution «National Medical Research and
Development Centre «Treatment and Rehabilitation Centre»
of the Ministry of Health of Russia, FSBI Federal Centre for
Brain and Neurotechnology of FMBA of Russia and others. This
interactive platform contains more than 150,000 combinations
of exercises for motor, speech and psychological rehabilitation,
with a video library of exercises and software placed in a
«cloud» storage. Access to personal programmes (video files) is
provided through the web-interface of any device: computer,
laptop, tablet, smartphone, virtual reality headset and smart TV
(TV set with integrated internet and interactive functions). The
functionality of the platform provides for the doctor's ability
to create a rehabilitation plan and exercise schedule, maintain
feedback with the patient via e-mail, chat and video, and
evaluate the effectiveness of MR using tests and questionnaires.
Itis also possible to integrate the DPR platform into the medical
information system of the institution. Connecting participants to
the platform and conducting remote training on the platform
is possible within a day [5, 8, 15].

Under the agreement between FSBEI HE «Privolzhsky
Research Medical University» of the Ministry of Health of Russia
and «Digital Technologies Centre» LLC on the basis of «<STEPS
REABIL» platform a block/module «Orthopaedics» (https://
pimunn.stepsreabil.com/) was created, which contains 522
video clips with demonstration of physical exercises used at
different stages of MR of patients after hip or knee replacement,
as well as a set of evaluation tools to monitor the effectiveness
of MR. The posted videos were filmed and edited by specialists
of «Privolzhsky Research Medical University», who have many
years of experience in physical rehabilitation of patients who
have undergone hip or knee replacement. The physical exercises
presented in the video library have different levels of difficulty
and are aimed at restoring muscle strength of key muscles,
balance training, prevention of contractures, restoration of
normal walking pattern, improvement of functional mobility
of patients. Video clips were «tagged», i.e. each video clip with
demonstration of a particular physical exercise was assigned
keywords, according to which the specialist selects exercises for
a particular patient. The video library is tagged by the position
in which the exercise is performed (on the back, stomach, on
the side, palm-knee, etc.), by the body part involved (hip, knee,
buttock, leg, etc.), by the training focus (coordination, walking,
motor skills, etc.), by the level of difficulty and aspect, and by
the gymnastic equipment used (block, wand, elastic strap, ball,
Swedish wall, etc.) (Figure 1). When creating a set of videos for a
particular patient, the «Steps Reabil» portal allows you to specify
the number of repetitions, the duration of the exercise and the
purpose of the exercise.
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Fig. 1. The interface of the «Ortopediya» block of Privolzhsky Research Medical University on the portal of remote
rehabilitation «Steps Reabil» in the mode of selecting a set of videos by tags

The set of assessment tools was formed in accordance
with clinical guidelines for the management of patients with
coxarthrosis and gonarthrosis and includes various tests, scales
and questionnaires to assess the severity of pain syndrome,
functional mobility and risk of falls [11, 12]. In the future, as
the collection of video library with exercises designed for
rehabilitation of patients with injuries and diseases of the spine,
hand, foot, shoulder, elbow, wrist joints and other orthopaedic
pathologies grows, it is planned to add appropriate tests and
questionnaires to assess the effectiveness of rehabilitation. The
portal also offers an opportunity to place information materials
that contain useful information for patients regarding MR.

AIM

To assess the effectiveness and safety of the DFR model for
a cohort of patients who have had a hip or a knee replacement,
to study patient adherence, and to select the most informative
assessment tools.

MATERIALS AND METHODS

We have developed and received approval in the local ethical
committee of FSBEI HE «Privolzhsky Research Medical University»
of the Ministry of Health of Russia (extract from minutes No. 04
of 17 March 2023) the protocol of a prospective randomized
comparative study in a group of patients who underwent a hip or
a knee replacement, using the «Orthopaedics» block of the digital
rehabilitation platform for adults and children «Steps Reabil». The

ARTICLES

duration of participation in the study is 2 months per participant,
with 4 face-to-face visits to a physical and rehabilitation medicine
or physical therapy physician (screening, randomization, visit 4
and 8 weeks after randomization). The total estimated duration
of the study, which is planned to include 80 patients, will be 15
months. At the screening visit, the patient is invited to participate
in the study and provided with all relevant information. During
this visit, inclusion/exclusion criteria will be assessed, informed
consent will be signed, demographic and medical history will
be collected, physical examination will be performed, and
baseline vital signs will be measured. Randomization is done by
the closed-envelope method within 30 days after the screening
visit and includes reassessment of inclusion/exclusion criteria,
physical examination, measurement of vital signs, assessment of
pain severity, functional mobility and risk of falls using various
tests, scales and questionnaires, followed by the closed-envelope
method placement of patients into one of the groups.

Inclusion Criteria

Informed consent signed by the participant before any
procedures related to the study; participant's age from 30
to 75 years inclusive; a scheduled hip or knee replacement;
documentation of the first and second stages of MR after
endoprosthetics; absence of complications during surgery and
in the postoperative period; the patient's fluency in Russian;
the patient's ability to access the Internet from a personal
computer, laptop, tablet, smartphone.
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Exclusion Criteria

Current or past significant co-morbidities in the opinion
of the investigator that may adversely affect participation
in this study; persistent chronic or active recurrent infection
with a need for antibiotic, antiviral or antifungal treatment;
any malignancy within 5 years prior to the screening visit;
serious mental disorder e.g. bipolar disorder, dementia; short
life expectancy due to pre-existing condition(s), in the opinion
of the treating physician (rehabilitation physician).

The study participants, according to the protocol, were
placed in groups at the third stage of rehabilitation in a 1:1 ratio
to receive DPR in addition to routine clinical practice of MR
(DPR group) or routine MR alone (comparison group). Routine
MR includes daily independent physical exercises at home,
learnt during inpatient treatment in the second stage of MR,
lifestyle modification, taking non-steroidal anti-inflammatory
drugs in case of pain syndrome development. The patients
in the DPR group are advised that there is no need to do any
physical activities at home other than those presented on the
DPR portal. Patients in the comparison group enter the date,
start and end times of exercise and adverse events in the diary
for self-monitoring and further compliance analysis. In the DPR
group, information about the fact and duration of exercise can
be automatically accessed by the physician in the "Activity"
section of the DPR portal.

The patients randomized to the DPR group are provided
with instructions on how to use the «Orthopaedics» block
of the «Steps Reabil» portal and a personal account and the
peculiarities of DPR are explained. A link is then sent to the study
participant from the DPR group by e-mail, which the patient
uses to access the personal account to undergo DPR within 1
month. The DPR programme, which includes a set of videos
with exercise demonstrations, is formed for each individual

Table 1. Clinical and demographic data of subjects
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patient individually, taking into account his or her individual
functional capabilities and comorbid background. During the
randomization visit, the physician explains to the patient the
substance of the exercises, their duration and frequency, as well
as the necessary conditions for their performance. Subsequently,
a physical rehabilitation specialist interacts with the patient for
the duration of DPR, who can make changes to the distance
rehabilitation programme. The patient performs DPR exercises
independently for 1 month daily for an average of 20-40
minutes. 2 times a day. The duration and frequency of exercises
are strictly individual, and may be modified by the physical
rehabilitation specialist depending on the patient's well-being
and recovery progress. According to the protocol, absences due
to patient's ill health or family circumstances are allowed, but not
more than 5 consecutive days or more than 15 days per month
in total. All the patient's activity on the «Steps Reabil» portal
(videos watched, tests, scales and questionnaires completed) is
monitored in real time by the physical rehabilitation specialist
and adjustments can be made. If necessary, the patient can
contact the physical rehabilitation specialist via chat on the DPR
portal or bya phone call.

Clinical Assessment of the Effectiveness of Rehabilitation
Measures

According to the protocol, clinical assessment of the
rehabilitation effectiveness in both groups is carried out during
face-to-face visits (randomization, completion and follow-up
visits) and includes analysis of physical examination data, vital
signs, and data from various scales, tests and questionnaires.
Within the frames of the approbation we used a 10-point visual
analogue scale (VAS), the Timed 25-Foot Walk (T25-FW), the
«Timed Up and Go» test, the Berg Balance Scale (BBS), the
Western Ontario and McMaster University Osteoarthritis Index

i RPR Group, Comparison Group,
Characteristics n=14 n=16 p
Age, years 496+124 578+11.2 0.0677*
2 7 i
Gender, male 6 (43 %) 8 (50 %) 0.7005 ¥? Pearson’s chi-squared test

0.73 Fisher’s exact test

Operated joint, HJ/KJ 11(79 %)/3(21 %)

0.5507 x? Pearson’s chi-squared test

0, 0,
11(69 %)/5(31 %) 0.6887 Fisher’s exact test

BMI, kg/m? 28.5[25.5;32.5] 27.2[25.8;31.9] 0.6177**

:?gu;::ion level, secondary/ 6(43 %)/8(57 %) 8(50 %)/8(50 %) 0.7003‘)7(;gga;ii%r;’:,::j;:?tu?er;d test
fvt:)cri:il:;atus, working/not 9(64 %)/5(36 %) 8(50 %)/8(50 %) 0'43882;2?1:25;})12’:':ngzgtu:er;d test
Type 2 diabetes mellitus 2(14 %) 6(38 %) 0.1 583‘)2(222’?';55(;12’:;:L-;gtu?er;d test
Hypertension 7(50 %) 9(56 %) 0.7364 x? Pearson’s chi-squared test

1.0 Fisher’s exact test

Note: RPR — remote physical rehabilitation; H] — hip joint, K] — knee joint; BMI — body mass index; * — Independent samples

t-test; ** — Mann-Whitney test.
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(WOMACQ). Based on the results of the platform approbation,
the most informative and non-duplicative tests were selected.

Statistical processing

Of the findings was performed using MedCalc Statistical
Software and Microsoft Office Excel, 2021. The normality of
distribution of quantitative characteristics is checked using
the Shapiro-Wilk test. Quantitative data are presented in the
form of arithmetic mean and standard deviation in case of
normal distribution of indicators or in the form of medians
and borders of interquartile range in case of distribution of
indicators different from normal; qualitative indicators — in
the form of absolute values and percentages; n — volume
of the analyzed group, p — value of statistical significance of
differences. Statistical comparison of mean values in the group
is performed using methods of parametric and nonparametric
statistics: paired Student's t-test and Wilcoxon's test, respectively
(for related samples), Student's test and Mann-Whitney's
test, respectively (for unrelated samples). The Pearson 2 test
for contingency tables is used to test the hypothesis of the
relationship between qualitative and ordinal characteristics. If
there is a risk of bias in the results obtained using Pearson's x2
test for contingency tables, Fisher's exact test is used to test
the null hypothesis by pairwise comparison of the data of the
analyzed groups in four-field tables. Analysis of the relationship
(correlation) between two quantitative characteristics is carried
out by the Spearman rank correlation method (r). The critical
value of the significance level is assumed to be 5 % (p < 0.05).

RESULTS AND DISCUSSION

From May 2023, 30 patients who had undergone hip or
knee replacement were included in the study. Of these, 14 were
randomized to the DPR group and 16 to the comparison group.
There were no differences in the main clinical and demographic
characteristics of the patients at the time of inclusion into the
study (Table 1). The patients in the comparison group were

independently engaged in gymnastics at home, using physical
exercises learnt at the inpatient stage of DPR. 7 patients in the
DPR group and 6 in the comparison group took periodically
non-steroidal anti-inflammatory drugs for pain. 2 patients from
the DPR group used a magnetic therapy device at home, 1
patient from the comparison group performed kinesiotaping
of the knee joint in a private clinic, and 2 other patients from
the comparison group occasionally used an Orthosis on the
knee joint of the operated limb for pain.

When comparing baseline scores of tests, scales and
questionnaires (T25-FW, «Timed Up and Go» test, VAS, BBS
and WOMAC) between groups at the time of inclusion of
participants in the study, no statistically significant deviations
were found.

Ten patients in the DPR group and all 16 patients in
the comparison group completed the study according to
the protocol. 4 patients in the DPR group terminated their
participation early due to absenteeism or refusal to participate.
In the DPR group (n = 10), the mean number of days per
month that a patient engaged in physical activity using the
portal was 23.7 + 3 days and the duration per session was 33.2
+ 5.3 minutes. In the comparison group, the mean number
of exercise sessions that participants performed at home
independently during the month was 17.7 + 3.6 days and
the duration was 25.1 £ 6.1 minutes, which was statistically
significantly less (p = 0.0002, p = 0.0023, respectively) than in
the DPR group.

Comparison of results in the DPR group (n = 10) T month
after DPR sessions revealed statistically significant improvement
in T25-FW (p = 0.0487), "Timed Up and Go" test (p = 0.0132),
VAS (p = 0.0090), WOMAC (p = 0.0003) and BBS (p = 0.0455),
confirming improvement in the patient's functional profile and
reduction in pain severity. The comparison group also showed
improvement after 1 month of routine MR as part of the third
phase, but only in VAS (p = 0.0458) and WOMAC (p = 0.0415);
no statistically significant improvements were found in other

Table 2. Comparison of indicators of questionnaires/scales inside the groups

The average value of the indicator

RPR Group

Comparison Group

Scale / test / questionnaire

Initial indicators,

Indicators after

Initial indicators,

Indicators after

BILVLO BYHALVHMINCGO | 'dIT 11 "3 OMIA3MI

n=14 1 month,n=10 n=16 1 month,n=16

T25-FW, sec 7+£1.2 6.1 £0.5 76+1.0 76+0.8
p 0.0487* 0.6795*
«Timed up and go» test, sec 85+2 7+0.9 88=x15 86=x15
p 0.0132* 0.2419*
VAS, score 5[4; 5] 2[1;2] 31[1.5;4] 2[1.5;3]

0.0090** 0.0458%**
BBS, score 43 +£6.5 475+3.7 423+49 41.1+43
p 0.0455% 0.0983*
WOMAC, score 364+6.2 189+7.6 348+5.9 329+47
p 0.0003* 0.0415%

Note: RPR — remote physical rehabilitation; BBS — Berg Balance Scale; WOMAC — Western Ontario and McMaster University

Osteoarthritis Index; * — Paired samples t-test; ** — Wilcoxon test.
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tests, scales and questionnaires (T25-FW, the «Timed Up and
Go» test and BBS) (Table 2).

Furthermore, when comparing rehabilitation outcomes
between groups 1 month after inclusion of participants in
the study, a greater statistically significant improvement in
T25-FW (p < 0.0001), «Timed Up and Go» test (p = 0.0064), BBS
(p =0.0008) and WOMAC (p < 0.0001) scales was found in the
DPR group, suggesting greater effectiveness of DPR in addition
to routine MR compared to routine MR rehabilitation care alone
as part of the third phase of the MR program.

Correlation analyses of the results of examinations
performed 1 month after the inclusion of participants in both
groups in the study showed a positive correlation between the
«Timed Up and Go» and T25-FW tests (r = 0.501, p = 0.0482),
both of which assess functional mobility [16, 17], and the
«Timed Up and Go» and BBS tests (r=0.623, p = 0.0100), which
assess the risk of falls [16, 18]. These results indicate that it is
acceptable to use only the «Timed Up and Go» test to assess
the risk of falls and functional mobility. Based on these results,
the «Timed Up and Go» test, VAS and WOMAC were selected
for further practical work.

Special attention was paid to the problems encountered
during DPR, namely compliance issues of DPR patients. The
main problem was the availability and speed of the Internet.
Some participants (n = 5) living in the districts of Nizhny
Novgorod region noted that despite their desire to perform the
exercises, they could not do so due to temporary interruptions
in the operation of their Internet provider, i.e. the company
providing the client's access to the Internet. Four patients
missed more than 5 consecutive days or refused to complete
the DPR due to technical reasons related to the internet. The
likely factors influencing the refusal or inability to use DPR on
a regular basis were analyzed. The factors analyzed included
the participant's education level (primary/secondary/higher
education), social status (working/not working), age, and
place of residence (city/region). Univariate regression analysis
showed that older age (x?> 16.75, p < 0.0001), pensioner status
(x? 11.75, p = 0.0006) and residence in the region (x> 11.75,
p = 0.0006) were more significant predictors of premature DPR
interruption, which is probably related to low skills in modern
mobile and communication devices, as well as low internet
speed and internet provider outages.

The analysis of adverse events showed that 4 patients in
the DPR group and 6 in the comparison group had periodic
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increase of pain syndrome in the operated limb during the first
days of physical rehabilitation. After changing the intensity of
the exercises, the pain syndrome regressed or the pain severity
significantly decreased. No other adverse events related to the
study were detected.

Limitations of the study and recommendations
for further studies

The presented findings are preliminary, as they were
obtained using a small sampling. Continuation of the study
with the inclusion of a larger number of participants will
allow obtaining more accurate data necessary to draw correct
conclusions.

CONCLUSION

The remote form of rehabilitation organization has
great prospects for development due to the emergence
of new information technologies that allow for active
communication between a healthcare professional and a
patient. We have developed a model of remote physical
rehabilitation of patients, which is based on the principle
of continuity and consistency of rehabilitation care. The
model involves remote provision of individualized exercise
complexes to the patient, presented in the form of video
clips, as well as the possibility of online control over the
progress of the patient's condition. The approbation
involving 30 patients who underwent replacement of large
joints of the lower limb demonstrated that the remote form
of physical rehabilitation in this category of patients is safe
and effective in restoring functional mobility, reducing the
risk of falls and the severity of pain syndrome, and helps to
increase adherence to physical exercise. The main limitations
in the practical use of remote physical rehabilitation are
related to the availability of high-speed internet and skills
in using internet portals. It is planned to continue this study
with the inclusion of more participants and evaluation of
long-term results, which will provide the accurate findings
needed to draw correct conclusions.

Further development of the portal of remote medical
rehabilitation for this category of patients, in addition
to improving the shortcomings identified in the process
of approbation, provides for the implementation of a
multidisciplinary approach (including sessions with an
occupational therapist and a medical psychologist).
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