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The COVID-19 pandemic created the need for telerehabilitation development, while Industry 4.0 brought the key
technology. As motor therapy often requires the physical support of a patient’'s motion, combining robot-aided
workouts with remote control is a promising solution. This may be realised with the use of the device’s digital twin
S0 as to give it an immersive operation. Such technology may be used for manual remote kinesiotherapy,
combined with the safety systems predicting potentially harmful situations. The concept is universally applicable to

rehabilitation robots.
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motor therapy robot-aided rehabilitation remote treatment

| 1. Introduction

Often, ideas about the future include the ability to control objects over long distances, visiting shops without leaving
home, interactive, engaging games or meetings with loved ones anywhere and anytime thanks to a remote
connection . Within the last few years, there has been a strong need to bring these closer to the present. The
COVID-19 pandemic has proved the need to revitalise the health service and create a new approach to patient
treatment during crises. Hospitals, medical centres, and rehabilitation facilities have been crippled, mainly by a
shortage of health workers who cannot maintain an adequate level of health services to meet the population’s
growing needs. As urbanisation has led to the rapid spread of infectious diseases, while the population is ageing,
the number of people requiring constant medical care is increasing 2. Such challenges are met by telemedicine
and telerehabilitation, intensively developed within recent years [Bl. With the rise of digital technologies, remote
monitoring of patients’ progress in therapy and the assessment of their health has been enabled. This is possible
thanks to ECG, blood pressure, and glucose level measurements, among others 4. Often, rehabilitation of people
who cannot sit or stand independently requires the help of up to three physiotherapists, as it is too difficult for one
BBl Digital twins seem to be the solution in such situations. Initially, they were developed as digital equivalents of
machines and industrial elements, such as engines or turbines 8. They may be used to predict the system’s
response in critical events and detect previously unidentified problems by comparing the predicted and actual
responses . Currently, attempts are being made to introduce this technology into healthcare to forecast potential

outcomes of different treatment approaches [&. Digital twins seem to be an ideal solution for the personalised
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therapy for each individual with a specific disease or condition [&. Such models can consider many variables

regarding the given case and predict their impact on a patient [,

| 2. Robot-Aided Rehabilitation

The demand for physical support of older physiotherapists and preparing methodology of remote motor treatment
led to the need for the overtaking of tiring activities by machines. Hence, an operator-less robotic solution must be
implemented for home-based kinesiotherapy. However, current commercial devices are typically either too simple
or too complex for self-in-house workouts. The first type of these machines is the one that mechanically supports a
small number of DOFs or triggers the motion by the end effector attached to the body in series only AL with
such an approach, a comprehensive treatment of patients with serious diseases may be given, and neither is
monitoring their kinematics parameters possible 12118 An insufficient number of DOFs do not support tasks with
genuine limb motion patterns. For example, a mechanism with three DOFs cannot be used for lifting a glass along

a natural trajectory.

The complex rehabilitation robots are typically too large, heavy, and expensive to be purchased and applied by
single users 2. Moreover, they typically require operational space expanding beyond that available in most flats
(241 Hence, they are not applicable for home use, even though their advanced automation systems allow the

generation of customised workout routines and the monitoring of performance continuously 121,

According to the aspects presented beforehand, the device for remote home motor therapy should be relatively
simple in terms of mechanics, while remaining technologically advanced. Its structure has to enable easy putting
on and training within the limited space. Moreover, it must enable control over the dynamic parameters of
rehabilitated body parts—either by monitoring corresponding parameters in all the DOFs of machines or by
involving an additional bio-signals tracking system. For these reasons, the exoskeleton lightweight structures are
considered. They allow direct mobilisation of particular DOFs. Therefore, kinematics of corresponding joints may

be calculated based on the data from encoders and impedance-based torque estimations [2€!,

At present, multiple various designs of exoskeletons for all the body parts have been developed L1819 As gn
addition, the ongoing research is focused on reducing the exoskeleton’s mass by computational optimisation and
the application of new materials or manufacturing methods 29,

| 3. Remote Treatment

With the development of Information and Communication Technologies (ICT), new potential was unlocked for
motor treatment. So-called telerehabilitation is a process of clinical therapy provided remotely using ICT [21l,
However, so far, it has been mainly focused on non-robotised applications. An example of such an approach is
implementing serious games based on different Virtual Reality scenarios. This allows a patient with motor
difficulties to perform highly interactive and non-intrusive exercises. Furthermore, such interactive tools could also

contribute to the automation of training assessments 221, which may be comparably effective to the co-located
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method 23, Nevertheless, the described treatment may be introduced only to patients with minor injuries or

diseases, as they need to move independently.

Providing distant treatment at a patient’s place of residence is a critical aspect of future physiotherapy. Moreover,
this should be complementary to the robot-aided treatment. Hence, it is crucial to develop a stable and efficient

method of remote kinesiotherapy using a mechatronic rehabilitation system.

Telerehabilitation can be synchronous (connecting patient and therapist in real-time via dedicated devices),
asynchronous (computer-based interventions, which are remotely monitored and adapted offline by a therapist) or
a combination of both (22, The considered exoskeleton should enable onsite and remote treatment. The desired
trajectories of the rehabilitated segments should be either programmed numerically or registered with the healthy
body parts [24. Moreover, a list of the standard exercises self-adjusting for the anatomical characteristics of a user
should be provided within the system. A physiotherapist should be able to connect remotely and select the settings
for the workout routine or use the automated database and optionally modify the suggested set. As for
asynchronous telerehabilitation, they should be able to monitor patients’ performance with the minimum latency

and possibly react to dangerous situations.

During the session, the robot should either support or resist the intended motion 22, Some commercial companies
investigate even more advanced methods, such as error enhancement [28]. A patient is supposed to act in order to
follow the desired trajectory. With the automated settings, the therapy could be realised without the active

intervention of a professional, who could supervise multiple persons simultaneously.

However, sometimes the treatment requires unpredictable means. Continuous non-anatomical motion patterns
resulting in unequal loads distribution within the musculoskeletal system and extensive efforts 24, or the diseases
affecting the neurological system 2829301 ' may create the need for another approach to treatment. In such a case,
temporarily leading the body segments manually to find the optimal rehabilitation paths can be inevitable. The
synchronous telerehabilitation with the robot could contribute to this. Nevertheless, such an application requires
developing a control methodology to enable intuitive programming of the device’'s motion mobilising patient

regarding anatomical patterns.

| 4. Digital Twin in VR Based Control

The concept of the presented solution includes the industrial-like application of the digital twin to robot-aided motor
therapy. The rehabilitation robots currently used for kinesiotherapy support or resist the motion of a patient. They
may be either attached to the body segments in series (by end-effectors) or parallel (as exoskeletons) 2132, They
are mainly operated by regulators of the motors controlling them so as to follow the pre-programmed trajectories
within the time and under unknown loads. This brings higher accuracy and repeatability than the manual treatment
with a physiotherapist, but does not give flexibility within the workouts. On the contrary, manual therapy may bring

superior outcomes during specific cases which require real-time modification of exercises or experimental search
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of the optimal motion pattern 22, Hence, the combination of both is the most effective when dealing with complex

diseases, especially as both may be superior in particular cases [11133],

While performing the physiotherapy in a clinic, it may be realised by combining manual therapy sessions and

training with rehabilitation robots 241, The real challenge is to transfer this approach to distant therapy.

The presented idea considers using the exoskeleton in the home of a patient connected with the remote control
module. The treatment is initially based on the automatically generated routines based on the registered
performance. However, all the adjustments may be modified online by the physiotherapist. Moreover, they have an
opportunity to constantly monitor patients’ activity based on the impedance of the mechatronic device or additional

sensors (e.g., EMG or EEG tracking).

The rehabilitation system is complemented with its digital twin. Additionally, the model contains schematic
geometry of the rehabilitated body segment. The digital twin may be displayed in the VR goggles of the
physiotherapist, as this provides the best immersion. AR or MR technologies are not considered because the
patient is treated remotely, and the real-life environment of the physiotherapist is not connected with the
rehabilitation process. Thanks to this, the professional can monitor the actual activity of the patient not only via
registered signals but also based on the observed multibody model. As for the manual remote therapy, the
physiotherapist should be able to drag the body segments to the desired configurations. This is realised by control
over the virtual multibody model. Thanks to the kinematics formulas, the motion of the body segment may be
recalculated into the desired motion of the motors. With the presented approach, manual therapy may be

performed remotely in an intuitive and immersive way.

The concept of such an application is visualised in Figure 1. The presented method is not limited only to
extremities and may be scalable even to the whole body or a group of patients, not necessarily located in the same

room.
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Figure 1. Block sc“a]c the system for digital twin based remote motor rehabilitation.

A PHYSIOTHERAPIST
WITH THE VR HEADSET
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