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There is a necessity for a consistent framework for the integration of the robotic and assistive
technologies for the purposes of the rehabilitation which covers the entire spectrum (preventative,
restorative, supportive, palliative rehabilitation) and explores all aspects of the of the recovery

process — physical, emotional, and mental while allowing for real-time adjustments and flexibility
based on the individual patients’ needs. In this paper we propose a set of tools for a rehabilitation
solution that provides personalized care for the patients from the diagnose to the process of active
recovery while measuring and evaluating the individual’s condition after surgery, injury or a trauma
to restore and maximize the previous function. The main objective for implementing the assistive
technologies into the physical therapy is to personalize the process of recovery based on the specific
requirements of the patients. To achieve this, physical, emotional, and virtual devices are utilized
mitigate and improve the physical and emotional challenges for the patients. In parallel with the
implementation of the robotic technologies, custom-made 3D printed devices are also introduced and
explored. To evaluate the effectiveness of the program, a 3-step methodology is applied — 1) diagnose
of the patient, 2) implementation of the assistive technologies, 3) tracking the progress and making
the necessary adjustments to the process and/or the devices.
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1. INTRODUCTION

The main focus of this study is to develop a new
rehabilitation framework integrating the physical, virtual,
and emotional robotic and assistive technologies for the
needs of the physical rehabilitation which will lead to
outcomes set and driven by the patient’s condition and
progress.

According to a recent report, 2.41 billion or 1 in 3
individuals worldwide live with the conditions that impact
their functions in daily life and would benefit from
rehabilitation therapy [1], [2]. Within the next 30 years the

of further impairments and maintain a person’s level of
ability. Restorative: focuses on interventions that improve
impairments such as muscle strength or respiratory function
and, in cognitive impairment, to get maximal recovery of
function. Supportive: Supportive rehabilitation increases a
person’s self-care ability and mobility using methods such
as providing self-help devices and teaching people
compensatory strategies or alternative ways of doing things.
Palliative: enables people with life limiting conditions to
lead a high quality of life physically, psychologically and
socially, while respecting their wishes. It often focusses on

population over 60 years will double, the majority of whom
will live with chronic diseases. This demographic
distribution change will lead to a great amount of unmet
rehabilitation needs [2].

Rehabilitation  focuses on reaching functional
independence in daily activities, work, recreation and
education, while taking a meaningful role throughout those
activities. Rehabilitation is a set of interventions designed
to optimise functioning in individuals with health
conditions (diseases — acute or chronic, injuries or trauma,
aging, stress or genetic predisposition) in interaction with
their environment. It consists of 4 parts [3]: preventative,
restorative, supportive and palliative rehabilitation.
Preventative: takes place shortly after a new diagnosis or
onset of new impairments. The aim is to provide education,
advice and interventions to prevent or slow down the onset
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relieving symptoms such as pain, dyspnoea and oedema,
preventing contractures, breathing assistance, psychological
wellbeing, relaxation, or the use of assistive device in order
to maximise the functional independence and support
comfort, dignity and quality of life. This work aims at
including all 4 parts of the rehabilitation within the same
framework.

Amongst the reasons for wusing robots in the
rehabilitation process is to provide therapy which is
superior to conventional therapy [4], [5], [6], [7]. In
addition to the incorporated robotic technologies, custom
designed and fabricated devices, tuned to the patients’
specific requirements, are also explored, evaluated and
implemented to address the aspects of customization and
especially in the low-budget solutions where currently there
is a lack of wearable options due to the cost limitations.
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To enhance the emotional state of the patients, a set of
scenarios and games will be developed and integrated in
parallel with the physical solutions to assess and help
measure the emotional and neurological progress of the
therapy and make the process more engaging via adopting
virtual and mixed reality headsets. These devices allow for
real-time feedback and therefore, evaluation of the
performance by a visual or haptic input, which makes them
suitable for motion restoration activities [8].

Another component of the framework is the Socially
assistive robots (SARs) which help patients to process
negative emotions and develop healthy and engaging
strategies, reducing stress and improving the overall
emotional well-being by adjusting to the physical and social
changes related to their condition and recovery [9]. SARs
can also help patients to improve their social skills, increase
their confidence and overall experience during
rehabilitation. Combining physical and emotional
rehabilitation will lead to faster recovery of the injured
patient. The humanoid socially assistive robots of type
Pepper and Nao will participate as mediators in the
rehabilitation sessions 24/7 in the Intensive Care Units
(ICU) or other Burn and Injury Departments (BID) as in
[10], [11]. The robots will be programed to start the
rehabilitation process as soon as possible after the
intervention by either emotionally engaging the patients or
showing the movements required for the rehabilitation
process (via the embedded “Motion animation mode” to
mimic human movements) for the purposes of the
emotional rehabilitation or partial assistance of the physical
rehabilitation, respectively. These robot animations will be
used in the ICU or other departments and show the
movements in the rehabilitation protocol, in case of the
Range of Motion (ROM) of the robot is suitable for that

purpose.

2. DISCUSSION AND RESULTS

The current state of the art accounts for either only the
physical, or the emotional, aspect of the rehabilitation
process. Furthermore, the application of robotic devices is
not widespread, these are not accessible without the
guidance of experts, and do not fully cover the condition of
the patients. The proposed integrated framework for
physical, virtual, and emotional robotic devices in
sensorimotor rehabilitation therapy is illustrated at Figure 1.
This integration leads to interconnection between physical
and emotional states, where improving one component
helps the other and vice versa.

Such implementation will lead to the following benefits:

e fast response to the patients’ needs;

e flexibility for providing individual and
customized treatment based on the diagnosis;

e adjustment of the level of difficulty of the
exercises according to the patient’s condition;

o the robot can execute repetitive tasks tirelessly.

These assistive technologies are applicable in have
different stages of the rehabilitation process as shown in
Table 1.

Fig. 1. Integrated Framework for Person-centered Rehabilitation

Table 1 Implementation of the Technical Solutions for the Various
Stages of the Rehabilitation

Technology Investigate | Evaluate | Improve
Collaborative
Robot X v v
3D Printing & X
3D Scanning
Haptic Devices X v V.
Motion Capture
System v X X
Smart
Wearables v 4 v
Socially-
assistive Robots X 4 v

Figure 2 shows example applications of the assistive
technologies in the physical rehabilitation.

In Figure 2 a), an application of a collaborative robot for
the needs of the upper limb range of motion and strength
recovery is illustrated; b) shows the restoration of the fine
motor skills of wrist with the help of a haptic devise that
provides resistance during motion; c¢) presents an
implementation of a 3D scanner for precisely measuring the
shape and form of the patient’s hand to create ergonomic,
light weighted and personalized assistive devices; d) is a 3D
Printed knee supportive device with customized parameters.
Some of the factors that must be considered in the
designing phase of such devices is their range of motion
and stiffness based on the state of the patient’s recovery.
This influence is addressed on Figure 3 where a set of
interchangeable assistive devices for ACL (Anterior
Cruciate Ligament) rehabilitation with different stiffness to
range ratios are provided.

As it can be clearly observed, the distribution of the
moments and compatibility of the supports. By varying the
parameters such as the radius of the curvature and the
number of flexures, more individual solutions could be
generated.
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d)
Fig. 2. Example Applications of the Assistive Technologies in the Physical Rehabilitation
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Fig. 4. Implementation of the Assistive Devices into the Rehabilitation Process
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In addition, the exercise recommendation is prescribed
based on the recovery status as illustrated on Figure 4. For
initial peak moments shown on Figure 4 the supports are
used for improving the resisted knee flexion through
concentric contractions and resisted knee extension
eccentrically. After the ROM and the quadriceps strength
improve, the patient can transition to a device with a greater
stiffness in order to further increase the muscular strength
during knee flexion and extension. When the patient can
perform full ROM controlled knee flexion with the stiffest
support, they can transition to another exercise such as the
squat pattern. For the squat, the patient starts with the
stiffest support that will provide the highest level of
stability and gradually transitions towards the more flexible
options until they no longer need any additional assistance
and are capable of performing the motion on their own.

The methodology of this study integrates different
stages of the rehabilitation process and aims to provide a
complete recovery of the patients, including physical,
emotional, and mental support. To achieve this goal, the
implementation of the assistive robotic technologies
depends on the stage of recovery. To make the process as
objective as possible, the methodology, adopted in this
study, is divided into 3 levels. First, is to investigate the
condition and the diagnosis of the patient. At this stage,
based on the condition, initial parameters will be
established, measured, and tracked. Next, the process of
evaluation will define the complexity of the condition and
the required technologies to be implemented in order to
accelerate the healing of the patient. Finally, the last step is
the implementation of the technologies into the
rehabilitation protocols, tracking of the improvement and
adjustment of the process, based on the specific personal
necessities and requirements.

Rehabilitation, as a highly person-centered process,
needs to be tailored toward individual specifics of each
patient which requires real-time adjustments. Implementing
the robotic technologies will give that flexibility to the
therapists and extend their field of operation. To target all
stages of the rehabilitation, various types of assistive
technologies and devices will be implemented — robots,
custom-made assistive systems, virtual and mixed reality
headsets, integrated with interactive scenarios, tools for
monitoring the telerehabilitation, enhancement of the
emotional and mental recovery as well as artificial
intelligence algorithms to allow personalized data analysis
and real-time adjustments of the solutions by improving the
trained models. This methodology will carry the following
benefits:
unified rehabilitation protocol;
implementation of the optimal technology;
quick reaction to the patient’s condition;
flexible customized solutions, depending on
the individual requirements;

e real-time adjustments to the process regarding
the current condition of the patients.

To incorporate the above methodology into modern
rehabilitation, there are several challenges that need to be
addressed and overcome. Defining the parameters to track
and measure with the robotic equipment is such a complex
matter. To resolve this, the experts in charge with the
technical solutions will be working closely with the medical
professionals throughout all steps to determine the most
relevant data-driven processes. Another one is the
integration of the interactive scenarios to work coherently

with the virtual reality glasses. To accomplish such an
integration, the software developers will need to follow the
medical requirements provided by the physicians as an
input for their platforms.

3. CONCLUSION

This research introduces a novel framework for
implementation of robotic and assistive technologies in the
process of physical rehabilitation while acknowledging the
influence of the emotional and mental state of the patients
on their physical condition and vice versa. In other words,
all aspects and stages of the rehabilitation, their connections
and relations are explored. Furthermore, the real-time
progress tracking and adjustment requirements are
discussed to improve the process and provide customized
solution for the patients. The framework includes the
implementation of physical devices such as robots, virtual
reality headsets for emotional release as well as custom-
made patient specific supports after injuries, stroke
recovery and trauma. The integration of 3D printing and 3D
scanning is explained and illustrated. Lastly, a methodology
for evaluation of the patients’ condition, technology
selection, progress tracking is introduced and integrated.

This study recognizes the limitations caused by the
budget restrictions and expertise requirements for the full
implementation of the novel framework in the rehabilitation
protocols. However, the availability and accessibility of the
robotics in parallel with the modern days rapid
technological advancements will inevitably lead to
mitigating the impact of these challenges and soon lifting
all barriers holding the progress and innovations in the field
of rehabilitation.
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