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Abstract.

Purpose: The study focuses on the impact of Virtual Reality as a therapeutic technology in the context of Smart
Healthcare on the rehabilitation of hand amputees and the ability of out-patients to gain computer access in a cost-
effective manner.

Methods: A qualitative, descriptive bibliometric survey of the literature was undertaken, utilizing peer-reviewed
literature relevant to the integration of virtual medical care (V-Med) with the 10T, EHR, and CDSS. The literature
examined was categorized into two analytical domains - physical and clinical opportunities and technical challenges.
Results: The evidence suggests that cloud focused Virtual Reality (VR) helps people with Phantom limb pain and
reduces the time required for amputees to achieve the adaptation to a prosthesis. The disadvantages of VR technology
will only be realized when VR technology, EHR and the Internet of Everything (I0E) systems coalesce. This is where
the central issue of technical feasibility lies.

Novelty: The presentation here outlines a shift in attitude towards Virtual Reality. Rather than isolating it from a
continuum encompassing all virtualization in the cloud with amputee rehabilitation modalities, we embrace it. We
propose a framework that integrates cloud-based loT wearables, EHRs, and CDSS into a Smart Healthcare ecosystem,
thus outlining a feasible, affordable scalable virtual rehabilitation path.
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INTRODUCTION

Limb amputation occurs as a result of trauma, such as traffic accidents, or chronic diseases. Limb
amputation hinders the execution of daily functioning. The most notable of such disabilities occurs in the
ability to perform digitized work, communicate, or engage in entertainment activities that someone who
possesses two functional natural hands can perform. To engage in modern digital work, learning or
education environments, the keyboard and mouse require two functional natural hands. Limbed
amputations place numerous technological barriers in the domain of digital work and learning. The problem
is how human-computer interaction can be restored even when the user cannot utilize conventional input
devices.

The population of amputees presents as large and still growing. In the United States alone, approximately
185,000 amputations are performed each year. In 2050, the global amputation count is estimated to reach
3.6 million, a steep increase from 1.6 million in 2005 [1]. Conventional prosthetics and assistive input
devices remain expensive, specialized, or limited in functioning. Current technology is unable to seamlessly
assist amputees with digital interactions. The need for flexible technology that can be integrated into Smart
Healthcare is pressing.

Earlier studies on virtual reality technology showed promise for treating phantom limb pain and increasing
adaptation speed to an artificial limb. A number of studies [2]-[3] reported on the use of mirror-box therapy
and immersive virtual reality rehabilitation for phantom limb pain. Hao et al. and Paillet et al.[4] and [5]
provided systematic reviews on virtual reality rehabilitation aimed at amputees. Simulator devices that
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allow for a virtual hand phantasm controlled by the EMG signals of the residual muscles were reported on,
demonstrating VR of myoelectric control [6]. Progress in low-cost SEMG hardware [7] and in the
combination of electronic health records and telemedicine [8] aids in the construction of an infrastructure
focused on Smart Healthcare. Integration of these components is also needed. In general, research so far
shows that these components have mostly progressed independently and no system focused on providing
virtual control for hand amputees was developed.

Unlike how loT, EHRs, and CDSS have been developed independently, VR has also been treated as an
independent research area, while the 10T, EHRs, and CDSS have progressed mostly in an independent
manner. There is a lack of an integrated system that allows a hand amputee to operate a computer via a
Smart Healthcare supported VR system Oculus. This paper proposes to integrate all the systems and
components into a Virtual Reality Interaction System (VRIS) to work and provide computer access to hand
amputees using a low-cost EMG Monitoring Socket, VR-based Virtual Keyboard and Mouse, and the
IoT/EHR/CDSS.

Historical background of virtual reality

Since the start of the 1990s, virtual reality has gained popularity and has grown into various industries such
as education, manufacturing, and healthcare, as the technology has improved [9] , [10]. The term "virtual
reality" means that while the user is in the real world the headset can transport them to a computer generated
scene. They are able to feel what it is like to be in that environment rather than what it is like to be a
spectator to that scene while looking at a computer. VR shows the user visuals and/or sounds that respond
to the user's movements and touch and replaces what is in the surrounding environment, give a feeling of
actually being in a different reality rather than actually being there [11].

Virtual Reality was first formally introduced by Jaron Lanier, a computer scientist, in 1989. He described
it as something imaginative, graphic, auditory, and interactive [12]. In 1982, Thomas Furness, an official
in the Air Force Research and Development Center, developed a Visually Coupled Airborne Systems
Simulator. In this system, the pilot wears a head-mounted display (HMD) that enhances the outside view
from the window with pictures describing the targets and provides the pilot with information placed on the
flight path [13]. In 1984, the Virtual Visual Environment Display (VIVED) was developed by NASA to
allow a user to view digital 3D spaces as shown in Figure 1 [14].

Figure 1. VIVED of NASA
The sensors read the hand's movements, and the computer interprets them as commands through software.
The software then implements the commands into the virtual environment, making the interaction appear
intuitive [15]. In 1989, the Binocular Omni-Orientation Monitor (BOOM), made by Fake Space Labs,
improved the user experience. It increased the view of virtual environments by putting two CRT screens,
connected by a mechanical arm, inside a compact, balanced box, by providing a mechanism for
counterbalancing the user's head [16].

Unlike the BOOM, the CAVE (CAVE Automatic Virtual Environment), the virtual reality system
introduced in 1992 which took a different approach from traditional VR systems and head-mounted
displays, offered a better quality, wider field of view than head-mounted displays. This CAVE system
projected images onto the walls of a room and required users to wear LCD shutter glasses. This system
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improved the quality of stereoscopic images [17]. Street View's 3-D and rotating, and more recently,
CaseLaw (with its in-built, artificial intelligence), increased the quality of stereoscopic images and
interactivity [18].

Applications of virtual reality in healthcare

Medical training was among the earliest and continues to be one of the most notable areas to adopt virtual
reality within healthcare. Medical students can perform surgical procedures and clinical decisions in a risk-
free environment without the involvement of a real patient. 360-degree immersive simulations offer a safe
practice environment for the medical training functions VR implements [19], [20] in healthcare. For patients
with both physical and neurological impairments, therapeutic exercises can be performed within a guided
virtual recovery environment. This is another field within VR where great strides have been realized [21].

Psychotherapy is likely to have significant benefits from VR as well. VR has been utilized for the treatment
of anxiety, PTSD, and phobias, as it creates an environment for patients to face their internal fears and
allowing therapists to have control over circumstances [22]. VR has also been used for pain management
during dental procedures as it creates an immersive VR experience to make patients perceive less pain and
describe less anxiety [23]. VR has recently started to be used more and more in Pediatric care, specifically
for, pain and anxiety relief. It has been shown to reduce pain and anxiety levels in children during
procedures as it creates an immersive distraction for patients [24]. VR has more recently started to be used
for weight management as patients have an immersive connection to their health care routines, as it
encourages multiple behaviors and motivates participation by providing more involvement within the
weight management program [25].

Recent studies show how useful virtual reality can be in the field of medicine [26]. A surgeon can virtually
practice conducting a procedure on a simulated patient (which helps improve the surgeon's skill and build
confidence before the actual procedure). There is even the possibility of conducting a practice surgical
procedure on a patient located in a different city through the use of VR and robotics (these are referred to
as tele-surgeries). VR has the potential to be used in and outside a surgical theater as a diagnostics aid, to
help patients with rehabilitation, to manage chronic pain, to aid in mental health, and to give more options
to medical professionals for patients in a way that is proven to have results equal to or beyond that of
standard practices [27].

Related works

A survey of previous studies related to the use of virtual reality technology for amputees shows that many
research groups are actively working in this area. Many studies indicate the use of virtual reality in the
rehabilitation of amputees and in training to better use prosthetic limbs [4], [5]. For example, Manjuladevi
Kuttuva and colleagues used virtual reality technology to develop an interface that gives upper-limb
amputees access to training with a virtual hand that can handle objects as shown in Figure 2. The interface
receives signals from movements resulting from the remaining part of the limb and processes them into
movements in the virtual hand. The system consists of sensors mounted on the arm, angles of the elbow
and shoulder joint, and a virtual hand model with a 3D training environment [28].

Figure 2. Virtual hand that can handle objects
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Figure 4. VIE training system with virtual limb

Briana N. Perry and colleagues developed a motor-training tool called the Virtual Integration Environment
(VIE) for use with military personnel who have undergone upper-limb amputation as shown in Figure 3
and 4. Data obtained from residual muscle movement is collected and processed to recognize movement
patterns via a machine-learning system, thus improving virtual limb control. Based on relevant studies, up
to 95% accuracy can be achieved in determining movement patterns using electrical signal processing
techniques [29].

Wake and colleagues used virtual reality to develop a system for the rehabilitation of phantom limb pain
(PLP). The system architecture has input, software, and output components. For input, they used an
accelerometer, Microsoft Kinect, electromyography sensors, and CyberGlove Il. For the software, Unity
game engine was used for VR development. For output, three devices with different sensors are used: head-
mounted display (HMD) for visualization, headphones for auditory feedback, and a vibration motor for
tactile sensing [2].
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Figure 5. IMU controllers mounted on the legs in VR system [30]

Elisabetta Ambron and colleagues used virtual reality technology to develop a low-cost treatment for
phantom limb pain. According to the researchers, VR has shown good results in reducing phantom limb
pain. A head-mounted screen is installed while playing dedicated games in which an amputee sees two
virtual intact legs in real time. Movements of the virtual limbs are controlled by sensors attached to the real
healthy limb and the remaining part of the amputated limb. The hardware used includes the Oculus Rift
2Dk for 3D graphical view. They designed virtual lower limbs as a robot with rotatable hip and knee joints
controlled by four electromagnetic motion tracking instruments, as shown in Figure 5 [30].

Figure 6. (a) Quest for Fire, (b) Web Browser, and (c) Chess games (the Checkers game looks very
similar to chess) [30]
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Data from the IMU controllers and an Arduino microcontroller are used to process the signals in a program
written in Arduino. The Unity platform was used to design the virtual environments and filter readings from
the IMUs. The user could control hip and knee flexion and extension for each leg and play four games:
Quest for Fire, Web Browser, Chess, and Checkers, as shown in Figure 6 [30].

Immersive VR has also been explored as a modality for reducing phantom limb pain, building on the
concept of mirror-box therapy. Such systems read muscle movements from the residual limb and display
them on a virtual limb in an immersive environment. When the patient perceives the missing limb 'moving'
again, the brain can experience reduced pain. Users wear a head-mounted display, and motion capture is
achieved via data gloves and sensors placed on the elbow, wrist, knee, or ankle depending on the limb
involved [3].

Lambrecht and colleagues developed a virtual reality simulator for electrical signals to test new control
algorithms. The system collects EMG sensor signals from the remaining limb movement and integrates
them with simulated technology in the virtual prosthesis, including force-based interactions with virtual
objects. A default box and test block are displayed. The system is considered a promising tool for
developing and evaluating control methods for amputees, as shown in Figure 7 [6].
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Figure 7. Virtual reality simulator system
Researchers such as Li and colleagues have explored extended reality (XR) for upper-limb myoelectric
prostheses. MATLAB Simulink was used as the platform to build the virtual reality environment, and EMG
electrodes placed on muscles of the residual limb captured electromyography signals to control a virtual
arm [31].

Caicedo-Ortiz and colleagues developed a simple low-cost prosthetic hand. The hand is designed so that
each finger operates separately. It is controlled using SEMG sensors placed on muscles near the amputation
area, with a MyoWare microcontroller board and an Arduino Nano controller. The hand can perform
various movements based on EMG signals and has shown reliable gripping and releasing performance
across five tested positions [32].

Many amputees suffer from muscle weakness after amputation, resulting in weak signals from residual
muscle movement. Researchers have used the MyoWare Muscle Sensor because of its ability to filter noise
and amplify the signals; it is small, lightweight, and low cost.

Researchers have also developed a wearable bracelet that allows users to give presentations without needing
their hand. Developers used EMG sensors, an Inertial Measurement Unit (IMU), and Bluetooth to collect
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and transmit signals wirelessly to a computer, as shown in Figure 8. The software interprets raw IMU and
EMG signals and converts them into commands to control PDF, PowerPoint, and Word documents [33].

Figure 8. Wearable presentation armband

Building on the VIE work described earlier, research groups at the Johns Hopkins Applied Physics
Laboratory and partner institutions have continued to develop advanced VR-based training platforms for
upper-limb prosthesis users. These platforms use a virtual version of the prosthetic arm that the amputee
controls with the same myoelectric inputs as the physical device, so that skills learned in VR transfer
directly to daily use. Myoelectric signals captured by the socket sensors are translated into movements of
the virtual arm, enabling patients to practice before the real prosthesis is fitted [29].

Avinash Sharma and colleagues developed a mixed-reality programme combining virtual and augmented
reality, where amputees can train, interact with objects, and receive tactile feedback. They collected
information through sensors, and all was merged into the augmented reality environment displayed via
Microsoft HoloLens. More than one MPU9250 was used as a 9-axis IMU controller for limb position
calculation—one placed on the shoulder blades, the other on the biceps. Bluetooth modules were used for
each IMU to transfer information to the computer [34].

Cosima Prahm and colleagues developed a clinically functional and enjoyable rehabilitation programme to
increase patient motivation. They used EMG sensors placed on muscles to collect signals. They tested the
system with two participants, each with two computers—one processing signals and displaying them, the
other displaying the game. Ottobock Healthcare GmbH surface EMG sensors were placed over the residual
muscles, as shown in Figure 9 [35].

Figure 9. Prosthesis interaction system with game
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At the Vienna University of Technology, a master's thesis entitled 'A Virtual Reality Training Tool for
Upper-Limb Prostheses' designed a virtual training environment that simulates a virtual hand. The
ioTracker motion-tracking system developed at the Vienna University of Technology was used. Data is
sent via a framework called Open Tracker to an application programmed in Unity3D [36].

Marek Kurzynski and colleagues built a computer-aided training system that generates visual and sensory
stimuli. They designed a 3D virtual hand observable on a VR headset, with sensory feedback provided by
mechanical vibration during interaction with virtual objects. The system demonstrated that mental training
supported by visual and sensory stimuli leads to beneficial changes in brain activity, enhancing the
sensation of an amputated upper limb. For 3D hand design, Blender and Maya were used; Gimp was used
for textures [37]. Figure 10 presents (A) the hand skeleton, (B) the hand mesh, and (C) the textured hand
model.

Looking at the earlier research, they all have the same broad aim of developing systems to help people who
have been amputated, one way or another. Some work focuses on developing activities to help lessen
phantom limb pain. Others try to help ease amputees into training with their prosthesis further ahead in
time, making the adaptation a necessary hurdle in the process. Less numerous are those who take a playful
approach to designing activities, such as games, that aid in preserving the spirits of the patient while making
rehab activities less tedious. The tools and software platforms developed for or used in these studies differ
quite a lot and are chosen in relation to the particular case that who is being treated and the guidelines of
the research [37].

Figure 10. (A) Hand skeleton, (B) hand mesh, and (C) textured hand model

METHODS

This section outlines the method used for the current survey-based research, as well as the scheme for the
proposed Virtual Reality-based Interaction System (VRIS). The research uses descriptive and qualitative
examination combined with a conceptual system design, as opposed to an empirical study involving people.

Research design.

A structured literature survey was conducted to identify how Virtual Reality, Electromyography (EMG)
sensing, Internet of Things (loT) wearables, Electronic Health Records (EHR), and Clinical Decision
Support Systems (CDSS) have been applied to amputee rehabilitation and Smart Healthcare. Peer-reviewed
journal and conference sources were retrieved from scientific databases (including IEEE Xplore, Frontiers,
MDPI, and Elsevier) and reviewed for relevance to hand-amputee computer interaction. The surveyed
systems were then organized into two analytical categories: (i) physical/clinical opportunities, and (ii)
technical challenges related to hardware, signal processing, and system integration.

Proposed system architecture.
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On the basis of the survey findings, the VRIS architecture was designed around four coupled components:
(a) a low-cost prosthetic socket (designed in a prosthesis workshop or via 3D printing) housing the sensing
and processing hardware; (b) surface EMG sensors with a MyoWare processor unit to capture residual-
muscle signals with integrated noise filtering; (c) an Arduino microcontroller for signal digitization and
transfer to the host computer via USB or Bluetooth, with an MPU-9250 9-axis IMU enabling socket-based
cursor control; and (d) a Virtual Environment implemented in Blender (3D modelling) and the Unity game
engine (runtime), presenting a virtual hand, virtual keyboard, virtual mouse, and virtual desktop through a
Head-Mounted Display. The system operates in two modes—hand mode for keyboard input and mouse
mode for cursor control—switchable by amputee gestures captured via EMG.

Evaluation plan.

Because no prototype has yet been implemented, the present paper is a design-and-survey contribution;
empirical evaluation with amputee participants, including signal-classification accuracy, task-completion
time, and user-experience metrics, is planned as future work and discussed in the Results and Discussion
section.

Information technology in smart healthcare

Integrating healthcare with information technology (IT) has been critical for the development of intelligent,
integrated care systems. Health Information Systems (HIS) refers to the range of systems and tools that
maintain, disseminate, and analyze patient information with the goal of enhancing safety, efficiency, and
overall improvement of healthcare services [38]. The acceleration of digital health technology adoption has
changed healthcare services; however, scoping reviews have documented inequity in access and health
outcomes, which will need to be addressed in addition to the clinical benefits [39]. The use of healthcare
systems and technology has been linked to positive outcomes in patient safety and staff satisfaction and
overall effectiveness of healthcare services.

Core to this digital framework are Electronic Health Records (EHRs), which are a complete digital
representation of a patient's medical record. EHRs contain a patient’s diagnosis, treatment, lab tests, and
clinical notes and are continuously updated so that all practitioners have access to the same information
about a patient at any step of the treatment process [40]. EHRs have led to improvements in healthcare
services by providing information to practitioners, which results in the ability to supervise care and reduce
adverse drug events and gaps in care [41].

Integrating EHRs with telemedicine means clinicians can access all sections of a patient’s medical history
during a virtual consultation, enabling better critical thinking on the clinical decision support system’s
(CDSS) function, data analysis, and individualized and accurate patient care [42].

CDSS is designed to improve the clinical decision-making capabilities of the clinician, and is a data
approach to decision support within the intelligent entities of the evidence and data generated from the
patient, current literature and studies, recommended practices, and health-related data from the analysis
[43]. Furthermore, CDSS can also use predictive analytics to determine the likelihood of particular events
occurring and patient data and use health-related analytics on data to identify new health problems and
recommend the best practices to reduce it [44]. The CDSS interventions also support the standards for
clinical practice to eliminate the risk of clinical and health-related errors [45].

The traditional healthcare system has been transformed through the implementation of 10T and health
monitoring devices that allow safety, real-time remote care monitoring with the system that enhances the
quality of life by assuring the safety of patients [46]. 0T wearable devices collect and transmit a multitude
of metrics and provide multiple health statistics continuously to health care clinicians [47]. While patients
can wear devices to record several metrics including the continuous monitoring of SpO2, blood pressure,
temperature, ECG, heart, and respiratory rates [48].

Moreover, the Internet of Wearable Things (IoWT) can impact the healthcare market positively, through
the development of automated telehealth workflows, aimed to track and update the concerned parties, the
patients’ status and emergent situations, at the right time, to either the patients’ physicians or their family
members [49]. Telemedicine has also undergone significant transformations. The communication line
between the physicians and their patients has evolved into a seamless service that employs technology to
integrate and optimize the activities of physicians, nurses, patients, and even clinical research personnel
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[50]. Telemedicine and EHR systems are complementary. System integrations mean better quality of care
with more manageable daily operations of the clinical personnel [51]. Over 80% of healthcare providers
have attested to the fact that, with the use of integrated services, telehealth has substantially improved the
speed and the timeliness with which patients are attended to [8]. The development of Smart Healthcare is
influenced by a vast array of other innovative technologies. All these other technologies are of considerable
importance to the virtual reality interaction system for patients with amputation that has been developed in
this research.

Problem definition and proposed solution

Computers are integrated into work and play. Losing one or both hands can isolate a person from computer
based activities. This creates a major obstacle for computer technology. Microsoft attempts to overcome
this problem by allowing hand amputees to type on a physical keyboard while inside a VR environment,
suggesting hand tracking technology. The OptiTrack Flex 13 tracked hands with an Oculus Rift DK2 used
as a head mounted display. Figures 11 and 12 illustrate the hand tracking and typing representation [52].

The key query is straightforward: what is the outcome for a user who has lost a hand to amputation? That
question is the starting point of the present study.

People with hand amputations often find it difficult to interact with computers because they cannot use the
keyboard or mouse in the normal way. To help them, different solutions have been introduced over the
years. Some solutions are based on voice recognition, where the user gives spoken commands. Others use
cameras to follow the hand or body gestures. More recently, researchers have developed systems that allow
control of the mouse cursor with the tongue, with facial expressions, or just with eye movements, opening
new possibilities for people with limited hand mobility [53], [54], [55].

Figure 11. Representation of typing in VR
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Figure 12. Microsoft hand tracking system
The proposed solution aims to develop an easy-to-use and low-cost VR-based interaction system that can
replace lost hand functions for computer use by people with hand amputation. The Virtual Reality-based
Interaction System (VRIS) consists of several components: Virtual Environment, Physical Parts, Electronic
Parts, and Hardware Part.

Virtual environment

The basis of the VRIS concept is a virtual environment containing a virtual hand, virtual keyboard, virtual
mouse, and virtual desktop screen displaying the computer system. For 3D modelling, Blender (open-source
3D computer graphics software) is used to design the virtual environment and 3D hand model. Unity is
used as the gaming platform to programme the system. Figure 13 shows the default design of the virtual
reality side of the system.

Figure 13. VRIS virtual hand, keyboard, and desktop

Physical parts

A low-cost prosthetic socket is designed in a prosthesis workshop or by using a 3D printer. The socket
replaces the remaining part of the amputated hand and contains EMG sensors that capture signals from
muscles, along with microprocessor units that prepare signals for transmission to the computer for
processing.

Electronic parts
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The starting point of the system is electromyography (EMG) technology that senses electrical signals
resulting from movement of the remaining muscles in the amputated limb. Based on [7], EMG sensors
combined with the MyoWare processing unit are the best option for this proposed solution for two reasons:
first, they are inexpensive compared to medical-grade EMG devices; second, the MyoWare board has built-
in filters that clean the raw EMG signal from noise, so the output is ready to be processed by the
microcontroller without extra filtering circuits. Arduino serves as the open-source electronic processing
unit for the signals. For data transfer, the Arduino board can be connected via USB cable to a PC, or a
Bluetooth board can be integrated with Arduino for wireless data transfer. Since the amputee lacks a hand,
a standard mouse cannot be used; therefore, the socket can function as a mouse using a nine-axis MPU-
9250 module (gyroscope, accelerometer, and magnetometer) integrated with Arduino, converting
amputated-limb movement to cursor motion. Specific gestures from the amputated limb can also substitute
for left- and right-click tasks.

Hardware part

The user wears a Virtual Reality Head-Mounted Display (HMD) for presentation of the virtual world.
Through the HMD, the user sees the virtual desktop screen, virtual hand, virtual keyboard, and virtual
mouse. The system operates in two modes: hand mode for typing on the virtual keyboard, and mouse mode
for cursor control. Mode switching is performed via EMG-captured gestures. Briefly, the socket is custom-
fitted for the amputated hand; the EMG sensors and other electronic parts (Arduino and control units) are
placed within the socket wall. The socket converts muscle movements into electrical signals processed by
the MyoWare and transferred to Arduino, then to the computer. This arrangement allows the amputated
user to use the computer through a virtual environment with a virtual keyboard and a socket-integrated
virtual mouse. The virtual environment can be customised by adjusting room appearance and colour themes
to suit the user's preferences. Figure 14 shows the default diagram of the VRIS system.

\4\\ 9250 MPU Module

Computer

Arduino Battery

EMG electrodes

Figure 14. Default diagram of VRIS system

RESULTS AND DISCUSSION

In all areas of research and development, researchers face difficulties and challenges during their work,
with the scale depending on project size and complexity. One challenge expected in the proposed solution
is that the socket used for the amputated hand cannot be adjustable to fit all amputee users; this is because
the fit depends on the type of amputation and the remaining muscle structure. Additionally, the location
where the EMG sensors are placed is important to obtain good and clear signals from the muscles. The
socket design must be performed and adjusted by a prosthesis workshop technician.

Although many studies have confirmed the benefits of virtual reality for rehabilitation and for reducing
phantom limb pain in amputees [30], some researchers have also pointed out that when a user wears a
prosthesis without physical feedback such as touch or impact, the muscles of the residual limb can lose
effectiveness over time, because the brain does not receive normal sensory input [2]. Incorporating small
vibration units into prosthesis sockets has been suggested by some designers as a way of enabling the user
to feel a sense of touch through the virtual limb when it collides with an object [36]. While still some way
off, a fundamental shift towards numerous more intelligent systems of EMG will be needed, moving
towards systems that will be able to classify the specific muscle signals associated with the movement and
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determine which part of the limb of the prosthesis, or which part of a single joint or finger, to communicate
that command to, instead of simply commanding the whole hand to act [56].

Earlier researchers anticipated that future VVR-based prosthetic training could begin very early, right after
amputation and even before socket fitting, since most VR training does not require the user to actually wear
a real prosthesis. The idea is that by practising with the virtual prosthesis first, the user becomes more
comfortable and efficient with controls before using the real device. Recent progress in modern EMG
pattern-recognition systems and smart prosthetic designs indicates that these early visions are becoming
reality [57].

Another future possibility is further development of the socket and system so that they are compatible with
various similar devices. The user could then control home devices such as smart TVs and personal devices
such as mobile phones and tablets. With the addition of a small screen inside the socket, the user could
control and change device settings by moving their muscles with gestures from the amputated hand.
Specialists in electronic board development can also work on miniaturizing electronic components
(Arduino and related parts) into a single compact, energy-efficient device.

CONCLUSION

The conclusions obtained through research are important because they represent the focal point for
completing the path in post-research development. A key finding from this survey is that the problem of
amputees is not limited to the inability to complete tasks and activities; many amputees also suffer from
psychological, moral, and social challenges, because hands are the means through which a person touches,
works, and communicates. For an individual whose hand was amputated after working directly on a
computer, the impact is substantial; the individual becomes unable to return to previous activities without
assistive technology. This paper presents a proposed solution to this problem. The aim of this study was to
design a Virtual Reality-based Interaction System (VRIS) that would let hand amputees continue using
computers. The approach combines EMG-driven input, a virtual keyboard and mouse, and a prosthetic
socket housing the electronic components, all situated within a Smart Healthcare framework made up of
lIoT wearables, EHRs, and CDSS. The reviewed literature makes two things clear: VR-based rehabilitation
consistently helps reduce phantom limb pain and shortens the time needed to adapt to a prosthesis, and low-
cost SEMG and Arduino-based platforms already on the market are technically capable of supporting the
proposed architecture. At the same time, the review confirms that VR only delivers its full value when
paired with interoperable 10T devices and EHR systems, and this integration remains the main technical
challenge going forward. On that basis, future work should focus on four directions: (i) redesigning the
socket so that it can be adjusted across different amputation types, (ii) developing smarter EMG
classification that can resolve intent at the level of individual fingers and joints, (iii) incorporating haptic
feedback to preserve muscle effectiveness over time, and (iv) building and empirically evaluating the VRIS
prototype with amputee participants, so that the framework proposed here can be validated in practice.
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