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Abstract: Prosthesis rehabilitation plays a crucial role in supporting amputees to return to their
normal life through increasing mobility, utility, and comfort. Prostheses design during production in
VR- Metaverse depends on clients’ requirements and many other factors, such as comfort, use, and
operation. There are also sub-factors within these factors as illustrated in Figure (1). Several
overlapping criteria must be considered when making decisions in this field. Thus, an efficient multi-
criteria decision-making (MCDM) technique needs to be employed. One promising technique is the
Neutrosophic CRITIC (Criteria Importance Through Intercriteria Correlation) MCDM. In this paper,
the fundamentals of the Neutrosophic CRITIC MCDM are discussed, focusing on its applications in

prosthesis rehabilitation and the associated technologies that enhance the decision-making process.
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1. Introduction

Prosthetic rehabilitation manufacturing involves a complicated decision-making process due to
the several factors affecting its work. This includes cost, durability, biomechanical efficiency, patient
comfort, and material selection [1]. Unfortunately, due to the inherent uncertainty and subjectivity of

these factors, traditional decision-making techniques are often incapable of dealing with these issues.
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If neutrosophic logic is combined with the CRITIC method, a more effective solution can be harvested

to model and process uncertainty, leading to more intelligent and adaptive rehabilitation strategies

12,3].

The motivation behind using neutrosophic logic for prosthetic systems is that such systems suffer

from:

¢ Noisy sensor signals.

e Uncertainty of the interaction process between the amputees and the device.

These data uncertainties can be managed through the structured manner of neutrosophic theory

tools, producing prosthetics with better flexibility and responsiveness.

Figure (1) presents the factors in the prosthetic production design.

The following figure shows the factors and needs of customer in
production design of prcst_hetic in VR-Metaverse
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Figure (1): The factors in the prosthetic design

2. Prosthetic Design using Neutrosophic CRITIC MCDM

Adopting Neutrosophic CRITIC MCDM in prosthetic design can offer different merits which
include:
1) Prosthetic devices can adapt to the changes in environmental conditions and user inputs

by ranking and assessing control factors.
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2) Neutrosophic theory can control uncertain inputs from sensors, thus the sensory
feedback mechanisms can be improved, which in turn enhances the user's sense of

control and natural movement.

3) Neutrosophic CRITIC MCDM can also offer another advantage by prioritizing many
factors, such as heat dissipation, weight distribution, and control mechanisms, resulting

in more user-centered prosthetic designs.

3. Case Studies
2.1. Case Study 1 [4]: Adaptive Bionic Limb with Neutrosophic-Based Control

A neutrosophic-based adaptive control system is installed on a prosthetic limb. Utilizing the
CRITIC MCDM technique helps to prioritize control signals according to environmental factors,
sensor data, and user feedback, allowing more accurate and timely adjustments.

2.2. Case Study 2 [5]: Supporting Myoelectric Devices with Sensory Feedback

Neutrosophic sensory feedback can be integrated with the myoelectric prosthetics to enhance
user reaction as a result of improved handling of indeterminate signals. Patients reported that their
prosthetic was easier to operate and it adapts better to incomplete and unclear muscle signals.

3.  Key Findings [6]

3.1. Utilizing neutrosophic based control systems techniques in prosthetics leads to better

user adaptability.

3.2. Adapting neutrosophic logic assists prosthetic systems to handle uncertain data more

effectively.

3.3. By prioritizing design factors like weight, thermal management, and control
mechanisms, the CRITIC MCDM technique can allow more comfortable and functional

prosthetics.

4. The Challenges and Limitations [6,7]

e Often, the implementation of neutrosophic systems in control algorithms to serve prosthetics

requires considerable computational capabilities.

e The calibration of the parameters for different prosthetics users can be complicated because

of the variations in physical conditions and user preferences.
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e There are some concerns about data privacy arising when collecting usage data from users.

e There is a requirement that the decision-making algorithms need to be objective and

unbiased for equitable user experience.

5. Future Research Directions

5.1. There is a possibility of combining neutrosophic logic with Al technology to create
hybrid models such as machine learning or neural networks that could lead to more
accurate prosthetic systems with higher adaptivity.

5.2. Future research can focus on personalizing the usage of prosthetic devices through
adopting user-specific neutrosophic models, thus enabling better adaptivity to
individual preferences.

5.3. The optimization of neutrosophic CRITIC MCDM algorithms for real-time
requirements could extend their use in daily prosthetic activities.

6. Conclusion

The Neutrosophic CRITIC MCDM methodology provides a promising possibility to develop
prosthetic systems through dealing with uncertainty, indeterminacy, and contradicted information.
By manipulating more responsive, adaptive and user-centered prosthetics, this method represents an
important step forward in introducing sophisticated decision-making frameworks into medical

utilities.
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