
           Corresponding Author: nadaadel@mans.edu.eg 

        10.     https://doi.org/10.61356/j.nois.2024.16089  

                            Licensee Neutrosophic Optimization and Intelligent systems. This article is an open access article distributed under the  

                            terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0). 

 

 

 

 

 

 

 

1 |Introduction 

Bearing rings are crucial in various mechanical systems and medical applications. The selection of appropriate 

bearing ring is paramount in the medical field to achieve essential issues of precision, reliability, and patient 
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Bearings offers a variety of products designed to meet the rigorous requirements of the medical sector for patient 

safety, such as diagnostic and laboratory equipment, surgical and dental instruments, ventilators and heart pumps, 

etc. In the field of medical instruments, the bearing rings compromise from superior quality metals to perform 

surgical operations safely. The selection of the best bearing ring materials for medical applications is a critical task 

that involves considering various factors to ensure optimal performance, reliability, and safety. The study explores 

challenges and criteria in selecting the ideal bearing ring for medical devices and equipment. The criteria discussed 

encompass material compatibility, biocompatibility, lubrication requirements, precision, cleanliness, durability, 

noise and vibration control, size and dimension, load capacity, temperature and environmental conditions, 

regulatory compliance, manufacturing considerations, compatibility with adjacent components, maintenance, and 

serviceability. The challenges mainly include biocompatibility validation, material selection, performance 

requirements, regulatory compliance, size limitations, cost considerations, supply chain reliability, long-term 

stability, maintenance, expertise, and collaboration. To address the current challenges of medical bearing the study 

needs to understand the medical requirements, and engagement with trusted suppliers and regulatory bodies. The 

study presents a multi-criteria decision-making methodology (MCDM) problem with various criteria and 

alternatives with uncertainty conditions. The decision maker’s perspectives evaluate the importance of criteria and 

alternatives. The neutrosophic set is used to deal with uncertainty conditions. The study illustrates a solution to 

select the best bearing ring to ensure the success and safety of medical applications. The MCDM provides solutions 

to choose the best bearing ring. A Combined Compromised Solution (CoCoSo) method is used as an MCDM 

method with neutrosophic theory to select the best alternatives. A numerical case study is presented to show the 

applicability and availability of the proposed methodology. 
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safety. Bearing rings facilitate smooth and accurate rotation, reduce friction and enable the efficient 

functioning of medical devices and equipment. Medical applications encompass various devices and 

equipment, such as surgical instruments, diagnostic tools, imaging systems, prosthetics, and patient support 

systems. The medical applications often require bearings that can withstand rigorous conditions, including 

repeated sterilization processes, bodily fluids and medications exposure, and stringent cleanliness 

requirements [1, 2]. The bearing ring in a medical application must adhere to specific criteria and address 

unique challenges. Biocompatibility is critical, ensuring that the material used in the bearing ring does not 

cause adverse reactions or toxicity when in contact with living tissues. Additionally, the bearing ring must be 

compatible with sterilization methods commonly employed in medical settings [3-5]. 

Precision and performance are vital attributes for bearing rings in medical applications. The vital attributes 

must provide accurate and reliable rotation, allowing precise movements and measurements during medical 

procedures. The bearing ring should minimize noise and vibrations, ensuring patient comfort and facilitating 

proper diagnostic outcomes. Durability and longevity are essential in medical applications, as equipment and 

devices are often subjected to frequent use and demand conditions [6, 7]. The bearing ring should withstand 

the anticipated loads and forces, requiring minimal maintenance and replacement to ensure uninterrupted 

functionality. Regulatory compliance is another crucial aspect to consider in the medical field. Bearing rings 

must meet standards and regulations, such as biocompatibility certifications and adherence to industry-

specific guidelines, to ensure patient safety and regulatory compliance [8-10]. 

The selection process for the best bearing ring in medical applications involves various challenges. The current 

challenges include validating biocompatibility, choosing the most suitable material, balancing performance 

requirements and cost considerations, ensuring a reliable supply chain, and addressing long-term stability and 

maintenance needs. Bearing rings in medical applications facilitates device and equipment's smooth and 

precise operation. The selection of the appropriate bearing ring requires careful consideration of 

biocompatibility, precision, durability, regulatory compliance, and various other factors. By overcoming the 

challenges associated with bearing ring selection, medical professionals and engineers can ensure the optimal 

performance, reliability, and safety of medical devices, ultimately contributing to improved patient care and 

outcomes. We use the MCDM methodology to deal with these various criteria [11-14]. 

The difficulty of precisely classifying every material under evaluation across various performance 

characteristics lead to the challenges in selection of the best material for bearing rings. The complex issue 

calls for a sophisticated material selection method that considers a wide range of variables and standards. 

Variations in actual operating circumstances and the possibility of unforeseen events can lead to uncertainty. 

The concerns impact the dependability of conventional material selection techniques. Furthermore, 

uncertainty arises when evaluating material test and assessment findings. Hence, the challenge is to choose 

the best material with the existence of comparable performance qualities. The study illustrate the use the 

neutrosophic set to deal with the uncertainty conditions [15-17].  

The remainder of the paper is structured as follows: Section 2 shows the proposed methodology that will be 

used to rank the medical best bearing rings according to decision maker’s perspectives.  Section 3 introduces 

the results of numerical application with optimal ranking of alternatives to aid decision makers in the selection 

of best bearing rings. Section 4 presents the current challenges and analysis. Section 5 represents sensitivity 

analysis to examine how each input parameter affects the model's output. Section 6 represents managerial 

insights to show the effectiveness of the proposed study. Section 7 concludes the summary and the future 

work of the current study. 
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Figure 1. The model for selection of medical best bearing ring. 

 

 
Figure 2. The phases of research methodology. 

2 | Research Methodology 

This section introduces some definitions of single valued neutrosophic set as: 
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Definition 1. Let 𝑌 be a space points with generic elements in 𝐴 obtained by x. Neutrosophic set A in Y in 

donated by truth membership function 𝑇𝐴(𝑌), indeterminacy membership function 𝐼𝐴(𝑌), and falsity 

membership function 𝐹𝐴(𝑌). The function 𝑇𝐴(𝑌), 𝐼𝐴(𝑌), 𝑎𝑛𝑑 𝐹𝐴(𝑌) are subsets of ] − 0, 1 + [ . where 

𝑇𝐴(𝑌) →] − 0,1 + [, 𝐼𝐴(𝑌) →] − 0,1 + [, 𝑎𝑛𝑑 𝐹𝐴(𝑌) →] − 0,1 + [. 0 ≤ sup (𝑇𝐴(𝑌) + sup (𝐼𝐴(𝑌) +

sup (𝐹𝐴(𝑌) ≤ 3).  

Definition 2. Let 𝑌 be a space points with generic elements in 𝐴 obtained by x. Neutrosophic set A in Y in 

donated by truth membership function 𝑇𝐴(𝑌), indeterminacy membership function 𝐼𝐴(𝑌), and falsity 

membership function 𝐹𝐴(𝑌). The SVNS 𝐴 = {< 𝑦, 𝑇𝐴(𝑌), 𝐼𝐴(𝑌), 𝐹𝐴(𝑌)  > 𝑦 ∈ 𝑌}𝑇𝐴(𝑌), 𝑇𝐴(𝑌), 𝑇𝐴(𝑌) ∈

[0,1]. 0 ≤ 𝑇𝐴(𝑌) + 𝐼𝐴(𝑌) + 𝐹𝐴(𝑌) ≤ 3. 

Definition 3. Let 𝑦1 = (𝑇1, 𝐼1, 𝐹1) 𝑎𝑛𝑑 𝑦2 = (𝑇2, 𝐼2, 𝐹2) be SVNNs and  

𝑦1 ⊕ 𝑦2 = (𝑇1 + 𝑇2 − 𝑇1𝑇2, 𝐼1𝐼2, 𝐹1𝐹2)  

𝑦1 ⊗ 𝑦2 = (𝑇1𝑇2, 𝐼1 + 𝐼2 − 𝐼1𝐼2, 𝐹1 + 𝐹2 − 𝐹1𝐹2)  

⋌ 𝑦1 = (1 − (1 − 𝑇1)⋌, 𝐼1
⋌, 𝐹1

⋌)  

𝑦1
⋌ = (𝑇1

⋌, (1 − 𝐼1
⋌), (1 − 𝐹1

⋌))  

Definition 4. 

Commutative: 𝑦1 ∪ 𝑦2 = (𝑇1, 𝐼1, 𝐹1) ∪ (𝑇2, 𝐼2, 𝐹2) = (𝑇2, 𝐼2, 𝐹2) ∪ (𝑇1, 𝐼1, 𝐹1) = 𝑦2 ∪ 𝑦1   

Idempotent: 

𝑦1 ∪ 𝑦1 = (𝑇1, 𝐼1, 𝐹1) ∪ (𝑇1, 𝐼1, 𝐹1) = (𝑇1, 𝐼1, 𝐹1) = 𝑦1   

𝑦2 ∪ 𝑦2 = (𝑇2, 𝐼2, 𝐹2) ∪ (𝑇2, 𝐼2, 𝐹2) = (𝑇2, 𝐼2, 𝐹2) = 𝑦2  

𝑦1 ∩ 𝑦1 = (𝑇1, 𝐼1, 𝐹1) ∩ (𝑇1, 𝐼1, 𝐹1) = (𝑇1, 𝐼1, 𝐹1) = 𝑦1   

𝑦2 ∩ 𝑦2 = (𝑇2, 𝐼2, 𝐹2) ∩ (𝑇2, 𝐼2, 𝐹2) = (𝑇2, 𝐼2, 𝐹2) = 𝑦2  

Absorption: 𝑦1 ∪ 𝑦1 ∩ 𝑦2 = (𝑇1, 𝐼1, 𝐹1) ∪ (𝑇1, 𝐼1, 𝐹1) ∩ (𝑇2, 𝐼2, 𝐹2) = (𝑇1, 𝐼1, 𝐹1) = 𝑦1  

De Morgan’s Law: 

𝑝(𝑦1 ∪ 𝑦2) = 𝑃((𝑇1, 𝐼1, 𝐹1) ∩ (𝑇2, 𝐼2, 𝐹2))  

𝑝(𝑦1 ∩ 𝑦2) = 𝑃((𝑇1, 𝐼1, 𝐹1) ∪ (𝑇2, 𝐼2, 𝐹2)), where P is constant.  

Involution: 𝑃(𝑃(𝑦1)) = 𝑃 (𝑃((𝑇1, 𝐼1, 𝐹1))) = (𝑇1, 𝐼1, 𝐹1) = 𝑌1, where P is constant.  

In this study, the single valued neutrosophic CoCoSo method is used to select best bearing ring in the medical 

application [18-21]. Figure 1 shows model for selection of medical best bearing ring with analysis of criteria 

and challenges in uncertainty conditions, in addition to various decision maker’s perspectives. The research 

methodology is used to rank the alternatives based on decision maker’s perspectives. The neutrosophic set 

used to deal with uncertain and vague data [22-24]. This study used the below single valued neutrosophic 

numbers: 

Linguistic variables Single valued neutrosophic numbers 

No Power (0.00,1.00,1.00) 

Very Low Power (0.20,0.85,0.80) 

Low Power (0.40,0.65,0.60) 

High Power (0.60,0.35,0.40) 

Very High Power (0.80,0.15,0.20) 
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The proposed methodology is applied to select the most appropriate medical bearing rings as mentioned in 

Figure 2 according to the following steps: 

Step 1: Generate the decision matrix between criteria and alternatives as presented in form (1):  

𝐷 =  [
𝑑11 ⋯ 𝑑1𝑛

⋮ ⋱ ⋮
𝑑𝑚1 ⋯ 𝑑𝑚𝑛

]                                                                                                                               (1) 

Step 2: Normalize the decision matrix using Eq. (2): 

𝑛𝑜𝑖𝑗 =
𝑑𝑖𝑗−min

𝑖
𝑑𝑖𝑗

max 
𝑖

𝑑𝑖𝑗−min
𝑖

𝑑𝑖𝑗
                                                                                                                                    (2) 

𝑛𝑜𝑖𝑗 =
max 

𝑖
𝑑𝑖𝑗−𝑑𝑖𝑗

max 
𝑖

𝑑𝑖𝑗−min
𝑖

𝑑𝑖𝑗
                                                                                                                                     (3) 

Where 𝑖 = 1,2,3, … 𝑚; 𝑗 = 1,2,3, … 𝑛 

Step 3: Compute the weighted normalized decision matrix as mentioned in Eqs. (4) and (5): 

𝑆𝑖 = ∑ (𝑛𝑜𝑖𝑗𝑤𝑗)𝑛
𝑗=1                                                                                                                                       (4) 

𝑃𝑖 = ∑ (𝑛𝑜𝑖𝑗)
𝑤𝑗𝑛

𝑗=1                                                                                                                                       (5) 

Step 4: Compute the relative score as follows in in Eqs. (6-9): 

∃𝑖𝑎=
𝑆𝑖+𝑃𝑖

∑ (𝑆𝑖+𝑃𝑖)𝑚
𝑖=1

                                                                                                                                             (6) 

∃𝑖𝑏=
𝑆𝑖

min
𝑖

𝑆𝑖
+

𝑃𝑖

min
𝑖

𝑃𝑖
                                                                                                                                      (7) 

∃𝑖𝑐=
∇𝑆𝑖+(1−∇)𝑃𝑖

∇ max
𝑖

𝑆𝑖+(1−∇) max
𝑖

𝑃𝑖
                                                                                                                              (8) 

∃𝑖=
1

3
(∃𝑖𝑎 + ∃𝑖𝑏 + ∃𝑖𝑐) + (∃𝑖𝑎 ∙ ∃𝑖𝑏 ∙ ∃𝑖𝑐)

1

3                                                                                                 (9) 

Where ∇= 0.5 

3 | Results 

In this section, the proposed methodology is presented for the selection of the best bearing ring in the medical 

application. The study focused and gathered 16 criteria and ten alternatives as follows: 

 Material Compatibility: The bearing ring material should be compatible with the medical 

environment, including any chemicals or substances that may contact. The bearing ring should resist 

corrosion, sterilization processes, and potential bodily fluids or medication reactions. 

 Biocompatibility: In medical applications, it is crucial to ensure that the bearing ring material is 

biocompatible, that does not cause adverse reactions or toxicity when in contact with living tissues. The 

material should be approved for medical use and meet relevant standards and regulations. 

 Lubrication Requirements: Consider the lubrication requirements of the bearing ring in the medical 

application. Some applications may require lubrication with specific types of lubricants, while others 

may need to be self-lubricating or operate without lubrication altogether. 

 Precision and Performance: Medical applications often require high precision and performance. The 

bearing ring must provide smooth and accurate rotation with minimal friction, ensuring reliable 

operation and minimizing the risk of damage or wear. 
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 Cleanliness and Sterility: In medical environments, cleanliness and sterility are critical. The bearing 

ring should be easy to clean, sterilize, and maintain in a sterile condition to prevent the introduction of 

contaminants or infection risks. 

 Durability and Longevity: The bearing ring should withstand the anticipated loads, forces, and 

operating conditions in the medical application. It should have a long lifespan and require minimal 

maintenance or replacement. 

 Noise and Vibration: Depending on the specific medical application, noise and vibration levels may 

be important considerations. The bearing ring should minimize noise and vibrations that could interfere 

with sensitive medical procedures or patient comfort. 

 Cost: While not compromising on quality and performance, the bearing ring's cost should also be 

considered, such as budget constraints and the overall value offered for the medical application. 

 Size and Dimensional Requirements: The bearing ring should meet the necessary size and 

dimensional specifications for the specific medical device or equipment. In addition, the bearing ring 

should fit properly and integrate seamlessly into the overall design. 

 Load Capacity: Evaluate the load capacity requirements for the bearing ring in the medical application. 

Consider factors such as expected axial and radial loads and any potential dynamic or static forces that 

the bearing will need to withstand. 

 Temperature and Environmental Conditions: Assess the temperature and environmental 

conditions in which the bearing will operate. In medical applications, temperature control and stability 

are often necessary. The bearing ring should withstand the specific temperature range and 

environmental factors, such as humidity or exposure to sterilization processes. 

 FDA Compliance: If the medical application falls under the purview of regulatory bodies such as the 

U.S. Food and Drug Administration (FDA), ensure that the selected bearing ring complies with the 

relevant regulations and standards. In addition, verify the material's biocompatibility and necessary 

certifications or documentation. 

 Manufacturing and Supply Chain Considerations: Evaluate the bearing ring's manufacturing 

process and supply chain. Consider factors such as lead times, availability, and reliability of the supplier, 

as well as any potential impact on production timelines and costs. 

 Compatibility with Adjacent Components: Consider the compatibility of the bearing ring with other 

components within the medical device or equipment. The bearing ring should integrate smoothly and 

work effectively with the surrounding system without causing interference or compatibility issues. 

 Maintenance and Serviceability: Assess the bearing ring's ease of maintenance and serviceability. In 

some medical applications, routine maintenance or bearing replacement may be necessary. Choose a 

bearing ring that allows convenient access, inspection, and potential replacement without significantly 

disrupting the system. 

 Regulatory Compliance: Ensure the selected bearing ring complies with all relevant regulations and 

standards applicable to the medical industry. This includes safety standards, quality control, and any 

specific industry requirements. 

Generate the decision matrix between 16 criteria and 10 alternatives by Eq. (1). 

Normalize the decision matrix by Eqs. (2) and (3) for cost and positive criteria as shown in Table 1.  

 

Table 1. The normalization decision matrix. 
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We compute the weights of criteria by the mean method as shown in Figure 3. The regulatory is the least 

weight and material compatibility is the highest weight.  

 
Figure 3. The weights of criteria of bearing rings material in medical application. 
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Compute the weighted normalized decision matrix as shown in Table 2 and 3 using Eqs. (4) and (5). 

Compute the relative score by Eqs. (6)-(9) as shown in Figure 4. We show the alternative 10 is the best and 

alternative 7 is the worst.  

Table 2. The weighted sum normalization decision matrix. 
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Figure 4. The relative score of alternatives. 
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Table 3. The weighted product normalization decision matrix. 
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4 | Challenges and Analysis 

Selecting the best bearing ring for a medical application comes with several challenges. The common 

challenges are mentioned as follows: 

 Biocompatibility: Ensuring the biocompatibility of the bearing ring material. The material must be 

safe for sake of use in the human body and should not cause any adverse reactions. Extensive testing 

and certifications may be required to validate the material's biocompatibility. 

 Material Selection: Identifying the most suitable bearing ring material for a medical application can 

be challenging. A wide range of materials are available, each with its advantages and limitations. Factors 

such as compatibility with sterilization methods, corrosion resistance, and mechanical properties must 

be carefully considered. 

 Performance Requirements: Medical applications often have stringent performance requirements. 

The bearing ring must provide precise and reliable rotation, even under demanding conditions. Meeting 

stringent performance criteria while maintaining biocompatibility and durability leads to a critical 

challenging issue. 



A Combined Compromise Solution (CoCoSo) of MCDM Problems for Selection of Medical Best Bearing Ring 

 

01

 

  
 Regulatory Compliance: The medical industry is highly regulated, and compliance with relevant 

standards and regulations is essential. Selecting a bearing ring obtaining the necessary certifications can 

be time-consuming and complex. 

 Size and Space Limitations: Medical devices and equipment often have space constraints. Finding a 

bearing ring that fits within the available space while still meeting the load capacity and performance 

requirements can be challenging. 

5 | Sensitivity Analysis 

Overcoming the current challenges requires a thorough understanding of the specific requirements of the 

medical application, close collaboration with experts, and careful evaluation of available options. Therefore, 

it is essential to work closely with suppliers, manufacturers, and regulatory bodies to address challenges and 

select the most suitable bearing ring for the medical application. A sensitivity analysis examines how each 

input measure's variation affects the model's output. It helps to prioritize the process of choosing the best 

options. It is considered that the model is accurate enough to replicate the system's behavior during a 

sensitivity analysis. A sensitivity analysis of the criteria ranking is carried out in this study. It shows how the 

ultimate ranking of the alternatives is influenced by the order in which the criteria are prioritized. 

The study illustrates 11 random cases for the sensitivity analysis in order to produce effective and accurate 

results. The sensitivity analysis used to change the value in ∇ parameter to show different ranks [25]. The 

value of  ∇ is presented with values between 0 and 1 to show the stability of the results. Figure 5 shows the 

different ranks under different values of ∇ parameter. The rank of alternative is showed stable under different 

values. 

 
Figure 5. The rank of ten alternatives under different value in ∇ parameter. 
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The study proposes a research methodology for selection of the best medical bearing rings. The research 

methodology is applied based on the current challenges and criteria to understand medical requirements that 

engagement with trusted suppler regulatory bodies [26] and [27]. The study handles various criteria and 

alternatives with different decision maker’s perspectives with the existence of uncertainty conditions [28]. The 

research methodology integrates CoCoSo [29], as an MCDM method with neutrosophic theory to achieve 
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the best medical bearing rings. Hence the proposed research is variable such that, other researchers can assign 

any decision judgments, criteria, and alternatives according to the case study and application. The proposed 

study not only evaluates criteria but also recommends the best alternatives to aid decision makers to achieve 

the best solutions. The proposed study can be used in many real problems. The study provides suitable 

accommodation of alternatives according to the decision maker’s judgments to reach an optimum decision. 

Therefore, currently the proposed methodology is applicable, flexible, variant to a wide range of practical 

issues in addition to the ease of implementation in many applications. 

7 | Conclusions 

The selection the best bearing ring for medical applications is a complex process that requires careful 

consideration of multiple factors. The criteria discussed in this study provide a comprehensive guide for 

evaluating and choosing the most suitable bearing ring. Material compatibility, biocompatibility, lubrication 

requirements, precision, cleanliness, durability, noise and vibration control, size and dimension, load capacity, 

temperature and environmental conditions, regulatory compliance, manufacturing considerations, 

compatibility with adjacent components, maintenance, and serviceability are all crucial aspects to consider. 

The challenges faced in this process, including biocompatibility validation, material selection, performance 

requirements, regulatory compliance, size limitations, cost considerations, supply chain reliability, long-term 

stability, maintenance, expertise, and collaboration, highlight the intricacies of selecting the best bearing ring 

for medical applications. 

By addressing the current challenges and thoroughly assessing the criteria, medical professionals and engineers 

can make informed decisions that ensure optimal performance, reliability, and safety in medical devices and 

equipment. Collaboration with experts, engagement with trusted suppliers, and compliance with regulatory 

standards are vital for successful bearing ring selection. The study presents a neutrosophic model for MCDM 

problem for the selection of appropriate medical bearing ring. The CoCoSo method is used as an MCDM 

method with neutrosophic theory to rank alternatives. The numerical case study recommends the alternative 

10 is the best and alternative 7 is the worst to aid decision makers to achieve to the appropriate solutions. 

Future work could include the use of additional methodologies and technologies to analyze the challenges of 

bearing rings in medical sectors to attain sustainability and patient safety.  
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