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Abstract. This research explores applications of CAD technologies in a multi-

disciplinary approach in collaboration with researchers in medical design and 
technical textile engineers. New wearable medical cooling materials have been 
proposed to replace non-recyclable materials where testing and CAD tools enabled a 
collaborative approach for suitability between design, fashion, engineering, and 

manufacturing. Extensive literature explored the parameters for developing a new 
material and scalp cooling cap cover design for the prevention of chemotherapy-
induced Alopecia, where medical SMEs can embed knowledge for cross-discipline 
development in healthcare. Extensive technical textiles testing and analysis were 
conducted predominantly for thermal insulation and water vapor permeability, 
exploring the properties of the fabrics in a comparative way in a heavily regulated 
design industry. 
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1 INTRODUCTION 

Medical device manufacturing is a complex landscape that requires the harmonious collaboration of 

various disciplines [1]. Due to the complex and heavily regulated nature of medical devices, 
development leans on expertise from several disciplines. Particularly where the development of 
textiles is involved, the approach used in healthcare will significantly differ from the development of 
standard products such as jumpers. The developed materials must comply with ISO10993 
biocompatibility testing, such as Cytotoxicity, for textiles that directly contact the skin, particularly 
for wearable designs. This framework utilizes a collaborative approach to the development of textiles 
with technical textile experts and medical designers. 

In line with the UN’s sustainable development goals, where responsible consumption and 
production are involved [2], there is an ever-growing demand for designers to integrate more 
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sustainable approaches to product development. However, typically in healthcare, thermosets, and 
non-recyclable plastics such as Silicones and Neoprene’s are used, leant to their specific properties 
such as biocompatibility, infection control and hydrophobicity that make them so suitable [3]. 
Paxman have undergone an Innovate UK funded project to replace these plastics for recyclable 

sustainable materials.  

The textile and fashion sector in United Kingdom is predominantly working towards imparting 
net zero and circularity [4]. To achieve a circular supply chain, industry standards are being altered 
and selection of eco-friendly and sustainable raw materials are being promoted. Technical textile is 
one area which provides value added textile products for specific and technical applications in the 
field of households, aerospace, automobiles, medical, geology etc. [5]. Medical textiles deal with the 
involvement of antibacterial textiles, scaffolds, bandages, high sorption fibres, and drug delivery 

devices which are needed during daily usage in healthcare [6-9]. Further usage of raw materials 

which are obtained from biological sources or have the potential to be fully recycled contributes 
towards imparting circularity in medical textile wastes.  

Paxman manufactures scalp cooling caps for the prevention of Chemotherapy-Induced Alopecia. 
The wearable heat exchanger is worn on the head to induce vasoconstriction, limiting delivery of 
drugs to hair follicles without causing scalp metastases. The caps are made of an inner cooling cap 

and an outer cover. The outer neoprene cap cover for scalp cooling is explored, where a new material 
is developed to replace the existing neoprene. Technical testing is applied in an iterative design 
approach, where certain parameters are applied that are typically not heavily used in the textile 
industry such as heat extraction.  

Traditionally, technical textiles tools and development CAE use software packages evidenced in 
this paper such as lifecycle assessment tools. CAD software is typically never used in textiles design 
particularly as they aren’t often considered as friendly for fabric modelling, hence Clo3D and other 

packages are explored. This paper emphasizes as collaborative approach between technical textiles 

teams and designers where a combination of these CAD and software packages can be used in 
tandem for the development of wearable fabrics with complex applications requiring the development 
of bespoke engineered fabrics. 

1.1 Methodology 

A mixed methods approach where iterative design [10,11] is used to integrate textiles and product 
development to produce a new approach that could be beneficial for researchers and medical design 
industries. This approach required a new method for implementing test procedures with CAD tools 
for knowledge exchange between the disciplines for new procedures, new devices, and testing kits. 
These approaches are important for the successful implementation of medical regulations and 
suitable engineering methods for wearable soft-good medical devices. These approaches can be 

applied to develop new approaches for new products to improve health worldwide.  

The flowchart shown in Figure 1 below highlights a framework utilized by the multidisciplinary 
team, where a Medical SME was able to collaborate between different departments at a university 
in a combined research effort. Utilizing Paxmans, extensive knowledge of medical design, regulatory 
approval, and network of oncologists and teams at Huddersfield University for product design, 
engineering, and technical textiles knowledge help an SME propose a new wearable cap cover 
material. 

2 LITERATURE REVIEW 

An extensive literature review and recyclability criteria of raw material production were used [12,13] 
to select an alternative material to Neoprene, which is open-cell polyester polyurethane foam as the 
middle layer for the cap cover. This case study utilizes a Paxman scalp cooling cap comprised of 2 
main components: the wearable heat exchanger and the outer cap cover, which is currently made 

of neoprene. The outer cover functions as an insulative barrier against external temperatures and 

enables improved fit of the cap to patients’ heads, which is crucial for hair retention efficacy. Open-
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cell foams are readily available, low-cost, recyclable, and possess a high thermal insulation property 
due to their open-cell structure [14]. These types of foams are seldom used in the field of medical 
products.  

 

 
 

Figure 1: Flow chart representing the method of interdisciplinary prototyping. 

 

Neoprene is a type of synthetic rubber that is synthesized by free radical polymerization of 
chloroprene monomers. Neoprene was used as the material to bind with other fabrics for the 
development of the Paxman cap cover. Neoprene is highly flexible, chemically resistant, water 

resistant, and possesses high thermal insulation properties. The environmental impact of neoprene 

is quite high as the raw materials are derived from petroleum-based sources and persist in the 
environment for a longer period due to the slow biodegradation rate [15]. This led to the search for 
an alternative raw material that would be recyclable and cause less impact on the environment in 
terms of the depletion of fossil fuels.  

Open cell foam of thermoplastic polymers like polyester or polyurethane can provide properties 
like high thermal insulation [16], porous structure, less material density (compared to neoprene, 

which could make the cap lightweight), and allow moisture to pass through [17,18,19]. Polyester 
and polyurethane-based foams are recyclable and, at the same time, provide stable elastic and 
tensile properties (depending on the foam density and thickness and the structure of the polymer). 
This acts as an added advantage for the open cell foam compared to the Neoprene layer. 

Direct comparison from neoprene to open-cell foam is difficult due to differing formulations. The 
densities, formulation, and composition of layers can bring challenges to like-for-like performance 

testing.  The thermal insulation properties depend on the material and material design, which we 

will measure in later testing. For the thermal insulation range, we needed to optimize the properties 
of the cap cover. We looked at tensile strength and elongation properties as variable parameters. 
With the replacement of neoprene, ranges were provided as specifications to where we could 
compromise on formulation through tensile strength and elongation, but no insulation. The 
formulation of the new material would need to be directionally flexible, requiring fine-tuning of the 
tensile and elongation properties with the development of a new foam. This formulation would 
influence other factors, such as water vapor permeability and density influenced by the formulation 

of the open-cell foam. Structural considerations of components such as positioning, size, and force 
applied to eyelets must be supported by the new material, where multi-directional forces could 
compromise the material if too much force is applied. Comparative properties of Neoprene open-cell 
polyester and polyurethane foam are provided in Table 1. 
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Material Tensile 
strength 
(kPa) 

Elongation 
at Break 
(%) 

Properties 

Neoprene 588 400-500 4-way stretch, high thermal 
insulation, highly waterproof, dense 

Open cell polyester and 
polyurethane foam 

150 250 High thermal insulation, low 
density, porous, breathable 

Nonwoven fabric 
(Polypropylene, 
polyester) 

123 25-45 Low thermal conductivity, high 
porosity and low density 

Wool woven fabric 1.7 35 (dry), 
45 (wet). 

High thermal insulation, light 
density, and less porosity 

 

Table 1: Comparison of properties between Neoprene and open-cell polyester and polyurethane 
foam.  

2.1 Technical Considerations 

This project investigates the development of new materials to potentially replace neoprene from an 
outer cap cover for scalp cooling. The Paxman neoprene cap cover is used as a reference for the 
case study. An outer fabric layer or sleeve is typically used to develop a wearable heat exchanger 
on the body. The main purpose of this multi-layered structure is to insulate the heat exchanger, 
preventing unnecessary extraction of heat energy from the ambient environment, ensuring heat 

extraction is targeted at the subject, and reducing the unnecessary increase of coolant temperature 

caused by external heat. 

Several crucial parameters are considered inputs for the new selection process. The Neoprene 
cap cover consisted of three layers: Neoprene at the center, polyester fabric, and Terry nylon fabric 
for the top and bottom layers (Figure 2). Each layer plays a specific role for the device. The outer 
layer is for aesthetics and infection control, the middle layer is insulative and the inner layer is 
biocompatible and comfortable for direct skin contact. 

The new cap cover prototypes were designed using materials that followed extensive research 
against the parameters outlined by the existing cap. In Figure 2 below, prototypes were 
manufactured from a bespoke open-cell polyester polyurethane foam consisting of three layers: 
open-cell foam at the center, polyurethane-coated polyester fabric, and brush nylon fabric at the top 
and bottom layers (Figure 1). Several combinations of these three-layered fabrics were tested based 
on their tensile strength, elongation, stretch, raw material, and type of structure. Among them, the 

open-celled foam with these combinations was selected for the new working prototype depending 

on its performance. The thickness of the open cell foam was varied to obtain prototype cap cover 
samples of varied thickness, which are 8, 13, and 18 mm. All the layers of the cap cover were flame 
laminated together to retain sustainability and to form a composite fabric, which was used for further 
testing.  

2.2 Technical Textiles Testing 

In this paper, 2 main parameters crucial to the function of the cap are presented, thermal insulation 
and water permeability, even though a plethora of parameters have been evaluated. Utilizing the 
expertise and facilities at the Technical Textiles Research Centre at the University of Huddersfield, 
in collaboration with Paxman on an Innovate UK SMART project, the team was able to iteratively 
explore over 50 material types, blends, and grades of fabrics in over 200 prototypes, shown in Fig 

2 below. An interdisciplinary approach to wearable prototype development may include generic 

design processes to bridge the gaps in knowledge, as shown by the taxonomic classification of visual 
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design representations [20]. However, 2D design still plays an important role in the fashion industry, 
where 2D CAD is predominantly used, though 3D CAD is still explored [21]. Testing methods for 
textiles and CAD are largely used, as seen in the University of Huddersfield [22], particularly in the 
Technical Textiles Research Centre. 

 

 
 

Figure 2: Proposed cap cover samples of neoprene and new prototypes. 

 

The textile design process is a broad field, covering fashion, textiles, garments, and costumes, where 
various tools are used. In this application, other aspects typically explored in the fashion and textiles 
industry are not explored for the design of a new sustainable wearable scalp cooling cap cover. For 

a medical SME, there may not be all the resources or knowledge required to develop new materials 
or methods in other areas. Particularly for healthcare, the medical device market is heavily regulated, 
requiring evidence of safety and efficacy. In this project, a new cap cover material and design are 
explored in an Innovate UK-funded SMART grant project. The medical SME Paxman utilized existing 

relations in the Paxman Research and Innovation Centre at the University of Huddersfield to explore 
collaborations in other networks.  

Evaluation of final prototypes in a commercial setting, particularly for medical devices, may 

require outsourced laboratory tests. This case study uses Paxman, where Paxman facilitated the 
evaluation of use with their current products, resources for design and development (workshop, 
facilities), and R&D knowledge for medical device design and development. The project focused on 
redesigning Paxman's current cap cover made from neoprene, and this enabled new samples to be 
benchmarked against a predicate device. This included multi-stakeholder collaboration, where 
usability testing with patients, oncologists, trainers, and users was possible. The CAD development 

came from In-house, where Paxman used commercially licensed software to develop designs for the 
samples tested. The Paxman Research Centre, an already established bridge between industry and 
academia, is used, where the University proposed collaboration with the technical Textiles Research 
Centre. 

 

  
 

Figure 3: Thermal conductivity testing and water permeability testing machines. 
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2.2.1 Thermal Insulation 

All the cap cover fabric samples were tested for thermal conductivity following the ASTM C518 testing 
standard. 20x20 cm fabric samples were used for the evaluation of thermal conductivity. The testing 
was conducted on a thermal conductivity instrument (TA-Instrument-Waters LLC) which represented 

a heat flow meter. The conductivity of the samples was calculated at a temperature range of 10-
40oC. The testing sample was placed between two plates of varying temperatures (10 and 40oC), 
and the heat flow was directed from the bottom plate to the top plate. The instrument generated 
the data for thermal resistance, which was further used to assess the thermal insulation of the fabric 
in TOG. All the fabric samples were conditioned at 20±2 oC and 65±3% for 24hrs. 

2.2.2 Water vapor permeability 

All the cap cover fabric samples were tested for water vapor permeability following the BS 7209:1990 

testing standard. 9 cm circular fabric samples were used for the water vapor permeability tester 
(TESTEX). The samples were fixed on a disc containing water (measured by weight). The water 

vapor permeability index was calculated by observing the difference in weight of the amount of water 
that was left over after 24hrs. of the experiment. The water vapor transmission rate was calculated 
with respect to a reference sample according to the standard. All the fabric samples were conditioned 
at 20±2 oC and 65±3% for 24hrs and the experimental conditions were also kept the same as 
followed by the BS 7209:1990.   

3 COMPUTER-AIDED DESIGN 

CAD packages were essential to developing prototypes in collaboration with textile experts to 
understand the composition of the materials so fabric patterns could exploit certain parameters such 
as directional stretch and natural compression. In this, software and CAD packages previously 

explored or already used by R&D teams at Paxman and Huddersfield University were explored to 
develop optimal cap cover designs. Textile design and pattern-cutting oriented CAD packages like 
Optitex and Clo 3D were analyzed [20]. For design and development, SolidWorks was used to 
generate DXF files for pattern cutting and technical drawings for manufacturing. Also, Blender is 

analyzed for educational purposes, where a more organic approach to modeling is used for rendering 
and animation for knowledge exchange between nondesigners. 

At Paxman, there are commercial facilities capable of prototyping concepts using rapid 
prototyping methods. The knowledge exchange in this research between the gap in knowledge at 
Paxman was accommodated by the Technical Textiles Research Centre at the University of 
Huddersfield. At Paxman, a desktop laser cutting machine (Glowforge Pro) was used to generate 
samples for the technical textiles department to test in their labs based on a plethora of material 

samples gathered from extensive research from the Paxman Research and Development team. 

 

   
 

Figure 4: Glowforge pro machine (Left), material samples (right). 

 

For this project, to bridge the gap between industry and Academia in an area the SME had little 

experience with, the R&D teams at Paxman had to investigate several CAD packages, Optitex, Clo3D, 
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Illustrator, SolidWorks, and Fusion. Where samples were needed, laser cutting was the 
predominately used technology due to their accuracy and suitability with a plethora of various 
materials used. These machines used DXF files predominantly, and the chosen laser cutter was a 
Glowforge Pro, where the premium Glowforge software was used to cut out samples shown in Figure 

5 below. In this project the team used SolidWorks to generate the CAD, and an exported DXF for 
use with the Glowforge Pro software for laser cutting (Figure 5). Initially, some existing CAD patterns 
and models were used for a rapid prototyping phase for material testing and suitability of 
manufacturing. Utilizing SolidWorks CAD in this phase sped up the material selection process enabled 
by rapid in-house prototyping. 

 

   
 

Figure 5: Glowforge software, Laser cut samples for testing. 
 
Following this initial scoping phase, the team used a combination of common CAD packages, 
SolidWorks and Fusion 360, given that the geometry of the CAD was simple flat patterns not requiring 
complex geometry modelling such as surfacing. The team reverse engineered these basic patterns 

following further rapid prototyping phases in a workshop where fabrics were sliced, drawn and 

scanned into the CAD packages as a sketch reference. This was conducted in the early phases, where 
further refinement of the geometry is cleaned up using the sketch tools in SolidWorks and Fusion 
360. Example of this can be seen in Figure 6 below. 
 

 
 

Figure 6: Fusion 360 and SolidWorks flat pattern CAD geometry modelling. 

 

Using these rapid CAD and Prototyping techniques, the team utilized an iterative approach for the 
preparation of samples for technical textiles testing in a lab at the University of Huddersfield. Over 
200 prototypes were generated in this process (Figure 7), where progressive refinement and 
optimization was achieved for developing a new cap cover design. This multi-disciplinary research 
deployed enabled and streamlined through CAD allowed exploration of the various CAD packages 
that were most efficient for medical SMEs. 

Life cycle assessment (LCA) is a tool to analyse and calculate the impact of a product from its 

raw material to its disposal stage. This can be used to compare the environmental impact of the 
Neoprene and the open cell foam-based cap cover and further optimize the impact assessment of 
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both these caps. Using the SimaPro software we can identify the input resources, raw material, the 
energy inputs, and parameters which can lead to further comparative assessment of the cover 
materials. The data opt-in analysis can give us an alternative approach recommendation on the 
design of the material and the impact of changes. Even changing the type of sewing method can 

impact the LCA. 

 

 
 

Figure 7: Various cap cover prototypes explored with new materials and CAD. 

4 DISCUSSION 

Over the years huge progress has been made in the field of medical textiles considering the demand 
for such material and the complexities involved in designing them. The testing phase related to 

medical textile involves the evaluation of specific properties including, sorption behavior, wicking 
properties, thermal resistance, material strength and extensibility and biocompatibility [21,22]. This 
article provides how CAD can be utilized to design a bio-compatible and eco-friendly medical textile 

that can be used for scalp cooling during chemotherapy treatment. 

All the cap cover fabric samples were conditioned at 20±2oC and 65% relative humidity for 
24hrs. before the testing. All the prototypes showed higher mean thermal insulation value compared 
to Neoprene fabric samples (Figure 7). The foams used in the prototypes are open celled which has 
hollow cavities in their internal structure. These cavities create air pockets which improves the 
insulation property of the material [23]. From Prototype 1 to 3 a gradual increase in mean thermal 
insulation with the increase in thickness of the samples were observed (Figure 8).  Thus, it can be 

confirmed that thermal insulation of the open cell foam prototypes is dependent on the thickness of 
the material. Therefore, the open celled foam can be used as a possible replacement for Neoprene. 

 

 

 

Figure 8: Colum plots for thickness and thermal insulation value of the fabric samples. 
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All the prototypes show higher water vapor permeability compared to Neoprene fabric samples 
(Figure 9). As the thickness of the open-cell foam prototypes increased, the water vapor permeability 
also increased. This could suggest that if condensation occurs, the transfer of moisture through the 
fabric will be quicker for a thicker fabric. This suggests the presence of micropores within the open-

cell foam, which can aid in the diffusion of moisture vapor through the fabric [24]. Also, if the surface 
layer of the fabric has lower surface energy (less attractive to water molecules), it could increase 
the diffusion of moisture through the structure of the foam [25]. Thus, it can be said that the WVP 
of Prototype 1 is closer to the WVP of the Neoprene fabric sample, which did not show any 
condensation during the (3hrs per cycle) chemotherapy treatment.   

Due to the higher thermal insulation of Prototype 1, it has a higher tendency to maintain the 
temperature of the micro-climate of the wearer compared to the Neoprene cap cover. At the same 

time, the presence of micro-pores inside the open cell foams will make the material breathable, and 

the wearer will not feel any discomfort if condensation takes place.  Thus, among the samples tested, 
Prototype 1 could be accepted as an optimized sample in terms of thermal insulation and WVP. 

 

 

 

Figure 9: Colum plots for thickness and water vapor permeability value of the fabric samples. 

5 CONCLUSIONS 

Following a successful collaboration with the technical textiles department in an innovative UK-
funded project, the teams have successfully developed a new open-cell material for use in a cap 
cover for chemotherapy-induced alopecia wearable cooling devices. A new design has been 
proposed, and 2 patents have been filed for the new cap and cover. Utilizing CAD packages enabled 

the iterative design and development processes, including technical testing and streamlining of 
development within a medical SME between several academic disciplines to achieve a 
manufacturable device following a regulatory testing phase. Regulatory compliance is a long and 
expensive process, and the framework deployed in this project provides a lower risk and increased 
evidence for the successful implementation of new innovations in an international market. 

Paxman R&D teams understand the importance of multidisciplinary collaboration in the 
development of medical devices. For SMEs, it can often be difficult to justify investment into 

completely new areas or new CAD technologies and equipment for testing when it can be outsourced 
to academic institutions. Collaborations with academia are seen as essential, where you get access 
to state-of-the-art facilities and equipment as well as skilled people and knowledge that are 
constantly being explored. In this project, the R&D teams at the University of Huddersfield and 
Paxman have collaborated with the technical textiles research Centre to successfully develop an 

alternative 3-layer solution to the existing Paxman scalp cooling cap cover. With this, extensive 
testing using various software and CAD packages outlined above not only streamlined the 
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development process of materials but also the design process, enabling the design teams to exploit 
the properties of the materials explored and developed fully. From this, it has been possible to 
optimize designs in other areas by reducing parts through self-compressive properties, which 
improve the efficacy and sustainability of the cap.  

Further collaboration with the Technical Textiles Research Centre will be used to investigate the 
Life Cycle Analysis of the existing (Neoprene) and prototype cap covers using the SimaPro software. 
This will provide a detailed comparative study of the environmental impact assessment of the cap 
covers and allow the R&D design team at Paxman to investigate various raw material, 
manufacturing, designing and process aspects to reduce the environmental impact of the cap covers 
thus opting for a sustainable and eco-friendly supply chain.  

 

Jonathan R. Binder, https://orcid.org/0000-0001-9413-2466  

Subhadeep Paul, https://orcid.org/0009-0007-6648-1723 
Ertu Unver, https://orcid.org/0000-0002-9031-6353 
Rilwan Olaosun, https://orcid.org/0009-0001-4966-8787 
Parikshit Goswami, https://orcid.org/0000-0003-1488-409X 

REFERENCES 

[1] Tapp, B.: The Importance of Collaboration in Medical Device Manufacturing. [Internet]. 
PolarSeal. 2023 [cited 2024 Jan 12]. Available from: 
https://www.polarseal.net/blog/collaboration-medical-device-
manufacturing/#:~:text=Medical%20device%20manufacturing%20is%20a 

[2] United Nations. Goal 12 | Ensure Sustainable Consumption and Production Patterns [Internet]. 
United Nations. 2023. Available from: https://sdgs.un.org/goals/goal12 

[3] Three primary uses of medical-grade silicone in healthcare [Internet]. Medical Plastics News. 

2022. Available from: https://www.medicalplasticsnews.com/medical-plastics-industry-
insights/medical-plastics-materials-insights/three-primary-uses-of-medical-grade-silicone-in-
healthcare/ 

[4] Dixon, J.; Bell, K.; Brush, S.: Which way to net zero? a comparative analysis of seven UK 2050 
decarbonization pathways. Renewable and Sustainable Energy Transition, 2, 2022, 100016. 
https://doi.org/10.1016/j.rset.2021.100016 

[5] Rasheed, A.: Classification of technical textiles. Fibers for Technical Textiles, 2020, 49-64. 

[6] Paul, S.; Basak, S.; Ali, W.: Zinc stannate nanostructure: is it a new class of material for 
multifunctional cotton textiles? Acs Omega, 4(26), 2019, 21827-21838. 

[7] Morris, H.; Murray, R.: Medical textiles, Textile Progress, 52(1-2), 2020, 1-127. 
[8] Vaishya, R.; Agarwal, A. K.; Tiwari, M.; Vaish, A.; Vijay, V.; Nigam, Y.: Medical textiles in 

orthopedics: An overview, Journal of Clinical Orthopedics and Trauma, 9, 2018, S26-S33. 

[9] Yang, L.; Liu, H.; Ding, S.; Wu, J.; Zhang, Y.; Wang, Z.; Tao, G.: Superabsorbent fibers for 

comfortable disposable medical protective clothing, Advanced Fiber Materials, 2, 2020, 140-
149. 

[10] Binder, J.; Unver, E.; Benincasa-Sharman, C.; Yee, Y-E.; Bandla, A.: Investigation of a New 
Framework for Mass Customization Within Healthcare Orientated Human Head Data Collection 
for Healthcare Professionals, Computer-Aided Design and Applications, 21(3), 2024, 499-509.  
https://www.cad-journal.net/files/vol_21/CAD_21(3)_2024_499-509.pdf 

[11] Unver, E.; Clayton, J.; Clear, N.; Huerta, O.; Binder, J.; Paxman, C.; et al.: The challenges of 

implementing design research within SME based medical product development: Paxman scalp 
cooling case study, Design for Health, 6(1), 2022, 4-27. Epub 2022 Apr 26. 
https://www.tandfonline.com/doi/full/10.1080/24735132.2022.2060649 

[12] Parvin, F.; Islam, S.; Urmy, Z.; Ahmed, S.: A study on the textile materials applied in human 
medical treatment. European Journal of Physiotherapy and Rehabilitation Studies, 1(1), 2020. 

http://www.cad-journal.net/
https://orcid.org/0000-0001-9413-2466
https://orcid.org/0009-0007-6648-1723
https://orcid.org/0000-0002-9031-6353
https://orcid.org/0009-0001-4966-8787
https://orcid.org/0000-0003-1488-409X
https://www.polarseal.net/blog/collaboration-medical-device-manufacturing/#:~:text=Medical%20device%20manufacturing%20is%20a
https://www.polarseal.net/blog/collaboration-medical-device-manufacturing/#:~:text=Medical%20device%20manufacturing%20is%20a
https://sdgs.un.org/goals/goal12
https://www.medicalplasticsnews.com/medical-plastics-industry-insights/medical-plastics-materials-insights/three-primary-uses-of-medical-grade-silicone-in-healthcare/
https://www.medicalplasticsnews.com/medical-plastics-industry-insights/medical-plastics-materials-insights/three-primary-uses-of-medical-grade-silicone-in-healthcare/
https://www.medicalplasticsnews.com/medical-plastics-industry-insights/medical-plastics-materials-insights/three-primary-uses-of-medical-grade-silicone-in-healthcare/
https://doi.org/10.1016/j.rset.2021.100016
https://www.cad-journal.net/files/vol_21/CAD_21(3)_2024_499-509.pdf
https://www.tandfonline.com/doi/full/10.1080/24735132.2022.2060649


 

 

Computer-Aided Design & Applications, 22(3), 2025, 487-497 

© 2025 U-turn Press LLC, http://www.cad-journal.net 
 

497 

[13] Paul, S.; Hewitt, A.; Rana, S.; Goswami, P.: Development of novel parameters for 
characterizing scale morphology of wool fiber and its correlation with a dye diffusion coefficient 
of acid dye. Scientific Reports, 13(1), 2023, 18444. 

[14] Gong, L.; Kyriakides, S.; Jang, W. Y.: Compressive response of open-cell foams. Part I: 

Morphology and elastic properties, International Journal of Solids and Structures, 42(5-6), 
2005, 1355-1379. 

[15] Shah, A.; Hasan, F.; Shah, Z.; Kanwal, N.; Zeb, S.: Biodegradation of natural and synthetic 
rubbers: A review, International Biodeterioration & Biodegradation. 83, 2013, 145-157. 
https://doi.org/10.1016/j.ibiod.2013.05.004. 

[16] Busvold, M. H.: Thermal properties of neoprene and natural rubber in wetsuits [Internet]. 
munin.uit.no. 2023 [cited 2024 Mar 14]. Available from: 

https://munin.uit.no/handle/10037/30643 

[17] Warren, W.; Asme, M.; Kraynik, A.: [cited 2024 Mar 14]. Available from: 
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=97330cb7e0c9c28c6c34e
0e8e43b372686c196a7 

[18] Kodama, K.; Yuge, K.; Masuda, Y.; Tanimoto, Y.: Development of microcellular open cell rigid 
polyurethane foams. Journal of cellular plastics, 31(1), 1995, 24-37.  

[19] Wu, J. W.; Chu, H. S.: (1998). Heat transfer in open-cell polyurethane foam insulation, Heat 
and Mass Transfer, 34(4), 1998, 247-254.  

[20] Pei, E.; Campbell, I.; Evans, M.: A taxonomic classification of visual design representations 
used by industrial designers and engineering designers, repositorylboroacuk [Internet]. 2011 
Jan 1 [cited 2024 Jan 15]; Available from: 
https://repository.lboro.ac.uk/articles/journal_contribution/A_taxonomic_classification_of_vis
ual_design_representations_used_by_industrial_designers_and_engineering_designers/9348

548 
[21] Papahristou, E.; Bilalis, N: Integrated digital prototyping in the fashion product development, 

Journal of Textile Engineering & Fashion Technology, 3(1), 2017. 
10.15406/jteft.2017.03.00089 

[22] Sinha, P. [cited 2024 jan 15]. available from: 
HTTPS://EPRINTS.HUD.AC.UK/ID/EPRINT/17015/1/KEY_ISSUES_IN_THE_USE_OF_CAD.PDF 

[23] Kopattil, G.; Binder, J.; Unver, E.; Huerta, O.; Bandla, A.: Challenges of Integrating Industrial 

Product Design CAD packages in Commercial New Product Development in SME settings, In 
Proceedings of 20th Annual International CAD Conference: CAD'23. CAD Solutions. 2023. p. 

184-188. (CAD Proceedings). 10.14733/cadconfP.2023.184-188 

[24] Jang, W. Y.; Kraynik, A. M.; Kyriakides, S.: On the microstructure of open-cell foams and its 
effect on elastic properties. International Journal of Solids and Structures, 45(7-8), 2008, 
1845-1875. 

[25] Ferrero, F.; Periolatto, M.: Modification of surface energy and wetting of textile fibers, Wetting 
and Wettability, 2015, 139-168. 

 

http://www.cad-journal.net/
https://doi.org/10.1016/j.ibiod.2013.05.004.
https://munin.uit.no/handle/10037/30643
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=97330cb7e0c9c28c6c34e0e8e43b372686c196a7
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=97330cb7e0c9c28c6c34e0e8e43b372686c196a7
https://repository.lboro.ac.uk/articles/journal_contribution/A_taxonomic_classification_of_visual_design_representations_used_by_industrial_designers_and_engineering_designers/9348548
https://repository.lboro.ac.uk/articles/journal_contribution/A_taxonomic_classification_of_visual_design_representations_used_by_industrial_designers_and_engineering_designers/9348548
https://repository.lboro.ac.uk/articles/journal_contribution/A_taxonomic_classification_of_visual_design_representations_used_by_industrial_designers_and_engineering_designers/9348548
file:///C:/Users/Jonny/Desktop/Publications/CAD%20Conference%2024/Subhadeep/10.15406/jteft.2017.03.00089
https://eprints.hud.ac.uk/id/eprint/17015/1/Key_issues_in_the_use_of_CAD.pdf
http://dx.doi.org/10.14733/cadconfP.2023.184-188

