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Abstract: 
After protective features, comfort is the second most important aspect of medical clothing. Doctors and nurses' jobs require 
amazing effort as doctors work for long periods of time without breaks in varying temperatures due to the procedural 
demands of their work at hospitals. As a result, we see that doctors clothe in a variety of methods. The need to produce 
scrubs that improve physiological comfort while also achieving performance aspects such as breathability, moisture 
management, thermal conductivity, and quick drying has boosted the demand for complicated medical textiles. This 
requires the use of high-performance fibers known as microfibers. Its superior functional capabilities make it surpass 
standard synthetic fibers in areas such as air permeability, moisture absorption, wicking, and flexibility.   The study aims to 
include these high-performance materials into the manufacturing process of breathable scrub fabrics in order to meet their 
physiological comfort requirements while maintaining their practical performance features. This study discusses how to 
produce nine (9) breathable doctors' scrub fabrics made from cotton, polyester microfiber, and nylon fibers. The fabrics 
have several fabric structures, such as Plain 1/1, Twill 3/1, and Oxford 2/2 pinpoint in the weft direction. The test results 
and statistical analysis revealed that using different weft material blending ratios and fabric structures significantly 
improved scrub materials' performance properties, particularly breathability and physiological comfort. This improvement 
is due to the combination of high-performance fibers.  The need for healthcare clothing has become critical and includes 
scrubs and textiles used in hospitals to prevent infection. comfort is the second most important aspect of medical clothing 
after its protective properties. The jobs of doctors and nurses require great effort, as doctors work for long periods, 
approximately 24 hours a day. Hence, we find that doctors' scrubs must be designed in a way that enhances physiological 
comfort and achieves performance properties, so it must have performance characteristics such as breathability, moisture 
vapor transfer, and quick drying to achieve comfort when the body exerts high levels of activity by achieving an 
appropriate balance in skin temperature through sweating. and ventilation. As a result of the increasing demand for highly 
efficient medical textiles, has led to major developments in the field of fiber production, the most important of which is 
high-fine fibers called microfibers. Which are mainly used in medical textiles. These microfibers can be used alone or 
mixed with natural fibers such as cotton and viscose, and due to their high-performance functional properties, such as air 
and moisture permeability, super absorbency, imbibition, flexibility, and ease of washing, which made them superior to 
their traditional synthetic fiber counterparts. Structure is one of the most important factors that contribute to the 
quantitative and qualitative properties of a medical tissue, which determines how it performs. This affects the functional 
properties of fabrics depending on the structural composition factors of the fabric, which in turn is reflected in the aspects 
of thermal physiological comfort, sensory comfort, and performance for the wearer. It is controlled by the properties of the 
fiber (material, thickness, thermal conductivity, moisture), and the properties of the fabric (thickness, permeability, or 
porosity), as well as by the temperature and humidity of the external environment. Then, the research touched on 
improving functional performance properties, such as breathability and achieving physiological comfort for scrubs clothing 
fabrics, using high-performance materials and different fabric compositions. 
Problem Statement: The research problem can be formulated in the following question: 
How can breathable and functional fabrics for doctors' scrubs be produced by employing structural components, to meet 
the desires of users and provide wearable comfort? 
Aims and objectives 1. Improving the performance properties of scrubs clothing fabrics to achieve the required 
physiological comfort properties. 2. Study the effect of using microfiber threads on achieving the breathability property of 
the fabrics produced. 3. Arriving at the most appropriate structural composition that achieves the comfort properties of 
scrubs. 
Experimental Work: The main goal of the research is to improve the breathable fabric properties of scrubs fabrics 
through the use of different structural factors (textile materials - textile compositions) to examine the effect of the research 
variables. The practical experiments of this research adopted a new approach by producing a number (9) samples of fabrics 
using different mixtures of textile materials used as wefts (cotton - polyester - polyester microfiber - nylon) to take 
advantage of their physical and mechanical properties to improve the breathable property (Breathable Fabric). For the 
fabrics of doctors' clothes (scrubs), simple textile compositions were used such as (plain 1/1 - Twill 3/1 – Oxford (Pin 
Point) 2/2 in Weft Direction). 
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Results and Discussion: By evaluating the samples of fabrics produced under the research to determine the best sample: 
The ideal sample that achieves the best performance is sample No. (5). It achieved the highest area of the radar shape with 
a quality factor of (92.58%), produced with a material (cotton + nylon) and with a structure Twill 3/1 compared to the other 
samples under study. 
Conclusion: The experimental result indicates improving the performance properties of scrub fabrics by increasing their 
breathable fabric and their ability to evaporate sweat using different structural factors (textile materials - textile 
compositions) to achieve the requirements for physiological comfort properties and performance properties. The practical 
experiments of this research adopted a new approach by producing fabric samples using different mixtures of textile 
materials used as wefts (cotton - polyester - polyester microfiber - nylon). Simple textile compositions were used such as 
(plain 1/1 - Twill 3/1 – Oxford (Pin Point) 2/2 in Weft Direction). It became clear from the results that the difference in 
structural composition factors has a significant effect on the functional performance properties of the fabrics produced, 
such as (weight per square meter, thickness, water vapor permeability, air permeability, wicking in the warp and weft 
directions, and drying speed). The research revealed important variables that significantly affect the performance of the 
fabric and achieve physiological comfort properties. These findings are expected to have a significant impact on the 
development of scrub fabrics designed to meet the exacting requirements of medical textiles that must be available in 
hospitals and healthcare facilities. 

Keywords: 
 Medical clothing (scrubs) - breathability - high-performance materials - textile structures. 

References: 
 1) Ahmed Fouad Al-Najawi (2010): “Technology of Processing Cotton Fabrics,” Masnat Al-Ma’arif, Alexandria, p. 16. 
2) Iman Muhammad Ali Abu Talib (2003): “Improving the properties of surgical dressings to meet the purpose of 

functional performance for final use,” Master’s thesis, Faculty of Applied Arts, Helwan University, p. 726. 
3) Basma Reda Muhammad al-Fanajili, (2014): “A study of some comfort properties of outerwear designed for youth 

from jeans fabrics inlaid with tricot fabrics,” Master’s thesis, Faculty of Applied Arts, Damietta University, p. 59. 
4) Ali Al-Sayyid Zalat (2007): “Fibers and Textile Structures”, Dar Al-Salam for Printing and Publishing, Mansoura, pp. 

104, 147. 
5) Fawzia Abdel Salam Mahmoud Radwan, (2012): “The possibility of reaching some functional standards for woven and 

non-woven products to develop a doctor’s uniform inside the operating room,” Master’s thesis, Department of Clothing 
and Textiles, Faculty of Home Economics, Menoufia University, p. 46. 

6) Wissam Mustafa Abdel Mawjoud, Omaima Raouf Muhammad Abdel Rahman, (2015): “Using the plastic capabilities 
of textile compositions to raise the aesthetic and functional aspects of children’s clothing in late childhood,” Alexandria 
Journal of Agricultural Sciences, Volume 60, Issue 2, pp. 265-266. 

7) Wiam Muhammad Muhammad Hamza, (2022): "Study of the possibility of benefiting from the influence of some 
textile design variables in serving small industries to build a decent life," Journal of Research in the Fields of Specific 
Education, Volume 8, Issue 42, pp. 524-525. 

8) Abdel Hameed, G. R., AboKhozaim, A. A., Youssif, E.S. (2023).  " The Effect of the Stability of the Cloth Factor on 
the Air Permeability Property of Simple Fabrics of Different Densities", International Design Journal, 13(1), pp. 79-89. 

9) Ahmed., Shaikh, I. A., Hussain, T., Ahmed, I., Munir, S., Zameer, M. (2014). "Developments in Health Care and 
Medical Textiles”, A Mini Review, Pakistan Journal of Nutrition, 13(12), pp. 780-783 

10) Akter, Sh., Azim, A. Y. M., Al Faruque, A. (2014). " Medical Textiles: Significance and Future Prospect in 
Bangladesh ", European Scientific Journal, edition, 10(12), pp. 488-502. 

11) AL-ansary, M. A. R., (2012), "The Influence of Number of Filaments on Physical and Mechanical characteristics of 
Polyester Woven Fabrics", Life Science Journal, 9(3):, pp. 79-83. 

12) Amini, G., Karimi, M., Ashtiani, F. Z. (2022)." Hybrid electrospun membrane based on poly (vinylidene fluoride)/poly 
(acrylic acid)–poly (vinyl alcohol) hydrogel for waterproof and breathable applications", Journal of Industrial Textiles, 
51(10), pp.1558–1584. 

13) Amirhafizan, M.Y., M.H., Abdullah, A., Sihombing, H., Saarah, A.B. and Fadzol, O.M, (2016)," The Effect of Various 
Weave Designs on Mechanical Behavior of Lamina Intraply Composite Made from Kenaf Fiber Yarn “, Materials 
Science and Engineering journal, 160 (1), pp. 1-10. 

14) Angelova, R. A., Velichkova, R. (2020). " The effect of the type of protective suit on the thermophysiological comfort 
of surgeons in an operating room”, Materials Science and Engineering journal, 878(1). 

15) Bakshi, A. (2015). " Development and study of waterproof breathable fabric using silicone oil and polyurethane 
binder", Master's Thesis, Eastern Michigan University. 

16) Barbosa, M. E. M., Corral, R. A. M. (2022). "Medical Textiles from Natural Resources- Washable, reusable and 
disposable medical textiles ", The Textile Institute Book Series, p 717-765. 

17) Basuk, M., Choudhari, M., Maiti, S., Adivarekar, Rv. (2018)."Moisture Management Properties of Textiles and Its 
Evaluation “, Fashion Technology & Textile Engineering. 3(3), pp. 0050-0055 

18) Begum, M. S., Milašius, R. (2022)."Factors of Weave Estimation and the Effect of Weave Structure on Fabric 
Properties: A Review “, Fibers journal, 10(9):74 pp.1-22. 

19) Belino, N., Fangueiro, R., Rana, S., Glampedaki, P., and Priniotakis, G. (2019). "Medical and Healthcare Textiles", in 
Book " High Performance Technical Textiles ", John Wiley & Sons Ltd. 

20) Chakroun, M. G., Benltoufa, S., Fayala, F. (2021). "The effect of fabric’s structure on the breathability and the drying 
rate properties”, Development and Assembling of Textile Products journal, 2(1), pp. 61-69. 

21) Chen, Sh., Cheng, ch. l., Chuang, F., and Rwei, S. (2020). " A breathable waterborne poly-(urethane/urea) coating 

http://creativecommons.org/licenses/by/4.0/


Citation:  Mayada Magdy et al (2024), The Influence of Utilizing High-performance Fibers on the Breathability of 

Doctors' Clothing Fabrics (scrubs), International Design Journal, Vol. 14 No. 3, (May 2024) pp 399-413  
 

This work is licensed under a Creative Commons Attribution 4.0 International License International Design Journal 

 

containing PO-EO-PO triblock copolymer”, Materials Research Express, Published by IOP Publishing Ltd, 7(10). 
22) Cherif, Ch. (2016). "Textile Materials for Lightweight Constructions", Technologies - Methods - Materials – 

Properties", Springer Heidelberg New York Dordrecht London, © Springer-Verlag Berlin Heidelberg. 
23) Chinta, S. K., Veena, K. V.  (2013). "Impact of Textiles in Medical Field", International Journal of Latest Trends in 

Engineering and Technology, 2(1), pp. 142-145. 
24) Das, D., and Pourdeyhimi, B. (2014). "Composite Nonwoven Materials" Structure Properties and Applications", 

Woodhead Publishing Limited, UK. 
25) Durur, G., and Öner, E. (2013). " The Comfort Properties of the Terry Towels Made of Cotton and Polypropylene 

Yarns”, Journal of Engineered Fibers and Fabrics, 8(2), pp.1-10. 
26) Fangueir, R., Filgueiras, A., Soutinho, F., Meidi, X. (2010). " Wicking Behavior and Drying Capability of Functional 

Knitted Fabrics", Textile Research Journal, 80(15), pp. 1522–1530. 
27) Fernandes, M., Gama, M., Dourado, F., and Souto, A. P. (2019). " Development of novel bacterial cellulose composites 

for the textile and shoe industry", Microbial Biotechnology journal, 12(4), pp. 650-661 
28) Getu, A., Sahu, O. (2014). "Technical Fabric as Health Care Material", Biomedical Science and Engineering journal", 

2(2), pp. 35 – 39. 
29) Goode, A. B., and Townsend, K. (2011). "Textile Design: Principles, Advances and Applications", Woodhead 

Publishing Series in Textiles, India. 
30) Hasan, Sh. M., Shahjalal, Md., Mridha, J. H., Alam, A. M. R. (2019). " Medical Textiles: Application of Implantable 

Medical Textiles Medical Textiles”, Global Journal of Medical Research, 19(4). pp. 17-24. 
31) Horrocks, A. R., and Anand, S. C. (2000). "Handbook of technical textiles", Woodhead Publishing, Cambridge. 
32) Islam, Sh., Parvin, F., Urmy, Z., Ahmed, Sh., Arifuzzaman, M., Yasmin, J., Islam, F. (2020). " A study on The Human 

Health Benefits, Human Comfort Properties and Ecological Influences of Natural Sustainable Textile Fibers", 
European Journal of Physiotherapy and Rehabilitation Studies, 1(1). pp. 1-19. 

33) Jhanji, Y., Gupta, D., Kothari, V. K. (2015). " Thermo‑physiological properties of polyester–cotton plated fabrics in 
relation to fibre linear density and yarn type “, Fashion and textile journal, 2(1), pp. 1-14. 

34) Kadolph, S. J., Marcketti, S. (2021). "Textiles basics", Pearson Education Publishing, New Jersey, United States of 
America. 

35) Kanjana, S., Nalankilli, G. (2018). “Smart, Waterproof, Breathable Sportswear – A Review”, journal of textile and 
apparel technology and management, 10(3), pp. 591-600. 

36) Kaynak, H., and Babaarslan, K. O. (2016). "Polyester Microfilament Woven Fabrics". 
37) Kilinc, F. S. )2015). “A Review of Isolation Gowns in Healthcare:  Fabric and Gown Properties ", Journal of 

Engineered Fibers and Fabrics, 10(3), pp. 180-190. 
38) Kim, I., Brandewie, B., and Kim, M. (2017). " Analysis of user satisfaction for unisex medical uniforms “, Research 

Journal of Textile and Apparel, 21(3), pp. 162-177. 
39) Mather, R. R., Wardman, R. H. (2011). " The Chemistry of Textile Fibres” RCS puplishing –- Published by The Royal 

Society of Chemistry, Thomas Graham House, Science Park, Milton Road, Cambridge, UK. 
40) Miao, D., Huang, Z., Wang, X., Yu, J., and Din, B. (2018). " Continuous, Spontaneous, and Directional Water 

Transport in the Trilayered Fibrous Membranes for Functional Moisture Wicking Textiles”, wiley online library, 14(3). 
41) Morris, H., and Murray, R. (2020). "Medical textiles", Textile Progress Journal, 52:(1-2), pp.1-127. 
42) Moussa, A., Marzoug, I. B., Bouchereb, H., Sakli, F. (2015). "Development and optimisation of waterproof breathable 

double-sided knitting using a factorial experimental design", Journal of Industrial Textiles, 45(3), pp. 437–466. 
43) Murthy, H.V.S. (2016). "Introduction to Textile Fibers", Wood head Publishing, New Delhi, India. 
44) Napierska, D., Pacella, K. (2022). "The Role of Chemistry in Sustainable Medical Textiles", Health Care Without 

Harm Europe, Belgium. 
45) Nawab, Y., Hamdani, T., Shaker, Kh., (2017). " Structural Textile Design Interlacing and Interlooping”, CRC Press 

publishing, United States of America. 
46) Nska, M. Z., Bogdan, A. (2012). " Impact of the medical clothing on the thermal stress of surgeons “, Applied 

Ergonomics Journal, 43(6):1096-104. 
47) Parvini, F., Islam, Sh., Urmy, Z., Ahmed, Sh. (2020). "A Study on the Textile Materials Applied in Human Medical 

Treatmez, "European Journal of Physiotherapy and Rehabilitation Studies- 1(1), pp. 56-80. 
48) Rai, G. (2012). "Handle and mechanical properties of bamboo and modal fabrics designing and development of body 

wear" PHD thesis, Department of textile and clothing, Bangalore University, India. 
49) Razzaque, A., Tesinova, P., Hes, L. (2019). "Enhancement of Hydrostatic Resistance and Mechanical Performance of 

Waterproof Breathable Laminated Fabrics ", Autex Research Journal, 19(1), pp. 44-53 
50) Saber, D., and Abd El-Aziz, Kh. (2022). " Advanced materials used in wearable health care devices and medical 

textiles in the battle against coronavirus (COVID-19): A review, Journal of Industrial Textiles, 51(1), pp. 246S–271S. 
51) Shirvan, A. R., Nouri, A. (2020). " Advances in Functional and Protective Textiles", in Book Medical textiles, The 

Textile Institute Book Series, Elsevier Ltd. 
52) Stoffberg, M. E., Hunter, L., & Botha, A. (2015). " The Effect of Fabric Structural Parameters and Fiber Type on the 

Comfort-Related Properties of Commercial Apparel Fabrics”, Journal of Natural Fibers, 12(6), pp.505-517.  
53) Sundaresan, S., Ramesh, M., Sabitha, V., Ramesh, V. (2016). " A detailed analysis on physical and comfort properties 

of bed linen woven fabrics”, Ijariie international journal, 2(2), pp. 1649-1658. 
54) Troynikov, O., Nawaz, N., Watson, C. (2014). " Medical protective clothing", in Book "Protective Clothing: Managing 

Thermal Stress”, Woodhead Publishing Series in Textiles. 
55) Umaira, M., Hussainb, T., Shakera, Kh., Nawaba, Y., Maqsooda, M., & Jabbar, M. (2016) " Effect of woven fabric 

http://creativecommons.org/licenses/by/4.0/


Citation:  Mayada Magdy et al (2024), The Influence of Utilizing High-performance Fibers on the Breathability of 

Doctors' Clothing Fabrics (scrubs), International Design Journal, Vol. 14 No. 3, (May 2024) pp 399-413  
 

This work is licensed under a Creative Commons Attribution 4.0 International License International Design Journal 

 

structure on the air permeability and moisture management properties “, Journal of the Textile, 107(5), pp. 8 
56) Veit, D. (2023). "Fibers: History, Production, Properties, Market”, Springer Nature Switzerland AG. 
57) Velkova, N., Zemljic, L. F., Saake, B., Strnad, S, (2019), "Adsorption of cationized xylans onto polyethylene 

terephthalate fabrics for antimicrobial medical textiles”, Textile Research Journal, 89(4), pp. 473–486. 
58) Xua, Q., Xiea, L., Diaob, H., Lia, F., Zhanga, Y., Fua, F., Liua, X. (2017). "Antibacterial cotton fabric with enhanced 

durability prepared using silver nanoparticles and carboxymethyl chitosan", journal of Carbohydrate Polymers, Volume 
177, pp. 187–193. 

59) Zambrano, M. C.,  Pawlak, J. J.,  Daystar, J.,  Ankeny, M., Cheng, J. J., Venditti, R. A. (2019)."Microfibers generated 
from the laundering of cotton, rayon and polyester based fabrics and their aquatic biodegradation ", Marine Pollution 
Bulletin Journal, Vol.142, pp. 394-407 

60) AATCC Test Method 197, (2018) " American Association of Textile Chemists and Colorists for Wicking of Textile 
Fabrics". 

61) ASTM D 737-96, " Standard Test Method for Air Permeability of Textile Fabrics". 
62) ASTM- D1777/3776, " Standard Test Method for Thickness of Textile Material". 
63) ASTM E96/2013, Standard Test Method for Cup Method Water Vapor. 
64) ASTM-D2646/3776, "Standard Test Method for Mass Per Unit Area (Weight) of Fabric. 
65) GB/T 21655.1-2008 Evaporation Rate in g/h. 
66) https://www.decitex.com/en/microfiber 

Paper History:  
Paper received December 30,  2023,  Accepted April 02,  2024,  Published on line March 1, 2024 

 

http://creativecommons.org/licenses/by/4.0/

