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Abstract
This research examines the current applications of bamboo fiber in medical/clothing contexts, with emphasis on its suitability for post-mastectomy bra. Following the Arksey and O'Malley framework, fifty-seven peer-reviewed studies published in English were included, focusing on bamboo fiber applications in medicine and environmental sustainability in clothing.
Bamboo fiber demonstrates significant medical applications due to its inherent antibacterial efficacy (>99% reduction in S. aureus and E. coli), superior moisture-wicking properties, hypoallergenic characteristics, and biodegradability. Medical applications include wound dressings, surgical masks, hygiene products, and protective medical clothing. Bamboo requires minimal water and pesticides compared to cotton and exhibits lower carbon footprint than synthetic alternatives. However, viscose processing remains chemical-intensive, raising environmental concerns. Gaps identified include lack of standardized testing protocols, insufficient clinical trials for medical-grade applications, limited research on specialized therapeutic garments, inconsistent antibacterial efficacy data across processing methods, and inadequate evidence on chemical-free production techniques.    
Bamboo fiber can reshape sustainable medical/clothing industries. However, realizing this requires addressing critical gaps through standardized testing protocols, clinical validation studies, sustainable processing innovations, and targeted product development for vulnerable populations.  Findings support the development of bamboo-based garments, including post-mastectomy bras, highlighting the need for interdisciplinary research integrating materials science, clinical medicine, and sustainable manufacturing.
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INTRODUCTION:
Bamboo holds the distinction of being the fastest-growing plant globally, with some species capable of reaching growth rates as high as 35.83 inches per day when conditions are ideal. This extraordinary growth is due to its rhizome-based root system and the swift elongation of its culms, enabling significant vertical growth without the secondary thickening seen in trees. Although bamboo resembles a tree, it is not classified as one; instead, it belongs to the Poaceae family, which also includes essential crops like rice, wheat, and corn (Wolstanholme, 2025).
Bamboo is a distinctive plant valued for its environmental impact, cultural importance, and versatile uses. In China, Japan, and Southeast Asia, bamboo leaves have been integral to traditional medicine for centuries, used to treat conditions like high blood pressure and fevers. Their medicinal benefits are largely due to bamboo kun, a natural bioagent in bamboo fibers known for its antibacterial and antifungal properties. This compound not only supports the therapeutic use of bamboo leaves but also fuels interest in bamboo-based materials for modern uses. For example, textiles made from bamboo fibers are prized for their comfort and eco-friendliness, as they decompose quickly and can be disposed of sustainably (Wolstanholme, 2025). There are other uses of bamboo such as material for flooring due to its durability and aesthetic appeal, it can also be used in the production of biodegradable plastics and a common material for kitchen utensils (Faris, 2025). However, these have nothing to do with medicine and clothing and will not be discussed thoroughly in this review.
In the Philippines, a recent study by the Department of Science and Technology–Forest Products Research and Development Institute (DOST-FPRDI) revealed that the leaves of the bamboo species kauayan-tinik (Bambusa blumeana J.A. & J.H. Schultes) are a promising source of antioxidants and antimicrobial compounds, making them potential raw materials for medicines and nutritional supplements. In light of these findings and considering the abundance of bamboo in the Philippines and the growing market for health and wellness products, further research on kauayan-tinik leaves, as well as the leaves of other Philippine bamboo species, is strongly warranted (Gomez, 2020).
In recent years, the global demand for sustainable materials has grown rapidly, driving interest in renewable, eco-friendly resources that can replace traditional, environmentally harmful materials. In the Philippines, where bamboo is both abundant and culturally significant, its potential is being realized in new ways particularly in the textile industry. This growing interest has given birth to initiatives such as Kawayarn, a program dedicated to the use of bamboo fiber in clothing and textiles. Kawayarn symbolizes a powerful fusion of innovation, sustainability, and economic opportunity, making bamboo-based fiber a key element in the Philippines’ path toward a greener future (M A Mohiemen Tanim, 2024).
This review is anchored in a personal narrative. The researcher received a diagnosis of breast cancer, underwent mastectomy, undergone chemotherapy, and subsequently received radiation therapy. The journey was both physically and emotionally demanding, and it also highlighted practical challenges faced by survivors, particularly regarding daily clothing needs post-mastectomy. A persistent issue identified was the shortage of accessible, fit, comfortable, and well-designed bras for individuals who have undergone mastectomy, often necessitating improvised padding to restore symmetry and confidence (Cancer, 2023).
Additionally, after surgeries like mastectomies or lumpectomies, regular clothes might be unpleasant. After surgery, you may have to cope with drains, bandages, and edema. Adaptive clothing has pockets for drains and loose-fitting styles that let you wear bandages without limiting your movement or causing irritation. Adaptive clothing is made to fit the needs of those who have had surgery or therapy for breast cancer. These clothes help with problems including not being able to move around easily, having sensitive skin, and changes in body form. Also, wearing clothes that fit well and feel well can really increase your self-esteem. Adaptive clothing is both fashionable and useful, so people may show off their style without giving up comfort or usefulness (Singhal, 2024). Furthermore, bamboo cloth has demonstrated efficacy against prevalent microorganisms such as E. coli and Staphylococcus aureus in laboratory experiments. These studies indicate that bamboo fabric can mitigate odors and preserve freshness, particularly in activewear and undergarments (Rohan, 2024) .
This uncomfortable experience led to the conception of a customized undergarment designed exclusively for individuals with breast cancer who have had mastectomy. Through extensive internet study on natural fabrics, the application of bamboo fiber, an environmentally sustainable and scientifically promising textile material, is proposed. Bamboo fiber is acknowledged for its antibacterial properties, moisture-wicking capabilities, breathability, and environmental sustainability characteristics that make it particularly suitable for healthcare and therapeutic applications (Gokarneshan, 2020; Rohan, 2024).
This scoping review looks at and combines existing research on how bamboo fiber is used in both medicinal and apparel settings in response to this. The goal is to create a basic understanding of how bamboo fiber could be used to make bras for women who have had a mastectomy. This study is the first step of a bigger research project that aims to create a mastectomy bra made of bamboo fiber that is comfortable, functional, and good for the mental health of breast cancer survivors.


Objectives
The focal objective of the study is to be able to review existing literature about the utilization of bamboo fiber in medicine and clothing to establish its significance and legitimacy to be used as fabric in breast cancer bra.
Specifically, it aims to achieve the following objectives:
1. To identify the range of medical applications of bamboo fiber.
2. To map evidence of environmental sustainability in bamboo fiber clothing. 
3. To identify gaps in existing literature on bamboo fiber’s medical and environmental applications.

METHODS:
The study adopts an exploratory approach, employing qualitative techniques to classify and analyze the existing related literature. The initial stage involves a comprehensive examination of the current research and publications along with material choice via a comprehensive literature scoping review to evaluate the basis of the subject being examined.  Figure 1 illustrates the research method. 
This research employed a scoping review (ScR) as its methodology. A scoping review is “a method of knowledge integration that tackles an exploratory research inquiry that is focused on outlining essential ideas, categories of evidence, and deficiencies in studies connected to a “designated area or domain” (Arksey and O’Malley 2005, p. 21).
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Figure 1. The research process.
This approach entails a methodical search and choice process. It similarly offers a descriptive summary instead of a critical evaluation of evidence. It is beneficial for analyzing the scope, variety, and characteristics of the existing research literature. Since ScR is beneficial for exploring new evidence when it remains uncertain what additional, more detailed inquiries can be raised, and effectively tackled through a more accurate systematic review aimed at pinpointing research gaps within the current literature, it serves as an suitable research approach to address the research inquiries of the present study. 
The ScR approach charts the current literature and pinpoints the essential concepts, sources of evidence and identify the gaps in research associated with a specific subject. The main elements of the scoping review process involves determining the Research Question(s) or Goal(s), Looking for Related Research, Choosing Studies, Information Collection, Data Integration, and ultimately Research Presentation. 

Study Selection
The review included studies that met the following criteria:
· Published in English.
· Focused on bamboo fiber applications in medicine or clothing.
· Discussed the environmental impact or medical utility of bamboo fiber.
Studies were excluded if they:
· Did not pertain to bamboo fiber.
· Were unrelated to medicine or environmental sustainability.
· Were not peer-reviewed.

Data Sources
The data was extracted from documents sourced from Google Scholar, PubMed, and Scopus, focusing on bamboo fiber’s properties and applications. Relevant studies were categorized and analyzed based on the objectives.

RESULTS AND DISCUSSION:

This scoping review synthesized 57 relevant studies to explore bamboo fiber utilization in medicine and clothing. The findings are categorized into three major themes aligned with the research objectives: (1) medical applications, (2) environmental sustainability in clothing, and (3) gaps in existing literature. Data were drawn from Google Scholar, PubMed, and Scopus.

1. Medical Applications of Bamboo Fiber
Bamboo fiber exhibits significant promise for medical applications due to its natural antibacterial, antifungal, moisture-wicking, and hypoallergenic properties. The following key applications were identified:
a. Antibacterial and Hypoallergenic Textiles
Bamboo-based textiles have demonstrated high antibacterial efficacy against common pathogens, making them increasingly suitable for medical and healthcare applications. Chonsakorn et al. (2024) found that bamboo non-woven fabric (70:30 bamboo fiber to polyester) reduced bacterial colonies by over 99%, including Staphylococcus aureus and Escherichia coli, establishing their suitability for medical products such as elderly care garments and hospital textiles. The study provided a detailed comparison with conventional alternatives, emphasizing bamboo's hypoallergenic benefits and superior antibacterial properties for infection prevention in medical environments.
Building on these findings, Imadi et al. (2014) emphasized bamboo's suitability in wound care, surgical masks, and nursing apparel due to its antimicrobial, breathable, and moisture-wicking properties. The study's insights into bamboo's compatibility with sensitive skin make it particularly valuable for medical textiles. Similarly, Mishra et al. (2012) compared 100% bamboo viscose with rayon viscose, cotton, and cotton/bamboo blends, demonstrating bamboo fabric's superior antibacterial properties, absorbency, and moisture vapor permeability. The research noted bamboo's potential in healthcare applications such as gauze bandages, due to its favorable mechanical and comfort characteristics.
The durability and longevity of bamboo's antibacterial effects have been well-documented. Arjun Dakuri & Renuka Tejawini Lolla (2023) found that untreated bamboo fabrics weighing 127 g/m² and 112 g/m² generated inhibition zones of up to 31 mm against E. coli and S. aureus, comparable to cotton fabrics treated with 3% zinc oxide. Remarkably, this efficacy endured after 20 laundry cycles, demonstrating longevity absent of chemical additions. The research emphasizes bamboo's inherent "bamboo kun" and phenolic chemicals as principal antibacterial agents, with comfort qualities such as moisture absorption and breathability surpassing those of treated cotton. Desai and Patel (2022) further highlight the durability of bamboo's antibacterial effects in textile applications.
Understanding the mechanisms behind bamboo's antibacterial properties has been advanced through chemical analysis. Ramful et al. (2022) demonstrated that non-extracted powders from Kyoto-Moso, Kyushu-Moso, and Kyushu-Madake bamboo varieties showed significant antibacterial efficacy against E. coli and S. aureus, as evidenced by decreases in colony-forming units (CFU). Fourier-transform infrared spectroscopy (FTIR) identified lignin (C-O and C-H groups) as the principal contributor to this activity, with thermal modification significantly improving inhibition specifically against S. aureus. These findings endorse the employment of bamboo's intrinsic bioactive constituents in antibacterial applications without losses from processing.
Processing methods significantly impact antibacterial efficacy. Amjad (2024) found that mildly processed natural bamboo fibers from Phyllostachys rubromarginata demonstrated up to 97.94% suppression of S. aureus through environmentally sustainable extraction techniques, including enzymatic and low-concentration NaOH treatments. Untreated bamboo had negligible activity owing to chemicals that promote bacterial growth; however, fiber extraction eliminated these compounds while preserving lignin. Enzymatic techniques maintained antibacterial characteristics more effectively than chemical methods, and sustainably generated spinnable fibers surpassed commercial bamboo viscose (which demonstrated merely 37.45% inhibition) in both antibacterial activity and environmental performance.
Beyond antibacterial applications, bamboo has demonstrated broader therapeutic potential. Patel and Mehta (2021) reviewed bamboo's ethnopharmacology and phytochemistry, establishing its role in traditional medicine, particularly its anti-inflammatory and antimicrobial applications. Rachel et al. (2016) developed a non-woven fabric with organic cotton, bamboo fiber, and vetiver roots to reduce spinal back pain, demonstrating bamboo's versatility in specialized medical textiles.
b. Wound Care and Hygiene Products
Bamboo's capillary action enables superior moisture management in medical applications. Akbar et al. (2017) reported that bamboo-viscose gauze maintains optimal moisture levels for wound healing, creating an environment that prevents bacterial growth while improving patient comfort through its breathability and softness in wound dressing and intimate medical textiles. This exceptional absorbency has been further quantified by Foster and Montgomery (2021), who explored biodegradable materials for menstrual hygiene products in developing and emerging economies. Among tested materials cotton terry, linen, hemp fabric, and bamboo wadding—bamboo wadding exhibited the greatest absorption index of 7.86, nearly doubling that of commercial menstrual pads (4.38). This superior absorbency is attributed to bamboo fibers' unique microstructure, which includes numerous micro-holes and micro-gaps that enhance moisture absorption and retention.
Mounika K. et al. (2023) corroborated these findings, demonstrating that bamboo is a superior absorbent biodegradable material compared to water hyacinth, hemp, banana, cotton, and papyrus. The study highlighted bamboo fibers' effectiveness in biodegradable sanitary napkins, combining enhanced fluid absorption with antimicrobial properties. The authors suggest that future research could empower individuals to create their own natural sanitary pads and lead to novel biodegradable products that improve menstrual hygiene management while reducing environmental impact in resource-limited settings.
Bamboo fiber's antibacterial properties and comfort characteristics make it particularly suitable for products designed for sensitive skin. Malarvizhi (2015) investigated bamboo fiber in baby diapers to reduce rashes and irritation, finding that bamboo fiber combined with wood pulp (30:70) enhances both absorbency and antibacterial properties. Raru et al. (2021) examined the antibacterial potential of bamboo kun, which inhibits bacterial growth by up to 99.8%, confirming bamboo fiber's effectiveness even after multiple washes. These properties are particularly valuable in intimate medical textiles where both hygiene and comfort are paramount.
Beyond moisture management, bamboo demonstrates active wound-healing capabilities through its bioactive compounds. Lodhi et al. (2016) found that the flavonoid-rich ethyl acetate fraction of Bambusa vulgaris leaves possesses considerable wound-healing capabilities, evidenced by enhancements in wound contraction, tensile strength, collagen production, antioxidant levels, and tissue regeneration. The water fraction, comprising amino acids, vitamins, and ascorbic acid, significantly facilitated wound regeneration, presumably due to its nutritional and antioxidant attributes. The observed faster healing, comparable to standard povidone-iodine treatment, indicates that Bambusa vulgaris facilitates tissue repair via synergistic anti-inflammatory, antioxidant, and collagen-enhancing mechanisms. These findings corroborate the conventional application of this plant in folk medicine for wound management and endorse its continued investigation as a natural, economical therapeutic alternative.
Nurazzi et al. (2021) reviewed natural fiber composites, including bamboo, for biomedical applications, demonstrating bamboo's compatibility with human tissues and its potential beyond wound care to include orthopedic devices. This broader applicability positions bamboo as a versatile material for multiple medical and healthcare applications where biocompatibility, absorbency, and antimicrobial properties are required.
c. Protective and Specialized Medical Clothing
 Bamboo-blended fabrics have demonstrated significant potential for protective medical garments due to their combined mechanical and antimicrobial properties. Subashini et al. (2021) developed bamboo-blended PPE suits that showed enhanced tensile strength, tear resistance, and bacterial protection, concluding that bamboo-rich blends enhance both durability and bacterial resistance. These properties make bamboo particularly suitable for protective clothing such as surgical gowns and reusable face masks, where both physical protection and antimicrobial efficacy are essential.
Building on these findings, Sharma (2009) evaluated bamboo-cotton blended fabrics specifically for PPE, surgical gowns, and masks, demonstrating improved antimicrobial activity compared to pure cotton textiles. The study found that bamboo-cotton blends offer enhanced antibacterial properties alongside superior biodegradability, addressing both clinical performance and environmental concerns in medical textiles.
The effectiveness of bamboo in medical textiles stems from its unique combination of physical and biological properties. Ramachandralu (2010) established that bamboo fiber is an environmentally sustainable and biodegradable material possessing antifungal and antibacterial characteristics. Notably, bamboo is a hygroscopic fiber with high strength equivalent to traditional glass fiber, making it mechanically robust for demanding applications. The study demonstrated that surgical attire made from 100% bamboo fiber effectively inhibits bacterial growth while possessing excellent tensile properties, ultimately enhancing hygiene and safety for hospital personnel.
The broader potential of bamboo fibers in the textile industry has been comprehensively reviewed by Amjad (2024), who examined extraction methods, key properties, and growing applications. The study highlights bamboo's eco-friendly, breathable, and antibacterial characteristics, which make it suitable for various textile products, especially in sustainable fashion and hygiene-related items. The author emphasizes bamboo fiber's potential in replacing synthetic materials due to its biodegradability and comfort-enhancing features, positioning it as a viable solution for environmentally conscious medical textile manufacturing. 
Table 1 summarizes the medical applications of bamboo fiber, highlighting the application area, key findings, and sources. 

Table 1. Medical Applications of Bamboo Fiber
	Application Area
	Key Findings
	Sources

	Antibacterial and Hypoallergenic Textiles
	· Bamboo textiles reduce bacteria by over 99% (e.g., S. aureus, E. coli)
· Hypoallergenic, breathable, suitable for elderly care and hospital use
· Effective for wound care, surgical masks, and nursing wear
· generate inhibition zones of up to 31 mm against Escherichia coli and Staphylococcus aureus
· Kyushu-Moso, and Kyushu-Madake bamboo varieties demonstrated significant antibacterial efficacy against E. coli and S. aureus
· mildly processed natural bamboo fibers from Phyllostachys rubromarginata demonstrated up to 97.94% suppression of S. aureus
	Chonsakorn et al. (2024); Imadi et al. (2014); Mishra et al. (2012); Patel & Mehta (2021); Desai & Patel (2022); Rachel et al. (2016); Arjun Dakuri & Renuka Tejawini Lolla (2023); Ramful et al. (2022); Amjad (2024)

	Wound Care and Hygiene Products
	· Bamboo gauze maintains optimal wound moisture
· Bamboo fiber diapers reduce rashes; antibacterial after washes
· Bamboo kun inhibits 99.8% bacterial growth
· High absorbency ideal for menstrual hygiene; surpasses commercial pads
· Biodegradable, breathable, and suitable for tissue compatibility
· flavonoid-rich ethyl acetate fraction of Bambusa vulgaris leaves possesses considerable wound-healing capabilities
· bamboo is a superior absorbent biodegradable material compared to water hyacinth, hemp, banana, cotton, and papyrus
	Akbar et al. (2017); Malarvizhi (2015); Raru et al. (2021); Foster & Montgomery (2021); Nurazzi et al. (2021); Lodhi et al. (2016); Mounika K. et al. (2023)

	Protective and Specialized Medical Clothing
	· Bamboo PPE has enhanced tensile strength and bacterial protection
· Bamboo-cotton blends improve antimicrobial activity and biodegradability
· Suitable for surgical gowns, reusable masks, and sustainable fashion items
· surgical attire made from 100% bamboo fiber effectively inhibits bacterial growth, possesses excellent tensile properties, and enhances hygiene and safety for hospital personnel
	Subashini et al. (2021); Sharma (2009); Amjad (2024); Ramachandralu, 2010



2. Environmental Sustainability in Clothing
The environmental worth of bamboo is rooted in its fast growth, low pesticide requirements, and ability to biodegrade. Existing research examined the ecological characteristics and effects of bamboo throughout its entire lifecycle from growing to final disposal.
a. Sustainability Benefits
Bamboo fiber has emerged as a compelling sustainable alternative to conventional textile materials, offering significant environmental advantages across multiple dimensions. Prakash (2020) and Munjal and Kashyap (2015) analyzed bamboo fiber's suitability as an eco-friendly substitute for cotton, emphasizing its low environmental impact, minimal pesticide requirements, and reduced water usage compared to synthetic alternatives. These findings are further supported by Nayak and Mishra (2016), who explored bamboo's lifecycle and confirmed that it leaves a lower carbon footprint than synthetic textiles. Bamboo's closed-loop potential and renewability position it as a sustainable alternative in the textile industry, with the added benefit of natural moisture-wicking and antimicrobial properties that enhance its usability in medical and clothing applications.
While bamboo offers inherent sustainability advantages, the environmental impact varies significantly depending on processing methods. Nayak and Mishra (2016) examined the environmental impact of bamboo fiber production, focusing particularly on chemical processes, and suggested cleaner production methods for sustainability. Table 2 presents a comparative analysis of sustainability features across common fibers, revealing that bamboo requires minimal water and offers excellent biodegradability. However, the chemical input requirements vary considerably: viscose processing demands high chemical input, while mechanical processing requires minimal chemicals. Despite these processing considerations, bamboo fiber demonstrates superior antibacterial properties and overall sustainability characteristics compared to cotton and polyester, supporting both positive consumer acceptance and industrial applications.
The versatility of bamboo extends beyond traditional textile applications. Yang and Ma (2013) analyzed bamboo's application in green clothing materials, emphasizing its adaptability to various fabric types and its potential to reduce environmental impacts across diverse product categories. Expanding this scope further, Sienkiewicz et al. (2024) examined the application of natural fillers such as bamboo in polymer composite materials, highlighting bamboo's capability in lowering environmental impact and reducing waste while simultaneously improving material performance.
Beyond environmental benefits, bamboo textiles offer significant socioeconomic advantages, particularly in traditional textile-producing regions. Wannajun et al. (2011) utilized robust bamboo fibers for creating and enhancing Thai fabrics, demonstrating that employing thick bamboo fiber provides numerous advantages including decreasing harmful environmental pollutants, minimizing the import of textile resources, and fostering economic and revenue development within local communities. The study's recommendations involve enhancing textile manufacturing capabilities and exploring methods to utilize thick materials such as bamboo fiber for additional sophisticated applications, thereby creating sustainable economic opportunities while addressing environmental concerns. 
Table 2 compares the sustainability characteristics of bamboo, cotton, and polyester fibers across four criteria: water use, biodegradability, chemical input, and antibacterial properties.

Table 2. Relative Sustainability of Bamboo Vs Cotton and Polyester
	Fiber Type
	Water Use
	Biodegradability
	Chemical Input
	Antibacterial

	Cotton
	High
	Biodegradable
	Moderate
	Low

	
Polyester
	
Low
	
Non-biodegradable
	
High
	
None

	
Bamboo
	
Low
	
Biodegradable
	
Varies (high for viscose, low for mechanical)
	
High



b. Production Challenges and Innovations
While bamboo presents notable sustainability benefits, these assertions are not without limitations, particularly regarding processing techniques. Rocky (2017) conducted a critical analysis of the environmental impact of bamboo fiber production, emphasizing the chemical-intensive nature of viscose processing and raising concerns about water and soil contamination. To address this issue, Islam (2024) proposed enzyme-based, environmentally friendly methods as alternatives to chemical processing, offering innovative approaches to enhance sustainability and mitigate the environmental concerns associated with conventional viscose production.
Furthermore, despite rapid advancements, several persistent challenges impede the widespread, structural application of bamboo fiber–reinforced polymeric composites (BFRCs). These challenges include the heterogeneity of natural fibers, interfacial incompatibility, endurance in service contexts, limitations and externalities of chemical treatments, processing constraints, fire performance, lack of standards, industrial scalability, and compatibility with bio-based matrices. Overcoming these limitations is essential for transforming laboratory achievements into reliable, reproducible, and certifiable products (K.M. Faridul Hasan et al., 2023).
Bamboo fibers exhibit significant natural heterogeneity (species, culm age, culm position, growth conditions), which affects cellulose–lignin ratios, microfibril angle, diameter distribution, and moisture uptake parameters that directly influence stiffness, strength, and dimensional stability at the composite level (Defoirdt et al., 2010; Liu et al., 2012). The review highlights how this variability complicates reproducibility and scale-up, necessitating careful selection, grading, and preprocessing to minimize batch-to-batch deviations (Hasan et al., 2023). While pre-treatments can reduce dispersion in properties, a global lack of standardized extraction and grading protocols continues to result in inconsistent performance outcomes across laboratories and production sites (Shah et al., 2016).
Bamboo fibers are hydrophilic, whereas many commonly used thermoplastic matrices (e.g., PP, PE) are hydrophobic. This polarity mismatch results in weak adhesion, interfacial voids, and accelerated moisture ingress, which degrade tensile, flexural, and impact properties (Phuong et al., 2010; Wang et al., 2020). Alkaline (NaOH) and silane treatments improve wetting and roughness and can introduce chemical coupling, enhancing interfacial shear strength; however, treatment efficacy varies with fiber source and process, and can be compromised by over-treatment that damages fiber ultrastructure (Hasan et al., 2023; Liu et al., 2016).
Bamboo fibers are susceptible to thermal degradation within the temperature range of 160–200 °C, which is typical for thermoplastic processing. The shear forces encountered during extrusion or injection molding processes result in fiber shortening, thereby reducing the aspect ratio and diminishing reinforcement efficiency (Hao et al., 2021; Long et al., 2019). Achieving uniform dispersion and controlled fiber alignment, which are essential for unlocking anisotropic strength, remains challenging to reproduce consistently at scale in high-viscosity melts (Jiang et al., 2022; Chattopadhyay et al., 2011). While thermosets offer gentler processing conditions and continuous architectures, they are limited by recyclability constraints (Hasan et al., 2023; Chin et al., 2020). 
In comparison to glass or carbon composites, bamboo fiber-reinforced composites (BFRCs) lack standardized protocols for fiber extraction, conditioning, composite fabrication, mechanical testing (including interfacial tests), and durability assessments. This absence of harmonized standards results in non-comparable datasets and impedes the development of design allowables and certification pathways (Hasan et al., 2023; Shah et al., 2016). Beyond advancements in processing methods, bamboo's sustainability potential extends to waste utilization and ecological restoration. Kalderis et al. (2023) demonstrated the use of bamboo waste as adsorbents for ecological restoration, highlighting its dual role in sustainable fabric manufacturing and environmental remediation by reducing contaminants and promoting eco-friendliness. This approach underscores bamboo's potential within a circular economy framework, where production waste is repurposed as a resource for environmental enhancement. 
Collectively, these challenges suggest that while BFRCs hold technical and environmental promise, their widespread adoption for structural applications depends on standardization, eco-efficient interfacial chemistry, durability-by-design, process control, and scalable supply chains (Hasan et al., 2023; Mousavi et al., 2022). Emerging strategies, such as nanofiller-enabled interphases, bio-based coupling agents, mechanized or enzymatic extraction, and recyclable thermoplastic architectures, present viable pathways to bridge the gap between laboratory performance and certified industrial products (Niu et al., 2022; Kouhi et al., 2021).
c. Consumer and Industrial Applications
Bamboo fiber is a sustainable natural material with engineering and manufacturing applications. Bamboo fibers have a hierarchical structure made of cellulose, hemicellulose, and lignin, giving them exceptional tensile strength, stiffness, and antibacterial capabilities, according to Chen et al. (2022). It is increasingly adopted in consumer products including underwear, socks, baby diapers, sanitary pads, and eco-packaging. Fazita et al. (2017) and Shi et al. (2024) presented applications of bamboo in sustainable packaging, demonstrating its biodegradability and antimicrobial potential. Fazita et al. (2023) examined sustainable practices in packaging applications utilizing composites created from bamboo fabric and polylactic acid. Their research emphasized bamboo's adaptability in both healthcare and non-healthcare sectors. Xu et al. (2023) examined bamboo-fiber-reinforced polymer composites, highlighting their superior mechanical resistance and capability for long-lasting medical uses. This research is distinctive for highlighting bamboo’s industrial uses outside of textiles. Saricam and Okur (2018) evaluated regenerated bamboo, polyester, and cotton fabrics, focusing on their thermal comfort and moisture management. Bamboo-based fabrics were found to excel in comfort, making them suitable for summer clothing applications. 
Bamboo demonstrates strong potential as a cornerstone material for sustainable textile development due to its rapid renewability, antibacterial properties, UV resistance, and low resource requirements compared to conventional fibers such as cotton (Hu et al., 2019; Waite, 2009). However, its sustainable use is challenged by the environmental impacts associated with chemical extraction processes, particularly alkaline treatments that generate wastewater requiring proper management or closed-loop recovery systems (Chen et al., 2017; Phong et al., 2012). Advancing more efficient mechanical and hybrid extraction methods, improving wastewater treatment technologies, and enhancing handloom-based production systems are therefore essential to fully realizing bamboo’s ecological advantages (Hu et al., 2019; Jalil, 2022). 


Table 3. Environmental Sustainability in Clothing
	Key Focus
	Summary of Findings
	Sources

	Sustainability Benefits
	· Bamboo grows rapidly with minimal pesticides and less water than cotton.
· Naturally biodegradable, reducing textile waste.
· Promotes local textile economies and eco-conscious innovation.
	Prakash (2020); Munjal & Kashyap (2015); Yang & Ma (2013); Sienkiewicz et al. (2024); Wannajun et al. (2011); Nayak & Mishra (2016)

	Production Challenges and Innovations
	· Viscose processing is chemically intensive and poses environmental risks. 
· Enzyme-based methods offer sustainable alternatives to chemical processing
· Bamboo waste can serve in environmental remediation and pollutant adsorption.
	Rocky (2017); Islam (2024); Kalderis et al. (2023)

	Consumer and Industrial Applications
	· Bamboo is used in diverse eco-friendly products: underwear, diapers, sanitary pads, and packaging.
· Bamboo-fiber composites offer durability and antimicrobial properties. 
· Provides excellent thermal comfort and moisture management for clothing.
· Bamboo demonstrates strong potential as a cornerstone material for sustainable textile development
	Fazita et al. (2017, 2023); Shi et. al. (2024); Xu et al. (2023); Saricam & Okur (2018); Hu et al., 2019; Waite, 2009



Integrating bamboo into traditional craft and handloom weaving not only supports cultural preservation but also opens pathways for innovative, low-impact textile design, highlighting the importance of collaboration between artisans, designers, and material scientists (Gao et al., 2024; Yu & Pashkevych, 2023). Overall, strengthening sustainable extraction technologies, expanding circular-economy approaches, and conducting comprehensive life-cycle assessments will be vital for establishing bamboo as a truly sustainable alternative within the global textile and fashion industry.
Table 3 summarizes the findings of the scoping review in Environmental Sustainability of Bamboo Fiber in Clothing. It features the thematic areas, key findings, and sources. 

3. Gaps in Literature
Despite the wide-ranging applications, the review revealed important gaps hindering broader adoption of bamboo fiber in medicine and sustainable textiles:

Medical Use Gaps
1. Clinical Validation Missing
While studies such as Chonsakorn et al. (2024), Imadi et al. (2014), and Mishra et al. (2012) demonstrate bamboo’s antibacterial and hypoallergenic properties in controlled environments, there is a lack of clinical trials in hospital or wound-care settings. Without patient-centered evidence, bamboo remains “promising but unproven.” This gap limits its adoption in mainstream medical textiles and wound dressings.
2. Mechanistic Insights Limited
Ramful et al. (2022) and Amjad (2024) identify lignin and bamboo kun as antibacterial agents, but the biochemical pathways and interactions with human tissues are not fully understood. For bamboo to be considered alongside advanced biomaterials, research must clarify how these compounds function at the cellular and molecular levels, including their long-term safety.
3. Durability Across Use-Cycles
Arjun Dakuri & Lolla (2023) showed antibacterial efficacy after 20 laundry cycles, but broader studies on hospital laundering systems which involve harsher detergents and sterilization are missing. This gap raises questions about bamboo’s reliability in infection-control environments.
4. Comparative Effectiveness
Bamboo is often compared to cotton and polyester (Mishra et al., 2012; Sharma, 2009), but few studies benchmark bamboo against advanced synthetic textiles like silver-infused fabrics or nanofiber dressings. Without these comparisons, bamboo’s competitive position in medical innovation remains unclear.
5. Specialized Applications Underexplored
Research focuses on wound care, PPE, and hygiene products (Akbar et al., 2017; Subashini et al., 2021). However, bamboo’s potential in orthopedic devices, implant coatings, or smart medical textiles (e.g., sensor-integrated fabrics) is largely unexplored. This gap prevents bamboo from entering high-value medical niches.

Clothing Use Gaps
1. Lifecycle Assessments (LCA) Incomplete
Prakash (2020) and Nayak & Mishra (2016) highlight bamboo’s eco-friendly potential, but comprehensive LCAs covering cultivation, processing, distribution, and disposal are scarce. Without holistic data, sustainability claims risk being overstated or challenged.
2. Processing Method Comparisons Limited
Rocky (2017) critiques viscose processing as chemically intensive, while Islam (2024) proposes enzyme-based alternatives. However, comparative data across mechanical, viscose, and enzymatic methods is incomplete. Pilot-scale enzyme innovations lack industrial validation, leaving uncertainty about scalability.
3. Consumer Behavior Studies Missing
Studies (Saricam & Okur, 2018; Fazita et al., 2017, 2023) emphasize textile comfort and packaging applications, but little evidence exists on consumer acceptance, willingness to pay, or long-term adoption of bamboo clothing. Without market insights, bamboo risks remaining a niche eco-product rather than a mainstream textile.
4. Circular Economy Integration Absent
Kalderis et al. (2023) explore bamboo waste in ecological restoration, but few studies examine bamboo’s role in textile recycling systems or closed-loop production models. This gap limits bamboo’s integration into sustainable fashion ecosystems.
5. Regional and Socioeconomic Impacts Limited
Wannajun et al. (2011) highlight local economic benefits in Thai fabrics, but broader socioeconomic analyses (employment, rural development, global trade competitiveness) are missing. Bamboo’s potential to transform textile economies remains under-documented.
 
CONCLUSION:

[bookmark: bookmark=id.kq507reo1ve8]This scoping review thoroughly analyzed bamboo fiber usage in medical and apparel contexts by synthesizing 57 peer-reviewed papers according to the Arksey and O'Malley approach. The evidence shows that bamboo fiber has amazing properties that make it perfect for use in healthcare. For example, it is naturally antibacterial (it kills more than 99% of S. aureus and E. coli), it wicks away moisture better than other materials, it is hypoallergenic, and it is naturally soft. Bamboo has many environmental benefits over regular fabrics, such as growing quickly, needing little water, being grown without pesticides, and being biodegradable. The most common way to process viscose, on the other hand, is still chemically intensive. This creates a trade-off between the natural sustainability of bamboo and the environmental impacts of its processing. These results show that bamboo fiber could be a good material for specialized therapeutic clothing, including bras for women who have had a mastectomy. They also identify important areas that require further research.
This review found that there are still big gaps in the understanding that are keeping bamboo fibers from becoming more popular, even if there is some promising evidence. There are still no rigorous clinical validation studies. While laboratory studies often show good results, there are not enough patient-centered clinical trials that test bamboo fabrics in real healthcare settings. This disparity between what labs say and what clinical data shows is a major obstacle to the use of medical-grade products. Also, it's hard to compare studies because there aren't any standard testing techniques, and the rates of antibacterial efficacy vary a lot from study to study. Research on specific therapeutic uses, including post-mastectomy garments, lymphedema management textiles, and radiation therapy-compatible clothes, remains badly neglected despite the expanding breast cancer survivor population.
	In conclusion, bamboo fiber is a very promising material that might be used in healthcare innovation, sustainable fashion, and patient-centered care. Because it has antibacterial capabilities, can control moisture, is hypoallergenic, and is good for the environment, it can be used instead of regular fabrics for things like wound dressings and specialist therapeutic apparel. To reach this potential, however, there is a need to pay close attention to clinical validation, standardized testing methodologies, sustainable processing improvements, and focused product development for vulnerable groups. For breast cancer survivors, the demographic that motivated this research, bamboo-based post-mastectomy garments signify not only a clothing alternative but also a substantial enhancement of dignity, comfort, and quality of life during the survivorship experience. This scoping review lays the groundwork for evidence-based progress by establishing clear priorities for researchers and eventually benefiting patients in quest of comfortable, sustainable, and health-promoting textile goods.
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