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ABSTRACT

Bamboo, known for its unique mechanical and antibacterial properties, has attracted growing interest as a sustainable material
for medical applications. Despite its potential, its adoption in modern clinical settings remains limited. This review aims to
provide a comprehensive overview of current medical uses of bamboo-based materials, focusing on application areas and
material composition. A systematic literature search across the PubMed and Scopus databases yielded 45 relevant articles.
These were categorized according to medical application and material utilization. Bamboo medical devices exhibited greater
variability; those used inside the body often incorporated bamboo as a significant structural element, whereas external devices
typically used bamboo as reinforcement. Textiles for treatment primarily used bamboo as a minor component, often combined
with antimicrobial or mechanical strengthening agents. In contrast, protective textiles used bamboo primarily as a significant
component, leveraging its inherent comfort and breathability. Across all applications, bamboo was selected for its mechanical,
antimicrobial, and breathable characteristics. The integration of bamboo in medical technologies is growing, driven by its
sustainability and functional performance. However, challenges remain in processing complexity and in demonstrating clear

advantages over conventional materials.

1 | Introduction

1.1 | Background

Bamboo, a fast-growing and renewable resource with unique
mechanical properties, has gained increasing interest for its
potential use in sustainable structural and engineering applica-
tions [1-3]. Known for its high specific tensile strength, light
weight, and hardness, bamboo is considered a functionally graded
material, with properties that vary throughout its structure.
Species, chemical composition, age, and location within the culm
influence these properties. The internal structure of bamboo plays
a key role in its mechanical performance. The culm, or stem,
is typically hollow and segmented into nodes and internodes

(Figure 1). The concentration of vascular bundles, which are part
of the plant’s transport system, increases from the interior to the
exterior of the culm wall, creating a gradient of stiffness and
strength that enhances bamboo’s ability to resist bending and
axial loads. Additionally, bamboo fiber (BF) has numerous pores,
contributing to its lightweight, breathable nature [1, 2, 4, 5].

Due to these properties, bamboo has historically been used
in regions of Africa and Asia for orthopedic devices such as
splints [6]. With basic techniques such as heating and bending,
bamboo can be shaped into various medical devices, including
crutches, canes, and prosthetics [7, 8]. In addition, BFs have been
used in textiles that offer antibacterial and breathable properties
[2, 4, 9]. These characteristics have recently attracted interest in
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FIGURE 1 | Structure of a bamboo culm segment [5].

the biomedical field, particularly in applications that leverage
bamboo’s biodegradability and antibacterial properties [2, 4]. A
significant characteristic supporting bamboo’s potential is its sim-
ilarity to bone, making it suitable for implantable bone devices.
Bamboo’s hierarchical porous structure, which contributes to
its mechanical strength, shows a structural similarity to human
bone, with an elastic modulus very close to bone, especially
compared to other biomaterials such as calcium phosphate or
titanium [10].

Interest in bamboo for healthcare is partly driven by the envi-
ronmental burden of conventional medical materials. Healthcare
delivery relies heavily on single-use plastics and polymer-
intensive consumables, particularly in operating rooms, for
example major orthopaedic procedures can generate substantial
plastic waste of 7.3 kg per case [11]. In parallel, medical non-
wovens used in surgical gowns, masks, and packaging represent
a growing demand segment for disposable healthcare products
[12]. These challenges have intensified interest in renewable
and potentially biodegradable materials that reduce reliance
on fossil-derived plastics while maintaining performance [13].
Bamboo is a promising candidate due to its renewability and
favorable mechanical properties arising from its hierarchical,
functionally graded structure [1, 3, 7]. However, sustainability
benefits remain strongly dependent on processing methods and
end-of-life considerations [8, 13].

Despite this potential, the literature on bamboo in healthcare
remains fragmented. Material properties vary significantly with
species, age, moisture content, and culm position [1, 3, 7],
while different processing approaches, ranging from chemical
modification to textile fabrication and fiber blending, limit cross-
study comparison [9, 10, 12]. Moreover, lack of standardization,
particularly in orthopedic applications, continues to hinder
broader adoption and highlights the need for regulatory frame-
works and consistent testing protocols [7]. Some studies report
biocompatibility and cytotoxicity assessments, but the evidence
base remains largely preclinical, making clinical translation
and relevance difficult to evaluate without further validation
[7, 8,10, 12]. Although bamboo has long been used in traditional
and non-medical contexts, its role in modern healthcare has not
yet been systematically synthesized. This review aims to provide

a comprehensive overview of current medical applications of
bamboo-based materials, with a focus on their material compo-
sition. It examines bamboo’s potential in healthcare, identifies
emerging trends, and outlines opportunities for future innovation
and development.

2 | Method
2.1 | Literature Search

To obtain a comprehensive overview of current and potential
applications of bamboo in the medical and biomedical fields,
a systematic literature search was conducted. The databases
PubMed and Scopus were accessed with the last update made on
November 28, 2025. The search query was divided into two cat-
egories: ‘Material’ and ‘Application Area’. Within each category,
keywords were generated and combined using Boolean operators.
A broad search strategy was intentionally adopted to minimize
the risk of missing relevant publications. The search was limited
to English-language publications. In Scopus, additional filters
were applied to include only documents within the following
subject areas: Medicine, Materials Science, Engineering, Health
Professions, Multidisciplinary, Dentistry, and Neuroscience. This
approach was used to exclude articles related to pharmaceuticals,
therapeutics, or non-medical applications. The following search
query was used for Scopus and adjusted accordingly for PubMed:
TITLE-ABS-KEY ((“bamboo” OR “bambusa”) AND (“medical”
OR “healthcare” OR “clinical” OR “biomedical” OR “biomechan-
ical”)) AND (LIMIT-TO (SUBJAREA, “MEDI”) OR LIMIT-TO
(SUBJAREA, “MATE”) OR LIMIT-TO (SUBJAREA, “ENGI”) OR
LIMIT-TO (SUB-JAREA, “HEAL”) OR LIMIT-TO (SUBJAREA,
“MULT”) OR LIMIT-TO (SUBJAREA, “DENT”) OR LIMIT-
TO (SUBJAREA, “NEUR”)) AND (LIMIT-TO (LANGUAGE,
“English”)).

2.2 | Eligibility Criteria

The following criteria were used to determine the eligibility
of articles for inclusion in this review. Articles were included
if they described or evaluated devices, materials, or manufac-
turing methods based on bamboo or bamboo composites, with
demonstrated or potential applications in medical, biomedical, or
biomechanical contexts. Medical devices were defined following
the definition of the Medical Device Regulations (MDR); in
short, a medical device was any instrument, apparatus, appliance,
software, implant, reagent, material, or other article, intended
by the manufacturer for one or more specific medical purposes,
such as diagnosing, preventing, monitoring, or treating, and
whose principal intended action was not achieved via phar-
macological, immunological, or metabolic means [14]. Articles
were excluded if they referred to non-botanical definitions of
bamboo, such as “bamboo spine” or bamboo-named animal
species. Studies that only mentioned bamboo without specifying
a relevant medical application, or studies focusing on general
personal health products, such as sanitary napkins or diapers,
were excluded. Additionally, articles discussing pharmaceuticals,
drugs, or therapeutic agents were excluded from this review.
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FIGURE 2 | PRISMA diagram of the used literature search and
article selection method.

2.3 | Literature Search Results

The search yielded 685 papers from Scopus and 278 from PubMed.
After removing duplicates, there were 805 unique records. Title
screening based on the eligibility criteria resulted in 174 articles.
After reviewing the abstracts and figures, 105 articles remained.
After a full-text evaluation, 65 of these were excluded due to
unclear or unspecified use of bamboo-based materials, lack of a
defined medical application, or inaccessible full text, leaving 45
articles included. The figure below displays the PRISMA diagram
of the selection process (Figure 2).

3 | Results
3.1 | Classification

All articles included in this review are discussed within two
overarching classifications: ‘medical applications’ and ‘material
utilization’ (Figure 3). These categories enable a systematic anal-
ysis of current healthcare applications of bamboo, focusing on its
structural incorporation into medical materials. This approach
aims to map both the functional and structural performance
of bamboo and identify potential relationships between them.
Medical applications refer to the various domains in which
bamboo-based materials have been applied within the medical,
biomedical, or biomechanical fields. The “medical applications”
group was subdivided into two categories: ‘medical textiles’ and
‘medical devices’. Medical textiles include two subcategories: ‘tex-

tiles for protection’ and ‘textiles for treatment’. Medical devices
include three subcategories based on the device’s invasiveness:
‘devices outside the body’, ‘devices on the body’, and ’devices
inside the body’.

Material utilization focuses on the specific material compositions
in which bamboo is employed in medical contexts. The “material
utilization” group is further subdivided according to the struc-
tural role of bamboo into three categories: 'Bamboo as the only
component’, 'Bamboo as a major component’, and 'Bamboo as a
minor component’. The last two categories refer to bamboo-based
composite materials. In the major component category, bamboo
constitutes the majority of the material. In the minor component
category, bamboo is present in a small proportion of the overall
composition.

3.2 | Bamboo—Medical Applications
3.2.1 | Textiles

Out of the 20 articles identified in the medical textiles category,
12 address applications in textiles for protection [9, 12, 15-24]
and the remaining 8 articles focused on textiles for treatment
[25-32]. Here, bamboo-based fabrics are used for surgical wear,
such as gowns and face masks, due to their antibacterial
activity and fluid repellency [12, 16, 22]. For example, Gao
et al. [12] developed a bamboo-based fabric tailored for medical
use, incorporating bamboo cellulose fibres (BCFs) into a non-
woven structure suitable for applications such as surgical gowns,
face masks, and instrument packaging. BCFs served as the
major structural component, while functional modification was
achieved through the in situ growth of ZIF-67 and subsequent
polydimethylsiloxane (PDMS) coating. The fabric showed high
antibacterial properties with an antibacterial rate of >99% for a
range of microbial pathogens. This rate refers to the extent to
which the textile inhibits or kills bacterial growth. Additionally, it
demonstrated excellent biocompatibility and breathability, with
no irritation observed on rabbit skin. Unlike surgical wear,
hospital garments are worn by healthcare personnel during daily
activities.

Various studies highlight the antibacterial activity, breathability,
moisture management, and comfort of bamboo-based
fabrics, making them suitable for this type of garment
[17-19, 21, 22, 24]. Bamboo fabrics are also used in medical
lifestyle products, such as bedding and bed mats, where the
focus is on integrating BF into products that are biocompatible,
hygienic, and comfortable [9, 22]. For example, Kandhavadivu
et al. [22] describe a multifunctional fabric made from charcoal
and bamboo, suitable for bedding, hospital clothing, and
surgical gowns. Fabrics were developed using polyester-based
bamboo charcoal (PBBC) as a major component, with varying
PBBC/lyocell compositions (100:0, 75:25, 50:50, and 25:75),
enabling the correlation of material composition with specific
healthcare applications. Bamboo charcoal (BC) is produced
through high-temperature pyrolysis and can be included in
various forms, such as powder, embedded within fibers, or as
whole segments. The study emphasizes that the combination
of BC’s antibacterial (bacterial reduction rate of up to 90%) and
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FIGURE 3 | A two-tier classification framework for bamboo-based medical applications identified from the reviewed literature. The left branch

classifies studies by application type, distinguishing medical textiles and

medical devices, with further subdivision into specific functional categories.

The right branch classifies studies by material utilization, indicating whether bamboo is used as the only, major, or minor constituent of the final material.
Numbers in brackets correspond to the references of the included articles.

antifungal properties results in a fabric that meets the functional
requirements of hospital textiles.

In a more advanced application, Huang et al. [23] developed a
bamboo-based elastic composite fabric with far-infrared (FIR)
emissivity, contributed by BC fibers, and electromagnetic shield-
ing effectiveness (EMSE), enabled by stainless steel fibers. The
composite yarns were designed with BC-containing fibres as
the main sheath material and SS fibres as the conductive core.
FIR has been proven to promote blood circulation and enhance
metabolic activity. Therefore, combining FIR and EMSE proper-
ties makes the fabric suitable for thermal healthcare garments,
such as neck supports, knee pads, and abdominal wraps, as well
as for protective clothing used in electromagnetically sensitive
environments.

Textiles for treatment proposed different types of bamboo-
based wound dressings, emphasizing their antimicrobial
activity, absorbency, breathability, and moisture management
[9, 27-29, 31, 32]. A recent study by Zeng et al. [32] introduces
a novel cooling fabric designed for thermal and moisture
regulation, providing a moist yet non-sticky microenvironment to
support wound healing. Bamboo viscose fibres were incorporated
as a minor hygroscopic component, whereas cool synthetic
filaments such as polyethylene (PE), cool polyester (CPET), and
cool polyamide (CPA) formed a major structural and cooling
elements, thereby linking material composition to moisture
management and thermal-regulation performance. In addition,
Bamboo viscose fibers were regenerated from bamboo pulp
using the viscose process, exhibiting inherent antimicrobial
properties, which further contribute to improved wound care
outcomes. Bamboo has also been investigated for use in bandage
applications, primarily for its antimicrobial properties [25,
26, 30]. N Oglakcioglu et al. [30] evaluated bamboo-based
compression bandages with a focus on pressure and comfort.

Bamboo fibres were incorporated as a minor sheath component
in elastane core-spun yarns, while elastane provided the main
compressive function. Their findings suggest that these bandages
can deliver adequate pressure for compression therapy and
offer greater thermal resistance than conventional compression
garments.

3.2.2 | Medical Devices

Among the 25 articles classified under medical devices, five
addressed devices intended for outside the body [8, 33-36], eleven
focused on devices designed for on-body applications [37-47],
and nine investigated devices intended for inside the body use
[10, 48-55]. Devices used on the body are defined as external-use
devices, meaning they come into contact only with the skin. In
the field of orthopedic devices, four papers present components of
prostheses made from bamboo. These studies note that bamboo-
based materials are well-suited for prosthetic applications due to
their mechanical properties, including high strength, elasticity,
low density, and environmental benefits such as recyclability and
biodegradability [8, 41, 45-47]. For example, Sosiati et al. and
Irawan et al. both explored bamboo composites as potential mate-
rials for prosthetic sockets, as illustrated in (Figure 4a) [41, 47].
Bamboo fibres or laminates served as the primary reinforcement
phase, typically combined with polymeric matrices to provide
the structural performance required for prosthetic use. Beyond
socket applications, recent work by Minuto et al. [8] extended
the use of bamboo laminates to load-bearing prosthetic feet,
demonstrating mechanical performance comparable to that of
commercial carbon-fiber feet while reducing weight, cost, and
environmental impact. Other bamboo-based orthopedic devices
focus on providing support or correction, typically in the form of
orthotic devices [39, 40, 42].
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(a) (b)

Lu et al. [42] describe a nano-BC powder-based ankle guard,
designed to reduce pain, improve ankle joint balance, and
enhance movement and range of motion in combination with
rehabilitation therapy (Figure 4b). Similarly, Hou et al. [40]
present a bamboo-composite material with potential orthopedic
applications, particularly in orthoses for ankle fractures, due to its
mechanical strength and lightweight properties (Figure 4c). In a
more traditional context, two papers describe the use of bamboo
in orthopedic applications. [43, 44]. For example, Meng et al.
[43] describe a traditional bamboo splint used for Colles fractures
and compared it with a redesigned version based on the same
concept. Bamboo was the only structural material, providing
rigid external support for fracture fixation. The bamboo curtain
splint consists of four curtain splints, each fixed with cotton
tape. Advantages of the bamboo splint include adjustability,
good air permeability, and X-ray transparency, while its main
disadvantage is its complexity of use.

Three papers present the use of bamboo in medical monitoring
devices [36-38]. In the work of Zhu et al. [38], bamboo is
processed into a carbonized bamboo aerogel (CBA), which serves
as a conductive scaffold for strain sensing. This bamboo aerogel
shows potential for monitoring human motion, such as breathing,
airflow, or abdominal motion related to breathing. Eight articles
discuss medical devices inside the body, all being orthopaedic
applications. Bamboo is used for internal bone fixation devices,
based on its mechanical similarity to bone [48, 56]. In this context,
Liu et al. [56] describe a bamboo-based antibacterial hydrogel
that can be used as a lightweight bone filling material to prevent
infection at the implant site. In this material, bamboo charcoal
acted as the main structural substrate, whereas antibacterial
performance was achieved through the incorporation of sil-
ver nanoparticle (AgNP)-containing thermo-sensitive hydrogel.
Bamboo-based materials are also used for dental restoration, bone
scaffolds, or bone materials in tissue engineering, highlighting
their favorable mechanical properties and hierarchical porous
structure [49, 51-55].

Ma et al. [51] assess the feasibility of a bamboo-based bone
material designed to replicate the structure and composition
of natural bone, identifying its potential for bone regeneration.

Nano-bamboo
charcoal ankle
guard

(c)

FIGURE 4 | Examplesof bamboo-based orthopedic applications: (a) prosthetic socket [41]; (b) ankle guard [42]; (c) orthosis for ankle fractures [40].

In this biomimetic system, bamboo fibre acted as the organic
matrix, while nano-hydroxyapatite (n-HA) served as the inor-
ganic bioactive phase. Expanding on this research, Jiang et al.
(2022) [49] investigated BF composite membranes for guided
bone tissue regeneration (GBR), highlighting their high strength,
biodegradability, and low cost as key advantages for biomedical
applications. Three articles describe bamboo-based applications
used outside the body. Both articles focus on medical devices
intended for diagnosis, treatment, monitoring, or support within
healthcare settings [33-35]. For example, Gawande et al. [33]
investigated bio-composite skew-laminated composite sandwich
(SLCS) plates for use in biomedical imaging systems, specifically
for MRI and CT scan beds or machines. Material properties, such
as biodegradability, radiolucency, lightweight, high strength, and
vibration resistance, are key considerations for the suitability of
the SLCS plate for biomedical imaging machines.

While Section 3.2 described the medical applications in which
bamboo has been explored, the next section shifts focus to the
material strategies underlying those applications. Specifically, it
examines the physical forms and structural roles of bamboo as
the only component, and of composites (bamboo as a major or
minor component) to achieve the functional properties required
for the medical uses described above.

3.3 | Bamboo—Material Utilization
3.3.1 | Bamboo as the only Component

Bamboo can be used in various physical forms, including whole
segments, fibres, and particles, as shown below (Figure 5), and the
following sections will discuss the found articles on these material
forms. Bamboo is used as the only component in seven papers,
with five papers using whole bamboo and two using BF [24, 26, 34,
43,44, 46). Shashmin et al. [46] describe the flexural, compressive,
and tensile properties of dried and reformed bamboo. Reformed
bamboo is created from dried bamboo by cutting the raw culms to
size, softening them through hot steam treatment, and carbonis-
ing the strips, allowing for reshaping. This process aims to address
issues such as low modulus of elasticity and lower durability

Advanced Materials Technologies, 2026
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Whole

FIGURE 5 | Overview of material, physical forms of bamboo.

found in natural bamboo. The mechanical properties, including
Tensile Yield (230.0 + 6.2 MPa), Compression Yield (87.6 +
4.3 MPa), and Flexural Yield (270.6 + 3.5 MPa) of the reformed
bamboo, were found to be 0.3%-4% improved as compared to
the dried bamboo. The study also notes that bamboo is twice
as strong as aluminum and three times stronger than fiber-
reinforced plastic. Kalkanci et al. [24] investigated textiles made
entirely from BF, comparing them with other materials in terms
of filtration performance and antibacterial properties.

3.3.2 | Composites—Bamboo as a Major Component

Out of the 35 articles discussing bamboo as a composite mate-
rial, 18 describe bamboo as a major component. Among these,
14 report bamboo in fibre form and three report the use of
whole bamboo. Different BF composites were enhanced with
synthetic or natural fibres [9, 16, 17]. Chonsakorn et al. [9]
describe a non-woven fabric from BF derived from bamboo
waste blended with polyester fibre. BFs were mainly added
due to their antimicrobial properties. In contrast, polyester fibre
was needed for the mechanical processing, such as carding or
needle-punching, a nonwoven fabrication technique in which
barbed needles mechanically entangle fibres to form a cohesive
fabric with defined structure and sufficient mechanical strength
for moulding. An optimal bamboo-to-polyester fibre ratio of
70:30 enabled stable processing into a needle-punched nonwoven
fabric.

Manjula et al. [27] describe a bamboo non-woven fabric as a major
structural component with relatively high strength. The bam-
boo fabric underwent oxygen plasma treatment to enhance its

Fibres

Particles

hydrophilic properties, which are favorable for wound dressings.
Subsequently, solid silver nanoparticles were deposited as a sur-
face coating onto the bamboo fabric. These silver nanoparticles
exhibit strong antimicrobial activity, helping prevent microbial
penetration. Six articles describe BFs enhanced with inorganic
or mineral additives to enhance structural performance [12, 20,
42, 49, 51, 53]. The combination of nano-hydroxyapatite (n-HA)
with BF (n-HA/BF) was explored to overcome the mechanical
limitations of n-HA, such as brittleness and low wear resistance.

Ma et al. [51] focused on developing bulk composites, resulting
in a solid composite sample, while Jiang et al. [49] focused
on a thin composite membrane. Ma et al. [51] showed that
incorporating BF into pure n-HA improved compressive strength,
with the 30% BF composite exhibiting the highest compressive
strength of 31.0 MPa. Jiang et al. [49] showed that increasing n-
HA content initially enhanced the membrane’s tensile strength,
peaking at 20% n-HA (36.32 MPa), but decreased at higher n-
HA due to particle agglomeration, in which nanoparticles cluster
together instead of remaining uniformly dispersed, leading to
stress concentrations and weakened load transfer. Here, bamboo
was also found to be sensitive to the processing temperature,
exhibiting increased thickness and a reduced projected surface
area with increasing temperature, due to changes in hydrogen
bonds between BF molecules.

Bamboo can be a source of cellulose fibres, which are extracted
from the cellulose content of bamboo through mechanical and
chemical processes [15]. The study of Zhang et al. [53] reported the
fabrication of aerogels from bamboo-derived cellulose nanofibrils
(CNFs) extracted from bamboo parenchyma cells. These CNFs
were assembled into a porous aerogel structure to address the
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FIGURE 6 | Fabrication and anisotropic lamellar structure of silylated bamboo-derived cellulose nanofibril aerogels. (a) Schematic illustration
of the fabrication of silylated bamboo-derived cellulose nanofibril (CNF) aerogels via unidirectional freeze-casting, producing an aligned porous
architecture. (b) Vertical-section Scanning electron microscopy image of the silylated CNF aerogel, showing its aligned lamellar pore structure along

the freezing direction. Adapted from [53].

inherent hydrophilicity and fragility of conventional cellulose
aerogels (Figure 6a). The resulting aerogel exhibited anisotropic
mechanical properties due to its aligned lamellar architecture,
which was achieved by freeze-casting a mixture of CNF
suspension and methyltrimethoxysilane (MTMS) sol. This
aligned structure contributed to improved strength and
stiffness in the axial direction, i.e., along the freezing direction
(Figure 6b).

Additionally, Gao et al. [12] describe the fabrication of bamboo
cellulose fibres (BCFs) into a non-woven fabric structure. These
fibres retain inherent properties like high strength and flexibility.
ZIF-67, a metal-organic framework, is grown in situ on the
BFs, and polydimethylsiloxane (PDMS) is coated on these ZIF-
67 modified fibres. The final material showed a maximum
fracture force of 51.09 N and an average tensile strength of
12.51 MPa.

Zhu et al. [38] describe a bamboo-based composite primarily
composed of two components: carbonised bamboo aerogel (CBA)
and silicone resin. The CBA features a 3D network essential for
the material’s electrical conductivity and elasticity, making it the
functional core for strain sensing. The CBA exhibits a recoverable
compressive strain of up to 60%, meaning it can be compressed up
to 60% of its original thickness and fully return to its initial shape
once the load is removed, without any permanent deformation.
Within this range, the material demonstrates a quasi-linear
stress—strain response. However, beyond 60% strain, a sharp
rise in stress occurs, resulting in permanent structural failure.

The silicone resin is incorporated by encapsulating the CBA,
improving flexibility and stretchability. Under 60% compressive
strain, the composite achieves a stress of 331 kPa, approximately
43 times higher than CBA alone and about twice that of neat
silicone. Furthermore, the combination with silicone improves
the tensile strength of the composite from 104.1 kPa (neat silicone)
to 244.4 kPa.

Among the 19 articles that describe bamboo as a major compo-
nent, three describe the use of whole bamboo [52, 56]. In this
context, bamboo was used as a scaffold or template, ensuring
the mechanical stability and space for other materials to adhere
to. For example, Liu et al. [56] describe a composite composed
of BC substrate and an AgNP hydrogel. BC, characterized by its
porous structure, light weight, and low density, was used as the
main structural material, serving as the base onto which surface
modifications and coatings were applied. The hydrogel is primar-
ily composed of poly(N-isopropyl acrylamide) (NIPAAm), known
for its thermosensitive properties. Xue et al. [52] describe calcium
phosphate mineralised bamboo-based composite scaffolds (CaP-
bamboo). CaP was introduced into delignified bamboo templates,
primarily to induce bone ingrowth into a bone scaffold; however,
as a side effect, the mineralized layer on the cells also enhanced
the material’s strength. The mineralized CaP-bamboo scaffolds
achieved a flexural strength of 246.2 + 18.7 MPa, a compressive
strength of 104.3 + 10.2 MPa, a flexural modulus of 8.7 + 0.5 GPa
and a compressive modulus of 3.1 + 0.3 GPa. The CaP-bamboo
scaffolds exhibited high mechanical strength and a low flexural
modulus, comparable to human cortical bone.
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3.3.3 | Composites—Bamboo as a Minor Component

Out of the 33 articles discussing composite materials, 16 used
bamboo as a minor component. Among these, 14 composites
used bamboo fibres, one used bamboo particles, and one used
whole bamboo. Bamboo was used as reinforcement in polymer
matrix composites to enhance strength, toughness, and stiffness.
The polymer matrix binds fibres and transfers stress, with
different polymers selected based on application requirements
[21, 33, 39-41, 48]. In particular, Hou et al. [40] describe a
lightweight polymer composite made of aligned bamboo macrofi-
bres embedded in a polycaprolactone polyol (PCL) matrix. The
bamboo macrofibres are used for their intrinsically aligned
microstructure, which enables high strength, and the PLC acts as
abinder that holds the bamboo macrofibres together. The bamboo
macrofibre-filled lightweight polymer composite (BMC) shows
ultrahigh strength (31.5 MPa, 3.3x PLA) and high toughness
(21.7 MJ m~3, 4x PCL). Strength and modulus increase with fibre
content, though the modulus drops beyond 20% fibre loading.

Jiang et al. (2017) [48] describe a biodegradable ternary composite
composed of BF, n-HA, and a poly(lactic-co-glycolic) (PLGA)
matrix. BF was introduced to reinforce the PLGA and increase the
mechanical properties of the n-HA/PLGA composite. Contrary to
previous articles, increasing the BF content led to low mechanical
strength and stiffness due to aggregation and poor interfacial
adhesion. A percentage of 5% BF showed the highest bending
strength, approximately 147.5 MPa.

Four articles describe the combination of BFs as a minor com-
ponent in combination with synthetic fibres [22, 25, 31, 32]. For
example, Zeng et al. [32] developed a Janus hygroscopic-cooling
fabric (J-HCF) based on filament/bamboo core yarns, combining
cool synthetic filaments (CPET, PE, or CPA) with a bamboo
viscose fibre sheath. The bamboo component provided high
moisture absorption and capillary transport, while the synthetic
core enhanced thermal conductivity and contact cooling. This
hybrid core-sheath design improved yarn strength by 11.6-14.3%
compared with the corresponding neat cool filaments (CPET, PE,
or CPA) used as monofilaments, demonstrating that bamboo-
based regenerated cellulose fibres can effectively enhance both
functional performance and mechanical robustness. Importantly,
the use of bamboo viscose highlights the potential of renewable,
plant-derived fibres to partially replace fully synthetic systems in
high-performance textiles [28-30, 57].

Among the reviewed articles, Og-lakciog™lu et al. [30] stands
out for its focus on compressive performance. Tubular medical
bandages were manufactured by using core-spun yarns, with
elastane, a synthetic fiber, as the core and bamboo as the sheath.
Bamboo was used for its inherent advantages like breathability,
softness, and moisture management, while elastane was used as
a core material to provide compression. The bamboo-based fabric
sample showed a pressure value of 25.98 mmHg, air permeability
0f 50.01 L-m~2-s~!, water vapour permeability of 36.76%, and ther-
mal resistance of 0.0310 W/m?K. The results indicated that the
bandages have good comfort abilities, besides adequate pressure
values for the compression effect. Huang et al. [23] introduced
a composite yarn where BC roving (70% rayon, 30% BC fibre)
forms the sheath and stainless steel (SS) fibre the core. BC fibre
enhanced tensile strength, while SS provided electromagnetic

shielding but did not significantly improve mechanical strength.
Rubber thread was included to enhance elasticity.

Sallal et al. [45] investigated bamboo particles as a reinforcement
in a lamination resin composite. In this study, the resin served
as the matrix, while the bamboo particles, sized at 5 um, were
added to enhance mechanical performance. However, compared
to other organic and inorganic fillers, the bamboo particles
yielded relatively lower tensile strength values, ranging between
40 and 50 MPa. This reduction in strength was attributed to the
needle-like morphology of the particles, which increased stress
concentrations and facilitated crack propagation, particularly at
high loading ratios. A similar needle-like morphology can be
observed in (Figure 7) of the present study, which may contribute
to comparable mechanical behavior [58].

Sosiati et al. [47] describe the incorporation of whole bamboo
segments with bamboo slats for a laminated composite. The
composites were fabricated using a polyester matrix reinforced
by woven E-glass and woven bamboo, and filled with eggshell
microparticles (EMPs).

The laminated composites were fabricated in different stacking
sequences of woven E-glass (G) and woven bamboo. Bamboo
was selected for its high tensile strength (up to 335.8 MPa)
and elastic modulus (15.8 GPa). The GBGBG stacking sequence
demonstrated the best performance, with the highest flexural
strength (177.19 MPa), impact toughness (88.13 kJ/m?), and lowest
water absorption (0.64%), attributed to the increased glass fibre
content and strong interlaminar bonding.

4 | Discussion
4.1 | Comparative Analysis

This review provides an overview of the current medical use
of bamboo-based materials. Medical applications are classified
into medical textiles and medical devices, while bamboo material
compositions are categorised as bamboo as the only component,
a major component, or a minor component. Clear application
patterns emerge, with bamboo utilisation closely linked to struc-
tural role and performance requirements. This section, therefore,
explores the relationship between bamboo material composition
and medical applications. The distribution of bamboo-based
applications in medical textiles and medical devices, together
with their corresponding material compositions, is shown below
in (Figure 8a).

In medical textiles, protective applications such as hospital
garments prioritise comfort and breathability properties, which
BFs naturally provide [9, 16, 19]. In contrast, treatment-oriented
textiles, such as compression bandages, require greater elas-
ticity. In these cases, bamboo is typically used as a reinforc-
ing component alongside elastic materials such as elastane,
which primarily determine the textile’s mechanical performance
[25, 26, 30]. Similarly, wound dressings demand enhanced
wound-healing efficacy and antimicrobial functionality, which
bamboo alone cannot always provide. As a result, additives such
as silver nanoparticle coatings or antimicrobial oils are frequently
incorporated to improve antimicrobial performance [27, 29, 59].
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FIGURE 7 | SEM micrographs of bamboo particles at different magnifications: (A) 50x and (B) 100x, showing elongated, needle-like morphology
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bamboo form used in various bamboo-based medical devices.

A range of processing methods is used in medical textiles
to enhance fibre performance, hygiene, and biocompatibility.
Table 1 provides an overview of these processing approaches and
their functions. Textiles for protection mainly rely on additive or
surface modification techniques, which enhance external perfor-
mance such as antimicrobial, fluid-repellent, or stain-resistant
properties without fundamentally altering the internal fibre
structure. In contrast, treatment textiles undergo more extensive
processing at the fibre, yarn, and fabric levels. These intrinsic

modifications directly influence softness, absorbency, moisture
management, and biocompatibility. This distinction reflects the
functional requirements of the two categories: protective textiles
must act as barriers against external contamination, whereas
treatment textiles must interact closely with skin or wounds and
therefore rely on built-in material properties.

Medical devices show a broader variation in bamboo mate-
rial composition depending on application, as illustrated in
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TABLE 1 | Overview of processing methods for medical textiles and devices, with examples of specific techniques and their intended purposes in

relation to device invasiveness and textile application type.

Processing Device Invasiveness
Method Specific Techniques Purpose /Textile application Refs.
Medical Textiles
Antimicrobial Metal nanoparticle coating, Infection control and Protection [20, 27, 29]
Enhancement copper sulfate treatments, and bacterial reduction
natural antimicrobial oils
Functional Surface Nano-soybean treatments, O2 Water repellent, stain Protection [17, 27]
Treatments plasma modification resistant, durability
Advanced Coating PDMS encapsulation, Barrier properties while Protection [12, 20]
Systems alginate/copper coatings, ZIF 67  maintaining breathability
frameworks
Fibre Purification FX-100 processing, bio-fermented Create soft, Protection [9,12]
water treatment, delignification skin-compatible fibres /Treatment
Fabric Construction Single jersey knitting, plain Appropriate architecture Protection [9, 16, 21, 22,
weaving, spunlace non-woven, for specific medical uses /Treatment 27,28, 31, 32]
needle-punching
Thermal Curing Controlled curing, heat bonding, Set finishes permanently, Protection [12, 21]
and controlled drying sterilizes /Treatment
Yarn Production Ring spinning, core-spun bamboo Create uniform yarns Treatment [9, 16, 21-23,
yarn, wet spinning with controlled properties 30, 32]
Medical Devices
Solvent Purification Ethanol extraction, toluene Remove compounds Inside [10, 48-50]
treatment, DMAc/LiCl systems, causing inflammatory
ultrasonic cleaning reactions
Biomineralization n-HA precipitation, simulated Enhance cellular Inside [10, 38, 51, 52]
body fluid treatment, Cap coating attachment (bone)
Chemical NaOH treatment, acidified Improve biocompatibility Inside/On [38, 40, 43, 47,
Delignification NaClO2, peroxyformic acid and reduce immune 52, 53]
response
High-Temperature Carbonization, pyrolysis, steam Create bioactive surfaces Inside/On [38, 42, 46, 54]
Processing treatment and sterilize materials
Surface alteration 02 plasma treatment, silylation Improve tissue adhesion Inside/On [10, 53, 56]
with MTMS, UV-grafted and biocompatibility
modifications
Nanoparticle Silver nanoparticle reduction, Antimicrobial properties Inside/On [37, 48, 56]
Integration copper sputter coating, n-HA and enhanced bioactivity
dispersion
Structural Freeze-casting, freeze-drying, and  Preserve natural structure Inside/On [38, 49, 53]
Processing CNF extraction via for tissue ingrowth
ultrasonication
Precision Cutting to specific dimensions, Achieve a precise fit for Inside/On [10, 43, 46]
Manufacturing steam softening orthopaedic applications

(Figure 8b). A clear distinction exists between devices used
on the body and those used inside the body, largely driven
by invasiveness and regulatory requirements. Bamboo is more
commonly used in non-invasive, on-body devices, partly due
to the challenges associated with sterilising natural materi-
als and ensuring long-term biocompatibility for internal use
[52, 56]. Devices worn on the body pose a lower risk of infection

or systemic harm and are therefore subject to less stringent
sterilisation and safety requirements, allowing greater flexibility
in material selection [14]. Devices used inside the body are
predominantly associated with orthopaedic applications, such as
bone fixation and tissue regeneration. In these cases, bamboo is
typically employed as a major component, often in fibre or whole
form, functioning as a structural matrix or scaffold.
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Bamboo’s intrinsic porous architecture and bone-like mechanical
properties support bone integration and regeneration [51-53, 56].
In contrast, on-body devices show a more varied use of bamboo as
the only major or minor component. Examples include prosthetic
pylons made entirely from bamboo for mechanical support [46],
fibre-reinforced composites for orthoses to enhance strength [40],
and BF substrates used in flexible strain sensors [38]. These
differences reflect functional requirements: internal devices rely
on bamboo’s intrinsic structure to support biological processes,
whereas external devices exploit its mechanical properties, such
as strength, elasticity, and low density, for load-bearing and
supportive roles.

Overall, bamboo is most frequently used in protective medical
textiles as a major component, while it appears as a minor
component in on-body devices and as a major component in
internal devices. The literature highlights that different applica-
tions prioritise different bamboo properties. In medical textiles,
emphasis is placed on antibacterial behavior, breathability, mois-
ture management, and reusability [13, 15, 26, 30]. In medical
devices, bamboo is selected for its high strength, elasticity,
low density, biocompatibility, and sustainability [41, 45-47, 52,
56]. Within textiles, bamboo is exclusively used in fibre form.
Treatment textiles primarily incorporate bamboo as a minor
component, whereas protective textiles more often use it as a
major component (Figure 8a). This difference reflects application
priorities, which can be achieved through tailored bamboo
compositions rather than relying solely on bamboo’s intrinsic
structure [39-41, 45-47].

For applications inside the body, bamboo is further tailored
to meet specific orthopaedic objectives. Jiang et al. (2017) [48]
focus on stabilisation and load-bearing fixation, using BF as a
reinforcing filler in a polymer matrix to enhance mechanical
strength. In contrast, Xue et al. [52] employ delignified bamboo
as a bio-template to create a hierarchical porous scaffold for
tissue regeneration [60]. Although both approaches incorporate
calcium phosphate to promote osteoconduction, the role of
bamboo differs according to the intended function. Devices used
outside the body are largely health care facility products and
typically feature robust designs, using whole bamboo as the only
component or BF as a minor component [33, 34]. As these devices
are non-invasive, they require less extensive processing and pose
a lower risk of infection or systemic harm. The mechanical
implications of these application-specific design strategies are
further summarized in Table 2.

The mechanical data summarized in Table 2 provide a direct
basis for comparing bamboo-based materials with conventional
biomedical materials across relevant applications. For hard-
tissue applications, the CaP-mineralized bamboo scaffold exhibits
compressive strengths of 104-118 MPa, flexural strengths up to
246 MPa, and elastic moduli of 3-9 GPa [52], which fall within
or near the lower range of cortical bone compressive strength
100-230 MPa; modulus 7-30 GPa [61, 62]. In contrast, metallic
implants such as Ti-6Al-4 V and 316L stainless steel exhibit sig-
nificantly higher moduli, 100-210 GPa, resulting in a pronounced
stiffness mismatch with bone [61]. This comparison indicates that
bamboo-based mineralized scaffolds provide a more favorable
bone-matched mechanical profile for load-sharing applications.
Similarly, BF/nHA/PLGA composites, with bending strengths of

131-148 MPa [48], exceed those of conventional biodegradable
polymers such as PLA and PLGA [63], further supporting the
reinforcing role of bamboo fibers in bone-related systems. For
non-load-bearing bone regeneration, nHA/BF scaffolds, com-
pressive strength: 1.11-42.74 MPa [51] and nHA/BF membranes,
tensile strength: 13.96-36.32 MPa, exhibit lower strength than
cortical bone.

For prosthetic and assistive applications, 3D-printed bamboo
fiber/PE composites, tensile strength: 6.3-15.6 MPa; modulus
up to 116 MPa [10], show a mechanical behavior comparable
to low-modulus thermoplastics, but remain inferior to high-
performance implant polymers such as PEEK [64], limiting
their use to low-load, patient-specific biomedical components.
For soft biomedical applications, bamboo-derived CNF aerogels,
silicone composites, and nonwoven fabrics exhibit mechanical
properties in the kPa-to-low MPa range [2, 30], consistent with
soft tissues and elastomeric biomaterials [62], and are therefore
suitable for wound-contact materials, cushioning interfaces, and
wearable systems. Overall, Table 2 highlights the mechanically
tunable nature of bamboo-based materials across hard and soft
biomedical applications.

Differences in mechanical performance between bamboo used
as a major and minor component are illustrated in studies
combining bamboo with nano-hydroxyapatite (n-HA) [48, 49, 51].
When bamboo is used as a minor component, optimal mechanical
strength is achieved at relatively low fibre ratios [48]. In contrast,
when bamboo serves as a major component, higher optimal ratios
for achieving maximum strength [49, 51]. This can be explained
by bamboo’s structural role: low reinforcement volumes may
maximise strength, while excessive fibre content can cause
aggregation and poor interfacial bonding, reducing performance.
When bamboo forms the bulk structure, the optimal composition
reflects a balance between the BF matrix and the dispersed n-HA
phase.

Although bamboo possesses a hierarchical fibrous structure and
favorable mechanical properties, its performance in compos-
ites depends strongly on processing and structural integration
[52]. When used as a structural template, bamboo can retain
its aligned architecture and achieve properties comparable to
cortical bone [52]. In contrast, when incorporated as a reinforcing
phase, its effectiveness is often reduced by fibre agglomeration,
which limits dispersion and structural uniformity. This has
been observed in bamboo/nano-hydroxyapatite systems, where
blending methods caused particle clustering compared with pre-
cipitation techniques [51]. In addition, reinforcement efficiency
is influenced by interfacial bonding, fibre characteristics, and
preprocessing steps such as delignification, bleaching, and drying
[37, 65].

Variations in feedstock properties, including species differ-
ences such as Dendrocalamus asper, as well as culm age and
moisture content, may further contribute to inconsistent per-
formance across studies [9]. As a result, bamboo does not
consistently outperform conventional materials in terms of
mechanical performance [45], particularly where poor fibre dis-
persion or weak surface coatings compromise structural integrity
[37, 48]. Its broader clinical implementation also remains limited,
partly because bamboo is sensitive to environmental conditions
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TABLE 2 | Summary of bamboo-based materials with reported numerical mechanical properties and their potential biomedical applications.
Bamboo-based material Reported mechanical properties Main biomedical application Refs.
CaP-mineralized bamboo Compressive strength: 104.3 + 10.2 to Bone scaffold [52]
scaffold (CaP-Bamboo) 118.6 + 11.7 MPa; Flexural strength: 234.4
Delignified bamboo + 23.4 t0 246.2 + 18.7 MPa; Compressive
(D-Bamboo) modulus: 3.1 + 0.3 GPa; Flexural

modulus: 8.7 + 0.5 GPa
Flexural strength: 178.5 + 7.7 MPa;
Flexural modulus: 4.6 + 1.2 GPa;
Compressive modulus: 2.5 + 0.4 GPa
BF/nHA/PLGA composite Bending strength: ~131-148 MPa Bone scaffold/biodegradable fixation [48]
material
nHA/BF composite scaffold Compressive strength: 1.11-42.74 MPa, Non-load-bearing bone [51]

Bamboo fiber-reinforced
silicone bio composite

3D-printed bamboo fiber/PE
composite

Cu-sputtered bamboo fiber

Bamboo-derived CNF aerogel

PDMS@ZIF-67@BNF bamboo
nonwoven

Tensile strength: 13.96-36.32 MPa
Compressive stress: up to 83.16 kPa

Tensile strength: 6.3-15.6 MPa; Elastic
modulus: 31.0-116.5 MPa

Tensile strength: 375.6-858 MPa
bundle Compressive stress: ~24-45 kPa;
Apparent modulus: ~5-45 kPa

Tensile strength: 12.51 MPa

scaffold/osteoconductive filler
Soft biomedical component/cushioning

interface
Orthotic/assistive biomedical parts [10]
Conductive biomedical textile/wearable [2]

sensor substrate
Soft biomedical interface/cushioning

Medical textile/wound-contact material [30]

such as moisture and temperature, which can cause soften-
ing, warping, or degradation of internal bonding [24, 51]. For
invasive applications, extensive processing is often required to
achieve suitable mechanical and biological properties, particu-
larly through treatments such as chemical delignification [37, 40,
52, 53, 56]. However, these processing steps are time-consuming,
costly, and may reduce the environmental advantages that often
justify the use of bamboo in medical applications.

4.2 | Temporal Distribution and Future
Perspective

The increase in publications on the use of bamboo in medical
applications is evident, as shown below in (Figure 9). Since 2008,
there has been a rise in documented medical applications of bam-
boo, indicating a broader spectrum of applications and material
compositions. The first paper on medical bamboo applications
was published in 1994, and interest surged after 2008.

While early applications predominantly focused on medical
textiles, recent research has shifted toward more technologically
sophisticated applications, including bamboo-based tissue engi-
neering and medical monitoring devices (Figure 9a). In recent
years, the scope of bamboo use has become more diverse and
complex (Figure 9b), likely due to the integration of advanced
technologies.

One underexplored area is the use of bamboo-based composites
in 3D printing. Recent work has shown that bamboo-reinforced
printable composites can exhibit favorable mechanical proper-
ties, including increased tensile strength and Young’s modulus,
supporting their potential as sustainable feedstocks for additive

manufacturing [66]. However, important processing limitations
remain in extrusion-based printing; fiber orientation is difficult
to control, and shear-induced misalignment, fiber breakage,
and agglomeration may produce anisotropic properties [66, 67],
irregular filament quality, and nozzle clogging. Bamboo fibers
are also susceptible to thermal and moisture-related degradation,
which can weaken the fiber-matrix interface when drying and
printing temperatures are not carefully optimized [68]. Current
mitigation strategies include alkali pretreatment to remove lignin
and hemicellulose and improve wettability, alongside surface
modification approaches such as dopamine-assisted treatment to
enhance interfacial adhesion [66, 69, 70]. Process optimization,
including controlled heating and suitable nozzle dimensions,
has also been proposed to improve extrusion stability and fiber
impregnation [66, 71]. Although no clinical bamboo-based 3D-
printed medical devices have yet been reported, the growing
use of additive manufacturing in orthopedics and tissue engi-
neering suggests clear potential for the future development of
bamboo-based bio-fabricated medical components [51-53, 56, 72].

4.3 | Limitations and Recommendations

Despite a systematic and broad search strategy, relevant stud-
ies may have been missed due to restrictive search terms
and database coverage, particularly for bamboo-based medical
devices reported without explicit biomedical terminology or pub-
lished outside major databases. Traditional and region-specific
applications, especially from developing countries, may therefore
be underrepresented. Future reviews should expand database
selection and search terms to address this gap. Additionally,
inconsistent reporting of bamboo species across studies limits
comparability, as material properties vary by species and region.
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To move forward, several improvements are needed. In the near
term, researchers should standardize how bamboo materials are
prepared and reported, including clear identification of species,
origin, and treatment methods, since these factors strongly
influence performance [73]. Mechanical properties must also be
optimized, particularly in composite materials where bamboo
fibers are combined with other substances, as problems such
as fiber clumping and weak bonding can reduce strength [37,
48]. More direct comparisons with existing medical materials
under the same testing conditions are also necessary to prove real
advantages.

In the midterm, future work should focus on long-term durability
testing and in vivo studies to better assess biocompatibility, stabil-
ity, performance under physiological conditions, and combined
with advanced manufacturing technologies such as 3D printing.
Recent work has shown that bamboo-reinforced composites can
achieve high tensile strength and stiffness when 3D printed [66].
Since 3D printing is already being explored for personalized bone
implants and spinal devices [72]. Clearer cost-benefit analyses
will also be important to support industrial and clinical interest.

In the long term, progress will depend on the ability to scale
up production and establish clear regulatory pathways to ensure
the safe use of bamboo-based materials in medical applications.
Over the next five to ten years, healthcare may benefit from
more sustainable and potentially lower-cost material options,
with bamboo-based materials gradually transitioning from exper-

%)

N
AN

m Textiles for Treatment

B Textiles for Protection

® Devices inside the body
u Devices on the body

u Devices outside the body

= Minor component - Particle
B Minor component - Fiber

= Minor component-Whole

= Major component -Fiber

= Major component -Whole
= Only component - Fiber

H Only component-Whole

Temporal distribution of the included articles, classified on (a) medical application and (b) material utilization.

imental research to selected, practical applications in everyday
clinical use.

5 | Conclusions

This review provides an overview of the current use of bamboo
in medical applications. A classification was used to identify
medical applications and material utilization in the current
literature. Textiles for treatment mainly use bamboo as a
minor component, combined with antimicrobial or mechanical
strengthening components. In contrast, protective textiles pri-
marily use bamboo as a significant component, leveraging its
inherent comfort and breathability. Medical devices exhibited
greater variability in material utilization; devices inside the body
often incorporated bamboo as a significant structural element,
whereas devices outside the body typically used bamboo as
reinforcement. Across all applications, bamboo was selected for
its mechanical, antimicrobial, and breathable characteristics.
Several studies have shown a rising use of bamboo materials
in medical applications, with increasing complexity in material
use and manufacturing methods to ensure antimicrobial perfor-
mance and unique mechanical characteristics. Although various
research studies address this topic, these applications have not
been implemented in current healthcare. Bamboo still has some
limitations to overcome regarding manufacturing and treatment
complexity for more invasive devices, and in proving superiority
over standard materials. However, bamboo holds great potential
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to replace materials in standard healthcare as an affordable and
low-cost alternative. Additionally, recent advances in bamboo
material use present new possibilities for its incorporation into
more technically advanced medical applications.

Funding

This work was supported by the Marie Sklodowska-Curie Actions and
Delft University of Technology, under grant no. 101126487 GROW.

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

Data sharing not applicable to this article as no datasets were generated
or analysed during the current study.

References

1. M. K. Habibi, A. T. Samaei, B. Gheshlaghi, J. Lu, and Y. Lu,
“Asymmetric Flexural Behavior From Bamboo’s Functionally Graded
Hierarchical Structure: Underlying Mechanisms,” Acta Biomaterialia 16
(2015): 178-186, https://doi.org/10.1016/j.actbio.2015.01.038.

2. E. Titilayo Akinlabi, K. Anane-Fenin, and D. Richard Akwada, Bamboo
The Multipurpose Plant (Springer, 2017).

3.K. F. Chung and W. K. Yu, “Mechanical Properties Of Structural
Bamboo For Bamboo Scaffoldings,” Engineering Structures 24, no. 4
(2002): 429-442, https://doi.org/10.1016/S0141-0296(01)00110-9.

4. R. Kumar, A. Ganguly, and R. Purohit, “Properties And Applications Of
Bamboo And Bamboo Fibre Composites,” Materials Today: Proceedings
(2023), https://doi.org/10.1016/j.matpr.2023.08.162.

5.D. . Trujillo and L. F. Lépez, “Bamboo Material Characterisation,”
Nonconventional And Vernacular Construction Materials (Woodhead,
2020), 491-520, https://doi.org/10.1016/B978-0-323-85782-6.00002-7.

6. A. A. Dada, W. Yinusa, and S. O. Giwa, “Review Of The Practice Of
Traditional Bone Setting In Nigeria,” African Health Sciences 11 (2011): 262.

7. A. Egoh, K. S. Reed, and P. N. Kalu, “A Review of the Current Status
of Bamboo Usage With Special Emphasis on Orthopedic Rehabilitation,”
Materials Sciences and Applications 11, no. 07 (2020): 415-430, https://doi.
0rg/10.4236/msa.2020.117028.

8. M. Minuto, E. Gruppioni, and M. Frascio, “Design And Optimization
Of Bamboo-Laminate Prosthetic Feet: A Sustainable, Cost-Effective Alter-
native To Carbon Fiber Models,” Proceedings of the Institution of Mechan-
ical Engineers, Part L: Journal of Materials: Design and Applications 240
(2024): 14644207251339669.

9.S. Chonsakorn, R. Chombhuphan, K. Rattanaporn, S.
Srivorradatphisan, C. Ruangnarong, and S. Khojitmate, “A Novel
Non-Woven Fabric From Bamboo Fiber In Medical Lifestyle Products,”
Heliyon 10, no. 9 (2024): 29893, https://doi.org/10.1016/j.heliyon.2024.
€29893.

10. S. H. Li, Q. Liu, J. R. De Wijn, B. L. Zhou, and K. De Groot, “In
Vitro Calcium Phosphate Formation On A Natural Composite Material,
Bamboo,” Biomaterials 18 (1997): 389-395.

11.I. Stacey, G. Vila, R. Torres-Claramunt, L. Puig, and C.
Torrens, “Plastic Waste In Major Orthopaedic Surgical Procedures:
Descriptive And Sources Of Improvement,” International Orthopaedics
48, no. 7 (2024): 1701-1706, https://doi.org/10.1007/s00264-024-
06155-y.

12. Q. Gao, Y. Huang, J. Hu, J. Gan, and W. Yu, “Green Synthesis Of Mul-
tifunctional Bamboo-Based Nonwoven Fabrics For Medical Treatment,”

International Journal of Biological Macromolecules 279 (2024): 135473,
https://doi.org/10.1016/j.ijbiomac.2024.135473.

13. S. Huang, Q. Dong, S. Che, R. Li, and K. H. D. Tang, “Bioplastics And
Biodegradable Plastics: A Review Of Recent Advances, Feasibility And
Cleaner Production,” Science of The Total Environment 969 (2025): 178911,
https://doi.org/10.1016/j.scitotenv.2025.178911.

14.T. E. P. A. T. C. O. T. E. UNION, MDR—Article 2 - Definitions—
Medical Device Regulation.

15. E. W. Elsayed, M. F. Emam, M. Y. Abd El-Aziz, H. T. E. L. S. A.
El Naga, and L. H. Emara, “Regenerated Cellulose Fibers For Prepara-
tion Of Alginate And Lornoxicam-Loaded Medical Knitted Textiles: A
Response Surface Optimization Study,” International Journal of Biologi-
cal Macromolecules 321 (2025): 146360, https://doi.org/10.1016/j.ijbiomac.
2025.146360.

16. K. Ramachandralu, “Development Of Surgical Clothing From Bamboo
Fibres,” Medical and Healthcare Textiles (Woodhead Publishing, 2010),
171-180.

17.J. M. Subashini and G. Ramakrishnan, “Development of Woven PPE
with Regenerated Fibers to Enhance the Comfort Properties of the
Wearer with Antimicrobial and Liquid Barrier Nano Particle Finish,”
International Conference on Functional Textiles & Clothing (Springer,
2023), 211-223.

18. M. D. Teli and J. Sheikh, “Modified Bamboo Rayon-Copper Nanopar-
ticle Composites As Antibacterial Textiles,” International Journal of
Biological Macromolecules 61 (2013): 302-307, https://doi.org/10.1016/].
ijbiomac.2013.07.015.

19. C. Xu, Z. Li, Z. Tao, et al., “In Situ Synthesis Of Silver Nanoparticles
On Bamboo Viscose Fibers,” Textile Research Journal 93 (2023): 4105-4114,
https://doi.org/10.1177/00405175231171164.

20. M. Uzun, “Interaction of Alginate/Copper System on Cotton and
Bamboo Fabrics: The Effect on Antimicrobial Activity and Thermophys-
iological Comfort Properties,” Materials Science 19, no. 3 (2013): 301-308,
https://doi.org/10.5755/j01.ms.19.3.1217.

21. L. Yang, H. Liu, S. Ding, et al., “Superabsorbent Fibers for Comfortable
Disposable Medical Protective Clothing,” Advanced Fiber Materials 2, no.
3 (2020): 140-149, https://doi.org/10.1007/s42765-020-00044-w.

22. P. Kandhavadivu, C. Vigneswaran, T. Ramachandran, and B.
Geethamanohari, “Development Of Polyester-Based Bamboo Charcoal
And Lyocell-Blended Union Fabrics For Healthcare And Hygienic
Textiles,” Journal of Industrial Textiles 41, no. 2 (2011): 142-159,
https://doi.org/10.1177/1528083711400773.

23. C.-L. Huang, Y.-T. Huang, T.-T. Li, C.-H. Chiang, C.-W. Lou, and
J-H. Lin, “Composite Processing And Property Evaluation Of Far-
Infrared/Electromagnetic Shielding Bamboo Charcoal/Phase Change
Material/Stainless Steel Elastic Composite Fabrics,” Journal of Polymer
Engineering 36, no. 2 (2016): 211-220, https://doi.org/10.1515/polyeng-
2015-0080.

24. A. Kalkanci, O. Giizel Tunccan, S. Bas, et al., “Comparative Analysis
Of Filtration Ability Of Different Cloth Masks,” Mediterranean Journal
of Infection Microbes and Antimicrobials 10 (2021): 25, https://doi.org/10.
4274/mjima.galenos.2021.2021.25.

25. M. Akalin, D. Kocak, S. I. Mistik, and M. Uzun, “Investigation Of
Elastic Properties Of Multiaxial Warp Knitted Bandages,” Medical And
Healthcare Textiles (Woodhead Publishing, 2010), 323-326.

26. A. Basu and K. Balasubramaniyan, “development of bandages using
bamboo fibers. Asian textile,” Journal 17 (2008): 74-77.

27.S. Manjula, O. L. Shanmugasundaram, B. M. Gnanamangai, R.
Pavithra, S. Kavitha, and P. Ponmurugan, “Plasma Treated Fabrics
Coated With Naturally Derived Ag-NPs For Biomedical Application,” IET
Nanobiotechnology 13, no. 4 (2019): 368-375, https://doi.org/10.1049/iet-
nbt.2018.5218.

28. B. Mothilal, C. Prakash, and G. Ramakrishnan, “Design And Devel-
opment Of Non-Woven Medical Product From Wrightia Tinctoria Fiber,”

14 of 16

Advanced Materials Technologies, 2026

85UBD17 SUOWILIOD SRR 3|qeo!jdde i Aq peusenob aJe sajole YO ‘88N JO S3|ni Joj ARIg1T BUIIUO A8|IM UO (SUOIPUOD-PUR-SWLBHALID A8 | MARIq 1 [euUO//SaNY) SUORIPUOD pUe SR L 83U} 885 *[9202/50/T0] Uo Areiqiauliuo /(1M * A NL -Safed aXor Aq #TOTL IUPe/Z00T OT/I0p/Wod A8 | 1M AreIq 1 BuI|UO"peoURADe//SANY WO papeojumoq ‘0 X60LS9E2


https://doi.org/10.1016/j.actbio.2015.01.038
https://doi.org/10.1016/S0141-0296(01)00110-9
https://doi.org/10.1016/j.matpr.2023.08.162
https://doi.org/10.1016/B978-0-323-85782-6.00002-7
https://doi.org/10.4236/msa.2020.117028
https://doi.org/10.1016/j.heliyon.2024.e29893
https://doi.org/10.1007/s00264-024-06155-y
https://doi.org/10.1016/j.ijbiomac.2024.135473
https://doi.org/10.1016/j.scitotenv.2025.178911
https://doi.org/10.1016/j.ijbiomac.2025.146360
https://doi.org/10.1016/j.ijbiomac.2013.07.015
https://doi.org/10.1177/00405175231171164
https://doi.org/10.5755/j01.ms.19.3.1217
https://doi.org/10.1007/s42765-020-00044-w
https://doi.org/10.1177/1528083711400773
https://doi.org/10.1515/polyeng-2015-0080
https://doi.org/10.4274/mjima.galenos.2021.2021.25
https://doi.org/10.1049/iet-nbt.2018.5218

Journal of Natural Fibers 16, no. 4 (2018): 576-588, https://doi.org/10.1080/
15440478.2018.1430649.

29. K. Murugesh Babu, N. Sahana, D. V. Anitha, and B. S. Kavya, “Silk
Fibroin Coated Antimicrobial Textile Medical Products,” The Journal of
The Textile Institute 112, no. 8 (2021): 1199-1207, https://doi.org/10.1080/
00405000.2020.1806634.

30. N. Oglakcioglu, B. Sari, T. Bedez Ute, and A. Marmarali, “A Novel
Medical Bandage With Enhanced Clothing Comfort,” IOP Conference
Series: Materials Science and Engineering 141 (2016): 012021.

31. C. D. Preston B Rich, V. Buchholz, D. W. Overby, S. W. Jones, and B.
A. Cairns, “Use Of The Novel Hemostatic Textile Stasilon® To Arrest
Refractory Retroperitoneal Hemorrhage: A Case Report,” Journal Of
Medical Case Reports 4 (2010): 20.

32. Z.Zeng, Z. Li, Y. Zhang, H. Jiang, and P. Zhang, “Janus Hygroscopic-
Cooling Fabric (J-HCF) Based On Filament/Bamboo Core Yarns For
Personal Thermal-Moisture Management,” Cellulose 32, no. 2 (2024):
1339-1354, https://doi.org/10.1007/s10570-024-06323-8.

33. A.S. Gawande, S. Kattimani, S. M. Murigendrappa, T. Nguyen-Thoi, H.
Kamyab, and S. Althamer, “Free Vibration Analysis Of A Skew Sandwich
Plate With Bamboo Biocomposite And Polylactic Acid Core Under
Temperature And Moisture Conditions,” Noise & Vibration Worldwide 54,
no. 9 (2023): 434-459, https://doi.org/10.1177/09574565231193045.

34. A. Rout, H. Reddy, S. Vardhan Raj, B. Reddy, L. Naidu, and K.
K, “Development of LIDAR-SLAM Integrated Low Cost Health Care
Monitoring Robot with Sustainable Material,” 2024 9th International
Conference on Control and Robotics Engineering (ICCRE) (IEEE, 2024),
https://doi.org/10.1109/ICCRE61448.2024.10589609.

35. K. Rahmani, H. Malekmohammadi, A. M. Haque, et al,, “Bio-
Composite Design And 3D Printing Of Soft Multi-Functional Meta-
Structures With Tuneable Quasi-Constant Force,” Applied Materials
Today 47 (2025): 102961.

36. A. Bagla, N. D. Kulkarni, P. Kumari, and A. Saha, “Development
and Characterization of a Sustainable Bamboo-Polyvinylidene Fluoride
Electro Spun Piezoelectric Nanogenerator Device for Smart Health
Monitoring,” ACS Applied Polymer Materials 7, no. 9 (2025): 5584-5597,
https://doi.org/10.1021/acsapm.5c00408.

37. W. Wang, J. Li, J. Shi, Y. Jiao, X. Wang, and C. Xia, “Structure And
Physical Properties Of Conductive Bamboo Fiber Bundle Fabricated By
Magnetron Sputtering,” Materials 16 (2023): 3154.

38. W.-B. Zhu, Y.-Q. Li, J. Wang, et al., “High-Performance Fiber-Film
Hybrid-Structured Wearable Strain Sensor From a Highly Robust
and Conductive Carbonized Bamboo Aerogel,” ACS Applied Bio
Materials 3, no. 12 (2020): 8748-8756, https://doi.org/10.1021/acsabm.
0c01128.

39.S. H. K. Bahrain, N. N. C. A. Rahim, J. Mahmud, et al., “Hypere-
lastic Properties of Bamboo Cellulosic Fibre-Reinforced Silicone Rubber
Biocomposites via Compression Test,” International Journal of Molecular
Sciences 23, no. 11 (2022): 6338, https://doi.org/10.3390/ijms23116338.

40. J. Hou, X. Wu, Z. Lj, et al., “Aligned Bamboo Fiber-Induced Crys-
tallinity Mitigation of Lightweight Polymer Composite Enables Ultrahigh
Strength and Unprecedented Toughness,” Advanced Functional Materials
34 (2024): 2314559, https://doi.org/10.1002/adfm.202314559.

41. A. Purna Irawan, I. Wayan Sukania, P. T. Anggarina, A. Raditya
Danendra, and G. Dimas Baskara, “Socket Prosthesis Manufacturing
Process Made From Bamboo Fiber Composite Materials,” IOP Conference
Series: Materials Science and Engineering 852 (2020): 012042.

42. F. Lu, Z. Yan, Q. Su, et al., “The Value Of A Nano-Bamboo Charcoal
Ankle Guard Combined With Ankle-Joint Rehabilitation Treatment On
The Rehabilitation Effect Of Ankle-Joint Motor Injury,” Materials Express
11 (2021): 929-935.

43.X. Meng, F. Li, X. Zhang, et al., “Improvement, Validation, And
Analysis Of Colles Fracture Treated With An Integrated Retainer Pad
Splint,” Evidence-Based Complementary and Alternative Medicine 2022
(2022): 8461995.

44. T. Minagawa, T. Saitou, T. Suzuki, et al., “Impact Of Ao-Dake-Humi,
Japanese Traditional Bamboo Foot Stimulator, On Lower Urinary Tract
Symptoms, Constipation And Hypersensitivity To Cold: A Single-Arm
Prospective Pilot Study,” BMC Complementary and Alternative Medicine
16 (2016): 513, https://doi.org/10.1186/512906-016-1494-1.

45. H. A. Sallal and A. S. Kadhim, “Comparing the Mechanical Behavior
of Lamination Resin Reinforced With Two Types of Organic and Inorganic
Particles Used in Prosthetic Applications,” Key Engineering Materials 937
(2022): 89-98, https://doi.org/10.4028/p-9d9855.

46. H. N. Shasmin, N. A. Abu Osman, and L. A. Latif, “Economical
Tube Adapter Material In Below Knee Prosthesis,” 4th Kuala Lumpur
International Conference on Biomedical Engineering, (Springer, 2008).

47. H. Sosiati and S. Hamdan, “Effect of Woven E-glass and Bamboo
Stacking Sequences on the Properties of Laminated Composites Using
Polyester Matrix Filled With Eggshell Microparticles,” Joint Journal of
Novel Carbon Resource Sciences & Green Asia Strategy 11 (2024): 693-700.

48. L.Jiang, Y. Li, C. Xiong, and S. Su, “Preparation And Characterization
Of A Novel Degradable Nano-Hydroxyapatite/Poly(Lactic-Co-Glycolic)
Composite Reinforced With Bamboo Fiber,” Materials Science and
Engineering: C 75(2017):1014-1018, https://doi.org/10.1016/j.msec.2017.03.
046.

49. L. Jiang, Z. Jiang, B. Ma, et al., “Effect Of Different Preparation
Conditions On The Properties Of Nano-Hydroxyapatite/Bamboo Fiber
Composite Membrane,” Cellulose 29 (2022): 9361-9374, https://doi.org/10.
1007/s10570-022-04850-w.

50. B. Liu, Z. Ma, J. Li, et al., “Experimental Study Of A 3D Printed Per-
manent Implantable Porous Ta-Coated Bone Plate For Fracture Fixation,”
Bioactive Materials 10 (2022): 269-280.

51. B. Ma, L. Jiang, C. Tang, S. Tang, S. Su, and Y. Shu, “Preparation
And Properties Of Biomimetic Hydroxyapatite-Based Nanocomposite
Utilizing Bamboo Fiber,” Cellulose 27 (2020): 2069-2083, https://doi.org/
10.1007/510570-019-02920-0.

52.J. Xue, H. Ma, E. Song, et al., “Bamboo-Based Biomaterials for Cell
Transportation and Bone Integration,” Advanced Healthcare Materials 11
(2022): 2200287, https://doi.org/10.1002/adhm.202200287.

53.X. Zhang, M. Liu, H. Wang, N. Yan, Z. Cai, and Y. Yu, “Ultralight,
Hydrophobic, Anisotropic Bamboo-Derived Cellulose Nanofibrils Aero-
gels With Excellent Shape Recovery Via Freeze-Casting,” Carbohydrate
Polymers 208 (2019): 232-240, https://doi.org/10.1016/j.carbpol.2018.12.
073.

54.W. Kosuwon, W. Laupattarakasem, S. Saengnipanthkul, B.
Mahaisavariya, and S. Therapongpakdee, “Charcoal Bamboo As A
Bone Substitute: An Animal Study,” Journal of the Medical Association of
Thailand 77 (1994): 496-500.

55. A. Huang, L. Ni, X. Feng, et al., “A Bioinspired Bamboo Fiber Post
Integrating Customizable Architecture And Modulus-Matching Mechan-
ics Promotes The Development Of Personalized Dental Restoration,”
Chemical Engineering Journal 524 (2025): 169776.

56. S. J. Liu and S. C. Liao, “Surface Modification of Bamboo Charcoal
by O, Plasma Treatment and UV-Grafted Thermo-Sensitive AgNPs
Hydrogel to Improve Antibacterial Properties in Biomedical Applica-
tion,” Nanomaterials 11 (2021): 2697, https://doi.org/10.3390/nanoll110
2697.

57. Z.Lou, H. Han, Y. Shi, et al., “Atomic-Scale Customization of Oriented
Dipolar Defects in Amorphous Carbon via Nanoparticle-Templated Phase
Engineering,” Advanced Functional Materials 36 (2025): 20584, https://
doi.org/10.1002/adfm.202520584.

58. T. S. Vo, M. M. Hossain, and K. Kim, “Natural Bamboo Powder And
Coffee Ground As Low-Cost Green Adsorbents For The Removal Of
Rhodamine B And Their Recycling Performance,” Scientific Reports 13
(2023): 21487, https://doi.org/10.1038/s41598-023-48354-4.

59. K. M. Babu and S. M. Chandrasekhara, “Antimicrobial Properties
Of Bamboo, Bamboo Fibres, And Fabrics,” Bamboo Fibres: Processing,
Properties and Applications (Elsevier, 2023), 169-194.

Advanced Materials Technologies, 2026

15 of 16

85UBD17 SUOWILIOD SRR 3|qeo!jdde i Aq peusenob aJe sajole YO ‘88N JO S3|ni Joj ARIg1T BUIIUO A8|IM UO (SUOIPUOD-PUR-SWLBHALID A8 | MARIq 1 [euUO//SaNY) SUORIPUOD pUe SR L 83U} 885 *[9202/50/T0] Uo Areiqiauliuo /(1M * A NL -Safed aXor Aq #TOTL IUPe/Z00T OT/I0p/Wod A8 | 1M AreIq 1 BuI|UO"peoURADe//SANY WO papeojumoq ‘0 X60LS9E2


https://doi.org/10.1080/15440478.2018.1430649
https://doi.org/10.1080/00405000.2020.1806634
https://doi.org/10.1007/s10570-024-06323-8
https://doi.org/10.1177/09574565231193045
https://doi.org/10.1109/ICCRE61448.2024.10589609
https://doi.org/10.1021/acsapm.5c00408
https://doi.org/10.1021/acsabm.0c01128
https://doi.org/10.3390/ijms23116338
https://doi.org/10.1002/adfm.202314559
https://doi.org/10.1186/s12906-016-1494-1
https://doi.org/10.4028/p-9d9855
https://doi.org/10.1016/j.msec.2017.03.046
https://doi.org/10.1007/s10570-022-04850-w
https://doi.org/10.1007/s10570-019-02920-0
https://doi.org/10.1002/adhm.202200287
https://doi.org/10.1016/j.carbpol.2018.12.073
https://doi.org/10.3390/nano11102697
https://doi.org/10.1002/adfm.202520584
https://doi.org/10.1038/s41598-023-48354-4

60. S. Cai, H. Han, Y. Wang, L. Xu, N. Yan, and Z. Lou, “Bamboo-Derived
Hierarchical Honeycomb Structure-Driven N-Carbon/Fe/Fe;C Hetero-
Multiphase Interfacial Architecture,” Industrial Crops and Products 238
(2025): 122364.

61. M. Niinomi and M. Nakai, “Ti-Based Biomedical Alloys,” Novel
Structured Metallic and Inorganic Materials, ed. Y. Setsuhara, T. Kamiya,
and S.-I. Yamaura, (Springer, 2019), 61-76, https://doi.org/10.1007/978-
981-13-7611-5.

62. Q. Chen and G. A. Thouas, “Metallic Implant Biomaterials,” Materials
Science and Engineering: R: Reports 87 (2015): 1-57, https://doi.org/10.1016/
j-mser.2014.10.001.

63. S. Farah, D. G. Anderson, and R. Langer, “Physical And Mechanical
Properties Of PLA, And Their Functions In Widespread Applications —
A Comprehensive Review,” Advanced Drug Delivery Reviews 107 (2016):
367-392, https://doi.org/10.1016/j.addr.2016.06.012.

64.S. M. Kurtz and J. N. Devine, “PEEK Biomaterials In Trauma,
Orthopedic, And Spinal Implants,” Biomaterials 28 (2007): 4845-4869,
https://doi.org/10.1016/j.biomaterials.2007.07.013.

65.Y. Wang, H. Han, H. Bian, Y. Li, and Z. Lou, “Multi-Interface
Structure Design Of Bamboo-Based Carbon/Co/CoO Composite Elec-
tromagnetic Wave Absorber Based On Biomimetic Honeycomb-Shaped
Superstructure,” International Journal of Minerals, Metallurgy and
Materials 32, no. 3 (2025): 631-644, https://doi.org/10.1007/s12613-024-
2956-y.

66. H. Qiao, Q. Li, Y. Chen, Y. Liu, N. Jiang, and C. Wang, “Mechan-
ical and Thermal Properties of 3D-Printed Continuous Bamboo Fiber-
Reinforced PE Composites,” Materials 18 (2025): 593, https://doi.org/10.
3390/mal8030593.

67. M. N. Ahmad, M. R. Ishak, M. Mohammad Taha, F. Mustapha, and
Z. Leman, “A Review of Natural Fiber-Based Filaments for 3D Printing:
Filament Fabrication and Characterization,” Materials 16 (2023): 4052,
https://doi.org/10.3390/mal6114052.

68. 1. A. Khilji, C. R. Chilakamarry, A. N. Surendran, K. Kate, and J.
Satyavolu, “Natural Fiber Composite Filaments for Additive Manufactur-
ing: A Comprehensive Review,” Sustainability 15 (2023): 16171, https://doi.
0rg/10.3390/su152316171.

69. F. Wang, S. Zhou, M. Yang, Z. Chen, and S. Ran, “Thermo-
Mechanical Performance of Polylactide Composites Reinforced With
Alkali-Treated Bamboo Fibers,” Polymers 10 (2018): 401, https://doi.org/
10.3390/polym10040401.

70.J. Lin, Z. Yang, X. Hu, G. Hong, S. Zhang, and W. Song, “The Effect
of Alkali Treatment on Properties of Dopamine Modification of Bamboo
Fiber/Polylactic Acid Composites,” Polymers 10 (2018): 403, https://doi.
0rg/10.3390/polym10040403.

71. S. Cai, H. Han, D. Song, and Z. Lou, “A Clean Bamboo-Based Carbon-
Iron Multi-Interface Complex For Electromagnetic Radiation Attenuation
And Thermal Insulation,” Journal of Cleaner Production 475 (2024):
143636.

72. A. P. McAnena, T. McClennen, and H. Zheng, “Patient-Specific 3-
Dimensional-Printed Orthopedic Implants and Surgical Devices Are
Potential Alternatives to Conventional Technology But Require Addi-
tional Characterization,” Clinics in Orthopedic Surgery 17 (2025): 1-15,
https://doi.org/10.4055/ci0s23294.

73.]. Chen, Y. Ma, X. Zhang, et al., “Carbon Footprint And Environ-
mental Impact Of Reconstituted Bamboo Material Based On Life Cycle
Assessment,” Journal of Cleaner Production 523 (2025): 146449.

16 of 16

Advanced Materials Technologies, 2026

85UBD17 SUOWILIOD SRR 3|qeo!jdde i Aq peusenob aJe sajole YO ‘88N JO S3|ni Joj ARIg1T BUIIUO A8|IM UO (SUOIPUOD-PUR-SWLBHALID A8 | MARIq 1 [euUO//SaNY) SUORIPUOD pUe SR L 83U} 885 *[9202/50/T0] Uo Areiqiauliuo /(1M * A NL -Safed aXor Aq #TOTL IUPe/Z00T OT/I0p/Wod A8 | 1M AreIq 1 BuI|UO"peoURADe//SANY WO papeojumoq ‘0 X60LS9E2


https://doi.org/10.1007/978-981-13-7611-5
https://doi.org/10.1016/j.mser.2014.10.001
https://doi.org/10.1016/j.addr.2016.06.012
https://doi.org/10.1016/j.biomaterials.2007.07.013
https://doi.org/10.1007/s12613-024-2956-y
https://doi.org/10.3390/ma18030593
https://doi.org/10.3390/ma16114052
https://doi.org/10.3390/su152316171
https://doi.org/10.3390/polym10040401
https://doi.org/10.3390/polym10040403
https://doi.org/10.4055/cios23294

