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Abstract

Chronic disease management represents a major challenge for contemporary healthcare systems due to aging
populations and rising metabolic, cardiovascular, and respiratory disorders. Traditional rigid medical devices
frequently face barriers related to continuous adherence, patient comfort, and real-time remote assessment. To
solve these issues, the intersection of textile engineering and biomedical research has produced advanced medical
and smart textiles. This mini-review evaluates how specialized fibers, electrospun architectures, and electronic
integrated fabrics serve as cohesive biomedical platforms. We assess their integration into managing chronic
conditions-ranging from continuous vital sign telemetry and diabetic wound healing to cardiovascular support and

targeted drug delivery-while evaluating persistent technical, material, and regulatory challenges.

Introduction & Theoretical Framework

The landscape of chronic illness requires a shift from reactive, hospital-centric treatments to proactive,
personalized, and long-term remote monitoring. Conventional medical instrumentation lacks the structural
adaptability needed for uninterrupted lifestyle integration [1]. Advanced textiles overcome this by blending the
flexibility, breathability, and scalability of fabrics with diagnostics, therapeutics, and regenerative capabilities.

The evolution of medical textiles follows a clear timeline:

e Passive/first-generation textiles: Traditional barrier materials, non-woven swabs, and high-purity cellulose
designed for simple absorption, fluid protection, and physical containment [2].

e Active/second-generation textiles: Functionalized surfaces altered through chemical modifications (e.g.,
etherification or phosphorylation) or surface coatings (e.g., sonochemical nanoparticles) to exhibit intrinsic
antimicrobial, hemostatic, or stimulus-responsive behaviors [3].

e Smart/third-generation textiles: Interactive textile systems that embed electronic components, conductive
polymers, and nanomaterials directly into the yarn network. These systems act as a continuous feedback loop
by sensing physiological biomarkers, processing data, and initiating adaptive localized responses [4] (Figure
1).

Structural Classification & Core Material Technologies
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Medical textiles are classified by their structural fabrication method and their deployment zone relative to the

human body (Table 1) [5].

Architectural Fabrication Primary Polymer | Targeted Mechanical & | Clinical Core
Category Methodology Constituents Chemical Attributes Focus
_Non- Non-woven, Chitosan, alginic High moisture-vapor .
implantable . transmission rate Chronic ulcers
electrospun meshes, acid, collagen,
Platforms . (MVTR), exudate & pressure
composite polyurethane (PU),
: management, structural sores
laminates hydrogels .
porosity
Implantable . Polyethylene Biocompatibility,
Structures SD. weaving, terephthalate (PET), predictable Vascular .
braiding, warp fl . ili grafts & hernia
knitting PTFE (Teflon), PLA, blpresorbgbl ity rates, repairs
PGA high tensile strength
Smart E- Core-spun elastic | Conductive polymers Dynamic stretch Telemetry,
Textiles conductive yarns, (PEDQT:PSS), recovery, wash bio-sensing, &
physical vapor carbon nanotubes, durability, low electrical remote
deposition (PVD) silver nanowires sheet resistance diagnostics

Table 1. Classification of Biomedical Textile Frameworks

[ Human Skin Interface] <---= [ Functionalized Textile Substrate (Cotton/S1lk/PET)]
|

v
[ Structural Yamn Layer: Embedded Conductive Nanomaterials]
(Silver Nanowires, Carbon Nanotubes, PEDOT: PSS Polymers)

|
v
[ Sensor Array Node: Piezoresistive / Electro capillary)
(Tracks Kinematics, ECG waveforms, Exudate pH Metrics)

|
v
[ Hardware Module: Low-Power BLE Microcontroller]
(On-Garment Edge Signal Processing & Encryption)

|
-
[ Remote Medical Cloud: 5G/ToT Automated Telemetry]
Figure 1. Architectural hierarchy of third-generation smart fabrics

Clinical Applications in Chronic Disease Cohorts

Cardiovascular and circulatory disease management

Chronic Venous Insufficiency (CVI) and subsequent varicose ulceration rely heavily on compression therapy.
Advanced compression hosiery uses elastomeric yarns engineered to provide a precise, degressive gradient of
mechanical pressure. This mechanical narrowing increases venous blood velocity, limits venous wall distension,
and restores valvular function, which reduces edema in lower extremities [6].

For internal cardiovascular interventions, woven and braided polyester (PET) or polytetrafluoroethylene (PTFE)
tubes provide structural frameworks for vascular grafts and stent-grafts [7]. These materials offer immediate fluid
contain ~ vment while encouraging cell growth across the fabric to form a stable, non-thrombogenic artificial
vessel wall.
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Endocrinology & diabetic wound care

Managing chronic, non-healing diabetic foot ulcers requires moving past simple passive bandages. Electrospun
nanofibrous scaffolds replicate the extracellular matrix (ECM) to support cellular migration and tissue
regeneration [8].

By functionalizing cellulose and cotton matrices through chemical phosphorylation or coupling with hydrogels,
these modern dressings isolate excess neutrophil elastase-a key enzyme that stalls healing in chronic wounds.
Recent phase IV clinical data validates that advanced transforming barriers substantially diminish total wound
surface area while dropping overall procedural debridements by 33% relative to historical standard care options.
Furthermore, adding silver nanoparticles or natural chitosan layers limits bacterial colonization, avoiding

dangerous secondary infections 0.

Remote biosensing & vital sign telemetry

Smart textiles enable continuous, non-invasive telemetry without restricting patient mobility. Flexible textile

platforms with embedded sensors track key vital signs:

e Electrocardiogram (ECG) Monitoring: Conductive silver or carbon-infused composite yarns act as dry
skin electrodes to capture cardiac rhythms and spot arrhythmias.

e Respiratory Kinematics: Fiber-optic Bragg gratings or piezoresistive elastomeric sensors detect chest
expansion to monitor chronic obstructive pulmonary disease (COPD) and sleep apnea.

e Thermoregulation: Integrated arrays of flexible micro-thermocouples map local skin temperature variations,

providing early warning signs of localized diabetic foot inflammation.

On-demand drug delivery and phototherapeutics

Advanced fiber structures now integrate stimulus-responsive hydrogels and nanocapsules to enable controlled
drug release. Rather than relying on standard passive diffusion, these modern systems unlock targeted drug
delivery through specific triggers, such as local changes in wound pH, elevated temperatures from infection, or
external commands.

Light-emitting devices (OLEDs and QLEDSs) integrated directly into flexible textile weaves provide adaptive,
wearable phototherapeutic treatment. These connected devices deliver targeted phototherapeutic wavelengths to
treat localized skin disorders and accelerate tissue healing, while streaming diagnostic updates to remote clinical

teams.

Engineering challenges and material limitations

Despite strong clinical potential, integrating electronics with soft textiles creates several design challenges:

1. Signal Fidelity vs. Motion Artifacts: Flexible textile electrodes often experience shifting contact impedance
against the skin during movement, which can introduce noise into diagnostic data.

2. Laundering and Mechanical Durability: Conductive coatings and delicate sensor elements often degrade
when exposed to the mechanical stress, moisture, and chemical detergents of standard hospital washing
cycles.

3. Biocompatibility and Cytotoxicity: Long-term skin contact with metal nanoparticles (like silver or copper)

risks localized irritation, cell toxicity, or allergic reactions.
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Power Autonomy: While advanced harvesting systems (piezoelectric and triboelectric) are improving,

balancing thin, lightweight batteries with the energy needs of continuous data transmission remains a difficult

engineering hurdle.

Future Perspectives and Conclusion

The field of medical textiles is transitioning from passive protection toward integrated, autonomous healthcare

platforms. Future developments point toward self-powered systems that extract energy directly from body heat or

movement to run biochemical analysis sensors. As textile engineering continues to align with remote digital health

networks, smart clothing will become a cornerstone of personalized chronic disease management.
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