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Textile materials are central to physical medicine
and rehabilitation (PM&R), acting as dynamic
interfaces for motion sensing, muscle stimulation,
and therapeutic support. Advanced "smart" fabrics
merge conductive polymers with traditional elastic
materials to create non-invasive wearable sensors,
allowing clinicians to track physical recovery and
improve patient mobility in real-time.

Key Roles in Rehabilitation Studies and Reports
Gait & Motion Tracking: E-textiles utilize piezoresistive
and conductive fibers (e.g., silver-coated nylon woven
into spandex) to map joint movement and posture.
These sensors provide vital kinetic and kinematic data,
enabling studies to precisely monitor how patients
recover motor functions after neurological events
like strokes.

Compression Therapy: Specialized knitted textiles
made of elastomeric yarns apply constant unit
pressure on targeted body parts. Studies highlight
their effectiveness in managing lymphedema, reducing
swelling, and treating burn wounds by improving
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sensory and motor

Electrostimulation & Pain Management: Conductive
textile substrates are engineered into wearables
capable of delivering Transcutaneous Electrical Nerve
Stimulation (TENS). These are highly beneficial for
patients experiencing hand spasticity or arthritis,
actively stimulating muscles when traditional rigid
electrodes cannot be used.

Thermotherapy: Bifunctional smart textiles combine
motion monitoring with thermotherapy. By emitting
controlled heat, they promote vasodilation and reduce
muscle spasms.

Orthopedic Support: Knitted spacer fabrics are
widely evaluated for stabilizing lighter joint injuries.
They ensure proper moisture-wicking, ventilation, and
pressure distribution, vastly improving skin condition
and patient comfort during recovery.
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Recent Findings and Evidence

Neurological Recovery: Research emphasizes how
textile-based pressure sensors integrated into daily
garments act as inexpensive, continuous monitoring
terminals to analyze patient balance and fall risk.

Rheumatoid Arthritis: Recent clinical reports on
biofunctional garments (embedded with materials
like Germanium) and arthritis gloves (15-32 mmHg
compression) show statistically significant reductions
in joint pain, stiffness, and extracellular fluid retention.

Bi-Functional Textiles: Modern trials detail core-
sheath sensing yarns (CSSY's) that are simultaneously
able to harvest biomechanical energy and track
recovery conditions.

Role of woven textiles

Woven textiles provide dimensional stability, strength,
and structural support, making them foundational in
physical medicine and rehabilitation (PM&R). Current
studies highlight their critical role across compression
therapy, tissue engineering, and sensory-integrated
e-textiles, directly enhancing motor function recovery
and remote patient monitoring.

Key Roles in Rehabilitation Studies and Reports

Compression Therapy & Orthopedics: Woven and
elastomeric fabrics deliver programmed pressure,
which is crucial for reducing swelling, managing
varicose veins, and healing burn wounds. Studies
show that these textiles significantly improve sensory-
motor functions and reduce joint stiffness.

Tissue Engineering & Implants: Because of their
superior dimensional stability, woven fabrics act as
vital scaffolds for tissue regeneration and tendon
or ligament repair. They are also used to reinforce
hydrogels in regenerative medicine.

E-Textiles and Wearable Sensors: Recent reports
detail the integration of conductive fibers into woven
fabrics to monitor joint kinematics and gait retraining.
By incorporating piezoresistive materials, these
textiles can translate body movements into electrical
resistance changes, providing therapists with real-time
feedback on range of motion.

Self-Powered Therapeutics: Advanced woven
structures utilizing triboelectric nanogenerators

Open Access

(TENGS) and piezoelectric polymers are being studied
to simultaneously harvest body movement energy and
deliver targeted muscle stimulation.

Essential Characteristics and Advancements
To be utilized in physical medicine, woven textiles must
meet strict clinical and material benchmarks:

Biocompatibility&Non-toxicity:Essential, especially
for implantable woven structures (e.g., artificial
tendons), to ensure the body does not reject the material.

Porosity & Moisture Management: Must allow for
fluid absorption (wound care) or proper ventilation
(orthopedic braces) to promote skin health.

Mechanical Strength: Must maintain their original
form and tension even during rigorous joint movement
or downstream chemical/thermal sterilization.

Role of knitted textiles

Knitted textiles are revolutionizing physical medicine
by providing breathable, highly elastic, and seamlessly
contouring "second-skin" platforms. In rehabilitation,
they serve as active therapeutic garments, wearable
sEMG (electromyography) electrode arrays, and
dynamic sensors. They enhance recovery by tracking
biomechanics and applying targeted neuromuscular
stimulation.

Key Roles and Clinical Applications

Wearable Robotics & Actuation: Specialized knitted
pneumatic fabrics integrate hollow channels that convert
fiber contraction into controlled, dynamic clothing
pressure (3—32 kPa). This acts as a soft-driven assist
for weakened muscles.

Biomechanical Sensing: Digital knitting techniques
like 3DKnITS use conductive yarns to create flexible
strain and pressure sensors. These map joint kinematics,
track gait, and evaluate force distribution during
everyday mobility recovery.

Rehabilitation Garments: Customized knitted sleeves
and tops use integrated textile electrodes to continuously
measure upper limb muscle activity or deliver muscle
stimulation. For example, studies highlight knitted

gloves that safely apply traction resistance to fingers
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to improve motor function and dexterity.

Compression & Scar Therapy: Because of their
superior conformability, knitted spacer fabrics are
critical for controlling edema and reducing the
severity of post-burn scars by maintaining constant,
programmatic pressure.

Patient Benefits

Seamless Comfort: Knitted AFO (Ankle-Foot
Orthosis) interface socks, like SmartKnit, eliminate
agonizing seams and bunching, which protects
sensitive skin from friction and pressure ulcers.

Long-term Compliance: Transitioning from rigid,
clinical equipment to smart, stretchable garments
allows patients to conduct self-administered
rehabilitation comfortably at home.

Hygiene and Breathability: The high porosity and
open loops of knitted fabrics facilitate moisture-
wicking and thermal regulation, ensuring the garments
can be worn continuously without causing skin
irritation.

Role of nonwoven textiles

Nonwoven textiles are vital in physical medicine and
rehabilitation, offering hypoallergenic, breathable,
and highly adaptable materials for patient care.
They are critical for managing pressure ulcers,
protecting surgical and orthopedic wounds, supporting
hydrocolloid therapy, and providing comfortable,
infection-resistant barrier support during physical
therapies and mobility training.

Core Roles in Rehabilitation

Reports and studies highlight the following key
functions of nonwoven materials in rehabilitation
settings:

Advanced Wound and Scar Care: Nonwovens are
the standard for non-implantable medical dressings.
Their engineered porosity and moisture control
capabilities actively promote healing. Innovations

like biodegradable hyaluronan nonwovens are reported
to accelerate tissue regeneration and improve handling
during topical applications.

Orthopedic and Therapeutic Padding: Nonwovens
provide superior cushioning and friction reduction,
protecting fragile skin, preventing pressure ulcers
(bedsores), and supporting patients with skin conditions
during prolonged immobility and physical medicine
treatments.

Hygiene and Incontinence Management: Disposable
nonwovens are heavily utilized in rehabilitation wards
to maintain sanitary environments and protect sensitive
skin from irritation caused by incontinence.

Surgical and Post-Surgical Support: Nonwoven
fabrics are essential in personal protective equipment
(PPE), surgical gowns, and post-surgery pads, ensuring
100% sterility and infection control. They also serve as
internal scaffolds in regenerative medicine.

Key Material Benefits

Rehabilitation reports emphasize why these materials
outperform traditional woven fabrics in clinical settings:

Engineered Consistency: Unlike woven fabrics which
have weak spots where threads cross, nonwovens

provide uniform barrier protection against pathogens
and fluids.

Breathability & Comfort: Modern nonwovens often
created using SMS (spunbond-meltblown-spunbond)
techniques allow air and heat to circulate while blocking
fluids and harmful microbes.

Hypoallergenic and Lint-Free: They minimize the
risk of rashes, skin trauma, and wound contamination
during physical manipulation or dressing changes.

Sterilization Adaptability: Nonwovens can easily
withstand and maintain their structural integrity
following sterilization via UV radiation, gas, or steam.
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