Conductive Hydrogels: An Overview of
Wearable and Medical Applications

Technical White Paper | Edition v.10062026-1

1. What Is a Conductive Hydrogel?

A conductive hydrogel is a non-flowing, soft gel material built on a three-dimensional network of
hydrophilic polymers. It contains a high proportion of water and conducts either electrons or ions. It
is soft and hydrated like biological tissue, carries electrical signals, and adheres to surfaces. These
properties make it especially well suited as the interface between the human skin and electronic
devices, providing reliable, stable conduction of both signals and current. Compared with dry
electrodes, conductive hydrogels deliver better current and signal stability and greater comfort.
Compared with hydrogel sheets or rolls, UV light curing provides much faster processing, greater
design/production flexibility, and stronger electrode bonding.

2. Why It Matters for Wearable and Medical Applications

Property ‘ Value Delivered

Modulus close to that of skin and soft tissue (kPa Reduces mismatch; improves adhesion, comfort
range) and long-term wearability
High water content; breathable design Reduces heat build-up and skin irritation; suited to

continuous monitoring

Low skin—electrode interfacial impedance Higher signal-to-noise ratio; fewer motion artifacts

Signal response speed and stabilization lead time Significantly faster than dry electrodes; lead time
reduced to within tens of seconds after application

Stretchable, self-healing, adhesive (by design) Accommodates joint flexion and dynamic use
Can carry drugs or active ingredients Integrates sensing, stimulation, and therapeutic
functions

3. Wearable Device Applications

3.1 Biopotential Electrodes

Conductive hydrogels are the most widely used direct skin-contact layer for ECG, EMG, EEG, and
Tumor Treating Fields (TTF) electrodes. Conventional wet gels tend to dry out and leave residue.



New-generation formulations focus on long-lasting moisture retention, freeze resistance,
repositionability, and low allergenicity, extending monitoring to several days or weeks in home-care
settings. They also substantially reduce the skin stinging often caused by unstable signal and
current delivery in dry electrodes, which makes them more acceptable to users.

3.2 Strain and Pressure Sensing

When the material is stretched or compressed, the geometry of its conductive pathways or ionic
channels changes, which alters its resistance or capacitance. This allows it to detect joint
movement, respiration, pulse, swallowing, and facial expressions. Common applications include
sports posture analysis, rehabilitation motion tracking, and smart gloves.

3.3 Sweat and Biochemical Sensing

Hydrogels can act as a sweat-collection and transport layer and immobilize enzymes or recognition
molecules. Combined with electrochemical electrodes, they can monitor glucose, lactate,
electrolytes, pH, and other markers, enabling non-invasive monitoring for sports science and
chronic disease management.

3.4 Human—Machine Interfaces and Soft Electronics

e Touch and gesture interfaces: Transparent ionic hydrogels can be used to fabricate
stretchable touch panels.

e Electronic skin: Multi-point sensing arrays that combine temperature, pressure, and humidity
sensing provide tactile feedback for prosthetics and robotics.

e Soft energy devices: Used as gel electrolytes in stretchable batteries and supercapacitors,
they improve wearable device safety.

3.5 Wound Care and Electrically Assisted Healing

Conductive dressings maintain a moist healing environment while conducting applied or
endogenous electric fields, promoting cell migration and tissue regeneration. With added
temperature or pH sensing, they become "smart dressings" that indicate signs of infection or
inflammation in real time.

3.6 Neural Interfaces and Electrical Stimulation

In transcutaneous electrical nerve stimulation (TENS), functional electrical stimulation (FES), and
implantable neural electrodes, conductive hydrogels can serve as electrode surface coatings that
lower impedance and reduce tissue inflammation, improving long-term signal quality.



3.7 Cardiac and Tissue Engineering

Conductive hydrogels can serve as cardiac patches or cell scaffolds. They help electrical signals

propagate through damaged tissue and provide a three-dimensional culture environment,

supporting research on cardiac, nerve, and skeletal muscle repair.

3.8 Drug Delivery

Electric fields can trigger swelling, contraction, or charge changes in the network, enabling on-

demand, programmable drug release. Examples include transdermal patches and iontophoresis

systems.

3.9 Medical Device Coatings

Conductive hydrogel coatings can be applied to catheters, electrode leads, and implant surfaces to

combine lubricity, anti-adhesion, and electrical functionality. Combined with antifouling or

antimicrobial designs, they can further reduce the risk of biofilm formation.

4. Medical Application Scenarios (Examples)

The following general scenarios, based on common industry needs, illustrate the range of

applications for the material:

Scenario

Pain Point

Conductive Hydrogel

Solution

Expected Benefit

Long-term home ECG
monitoring patch

Conventional gels dry
out within 24 hours; skin
redness and itching

High-moisture-retention
ionic formulation + low-
allergen adhesive layer

Longer wear time;
reduced signal
degradation

Athlete EMG and
posture analysis

Artifacts caused by
vigorous movement and
sweating

Stretchable, sweat-
resistant, high-adhesion
hybrid conductive layer

Stable signals; real-time
performance feedback

Smart dressing for
chronic wounds

Infection cannot be
detected early

Conductive dressing
with integrated
pH/temperature sensing

Early warning; fewer
dressing changes

Rehabilitation electrical
stimulation electrodes

Short reusable lifetime
of electrodes

Repositionable,
washable gel

Lower consumable
costs; better user
adherence

Neural electrode surface
modification

Stiffness mismatch
between metal
electrodes and tissue

Soft conductive hydrogel
coating

Lower impedance and
reduced inflammation




Pediatric/geriatric care
monitoring

Fragile skin; painful
removal

Low peel force, gentle-
removal design

Improved comfort and
compliance

Tumor Treating Fields
(TTF) for malignant
tumors

Conventional dry
electrodes conform
poorly; non-uniform

Higher electric field
strength and uniformity;
greater user comfort

Improved treatment
efficacy and user
acceptance

electric fields reduce
treatment efficacy; users
often experience skin
stinging.

5. Key Development Metrics

e Electrical: Conductivity, skin interfacial impedance (typically measured at 10 Hz—1 kHz), and
signal stability.

¢ Mechanical: Elongation, modulus, adhesion strength, and number of reapplication cycles.

¢ Environmental stability: Water retention, temperature resistance (freeze resistance/high-
temperature tolerance), sweat resistance, and shelf life.

® Biosafety: Biocompatibility evaluations such as cytotoxicity, skin irritation, and sensitization.

6. Future Trends

e Multifunctional integration: Closed-loop systems that integrate sensing, stimulation, drug
delivery, and wireless data transmission.

e Long-lasting dry/semi-dry designs: Reduced dependence on water for longer shelf life and
service life.

¢ Al-driven data applications: Stable, high-quality physiological signals form the foundation for
Al health analytics and telemedicine.

¢ Robotic human—-machine control interfaces: Real-time control between humans and
machines, with significantly shorter feedback times.

Partner With Us

Based on each customer's application scenario and requirements, we provide formulation
development, sample prototyping, performance testing, and guidance on scaling up to mass
production, including customized conductivity, adhesion, and recommended methods of use. Don't
hesitate to get in touch with us to discuss your needs.
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