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Technological solutions that directly address societal challenges must be sustainable, scalable, and accessible while minimizing environmental impact. Conventional electronic health and environmental monitoring systems often rely on rigid components, short operational lifetimes, and resource-intensive manufacturing, limiting their long-term adoption. This work presents a biosymbiotic wearable technology framework that integrates material innovation, electrochemical sensing, and scalable manufacturing to deliver sustainable solutions for continuous monitoring in real-world settings.
Central to broad dissemination of multimodal biomedical wearables that capture clinical grade biosignals spanning large body areas over long time periods, are functional materials that can be shaped thermoplastically. In this work, we introduce a new materials strategy that integrates metal oxide (MOx) nanostructures into thermoplastic polyurethane (TPU), yielding hybrid polymers with multimodal electrical and sensing properties. The resulting MOx–TPU filaments are compatible with extrusion-based fabrication techniques, enabling scalable fabrication of wearable sensor architectures spanning large body areas. Sensors created from these composites are capable for multimodal biophysical (temperature, gas, and U.V.) and biochemical (glucose biomarker) sensing, directly addressing critical needs in continuous, noninvasive health monitoring.. The material innovation enables direct 3D printing of sensors and combining it with equally printed conductive interconnects which reduces the reliance on copper-based flex PCBs and allows a cost-effective, scalable process. We demonstrate material performance in biosymbiotic electronics covering the upper arm and provide dispersed photometry, thermography, environmental gas analysis and electrochemical characterization of sweat glucose with fully 3D printed sensors and interconnects.
By unifying sustainable materials, low-energy electronics, and human-centric design, this work demonstrates how emerging wearable technologies can evolve from laboratory prototypes into practical societal tools. The presented framework highlights a pathway for technological innovation that supports public health, environmental awareness, and sustainable development through responsible engineering and material choices.
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