Smart silk membrane: Hybrid optical platform for wound sensing applications
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Our work aims to develop a biocompatible, transparent silk dressing, integrated with temperature and pH
sensors, capable of monitoring early signs of infections, healing disruptions and scar formation via light-based
measurements.

Introduction: Assessing wound repair and monitoring of infections requires the removal of dressings, which
is painful and disruptive to healing and is based on subjective visual wound observation. Improving this
process is crucial as earlier interventions will help reduce the complications that arise from wound infection.
Measuring the temperature and pH of the wound surface can provide objective indicators of wound healing
and any underlying infections'?. A clinically diagnosed wound infection elevates the temperature by 3-5° C
compared to healthy skin'. The pH of wound fluid rises® prior to the onset of more vital signs of local infection.
Measuring temperature and pH through silk dressings, via light-based measurements, will be useful to provide
real-time insights into the healing responses during early stages of wound progression. In addition, optical
coherence tomography will observe the vascularization and scar formation during wound healing.

Results: We have shown that silk membranes and films embedded with
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Nanodiamond nano and microdiamond sensors can monitor temperature changes in the

L wound relevant range of 32-40 °C>. In vitro tests revealed that the hybrid
_C.:EH membranes enable eukaryotic cell attachment and promote healthy cell
Silk fibres 1 growth. In an in vivo wound healing model, the hybrid membranes enabled

wound healing and did not cause adverse effects on wound closure. The

membranes were found to be biocidal towards major skin wounds infecting

Nanodiamond ~ embedded ~silk | bacteria®. Moreover, the pH-sensitive fluorophores can be encapsulated
membrane (dressing) cultured with o . o o . .

HaCaT cells, used for thermal | Within silk to provide measurements of acidity or basicity in situ in mice*.
sensing in biological

environment’. In conclusion, multiple fluorescent sensors embedded in silk dressings can

be used as a platform for biosensing.
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