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Design of an Adjunctive Treatment Device for Diabetic Foot Ulcers Based on Modular Safety
Interlocks and Closed—Loop Monitoring

Li Wenhua, Meng Qichen, Song Yijia, Wang Rulin’

School of Medicine, Xijing University, China Shaanxi Xi'an 710123

Abstract: Objective: To develop a smart adjunctive therapy device for home- and community-based care of diabetes-
related foot ulcers. The device integrates topical oxygen therapy, photobiomodulation, and temperature management,
with treatment-related risks kept within acceptable limits.Methods: Design inputs were determined from the practical
needs of home-based ulcer care. The intended functions were defined with reference to the 2023 guidelines of the
International Working Group on the Diabetic Foot. The device was designed as a modular system consisting of a
main unit, interchangeable treatment heads, local controls, and a companion app. A risk-based approach was used for
treatment-head identification, hardware interlocking, closed-loop monitoring, and system verification.Results: The
resulting system has four layers: hardware, sensing, control, and application. Treatment Head A combines red and near-
infrared photobiomodulation with temperature control and is intended only for experimental use. Treatment Head B
delivers topical oxygen through a sealed chamber and a pump-and-valve circuit. Oxygen concentration and flow rate
are monitored continuously. Once the oxygen therapy head is connected, a hardware interlock disconnects the heating
circuit. Upper safety limits are enforced jointly by hardware and software. The app provides operating guidance and
records treatment sessions, but it cannot alter treatment parameters.Conclusion: Physical separation of the treatment
modules, prevention of heating during oxygen therapy, and multivariable closed-loop monitoring bring the main
foreseeable risks under engineering control. Clinical benefit remains to be established through appropriately designed
studies. The device is an adjunct and should not replace standard care, including debridement, wound dressings,
offloading, infection management, and vascular assessment.
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