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Project Title: Innovating novel devices to deliver localised cooling to spinal cord injury patients.

Project Team: Dr Ralph Gordon, Dr Charlotte Stevens.

Project Focus: To innovate our novel testing devices and validate the metabolic, biophysical and perceptual pathways underlying the benefits of cooling on skin tolerance to pressure and shear.


Introduction: Pressure ulcers (PUs) constitute a localised damage to the skin resulting from prolonged periods of pressure and shear forces (1). In the UK, the annual cost of treating chronic wounds, is estimated to be £8.3 billion (2). An improved understanding of the fundamental mechanisms underlying the physiological tolerance of human skin to mechanical loading and shearing could lead to the development of cost-effective, personalised solutions to prevent these wounds and improve patient care and quality of life.

Sustained localised mechanical loading on the skin can arise from lying and sitting postures, e.g. at the sacrum or the heel. Internal tissue deformations may then cause changes in the physiology of skin and sub-dermal tissue, including ischemia in the blood vasculature, lymphatic impairment, and direct deformation damage (3). Ischemia reperfusion injury may also occur due to the onset of post-occlusive reactive hyperaemia (4), which can play a role in the pathophysiology of PUs (5). 

Microclimate conditions within and around skin tissues strongly influence the tolerance of skin to mechanical loading and shear. As an example, elevated temperature and humidity at the skin interface reduce the mechanical stiffness and strength of the skin, while also increasing its coefficient of friction (6). These mechanisms can lead to a greater risk of tissue damage for the same mechanical stress (7). On the contrary, early animal studies revealed that reduced skin temperature minimises the risk of PU formation (8, 9). This may occur through altered microvascular responses (9), as well as via downregulation of the expression of pro-inflammatory cytokines such Tumour Necrosis Factor (TNF)-α, which is mediated by the stimulation of cold-sensitive TRPM8-expressing neurons in dorsal root ganglions (10, 11), yet the mechanisms for how this translates to humans, specifically clinically vulnerable populations, is not well understood.

Pressure ulcers can occur in many situations where the skin is exposed to sustained pressure, shearing forces, and increased temperature and humidity. They can also occur in anyone across the lifespan, but individuals with mobility issues, such as a spinal cord injury (SCI), are particularly susceptible to their development. There is an unmet need to develop technologies that could prevent the onset of chronic wounds by innovating devices that could be used to deliver interventions. One promising intervention is the use of localised cooling on the skin. In our lab, we have devised two novel devices capable of delivering cooling to two clinically relevant skin sites. The devices are used to better understand how cooling impacts the function and comfort of skin when it is subjected to pressure and shear, and how this varies with age and clinical status. 
The concept for the proposed project has been developed through a Medical Research Council funded study, which is examining how different levels of cooling alter the skin microvascular, inflammatory, structural and perceptual responses to sustained pressure, the recovery characteristics when unloaded and the influence of repeated shear stress. To achieve these objectives, we have developed novel thermo-mechanical and shearing testing rigs. These devices have been validated in younger (18-35 years) and older (55-70 years) participant groups and show promising data in their capacity to cool the skin and mitigate the magnitude of the hyperaemic response following mechanically induced loading.
	 
Project Aim: To innovate these devices by pump priming a redesign of the custom-made rigs, that incorporate commercially available sensors. At present, these devices are unable to leave the testing laboratory, yet there is a clinical need to validate our findings in SCI patients, who are vulnerable to the development of pressure ulcers. Furthermore, in collaboration with our clinical partners express requests have been made by clinicians to conduct our work on site with their patients, yet this currently is not possible.

Key Milestones: 
1. Redesign our custom-built thermo-mechanical stimulators to allow portable offsite-site testing.
2. Validate the devices and our established testing protocol to determine how the presence of spinal cord injury modulates the metabolic, immunological, biophysical and perceptual pathways underlying the benefits of cooling on skin tolerance to pressure and shear.
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