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A non-contact wearable device for
monitoring epidermal molecular flux
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Existing wearable technologies rely on physical coupling to the body to establish
optical™, Auidic™, thermal™ and/or mechanical ™ measurement interfaces. Here we
present aclass of wearable device platforms that instead relies on physical decoupling
todefine anenclosed chamber immediately adjacent to the skin surface. Streams of
vapourized molecular substances that pass out of or intothe skin alter the properties
of the microclimate defined in this chamber inways that can be precisely quantified
using an integrated collection of wireless sensors. A programmahle, bistable valve
dynamically controls access to the surrounding environment, thereby creating a
transient response that can be quantitatively related to the inward and outward fluxes
of the targeted species by analysing the time-dependent readings from the sensors.
The systems reported here offer unigue capabilities inmeasuring the flux of water
vapaur, vilatile organic compounds and carbson dioxide from various locations on
the body, each with distinct relevance o clinical care andfor exposure to hazardous
vapours. Studies of healing processes associated with dermal wounds inmodels

of healthy and diabetic mice and of responses in models using infected wounds
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The skin for ms our primary interfsce with the enviromment, and the
movement of chemical species inuo and out of the skin surface can
subsranially influence health. These fluses includewater, anabundant
species inrhe body and the armosphere, a5 well as volatile organic com-
pounds (VOCs), carbon dioxide (C0,) and other medically important
compounds® . mbalanced cutward water-vapour uxes ofienindicate
dysfunction incutaneous homenstasis’, whereas certain pathologies
and infections ar wound sies can be linked vo the emissions of vapour-
izedchemicals™ . bwand Muxes of substances provide valuable insights
imito the effects of atmospheric chembcals on health™. Existing wear-
abibe devices use microfluidic networ ks for precise monitoring of the
tirne-dependent Now ol liguids, sischas swear'™™ fromthe surface of the
skim: bt thvese and orher approsches do notapply 1 Zases, We present

a compact, wirebess platform designed for continuous, guanticacive
monitoring of gaseous Auxes inoo and owt of the skin o sequential
time points through repeated cycles of rransient measune ments. The
capabilities of the platformderive from the time-dependent modulka-
tionberweenopen and closed modes of a defined microclimane imeme-
diarely adjacent o the skin, in CoNLrast 1o existing starkc sysems ™.
The non-contact proximity operation principle contrasts with thar of
conventional wearable devices that require direct physical contact
with the body. This technology canprovide unigue insights for clinical
decision-makers managing conditions such s dermatological diseases.
and dermal wounds, aswell a5 animproved understanding of underly-
ing pathophysislogies. Moreover, the device enables the monitoring
of lazardous smospheric chemicals thar enter the body through the
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