Burn wound healing: a role for plasma medicine?
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Burn wounds represent a challenge in terms of the quality of healing. Wounds that extend
through the dermis and into subcutaneous layers of the skin often heal with considerable
scarring. Also, complications during the healing process such as bacterial colonization and
infection will give rise to worsened scar quality.

Improvements in burn care over decades have provided some control over mortality, thereby
increasing the focus on morbidity and quality of outcome.

Plasma treatment could provide interesting new treatment modalities for bacterial problems,
as well as for scar improvement.

Bacterial colonisation and infection of burn wounds is usually treated with local or systemic
antibiotics and/or antimicrobial agents. Clear disadvantages of these treatments are the
increasing appearance of resistant bacterial species and cytotoxic effects towards the epithelial
elements and cells in the wound bed.

We therefore designed an experimental setup to study these effects, in order to find conditions
where bacteria would be effectively reduced and cells necessary in the wound healing process
would remain unaffected.

We studied the effects of cold plasma treatment on skin cells and an in vitro burn wound
model. A cold atmospheric plasma needle (13.56 MHz micro-jet) was used. Primary cultures
of fibroblasts and keratinocytes were treated with plasma. Membrane leakage and
proliferation were measured. For the burn wound model, small pieces of human skin were
burned and treated with plasma. Samples were incubated air-exposed for 2 to 3 weeks to
allow regrowth of the epidermis.

Short treatment times (30-60s) using argon plasma on cell cultures affected cell adhesion and
proliferation. Treatment with compressed air or helium plasma for up to 2-4 min only
marginally affected membrane integrity and proliferation.

Outgrowth in the burn wound model was reduced by longer plasma treatments (1 min) or with
argon or compressed air. Helium plasma seemed to induce proliferation in keratinocytes but
this was not accompanied by an increase of newly formed epidermis.

In conclusion, cold plasma can preserve the viability of skin cells. The effects on the cells are
highly dependent on the distance between plasma surface and cell sample, the gas used for
plasma ignition and the treatment type. Potentially, a contact-free disinfection method for
burn wounds could be created.



