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Skin injury is a common occurrence and mechanical forces are known to significantly impact the biological processes of

skin regeneration and wound healing. Immediately following the disruption of the skin, the process of wound healing

begins, bringing together numerous cell types to collaborate in several sequential phases. These cells produce a

multitude of molecules and initiate multiple signaling pathways that are associated with skin disorders and abnormal

wound healing, including hypertrophic scars, keloids, and chronic wounds. Studies have shown that mechanical forces

can alter the microenvironment of a healing wound, causing changes in cellular function, motility, and signaling. A better

understanding of the mechanobiology of cells in the skin is essential in the development of efficacious therapeutics to

reduce skin disorders, normalize abnormal wound healing, and minimize scar formation.
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1. Introduction

Human skin constantly deals with intrinsic and extrinsic forces throughout life. The effect of mechanical force is dependent

upon the stiffness and biomechanical properties of the skin, which vary between anatomical locations .

2. Mechanical Force

Mechanical stimuli contribute to alterations in the wound healing process and underlie the increased susceptibility to

excessive scar formation found in particular regions of the body . Modern plastic surgery already employs several

mechanomodulatory procedures in order to counter these effects, including z-plasty and the use of steristrips . Both

relax skin tension at the site of the wound, effectively reducing scar development, although there remains room for

improvement . As our understanding of mechanotransduction grows, we are focusing on “next generation”

biomolecular approaches to further reduce scarring and fibrosis.

It is important to first grasp how mechanotransduction works at the cellular and tissue levels to better understand how the

signaling pathways involved in wound healing and skin fibrosis are affected by mechanical force. As physical force is

applied to the skin, mechanical signals are conveyed into chemical information by molecules that transmit this information

to the cell (model of cellular tensegrity) . The extracellular matrix (ECM) and the extracellular fluid (ECF) are

essential to the transduction of mechanical forces into cells and control the constant remodeling of the skin.

Transmembrane structures play an integral role in this process, as the membrane itself is fluid and requires specialized

structures to transduce forces. Components of the cell membrane and cytoskeleton (e.g., actin and RhoA), ion channels,

catenin complexes, cell adhesion molecules (e.g., focal adhesions and integrins), and several signaling pathways (e.g.,

Wnt, FAK-ERK, MAPK/ERK) are known to act as mechanosensors . These sensors transmit mechanical signals

to cells that bind to the extracellular matrix (ECM) and trigger a further signaling cascade of responses  (Figure 1).

For instance, the destruction of the ECM in aged skin leads to the further breakdown of fibroblasts within the dermis, as

these cells thereby cease to receive mechanical information . As a result, collagen production is decreased, while that

of collagen-degrading enzymes, such as matrix metalloproteinases (MMPs), is increased .
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Figure 1. Graphic depicting mechanical forces applied to skin and the associated effects at cellular levels. As skin is

stretched, the dermal matrix expands, opening ion channels, receptors, and other mechanotransductors, altering their

accessibility to their respective ligands. This alters many of the signaling cascades that are involved in regeneration and

the final state of the repaired wound.

Previous studies have demonstrated the significance of mechanical force in modulating hypertrophic scar (HTS) formation

in a mechanically stress-induced murine scar model . Sustained mechanical load applied to incisions resulted in

fibrotic responses and HTS formation, demonstrating that mechanomodulation is linked to scarring through the stimulation

of an inflammatory response . Clinical evidence also supports the importance of mechanical stress on the development

of scarring, as the use of a compression device on human patients postoperatively led to reductions in scar size through

mechanical offloading in multiple human randomized clinical trials (RCTs) . Specifically, a contracting elastomeric

silicone dressing device has been shown to significantly improve scars through application of compressive forces to the

incision by minimizing impact on the wound through the off-loading of tension . Similarly, multiple RCTs of skin taping

to improve scar appearance have shown clinical benefit in the appearance of scars .
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