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Preface

Skin is the outer layer covering human or animal body and is a complex biological
structure. Its function is to protect the body from physical and environmental
assaults and to provide sensation, heat regulation, water resistance, and so on.
Environmental conditions, such as dry and cold weather, can reduce the moisture
content of skin and increase the skin roughness and physical discomfort. Skin is
damaged as it goes through daily activities. Skin also ages with time. For healthy
and beautiful human skin, cleaning and maintenance of skin is a daily process.
Various beauty care products involve surface interaction between the product and
the skin surface they are applied to. Skin cream is used to improve the skin health
and create a smooth, soft, and flexible surface with moist perception by altering the
surface roughness, adhesion, friction, elasticity, and surface charge of the skin
surface. Rheology of skin cream as a function of cream thickness and strain rate and
the binding interaction between skin cream and skin surface and operating envi-
ronment are some of the important factors affecting the smooth feel and repair of the
skin surface. The vibrations generated during the rubbing are a function of friction
at the interface and govern the tactile perception of skin texture by the brain.

Atomic force microscopy (AFM) and nanoindentation have recently become
important tools for studying micro-/nanoscale properties in beauty care, including
human hair, hair conditioner, skin, and skin cream. In this book, we present an
overview of the structural, nanotribological, and nanomechanical properties of skin
with and without cream treatment as a function of operating environment. Relevant
mechanisms are discussed. The result of a triboelectrification study of skin with and
without cream treatment is presented. Next, an overview of attempts to develop a
synthetic skin for research purposes is presented. Finally, data on tactile response of
skin with and without cream treatment are presented.

This is the first book on nanotribological and nanomechanical properties of skin
and skin treatment. The book is written for a novice in the field. It should serve as a
reference book for researchers, practitioners, and users.
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Chapter 1
Introduction

Skin is the outer layer covering a human or animal body. It is the largest organ and
for humans covers an average surface area of 1.5–2 m2. Its function is to protect the
body from physical and environmental assaults, and to provide sensation, heat
regulation, water resistance, and other such functions. Skin ages over time, resulting
in changes in skin properties. The skin aging process is the result of two biological
processes called intrinsic aging, where changes accumulate over a lifetime, and
extrinsic aging, attributed to environmental influences. Aging is a degeneration of
tissue (such as degradation of mechanical properties as a result of decreases in
collagen) and loss of lipids (responsible for creating a water barrier), and leads to
various issues such as sagging skin and wrinkles. In addition to aging, skin also is
damaged as it goes through various daily activities. Environmental conditions, such
as dry and cold weather, can reduce the moisture content of skin temporarily, and
can induce epidermal hyperplasia, mast cell degranulation, cytokine secretion,
increased skin roughness, and physical discomfort (Harding et al. 2000; Leyden and
Rawlings 2002; Tang and Bhushan 2010; Bhushan 2012; Bhushan et al. 2012).

For healthy and beautiful human skin, cleaning and maintenance of skin is a
daily process. The demand for skin care products that prevent or relieve skin
damage has created a $2 billion dollar industry in the U.S. alone, as of 2015. As
commonly-used skin care products, skin cream and moisturizer increase the
moisture content in the outer layer of skin. This hydration creates a smooth, soft,
moist, and flexible surface, and alters the tribological properties (surface roughness,
adhesion, friction, and wear) and mechanical properties (elastic modulus, hardness,
and viscous damping) of the skin surface. Hydration changes the surface feel or
tactile perception of cream treated skin when it touches a surface. Beauty care
science is interested in the way in which skin cream changes the tribological and
mechanical properties, tactile perception, and the effect of the operating environ-
ment of skin, as these properties are closely tied to product performance and,
ultimately, guide consumers’ likes or dislikes of the product (Bhushan et al. 2010,
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