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Abstract

Skin is the primary interface between health care providers and patients and is assessed clinically
to predict physiological stability or instability. The biomechanical properties of human skin, most
notably elasticity and viscoelasticity, are critical to its protective function. In this article, the
authors describe the physiological basis for skin elasticity and viscoelasticity. The authors discuss
the role of viscoelasticity in nursing science and consider avenues for scientific exploration of the
skin’s biomechanical properties, including applications in pressure ulcer research, injury, and
healing. They also discuss the Cutometer® as one option for measurement of viscoelasticity in
clinical and bench research protocols.
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Skin is the largest organ in the human body and serves as a primary interface between health
care providers and patients. Paradoxically, skin biomechanics represent relatively
underdeveloped areas of research in nursing science. Skin biomechanics are the
physiological properties of the epidermis and dermis that (a) provide protection against
biological invasion, injury, and ultraviolet (UV) radiation and (b) resist the loss of skin
integrity that occurs with movement, stretching, and application of force (Barel, Lambrecht,
& Clarys, 1998; Clancy, Nilsson, Anderson, & Leahy, 2010; Seehra & Silver, 2006).

Elasticity is generically defined as the physical property of a substance that enables it to
change its length, volume, or shape in response to a force, followed by recovery toward its
original form when the force is removed. Skin elasticity (SE) is a property of the skin that
enables it to change and recover shape when stretched or deformed (Clancy et al., 2010).
Skin viscoelasticity (SVE) incorporates the water content of the skin and adds the principle
of viscosity, the internal resistance to flow when a shearing force or stress is applied to a
fluid. In fluids, resistance to flow is caused by adhesion of molecules; viscosity is a measure
of the effort to shear the fluid, or to overcome the friction between the layers of molecules.
The viscoelastic property of the skin provides protection against injury, as it allows for
additional movement (as compared to just elastic properties) of skin structures away from
and returning toward baseline without breaking (Clancy et al., 2010; Seehra & Silver, 2006).

© The Author(s) 2011

Corresponding Author: Janine S. Everett, PhD, RN, University of Pennsylvania School of Nursing, 418 Curie Boulevard, Fagin Hall,
room 4013 (4U), Philadelphia, PA 19104, USA, janinee@nursing.upenn.edu.

Declaration of Conflicting Interests

The authors declared no potential conflicts of interest with respect to the research, authorship, and/or publication of this article.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Everett and Sommers

Page 2

In this article, we focus on SVE because of these protective properties and their role in
protection versus injury.

The purpose of this article is to describe the physiologic basis of SVE, discuss a
measurement strategy that scientists can use when SVE is a variable in research protocols,
describe changes in SVE that occur during the life span, and analyze the relevance of SVE
to knowledge development in nursing science.

Physiology of Viscoelasticity

Specific physiologic contributions to SVE by the layers of the skin can be found in Table 1.
The skin acts as a reservoir for water and contains approximately 20% of the total body
water (Clancy et al., 2010; Girard, Beraud, & Sirvent, 2000). Skin is a continuous matrix
comprised mostly of extracellular rather than intracellular tissues; the structural and
mechanical properties occur because the extracellular space is filled with water (60-72% of
total weight of skin), collagen (30%), elastin (.2%), and glycosaminoglycans (GAGS; .03%)
such as hyaluronic acid (Clancy et al., 2010; Seehra & Silver, 2006). Cellular components
and noncollagenous proteins of skin comprise less than 1% of the total weight of skin
(Seehra & Silver, 2006).

Fibroblasts are vital to skin maintenance and healing. They produce two types of collagen (I
and I11), elastin, and ground substance; contribute to wound granulation tissue; and serve as
key components in wound contraction (Falabella & Falanga, 2001). Collagen is a key source
of support and mechanical strength. Extracellularly, fibroblasts secrete collagen, which is
then assembled into fibrils and amassed into an anisotropic (directional) network of fiber
bundles. These bundles form a collagen mesh, the primary structural support in the skin
(Clancy et al., 2010; Seehra & Silver, 2006). Collagen fibers have “greater tensile strength
than an equal cross section of steel wire,” supporting “more than ten thousand times their
own weight” (Wysocki, 1999, p. 783). This strength provides support when skin is subjected
to force.

When elastin is formed from fibroblasts, the enzyme lysyl oxidase serves as a catalyst to
form cross-links that join collagen and elastic fibers (Lewis, Bercovitch, Dill, & Robinson-
Bostom, 2004). These fibers are in a condensed matrix (or bundle) when relaxed, but when
force is applied, the fibers stretch in a more linear pattern (see Figure 1). The cross-links
maintain structure and allow the elastic fibers to stretch and relax (rather than breaking)
during application and release of force, providing for return toward baseline once the force
is released. When faced with force, the skin’s thin elastic fibers provide the immediate
response. This quick elastic reaction is followed by a slower viscous reaction involving the
fluid components of the skin and thick elastic fibers to facilitate an even greater extension of
the components as well as a full return to the original state (Prost-Squarcioni, Fraitag,
Heller, & Boehm, 2008; Uitto, 2008). This viscoelastic response provides more “give”
without structural failure.

Ground substance, comprised of many components, is an essential contributor to SVE.
GAGs, such as hyaluronic acid, are hydrophilic polysaccharide chains that bind with water
in volumes up to 1,000 times their own, expanding the extracellular matrix (Eisenbeiss,
Welzel, Eichler, & Klotz, 2001; Haake, Scott, & Holbrook, 2001). Hyaluronic acid absorbs
water, forming a thick gel that impedes the bulk flow of fluid and creates hydrostatic
pressure and skin turgor; the hydrostatic pressure resists compressive forces, protects the
solid structures of the skin, and contributes to the viscoelastic behaviors of the skin. Blood
cells in ground substance (neutrophils, macrophages, mast cells, plasma cells, adipose cells,
and erythrocytes) add volume to ground substance and thus add to the thickness,
viscoelasticity, and resilience of the skin (Eisenbeiss et al., 2001; Oikarinen & Knuutinen,
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2002). While sufficient water levels support homeostasis, an overabundance of water within
the extracellular space can disrupt the arrangement of collagen within the skin, which can
alter the viscoelastic response to force (Eisenbeiss et al., 2001; Wu, van Osdol, & Dauskardt,
2006).

SVE Changes Across the Life Span

Changes in SVE are relevant to health and disease, from both from research and clinical
standpoints. Researchers have found that aging and sun/UV light exposure can decrease
SVE (Suwabe, Serizawa, Kajiwara, Ohkido, & Tsutsumi, 1999; Thakur, Batheja, Kaushik,
& Michniak, 2008). Many of the physiologic changes associated with aging impair skin
structure and function. The most important of these include (a) decreased estrogens,
testosterone, dehydroepiandrosterone, melatonin, and thyroxine; (b) increased
glucocorticoids; (c) increased estrone in women, which results in decreased collagen and
lipid content with accompanying skin dryness, increased extensibility, and decreased
elasticity; (d) decreased ground substance volume with loss of fibroblasts and mast cells and
decreased capillary flow; (e) loosening of the collagen fiber matrix; and (f) retraction of
surfaces of the dermis and epidermis via the basement membrane zone, thereby decreasing
nutrient and fluid exchange between the layers (Brincat, Baron, & Galea, 2005; Hall &
Phillips, 2005; Yaar, 2006; Zouboulis & Makrantonaki, 2006).

The extrinsic factors of sun and other UV and infrared radiation exposure have well-
documented effects on the skin as well. Skin chromophores react to UV light by initiating
cellular changes, including cell death and the increased production and secretion of
cytokines, that can directly reduce elasticity (Kochevar, Taylor, & Krutman, 2007). Short-
term effects of UV exposure include inflammation and changes in skin pigmentation, which
affect subsequent UV absorption. Long-term effects include photoaging of the skin, with
dermal elastosis, decreased skin hydration, and decreased SE (Goh, 2006; Lavker,
Gerberick, Veres, Irwin, & Kaidbey, 1995). Both aging and sun exposure are important
variables in studies of viscoelasticity, and their relationships to SVE (and thus skin
protection and injury) warrant further study.

Measuring SVE

The Cutometer® (Courage and Khazaka [C+K] Electronic GmbH, Kéln, Germany, cost
$12,000-$15,000 with probe) uses a dynamic method for in vivo measurement of SVE.
Dynamic methods involve multiple applications of a stress, or force, to induce a skin
response. Generally, the responses from dynamic measurements are a combination of
frequency and magnitude of response with a variety of units or parameters (Cal, Zakowiecki,
& Stefanowska, 2010). In contrast, static methods for in vivo testing apply a stress, or force
(stretching, squeezing, twisting, or suction), with a single outcome measure such as distance/
time or the value of the force required to induce a response (Edwards & Marks, 1995).

Several characteristics of the Cutometer® instrument make it ideal for research and clinical
measurements of SVE. It is the most commonly used instrument in a wide number of studies
across diverse populations (Barel et al., 1998; Cua, Wilhelm, & Maibach, 1990; Fong,
Hung, & Cheng, 1997; Smalls, Wickett, & Visscher, 2006). The Cutometer is noninvasive,
portable, and lightweight and may be used in either the laboratory or hospital/clinic setting
without interrupting clinical care. Once the researcher selects software settings, Cutometer
operation is uncomplicated. Use of the Cutometer requires little (approximately 2 hr)
training, and a series of measurements performed by an experienced operator at four skin
sites takes about 5 min.
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The Cutometer MPAS580 is the most up-to-date version of the instrument; there is no
comparable instrument available from other vendors. The Cutometer allows the investigator
to measure the amount of skin raised into a suction probe upon application of an operator-
defined amount of constant negative pressure over an operator-defined amount of time and
number of application/release cycles (time-strain mode). Changes in skin deformation are
recorded optically (Cal et al., 2010), and analysis of the recorded measurement curves (see
Figure 2) makes it possible to determine the elastic and plastic characteristics of the skin (C
+K, 2005; Cua et al.,1990). The Cutometer software allows for four operational modes, with
the only difference being the means of negative pressure application, from Mode 1 with
constant negative pressure to Mode 4 with pressure rising linearly and then stopping
abruptly; researchers have used Mode 1 most extensively (C+K, 2005; Dobrev, 2005, 2007;
Smalls et al., 2006).

Suction can range from 20 to 500 mbar (millibar, a unit of pressure), and the time of suction
from 0.1 to 60 s (C+K, 2005). This procedure is typically repeated for a series of three or
more cycles at a time, and the change in shape of the skin over time, whether deviation from
or return toward baseline, is recorded every 0.1 s for the duration of the measurement cycle.
The number of application/release cycles is dependent on the defined time of suction and
release, which is limited to a maximum total of 320 s.

Cutometer probes have apertures that range in size from 2 to 8 mm in diameter. Smaller (2—
4 mm) apertures are used to evaluate the uppermost layers of the epidermis, while the largest
aperture (8 mm) allows for measurement of dermal skin. Output from the Cutometer
includes measures of elastic deformation (in hundredths of millimeters, total displacement
from initial position at maximum negative pressure), immediate retraction (in hundredths of
millimeters, .1 s after release of negative pressure), and biological elasticity (ratio of elastic
recovery to elastic deformation; Dobrev, 2007; Smalls et al., 2006). The applied negative
pressure is measured in mbar, which is 1/1,000 of the unit of pressure known as a “bar,”
roughly equal to atmospheric pressure on Earth at sea level.

Table 2 provides an explanation of Cutometer measures. The immediate changes are tied to
the elastic response of the skin and reflect the function of the solid structures (elastin and
collagen) alone, not the viscous response. The slower viscous responses, termed “creep,” are
products of the solid elastic structures combined with the fluid that facilitates the additional
movement and greater extension of the skin in response to force. These are reflected in the
delayed distension (U 1), the final deformation (U7, delayed retraction (Ua-U7) and final
retraction (Ua) measurements; decreased hydration decreases the magnitude of these creep
responses.

Anatomic Sites and Measurement Values

Ideal anatomic sites for assessment of SVE are those that are dry (moisture damages the skin
probes) and stable, often with bone near the surface to provide support. Examples of these
locations include the volar forearm, forehead, cheek, and sacrum. Sites that are less firm
because of adiposity or soft tissues, such as the breasts or stomach, are prone to greater
deviation between measurements and are not commonly used. We were unable to locate
publications with normed values in healthy populations or those with acute or chronic
conditions. We present a list of mean SE and SVE values for four anatomical locations in
233 healthy adult women, stratified by age, in Table 3 (Everett, Fargo, & Sommers, 2011).

Accuracy and Precision of Measurements

The construct validity and precision of Cutometer data have been extensively evaluated, and
findings support the validity of Cutometer measurements (Cua et al., 1990; Goh, 2006;
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Imokawa, 2009; Langton, Sherratt, Griffiths, & Watson, 2010). Barel, Lambrecht, and
Clarys (1998) described the technology of the instrument and assessed the accuracy,
repeatability, and reproducibility of the data under well-controlled and standardized
conditions. They found that SE ratios decreased significantly (o < .05) in elderly men and
women as compared to their younger counterparts. Other researchers reported similar results
when comparing aging and youthful skin (Ahn, Kim, Lee, Moon, & Chang, 2007; Cua et al.,
1990; Dobrev, 2005; Ryu, Joo, Kim, Park, & Youn, 2008; Smalls et al., 2006). Further
support for construct validity comes from a series of studies demonstrating the decrease in
SE with sun exposure (Barel et al., 1998; Ryu et al., 2008) and scarring of tissue (Draaijers
et al., 2004; Fong et al., 1997; Nedelec, Correa, Rachelska, Armour, & LaSalle, 2008).

Investigators comparing Cutometer measurements to other strategies that assess skin
biomechanics generally report high levels of agreement. Draaijers et al. (2004) found
statistically significant concurrent validity between the Cutometer measures and subjective
evaluation of scar tissue by experts (= —.046 except for Uv, when r=-.29). Nedelec,
Correa, Rachelska, Armour, and LaSalle (2008) found that, in less severe scarring, the
Cutometer data provided “moderate” validity as compared with the pliability subscale, a
subjective measure (Spearman’s rho —.57, p<.0001 and -.47, p < .006 for nonsevere scar
sites). In a study of 44 women, Ahn, Kim, Lee, Moon, and Chang (2007) reported
correlations of r=.594 —.711 in several elasticity and viscoelasticity values assessed by
both the Cutometer and the Moire topography system. In Moire topography, researchers
create and measure contour lines to quantitatively assess characteristics of skin.

With respect to precision, Barel et al. (1998) found repeatable measurements at the same
skin location with a coefficient of variation ranging between 4% and 6%. At different skin
locations unexposed to sun, they found coefficients of variation between 12% and 22%, and
at sun-exposed skin sites, coefficients of variation ranged from 23% to 32%. Draaijers et al.
(2004) found low intraobserver variability with intraclass correlations (ICC) of the elasticity
and extension parameters of the Cutometer, r=.76 and r= .74, respectively, thereby
increasing our confidence in the reliability of the measurements. Fong, Hung, and Cheng
(1997) found similar ICC results. A well-developed body of science shows that, across
populations and skin conditions, Cutometer data have robust construct and concurrent
validity and considerable repeatability across operators (Ahn et al., 2007; Barel et al., 1998).

Measurement Error

Several strategies help the investigator control for measurement error. To maintain accuracy
and precision, the participant’s skin needs to be free of lotions and other substances that may
interfere with the instrument. The Cutometer may not be used on broken skin, as fluids may
enter the instrument and disrupt measurement. To reduce operator-induced random error, the
probe needs to be held gently but firmly and perpendicular to the surface of unbroken skin.
The same site should be used for repeated measurements. Additional potential sources of
random error include electrical interference between the instrument and other devices,
temperatures outside of the recommended range (68—-76 °F), and operator or participant
movement during testing. Instrument bias that has the potential to introduce nonrandom
error includes dirty or damaged optics or loss of vacuum pressure due to instrument
malfunction.

Application to Nursing Science

While assessment of the skin has been fundamental to the professional practice of nursing
for decades, the protective role of viscoelasticity in injury and conceptual discussions of
SVE are virtually absent in the nursing literature. A search of the Cochrane Library (2010;
http://www.cochrane.org/) produced no reviews that focus on SVE in spite of a well-
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developed collection of reviews about diseases of the skin, pressure ulcers, and wounds. The
Braden (1987) pressure ulcer risk assessment scale is comprised of six subscales (sensory
perception, moisture, activity, mobility, nutrition, and friction/shear), none of which directly
addresses viscoelasticity. Given that the biomechanical properties of the skin are intrinsic to
skin health, it is critical that nurse scientists begin to work in this area.

Compelling reasons exist for broadening skin science in nursing to include SVE. According
to the latest pressure ulcer statistics in the United States, approximately 159,000 nursing
home residents have pressure ulcers (Park-Lee & Caffrey, 2009). The human and economic
costs of pressure ulcers are high, as they may lead to health-compromising conditions such
as sepsis, cellulitis, infectious arthritis, and squamous cell carcinoma. New strategies for
prevention and treatment of pressure ulcers are needed.

SVE represents a promising avenue of exploration in determining the role of skin
biomechanics in the development and management of pressure ulcers. Andersen and
Karlsmark (2008) and Deprez, Brusseau, Fromageau, Cloutier, and Basset (2011) reported
that tissues in early and later stages of breakdown are stiffer and less pliable than healthy
tissues and suggest further research to explicate their findings. By learning more about SVE
during skin breakdown and healing, clinicians can implement strategies to improve
detection, prevention, and care.

The potential link between SVE and body mass also bears exploration. The relationship
between pressure ulcers and body weight has been a topic of interest for a number of years
(Compher, Kinosian, Ratcliffe, & Baumgarten, 2007; VVanGilder, MacFarlane, Meyer, &
Lachenbruch, 2009). Using data from the 2006 (N = 88,743) and 2007 (N =79,193)
International Pressure Ulcer Prevalence Surveys, VanGilder, MacFarlane, Meyer, and
Lachenbruch (2009) did not find that Braden scores varied by body mass index (BMI;
Braden & Bergstrom, 1987). However, they did find significant (o < .001) differences in
pressure ulcer prevalence by body weight; participants in the lowest and normal BMI classes
had the highest prevalence of pressure ulcers, 24.9% and 17.1%, respectively, as compared
to an overall prevalence of 13.7%. Obese patients exhibited some degree of protection from
pressure ulcers, but the role of viscoelasticity in the protective function is unknown. If,
indeed, SVE explains the differences in prevalence, interventions to enhance viscoelasticity
have promise in pressure ulcer prevention.

The role of nutrition in pressure ulcer prevention and healing has been documented by a
recent meta-analysis of 15 studies reporting on oral or enteral nutritional supplements and
pressure ulcer development (Biesalski, 2010). We could not locate any studies by
investigators who reported on the relationship among SVE, nutrition, and BMI and its effect
on pressure ulcer prevention, development, or healing; such studies could guide clinicians
for improved pressure ulcer screening, prevention, and management.

The relationship between skin color and protection from skin injury is another area of
interest to nursing science. The obstetrics literature reveals subtle indications that racial and/
or ethnic differences may affect the prevalence of injury to the genital skin. Investigators
reporting on differences in genital injury following vaginal births note that African
Americans are less likely than Whites to have third- and fourth-degree perineal lacerations
and tears (Howard, Davies, DeLancey, & Small, 2000; Robinson, Norwitz, Cohen,
McElrath, & Lieberman, 1999). In several large studies of sexual assault and rape cases,
authors have reported that White females have significantly more genital injury as compared
to African American females (Cartwright, 1987; Coker & Richter, 1998). Sommers et al.
(2009, 2008) found that, following consensual sexual intercourse, while race/ethnicity was a
significant predictor of skin injury and prevalence, skin color itself confounded the

Biol Res Nurs. Author manuscript; available in PMC 2014 July 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Everett and Sommers

Summary

Page 7

relationship between race/ethnicity and injury and was a better predictor of injury than was
race/ethnicity. Their sample with light skin had significantly more skin injuries than their
sample with dark skin (p < .05). Baker, Fargo, Shambley-Ebron, and Sommers (2010)
replicated these findings in female sexual assault victims. While several explanations exist
for the differences in skin injury in women with light as compared to dark skin, one
explanation is that viscoelasticity differs depending on skin color, and yet little is known
about this phenomenon (Berardesca & Maibach, 1996). Clinically, if SVE varies by skin
color, nursing assessment, injury detection, and pressure ulcer prevention also need to vary
by skin color.

In short, there are multiple avenues for scientific exploration in the area of viscoelasticity
that are relevant to nursing science and practice, including the associations of BMI,
nutrition, and skin color with SVE and with injury, protection, and skin health. By
highlighting their importance, we intend to engage researchers in these areas of evolving
skin science. We also hope to engage clinicians to consider SVE as a parameter of interest
when planning and providing patient care.

SVE is a physiologic concept grounded in the theories of skin biomechanics and reflects the
complex interplay between microcellular structures of the human body and the physical
forces that are regularly imposed on the skin. While several measurement strategies to
quantify viscoelasticity are available to scientists, use of the Cutometer is feasible across
bench and clinical settings, and scientists have confidence that the data are accurate and
precise when error is controlled. As we learn more about SVE and how it is influenced by
factors such as age, BMI, hydration, skin color, or disease processes, nurses can work within
new standards of care that reflect varied injury (or healing) potential among individuals.
Exploring the role of viscoelasticity in studies of the skin is a critical area for nursing
science knowledge development.
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Bundled elastic fibers and individual elastin molecules with cross-links. Modified from

Alberts et al. (1994).
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Figure 2.
Cutometer® MPA580 waveforms.
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Relationship Between Anatomic Structure and Viscoelastic Function of the Skin

Skin Layer

Structure

Rolein Viscoelasticity

Stratum corneum
—outermost layer
of epidermis

Basement
membrane zone
(BMZ)

Dermis—Ilayer
between the
epidermis and
subcutaneous
tissues

Hypodermis—
innermost and
thickest layer of
skin; connects
dermis to bone or
connective tissue

Structure of up to 25-30 rows of corneocytes; includes
fibrous keratin; “brick and mortar” arrangement, in
conjunction with other stratified layers in the epidermis,
increases tensile strength (resistance to longitudinal
stress), and resistance to damage (Micali, Lacarrubba,
Bongu, & West, 2001)

Water content is 15-30% (Johnsen, Haugsnes,
Martinsen, & Grimnes, 2010)

Collection of three cell layers between the epidermis
and the dermis (lamina lucida, lamina densa, and lamina
propria; Bruckner-Tuderman & Stanley, 2007; Chan,
1997); comprised of proteins (primarily laminins,
proteoglycans, and types IV and VII collagens; Chan,
1997)

Desmosomes (cells responsible for adhesion) serve as
binding cells between basal layer of skin and upper
lamina lucida (Bruckner-Tuderman & Stanley, 2007;
Chan, 1997)

Anchoring fibrils and a matrix of fibers at varying
stages of maturity connect thicker lamina densa layer to
upper layer of dermis (Barland, Zettersten, Brown, Ye,
Elias, & Ghadially, 2004; Chan, 1997)

BMZ semipermeable to water; limits water passage to
maintain skin hydration and support viscoelasticity

Within papillary region (uppermost layer of dermis), a
networking of thin elastin protein fibers (oxytalan fibers
and the elaunin fibers cross-linked via desmosomes) is
in loose matrix with procollagen (a precursor to
collagen that originates within ground substance) and
ground substance (Chu, 2007; Haake et al., 2001;
Schafer, Pandy, Ferguson, & Davis, 1985; Uitto, Chu,
Gallo, & Eisen, 2007)

Reticular region (below papillary region and above
hypodermis) is comprised of ground substance and a
thicker mesh of collagen fibers wound among thicker
elastic fibers assembled from elastin and microfibrils
(Haake et al., 2001; Schafer et al., 1985; Uitto et al.,
2007)

Adipose tissue is present in the hypodermis, but
thickness of this layer may vary (Agache, 2006; Agache
& Diridollou, 2006; Tortora & Grabowski, 1993)

Supports pliability (ease in change of shape from baseline)
Promotes strength, elastic behavior, and resistance to loss of
skin integrity with movement, stretching, and application of
force

Lamina layers extremely flexible due to construction of
multiple-microfibrillar subdensa and protein-based supra-
lamina desmosomes (Bruckner-Tuderman & Stanley, 2007,
Chan, 1997)

Supports epidermis and provides strong adhesion between the
epidermal and dermal layers to protect against shearing forces
(Chu, 2007); when force applied on parallel plane to skin, it
has a viscoelastic response of expanding and then contracting
fiber matrix and associated fluids

Serves as an anchor to surrounding layers; disruption of BMZ
leads to amorphous structure within epidermis and dermis
causing skin structure breakage and reduced viscoelastic
response

With force, elastin molecules stretch in linear pattern, cross
links maintain structure; quick elastic reaction provides
immediate response to force, followed by slower viscous
response and then full return to baseline

Elastic fibers are thinner in papillary region and used for quick
response but break more easily; elastic fibers in reticular
region thicker, more bundled with collagen, and provide
slower, viscoelastic behavior and greater tensile strength
(Uitto et al., 2007; Wysocki, 1999)

Thickness of adipose deposits maintains shape of skin,
protects it from underlying (bony) structures, and is positively
correlated with skin strength and elasticity (Agache &
Varchon, 2004; Smalls et al., 2006); positive and protective
effects may negated in obesity (Yosipovitch, DeVore, and
Dawn (2007)

Problems with obesity include impaired skin barrier repair,
decreased lymphatic flow, decreased strength of collagen
structures, impaired circulation, decreased wound healing, and
skin disorders that change the structure and impair the
function of the skin (Yosipovitch, DeVore, & Dawn, 2007)
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Table 2

Measurements of Skin Viscoelasticity Obtained From a Cutometer®

M easurand

Description

Immediate deformation/skin
extensibility (Ue)

Delayed distention (UV)

Final deformation (U#
Immediate retraction (Ur)

Final retraction (Ua)

Gross elasticity (R2)

Net elasticity (R5)
Biological elasticity (R7)

Quick response to force; change in shape from baseline in response to force (suction)

Incremental change in shape or viscous “creep” that occurs after the quick elastic response (Ué¢) reacting to
force over time

Total viscoelastic deviation of the skin from baseline in response to force over time (Ue+ UV)
Quick return of the skin toward baseline when force is removed

Ultimate return of the skin from U ftoward baseline after removal of force. Final retraction is Urplus the
viscous “downward incremental creep” and final measurement of deformation before another measurement
cycle begins

Ratio (Ua/U ) that includes the viscous changes of the skin for both deformation and retraction. Includes
effects of both elasticity of the skin’s solid components {elastic fibers, etc.) and viscosity from the liquid
content of the skin. Variable viscous retraction rates may result in an incomplete measurement of skin
function with this value

Ratio (Un/Ue) that excludes viscous changes, focusing the measure on the solid components of the skin

Ratio (Us7U/) that includes measures of viscoelastic deformation on application of force and elastic
retraction on release; provides a practical means for evaluating the viscous and anatomical components of
skin elasticity
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Mean Skin Elasticity (SE) and Viscoelasticity (SVE) Ratios by Anatomical Location and Age in 233 Healthy
Female Volunteers (Everett et al., 2011)

Site, SVE Ratio, and Age (In Years) N M SD
Forearm R5
18-30 134 105 .15
31-50 83 103 .17
51-65 16 .84 .17
All 233 103 .17
Forearm R7
18-30 134 .67 .07
31-50 83 .63 .08
51-65 16 54 12
All 233 .65 .09
Upper arm R5
18-30 134 101 .16
31-50 83 96 .19
51-65 16 .88 .13
All 233 99 .17
Upper arm R7
18-30 134 .68 .07
31-50 83 .64 .09
51-65 16 .60 .08
All 233 .66 .08
Upper inner thigh RS
18-30 134 1.04 .16
31-50 83 1.01 .19
51-65 16 100 .20
All 233 102 .17
Upper inner thigh R7
18-30 134 .74 .08
31-50 83 .69 .10
51-65 16 .64 .09
All 233 71 .09
Sacrum R5
18-30 134 1.09 .24
31-50 83 115 .33
51-65 16 112 21
All 233 111 .27
Sacrum R7
18-30 134 .66 .11
31-50 83 .64 .13
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Site, SVE Ratio, and Age (In Years) N M SD

51-65 16 .60 .10
All 233 65 .12

Note. R5 = net elasticity (SE), R7 = biological elasticity (SVE). Higher mean values indicate greater SE or SVE.

Biol Res Nurs. Author manuscript; available in PMC 2014 July 01.

Page 17



