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DermaTherapy®	…	The	Mechanism	of	Action	
 
Skin and wound issues continue to be a growing problem for the healthcare system in the 

United States and around the world. Because of a number of factors – for example, we are 

living longer, obesity is escalating, and the prevalence of diabetes is increasing – there has 

been a tremendous increase in the incidence of damage to the skin, resulting in debilitating 

injury and costly care of skin and wound issues.1 

 

Human skin is practically in permanent contact with textiles during the various activities of 

everyday life.  For bedridden persons, moisture and friction at the skin–textile interface are 

often associated with the feeling of discomfort (for example, when fabric sticks to the skin).  

However, even more critical for bedridden persons, moisture, friction, and shear are 

proximate causes of mechanical skin irritations, trauma, and pressure ulcers.  In fact, 

moisture, friction and shear are considered to be the major clinical criteria for assessing a 

person's risk of pressure ulcers.2 

 

Despite the prevalent problems caused by adverse textile/skin interactions, few research 

efforts have been devoted to this field.  Existing in vivo experimental studies have rarely led 

to solid conclusions.3 In fact, the role of textiles in the prevention and formation of pressure 

ulcers has been understudied.3,4 For example, in vivo skin–textile friction has not yet been 

investigated in detail, nor has the role of textiles in the formation of wounds such as 

pressure ulcers, despite the fact that human skin is more or less in permanent contact with 

fabrics.5  Gerhardt indicated higher friction coefficients for cotton/polyester fabrics due to 

their higher hydrophilic/hygroscopic properties (e.g. greater water absorption capacity), as 

well as frictional differences in their textile microstructure manifested in cotton/polyester 

hairiness and weave construction.4   

 
1 Reger SI, Ranganathan VK, Sahgal V. Support Surface Interface Pressure, 
Microenvironment, and the Prevalence of Pressure Ulcers: An Analysis of the Literature, 
Ostomy Wound Management, 53 (10): 50-8, 2007. 
2 Braden B, Bergstrom N. A conceptual schema for the study of the etiology of pressure 
sores. Rehabil Nurs.12(1):8-12, 1987. 
3 Zhong, W., Xing, M. M. Q., Pan, N. & Maibach, H. I. Textiles and Human Skin, 
Microclimate, Cutaneous Reactions: An Overview.  Cutaneous and Ocular Toxicology. (25) 
23–39, 2006. 
4 Gerhardt LC, Mattle N, Schrade GU, Spencer ND, Derler S.  Study of Skin-Fabric 
Interactions of Relevance to Decubitus: Friction and Contact-Pressure Measurements.  Skin 
Research and Technology (14) 77-88, 2008. 
5 Gerhardt LC, Lenz A, Spencer ND, Munzer T and Derler S. Skin–Textile Friction and Skin 
Elasticity in Young and Aged Persons. Skin Research and Technology. (15) 288–298, 2009. 
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It is well understood that pressure, heat, friction, and shear, in combination with moisture, 

accelerate and promote the formation of pressure ulcers, as characterized in the Figure 1 

below.6,7  

 

Figure 1 

 
Once the skin has been damaged by one or a combination of these contributing factors, the 

development of pressure-related damage is much more likely to take place. Therefore, we 

need to continue to look for ways to help protect the skin and prevent damage from 

occurring and thus make it more difficult for skin and wound issues to develop.  Further, for 

humans to feel comfortable, a fairly narrow surface temperature and humidity must be 

maintained in the air immediately surrounding the body.   Hospital bed linens play an 

important role in regulating body temperature, moisture and controlling heat loss.3    

 

The general mechanism is straightforward:  Higher temperatures from support surfaces 

cause and/or increase sweating. Increased moisture leads to maceration of the skin. In 

turn, maceration reduces skin strength up to 96%1 and increases the coefficient of friction 

of the support surface. Friction and tangential pressure quickly leads to shear. Shear loads 

 
6 Bennett L, Kavner D, Lee BK, Trainor FA. Shear vs pressure as causative factors in skin 
blood flow occlusion. Arch Phys Med Rehabil. 60(7):309-14, 1979. 
7 Goossens RH, Zegers R, Hoek van Dijke GA, Snijders CJ. Influence of shear on skin 
oxygen tension. Clin Physiol. 14(1):111-8, 1994. 
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breakdown skin faster.  High shear, in turn, leads to greater injury. Shear significantly 

reduces the time needed to develop a pressure sore. 

 

In the discussion that follows, the interactions between moisture, friction and shear as they 

relate to textiles and the skin/support-surface interface will be discussed in detail.  Relevant 

published research is included in support of this analysis. 

 

As a preface to this discussion, it should be emphasized that the overriding objective of the 

DermaTherapy device is to better manage the moisture, friction and shear between the skin 

and the support surface, and thereby reduce the development of new pressure wounds. 

 

Moisture 

In providing a therapeutic environment for bedridden patients, appropriate moisture 

conditions should be maintained to prevent or reduce ulceration. An overly dry condition 

may lead to a skin more vulnerable to cracking. Conversely, excessive hydration (because 

of incontinence and/or perspiration) may cause skin maceration and lower the tissue 

tolerance to shear stress and friction.8  Moisture from sweating or incontinence hydrates the 

skin, dissolving the molecular collagen crosslinks of the dermis, and softening the stratum 

corneum (maceration). Increased perspiration is particularly relevant to pressure ulcer risk 

because moisture on the skin surface can reduce the skin's resilience and increase the 

coefficient of friction (COF) of the skin, making it more prone to pressure, shear stresses 

and friction.  Skin maceration reduces stiffness, threatening the near complete loss of 

connective tissue strength and the erosion of the dermis under the action of shear forces. 

Another result of skin hydration is the rapid increase of epidermal friction, which promotes 

adhesion of the skin to the support surface – covered by bed linens – and increases shear, 

easy sloughing, and ulceration.9,10 

 

 
8 Keller BP, et al. Pressure ulcers in intensive care patients: a review of risks and 
prevention. Intensive Care Med 2002; 28(10):1379-1388. 
9 Cherry GW, Ryan TJ. Pathophysiology. In: Parish LC, Witkowski JA, Crissey JT, eds. The 
Decubitus Ulcer in Clinical Practice. Berlin, Germany: Springer-Verlag, 1997:33–43. 
10 Kokate JY, Leland KJ, Held AM, et al. Temperature-modulated pressure ulcers: a porcine 
model. Arch Phys Med Rehabil. 1995;76(7):666–673. 
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Bed linens, as covers to these support surfaces, play an important role in moderating liquid 

and moisture to maintain a healthier microclimate near the skin surface.11  Recent studies 

have shown that cotton-blend fabrics are not very effective in managing moisture and 

wetness.  Gerhardt found that the coefficients of friction between skin and completely wet 

cotton-polyester fabrics are more than twice the values for natural skin rubbed on a dry 

textile surface. 12  

 

Studies on the influence of skin friction on a human’s perception of fabric texture under a 

series of environmental conditions have also revealed that moisture on the skin surface 

increases skin friction13 and that fiber type and moisture can influence fabric-to-skin friction 

measurements.14 These reports agreed that moisture on the skin is more important than the 

fiber type or fabric construction parameters in determining the nature and intensity of 

fabric-to-skin friction.  However, these studies included only natural fabrics (worsted wool, 

brushed cotton, cotton, silk, linen, and burlap) and did not consider new highly-engineered, 

synthetic fabrics, such as those used in the DermaTherapy device.  The DermaTherapy 

fabrics are engineered to maximize moisture wicking and drying, while minimizing the 

frictional properties of hospital bed linens. 

 

Any surface that comes into contact with skin has the potential to alter the microclimate 

between the skin and the surface by changing the rate of moisture evaporation – and thus 

the drying rate – and the rate at which heat dissipates from the skin. It has been long 

understood that the overall effect of a support surface on microclimate is dependent on 

numerous factors, including the nature of the support surface itself, i.e., what materials the 

support surface are made from, how the materials are conformed to cover the support 

surface, and how the materials inherently affect moisture, friction and shear between the 

skin and the support surface.15,16 

 
11 Zhong W, Ahmad A, Xing M, Yamada P, Hamel C. Impact of Textiles on Formation and 
Prevention of Skin Lesions and Bedsores.  Cutaneous and Ocular Toxicology. (27)21-28, 
2008. 
12 Gerhardt LC, Strassle V, Lenz A, Spencer ND and Derler S. Influence of epidermal 
hydration on the friction of human skin against textiles.  J. R. Soc. Interface (5), 1317–
1328, 2008. 
13 Gwosdow AR, et al. Skin friction and fabric sensations in neutral and warm environments. 
Textile Research Journal 1986; 56(9):574-580. 
14 Kenins P. Influence of fiber-type and moisture on measured fabric-to-skin friction. Textile 
Research Journal 1994; 64(12):722-728. 
15 Fisher SV, Szymke TE, Apte SY, Kosiak M. Wheelchair cushion effect on skin temperature. 
Arch Phys Med Rehabil 1978; 59(2): 68-72. 
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The DermaTherapy device is designed of special micro-denier fibers and yarns, woven into a 

fabric that facilitates rapid wicking and drying through moisture evaporation in order to 

prevent heat and moisture accumulation at the skin-support surface interface.  Its 

effectiveness in doing so can be measured in terms of water loss from the fabric surface. 

The evaporation of 1 Kg of water from the skin at the support surface has been found to 

remove 580 Kcal of heat from the body through the “latent heat of vaporization.”17 Thus, for 

an average person with 1.8 m2 of skin surface, a water loss of approximately 26.7 

g/m2/hour is needed to maintain a physiologic water balance and maintain a normal cooling 

power of 27.9 Kcal/hour. At a wicking rate of 1.00 – 1.75 inches per minute and a dryness 

of greater than 90% after 45 minutes (as set in the design requirements for the 

DermaTherapy device; see DSDS1, DSD2), the device has been shown to provide a water 

loss of approximately 46.0 g/m2/hour, while achieving complete dryness in 55 minutes 

under normal room temperature and humidity.  This more than exceeds the water loss of 

26.7 g/m2/hour needed to maintain a physiologic water balance, and thereby more 

effectively controls skin temperature and moisture.   

 

By comparison in tests performed by the applicant, cotton-blend hospital fabrics have been 

shown to achieve a water loss of 61.8 g/m2/hour, but still retain 17.5 g/m2 of water after 

one hour.  That is, cotton-blend fabrics hold more water, but give it up much more slowly 

through evaporation.  The DermaTherapy device is clearly superior to cotton-blend fabrics in 

efficiently managing moisture to maintain a physiologic water balance.  As such, the 

DermaTherapy device positively affects the moisture-related conditions impacting the 

development of pressure wounds. 

 

Friction and Shear 
Pressure, friction and shear are all intimately linked: pressure on soft tissues, especially 

when over a bony prominence, cause some degree of shear through tissue distortion.23,18  

Friction contributes to the development of shear stresses by tending to keep the skin in 

place against the support surface while the rest of the patient’s body moves towards the 

foot of the bed.  The relative movement of the skin and the underlying tissues causes shear 

stresses to develop in the soft tissues overlying bony prominences such as the sacrum.  

 
16 Ferrarin M, Ludwig N. Analysis of thermal properties of wheelchair cushions with 
thermography. Med Biol Eng Comput 2000; 38(1): 31-34. 
17 Scott JW. The body temperature. In: Best CH, Taylor B, eds. The Physiological Basis of 
Medical Practice. Baltimore, Md: The Williams and Wilkins Co;1961:895. 
18 Chow WW, Odell EL, Deformations and stresses in soft body tissues of a sitting person.  
Journal of Biomechanical Engineering (100) 79-87, 1978. 
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Shear stresses are thought to act in conjunction with pressure to produce the damage and 

ischemia of the skin and deeper tissues that result in pressure ulcers.  The mechanisms 

involved include distortion of tissues, pinching and occlusion of capillaries crossing tissue 

planes, reductions in blood flow, and physical disruption of tissues or blood vessels.19 

 

The three most commonly used pressure ulcer risk scales (Braden, Norton and Waterlow) 

all recognize moisture or incontinence as a risk factor for pressure ulcers.20,21,22   The 

Braden scale specifically evaluates friction and shear, based of the level of assistance 

required to move, frequency of sliding in a bed or chair, and the presence of spasticity, 

contractures or agitation that cause friction.20  The significance of friction in the context of 

pressure ulcers lies mainly in its contribution to the production of shear stresses.23 When 

the tangential force applied by friction at the skin surface is larger than the perpendicular 

force (pressure), or when a small amount of pressure with a large tangential force is applied 

to the skin, abrasions, superficial ulceration or blistering may occur. If the skin is already 

irritated or inflamed, e.g. by maceration or incontinence-associated dermatitis, superficial 

damage due to friction will occur more easily. Friction applied to the skin surface can also 

cause shear stresses in deeper tissue layers such as muscle.23 

 

Zhong identified the surface smoothness of fabrics and the stiffness/flexibility of fibers and 

fabrics as two of the important factors in determining the shear and friction experienced by 

patients.11  When a bed sheet covering the support surface is designed to allow movement 

over its foundation, slippage occurs between the bed sheet and the bed and not within the 

tissue layers; thus, tension or stretching in the skin and blood vessel occlusion are 

decreased due to a lower friction coefficient.  

 

Gerhardt advocated the use of low-friction textiles for geriatric persons and emphasized 

their importance in reducing friction in wound-prevention programs.5 Gerhardt asserted that 

 
19 Reger SI, Ranganathan VK, Orsted HL, Ohura T, Gefen A.  Shear and friction in context.  
Pressure Ulcer Prevention – A consensus document.  London: Wounds International p. 11-
18, 2010. 
20 Bergstrom N, Braden BJ, Laguzza A, Holman V. The Braden scale for predicting pressure 
sore risk. Nurs Res 1987; 36(4): 205-10. 
21 Norton D. Calculating the risk: reflections on the Norton Scale. Decubitus 1989; 2(3): 24-
31. Erratum in: Decubitus 1989; 2(4): 10. 
22 Waterlow J. The Waterlow score card. Available at: www.judywaterlow.co.uk/the-
waterlow-score-card.htm. 
23 Takahashi M, Black J, Dealey C, Gelfen A.  Pressure in context. International review.  
Pressure Ulcer Prevention: Pressure, Shear, Friction and Microclimate in Context. London: 
Wounds International, 2010. 



Page 7 of 8 
 

“low-friction medical textiles could improve the quality of life in the growing number of high-

maintenance persons.”5  

The coefficient of friction of fabrics against the skin is mainly influenced by: 

• The nature of the fabric; e.g., rougher fabrics produce higher coefficients of friction. 

• Skin moisture content and surface wetness, which increase the COF and are particularly 

relevant in the clinical context where skin may be damp from perspiration or because of 

incontinence.24  

• Ambient humidity, in that high ambient humidity may increase skin moisture content or 

induce sweating and therefore increase COF.12 

Bed-bound individuals experience prolonged pressure and shear/friction caused by the 

textile products currently in use today that put them at risk for developing pressure ulcers. 

Specifically, this could occur through:11 

• Skin rubbing against the bed sheets. 

• Skin being pulled from repeated episodes of sliding down in the bed. 

• Heels sliding against the bed linens. 

• Friction on the skin caused by repeated episodes of pulling up in the bed. 

Shear, accompanied by friction, are the proximate cause of skin damage in each case. 

As stated earlier, a study investigating the interaction between skin and polyester/cotton 

textile materials confirmed that as skin moisture increased, the COF increased.12  The COF 

for wet fabric on skin was found to be more than double the value for dry fabric on skin.  

The COF between a dry cotton-polyester hospital fabric and skin was reported at 0.43, while 

the COF for the same fabric in wet condition against the skin was reported to range from 

0.8 to 1.0.12  The fact that the COF of conventional cotton-blend hospital fabrics 

dramatically increases in the presence of moisture illustrates an important deficiency for 

patients at-risk of developing pressure ulcers. It should be noted that the DermaTherapy 

fabric resolves this tendency towards higher friction coefficients through the use of non-

hygroscopic continuous-filament synthetic yarns woven into a smooth plain weave.   

  

 
24 Clark M, Romanelli M, Reger SI, Ranganathan VK, Black J, Dealey C. Microclimate in 
context. Pressure Ulcer Prevention – A consensus document.  Wounds International p. 19-
25, 2010. 
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Fabric-to-fabric coefficient-of-friction (COF) measurements for both the DermaTherapy 

device and standard cotton-blend bedding fabrics are shown in Table I below. 

Table I 

 COF - Dry COF - Wet 

DermaTherapy fitted sheet 0.28 0.23 

Cotton/polyester fitted sheet 0.28 0.41 

 

In establishing the design of the DermaTherapy device, the circumstances for cotton fabrics 

noted above formed the basis for a requirement that the COF of the device fabric remain 

less than or equal to 0.35 under both dry or wet conditions. As such, this overcomes the 

inherent deficiency of cotton-blend hospital bedding fabrics of increased COF when wet, 

while maintaining a consistently low overall COF needed to minimize skin abrasion. (It 

should be noted that the COF of 0.35 specified for the device does not represent a 

breakpoint where pressure-ulcer development occurs or is more likely. The COF specification 

for the device is validated in subsequent clinical trials.) 

 

Conclusion 

The pervasive use of cotton fiber blends in today’s healthcare bedding overlooks the 

advantages offered by modern synthetic fibers. We see many new modern “daytime” 

textiles such as active outerwear and sportswear that utilize synthetic materials to improve 

moisture management and improve comfort. And yet, the technologies associated with 

sophisticated “daytime” fabrics have not been translated into “nighttime” applications – 

particularly, as they relate to the potential therapeutic benefits to patients who may have or 

are at risk of pressure wounds.  

 

The DermaTherapy device was designed to provide a low-friction, dry support surface. 

DermaTherapy fabrics were engineered to maximize moisture wicking and drying, while 

minimizing the frictional properties of hospital bed linens. The micro-fibers in the fabric form 

tiny channels that rapidly wick away moisture from the surface of the bedding when the 

fabric becomes wet from perspiration, a draining wound, or incontinence from stool or urine. 

The fabric is designed to be smooth and soft, minimizing friction between the skin and fabric 

surface. The in vitro and in vivo studies undertaken with this device are the first to 

comprehensively verify and validate the therapeutic interactions of textile materials as they 

pertain to the moisture, friction and shear between a patient’s skin and healthcare support 

surfaces in the development of skin wounds. 


