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1 INTRODUCTION 
Pressure ulcers, also referred to as decubitus ulcers or bed sores, are areas of localized damage to 
the skin and underlying tissue caused by continual pressure over a bony prominence (Grey, et al., 
2006) (International, 2010). Primary factors implicated in the development of pressure ulcers are 
pressure (including interface pressure), shear, and friction or a combination of all three factors. They 
mainly affect immobile patients particularly those who are bed ridden or wheelchair bound (Bouten, 
et al., 2003).  

Pressure ulcers continue to be a growing health concern with figures estimating an annual cost of 
£1.4 –£2.1 billion (Dealey, et al., 2012) to the health services in the UK channelled towards their 
prevention and treatment. This is in addition to the rise in the number of patients suffering from 
them as up to 10% of patients admitted to hospital will be affected (Dealey, et al., 2012). 
Additionally, and most important of all, patients affected by pressure ulcers experience a reduced 
quality of life (Dealey, et al., 2012) (National Institute for Health and Care Excellence, 2015) .  

 

1.1 RESEARCH AIMS AND OBJECTIVES 
Overall objectives with this body of research are therefore to: 

x Understand how pressure, friction and shear stresses affect the skin and its different layers. 

This will be done by measuring displacement to understand the slip mechanisms and elastic 
deformation.  

x Investigate the effect of fat on the development of a pressure ulcer by studying skin with 

different fat thickness over bony prominences. Shear stresses occur between muscle, 
adipose tissues and skin but the greatest potential for shear stresses occurs between bone 

and muscle. Therefore, in a thinner patient, with more prominent bones, the shear stresses 

should be higher and they should be more likely to develop a pressure ulcer (London, 2010) 
(Ohura, et al., 2008). 

x Understand the impact of the microclimate on the skin tribology by assessing 3 different 

conditions: dry skin, emollient on dry skin, wet skin with emollient. Previous studies have 
indicated that moisture and extreme skin temperatures make skin more susceptible to the 

deleterious impact of pressure, friction and shear at the interface (Grey, et al., 2006) 

(London, 2010) (Kokate, et al., 1995) (Angelidis, et al., 2009). 

 

 

 

 



Figure 1: Identifying the key factors, intrinsic, extrinsic and mechanical conditions which could lead to development of Pressure 

Ulcers. 

2 LITERATURE REVIEW 
2.1 RISK AND DEVELOPMENTAL FACTORS 

Mechanical loading and pressure (magnitude and duration of exposure) are the key factors that 
come into play in pressure ulcer development and formation. Intrinsic factors (patient’s age, 
mobility, weight, incontinence etc.) and extrinsic factors (i.e. humidity, contact surface, microclimate 
which refers to the temperature and moisture conditions at the skin-support interface) also 
influence the amount of pressure the skin and tissues are exposed to.  

 

2.2 MECHANICS OF PRESSURE ULCER DEVELOPMENT AND FORMATION 

2.2.1 Pressure 

The primary clinical intervention for pressure ulcers is primarily focused on the prevention and 
alleviation of pressure which is seen as the most important factor for their development 
(International, 2010). In this context pressure refers to the perpendicular force applied to a surface 
per unit area. Once it is applied to the skin, stresses such as shear (distortion), compression and 
tensile stress (stretching) will arise. 

The duration of exposure to pressure and the amount are key in the development of tissue damage 
as high pressures can cause damage in short period of time similar to low pressure exposure over an 
extended period (International, 2010) (Bouten, et al., 2003). This can lead to reduced blood flow, 
ischemia and consequently necrosis of the cell resulting in pressure ulcer formation.  

Near bony prominences we witness the highest pressure, with internal pressures being quoted as 3 
– 5 times higher near the bony prominences than the pressure applied at the skin near the 



prominence (International, 2010). The shape and depth of bony prominences are also known to 
influence the internal stresses (Bouten, et al., 2003).  

 

Figure 2: While a person lies and the body weight pushes down on the mattes, not only dot the layers slide, compression 

and shear occur under bony prominences especially. 

Suitable support systems and surfaces at the skin can be successfully used to minimize the pressure 
as they can act to spread it over a greater area.  

2.2.2 Shear 

Shear, which refers to the force that acts on skin in a parallel direction to the surface of the body, is 
affected by the amount of pressure exerted, extent of body contact between the body and surface 
and the friction coefficient between the contacting materials (Hess, 2005). Shear stresses work in 
combination with pressure to produce tissue damage in addition to skin damage and inadequate 
blood supply to the skin (International, 2010). 

Application of shear stress to body tissues can also lead to tissue distortion which is impacted by the 
elastic modulus of each distinct tissue layer. The greatest shear stresses will occur between bone 
and muscle, and patients with prominent bone structures, such as those who are slender, being 
more prone to the deleterious effects of shear stress and pressure (International, 2010).  

Table 1: Adapted from (International, 2010), which indicates the elastic modulus of various tissues layers from skin to bone. 

Tissue layer Elastic Modulus (kPa) 
Skin 2 - 5 
Adipose tissue 0.3 
Muscle 7 
Bone 20,000,000 
 

2.2.3 Friction 

Not to be confused with shear, friction is defined as the force that resists relative motion between 
two surfaces (International, 2010). In this context, it occurs when skin is dragged across a rough 
surface such as bed linen, and will change with the friction coefficient of the contacting materials 
(Hess, 2005). However, it does contribute to the shear stress by maintaining the skin in place against 
a support surface/ system while the body is in motion.  



Friction is usually calculated as a friction force taking into account the perpendicular force and the 
friction coefficients of the interacting surface which is affected moisture at the interface, humidity 
and texture of the surfaces.   

2.3 THE SKIN-SUPPORT INTERFACE 
The interface, as referred to in the section title, is where two surfaces and loads are transferred from 
one structure to another (International, 2010). In this context there are several primary interface 
structures that can be considered. These will be between:  

• Skin and the incontinence pant material 

• Tissue layers in the skin 

• Skin tissue and the bony prominence 

 

2.3.1 Skin 
The skin is made up of two main layers; the epidermis and dermis, with the subcutaneous tissue (fat 
layer) found below the dermis (McLafferty, et al., 2012).  

 

Figure 3: Graphical representation of the skin with three distinct layers (the epidermis, dermis and the subcutaneous tissue.) 

The epidermis is elastic in nature and is made up of several layers with the topmost layer being the 
stratum corneum. 90% of the cells that make up the epidermis are keratinocytes which contain the 
protein keratin (McLafferty, et al., 2012), (Dos Santos, et al., 2015).  

The dermis provides nutrients and physical support to the epidermis and is viscous in nature. It is 
made up of 75% collagen and 4% elastin (Dos Santos, et al., 2015) which are woven together to give 
the dermis high tensile strength (McLafferty, et al., 2012). The elastin also contributes an element to 
elasticity to the dermal layer.  

It is due to these elastic and viscous properties as imparted on the skin tissue by the epidermis and 
dermis respectively, that skin tissue us referred to as viscoelastic (Greer, et al., 2008), similar to soft 
elastomers, and will exhibit non-linear behaviour when exposed to stresses and strains (Moore & 
Geyer, 1974).  The skin will also undergo hysteresis and hardening / softening during loading and 
unloading (Dos Santos, et al., 2015), (Adams, et al., 2007)  



Non-linear behaviour exhibited by the skin when exposed to stresses and strains means is a result of  
two laws of friction which skin, and soft elastomers,  do not follow. These laws, as derived by 
Amonton, state that friction force will be directly proportional to the applied load and along with 
dynamic friction, will be independent of sliding velocity (Adams, et al., 2007).   

As mentioned before moisture is a key contributor to development of pressure ulcers, this is 
because friction of the skin depends on moisture content particular in the stratum corneum, 
including the presence of water within the interface between the skin and contacting surfaces 
(Derler & Gerhardt, 2012). 

Skin also undergoes plasticization when exposed to sufficient quantities of water/ moisture. This 
reduces the elastic modulus of the stratum corneum (top layer of the epidermis). This will lead to an 
increased area of contact and adhesion, and reduction in shear strength at the skin-support 
interface (Gerhardt, et al., 2008).  

 

2.3.2 Textiles 
 

Textiles have been shown to increase the friction coefficient of skin particularly when moving from 
dry to moist skin conditions. Natural fibres have a higher coefficient of friction, due to “hairiness”, 
than synthetic fibres which increases frictional resistance during sliding (Gerhardt, et al., 2008). 

 

2.3.3 Emollient 
 

INTRASITE gel was the selected personal care system as it had previously shown a low coefficient of 
friction (µ = 0.7, wet skin) compared with high friction coefficients shown by Sudacrem (µ =1.1, 
emollient only µ = 1.0 wet skin) and wet skin with no emollient (µ = 0.9). 

This difference in performance can be attributed to the difference in main constituents of the 
Sudacrem and INTRASITE gel.  Sudacrem, which contains a water-repellent base, INTRASITE gel is a 
partially hydrated hydrogel (Nephew, n.d.). This means that it contains hydrophilic polymer chains, 
made up of carboxymethylcellulose, which are highly absorbent. The hydrogel also works to 
rehydrate tissue in drier conditions.   

 

 

 

 

 

 

 

 



Figure 4: Four bony prominences – (II) 5mm, (II) 10mm, (IV) 15mm and (V) 20mm in 

depth - were therefore designed using 3D printing. A flat surface, which had been used 

in previous testing (ref poster), was used as a (I) reference. 

3 METHODS AND MATERIALS 

3.1 DESIGN OF BONY PROMINENCES 
 

Differences in bone depth are shown to have an influence on the degree of force exerted on the skin 
with greater bone depths exerting a greater force over a smaller area (insert Wounds International 
reference).  

 

 

 

 

 

 

 

 

3.2 PREPARATION OF PORCINE SKIN SAMPLES 
 

Porcine skin from the anterior region of the pig was selected for testing. This is because it bears 
relative structural similarity to human skin (Kokate, et al., 1995) and that it is tends to be fixed over 
bony prominences much in the same way that human skin is (Bader, 2005). 

The skin, both with and without a fat layer, was obtained from John Penny& Sons abattoir and kept 
at ambient temperature prior to testing. To ensure that the skin tissue remained fresh, samples 
were prepared and tested within 8 hours of receiving the skin in the laboratory facilities. Bulk 
sections of the skin were kept in a sealed container when not being prepared.  

The skin was cut to a square shape with dimensions of 65mm x 65mm using surgical scalpel and 
scissors. The fat layer on the skin samples with fat was trimmed to a depth of 10mm to ensure that is 
remained level when mounted in the rig. A ruler, with a minimum measurement of 1mm, was used 
to measure the skin for length and depth. This ensure almost uniform length and thickness was 
maintained for all the porcine skin samples prepared.  

The top layer of each skin sample was treated with a low concentration of acetone (<3ml) prior to 
mounting in the test rig to ensure there were no impurities on the skin that would interfere with test 
results.  

 



3.2.1 Porcine skin  
 

All dry skin samples were prepared by the method indicated above. 

Porcine skin samples with emollient – The method indicated above was used in preparation on the 
skin sample with the addition of INTRASITE gel (ref Smith and Nephew) as the selected personal care 
system. 

3.2.2 Intrasite gel 
 

4g of INTRASITE gel was applied in a thin layer over the prepared porcine skin sample that was to be 
tested.  

Porcine skin samples with emollient and water – A method similar to that used for the preparation 
of porcine skin with emollient was used. 5ml of deionized water was also added at the skin surface 
(after the INTRASITE gel layer) prior to mounting the skin sample in the test rig.  

 

3.3  PREPARATION OF THE INCONTINENCE PAD MATERIAL 
 

TENA® pants, which are a commercially available incontinence product, were selected for testing. 
The TENA® pants are of non-uniform thickness therefore test samples were cut from the mid-section 
of the incontinence pants.  The incontinence pad material was trimmed to a suitable size and 
securely fixed onto the contact head.  

  



Figure 5: To the left is the schematic diagram of the tribometer set up and the right is the 

tribometer rig that is fully set up, with laser attached to the side. 

3.4 TEST RIG AND EXPERIMENTAL SET-UP 
 

A bespoke skin friction test machine was used to test the prepared porcine skin samples. The Micro 
Laser Displacement Sensor LM10 (measurement centre distance = 80mm, measuring range ± 20mm) 
was a novel addition to the test machine. The laser, which was placed in line with the reciprocating 
contact head, was used to measure horizontal displacement over the course of a test run.  

 

  

 

The following test parameters were used for the porcine skin samples both with (fat skin) and 
without a significant fat layer (thin skin): 

 

Test parameters 
Conditions Dry 

Emollient (4g) 
Wet (emollient and 5ml DI water ) 

Motion Reciprocating sliding (d= 10mm over 
1Hz) 

Contact Pressure 5kPa 
Sliding time 60 cycles over 5 minutes 
Load applied (vertical force) 5N 
 

 

 

 

 



3.5 DATA ACQUISITION AND PROCESSING 
 

Readings for the friction force and displacement were taken for each test conducted on the porcine 
skin as per the test parameters indicated in the above table.  

SMAC LCC-11 actuator (24 – 48V) - (SMAC, n.d.)was used to acquire force data from the force sensor 
attached to the contact head in the test rig while an E725 Transducer (12-24V) in combination with 
National Instruments myDAQ hardware (NationalInstruments, n.d.) was used to acquire the 
displacement data from the Micro Laser Displacement sensor. Labview software was used to control 
the actuator and consequently the force sensor as it was in reciprocating motion and additionally 
gather the raw data (in voltage) for both force and displacement.  

Once calibration for both the friction force and displacement had been conducted, and the raw data 
in voltages gathered, the data it was converted to the standard units of friction/ tangential force (N, 
Newtons), displacement (mm) and time (seconds, s).  

Graphs for the following parameters were plotted: 

x Tangential force (N) against time (s)  
x Displacement (mm) against time (s)  
x Tangential force (N) against displacement (mm) which presents as a hysteresis loop 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



4 RESULTS AND DISCUSSION 
From the data collected and analysed, the following graphs were plotted: 

x Tangential force (Newtons, N) against time (seconds, s)  

x Displacement (mm) against time (s)  

x Tangential force (N) against displacement (mm) which presents as a hysteresis loop 

4.1 TANGENTIAL FORCE (N) AGAINST TIME (S) GRAPH 
 

 The tangential force against time graph is typically displayed as a square wave. However, in systems 
showing higher friction force, the standard square waveform will be distorted indicating the 
increased prominence of elastic deformation in the system. 

This would be the case in the skin samples with hydrogel and more so with water and hydrogel due 
to the increased moisture on the skin. Refer to Appendix A and Appendix B for examples of this 
graph for fat skin and thin skin.  

4.2 DISPLACEMENT (MM) AGAINST TIME (S) GRAPH 
 

This triangular waveform shows oscillation between maximum and minimum displacement at 
constant frequency. Refer to Appendix A and Appendix B for examples of this graph for the fat skin 
and thin skin.  

4.3 TANGENTIAL FORCE (N) AGAINST DISPLACEMENT (MM) 
 

The tangential force (N) against the displacement (mm) presents as a hysteresis loop. This is to be 
expected due to the viscoelastic nature of the skin. The hysteresis lop will typically show different 
curves for loading and unloading and its shape will change with moisture content of the skin (Dos 
Santos, et al., 2015), (Gerhardt, et al., 2008). The area enclosed within the hysteresis loop is referred 
to as hysteresis and refers to the dissipation of energy due to viscous losses i.e. losses primarily from 
the dermal layer of the skin (Gerhardt, et al., 2008) (Moore & Geyer, 1974).  

Examples of hysteresis loops from the experimental work are indicated below, with calculations for 
the area within the hysteresis loop shown in the appendix.  

 

 

 

 

 

 



Table 2 - Hysteresis loops for dry fat and thin porcine skin samples. 

Bony Prominence  Fat skin (dry) 
Tangential force against 
Displacement 

Thin skin (dry) 
Tangential force against 
Displacement 

Reference 

  

5mm 

 

 

10mm 
 

  

15mm 

 

  
 



20mm 

 
 

 

 

Table 3 - Hysteresis loops for emollient on fat and thin skin 

Bony Prominence  Fat skin (hydrogel as emollient) 
Tangential force against 
Displacement 

Thin skin (hydrogel as emollient) 
Tangential force against Displacement 

Reference 

 

 

5mm 

 

 

10mm 
 

  



15mm 

 
 

 

 

20mm 

 

 

 

 

Table 4 - Hysteresis loops for emollient and water on fat and thin porcine skin. 

Bony Prominence  Load against Displacement 

Reference 

 



5mm 

 

10mm 

 

 

15mm 

 

 

20mm 

 

 



The hysteresis loop of tangential force against displacement can tell us a lot about the contact 
mechanics and frictional performance of the incontinence pads with the skin. The presence of the 
hysteresis itself tells us that there is mainly sliding contact between the skin and the pads in addition 
to the load reversal with the change of sliding direction. The hysteresis behaviour observed is mainly 
due to micro-slip, the breaking of asperity contacts (Al-Bender, 2010).  

Though the hysteresis we present differs from the graph shown in figure 2 by Al-Bender, 2010, it is 
possible to observe similar friction regimes in comparison. In the ideal model of a rectangular 
hysteresis, as discussed previously, we see gross sliding due to the absence of asperity contacts. The 
junctions break and do not have the time to reform. In this friction regime elastic deformation is 
dominant.  

In an ideal situation, the hysteresis is perfectly rectangular showing that there is only sliding 
occurring between the two contact surfaces and that the amount the pad moves is exactly equal to 
the displacement; therefore no elastic deformation is occurring. 

In many of the graphs, however, the hysteresis has a gradient present indicating that the skin is 
undergoing some amount of elastic deformation. By taking the ratio of displacement to slide (the 
comparison of the displacement value at the top of the hysteresis to the point where it crosses the x 
axis) we can numerically evaluate how severe the deformation is. It must be noted however that 
these values will only compare within this data set as other similar tests use different parameters.  

In the hysteresis graphs with gradient, this indicates that the friction regime is in transition between 
pre-sliding to gross sliding. Within pre-sliding the adhesive force is mainly due to asperity contacts 
and the displacement is the primary function of friction as opposed to velocity. This behaviour is due 
to the asperities deforming elasto-plastically with non-linear behaviour (Al-Bender, 2010).  

By examining the shape of the hysteresis we can observe that the contact between the porcine skin 
and the incontinence pad is to some degree contact compliant indicating some elastic deformation 
near the contact point between the interfaces (Wojewoda, et al., 2008) 

By calculating the area of the hysteresis using 𝐸 = ∫ 𝐹. 𝑑𝑥𝑑1
𝑑0

 where d1 and d2 are the displacement 

limits of the hysteresis, the amount of energy transferred into the system can be calculated. 



Calculation of the friction coefficient for each of the test scenarios can be carried out by taking an 

average of the tangential force value at the top of the hysteresis. Using 𝜇 = 𝐹𝑡
𝑁  with N equal to the 

normal load (5N) the friction coefficient can be calculated, though we are not specifically looking for 
this value in this case.  

 

Figure 6 - Diagram demonstrating edge loading that occurs during sliding between the contact and the porcine skin 

 

During dry skin conditions adhesion which is caused by attractive surface forces at the skin and the 
material interface as well as the deformation (hysteresis, ploughing) of the softer viscoelastic bulk 
skin tissue contributing to the friction coefficient. This effect is present in the sliding motion of the 
skin in the form of edge loading.  

It could be said adhesion is considered the main contributor to friction of human skin, where 
deformation may play a smaller role. 

The surface topography of human skin is very dependent on region and is characterised either by 
concentric ridges (fingertip) or furrows (forearm) which will delimit the polygonal areas of variable 
size. It should be noted the topography of skin is highly affected by age, since surface roughness, 
furrow spacing and anisotropy are all likely to increase with age (Derler & Gerhardt, 2012). 

As shown in Appendices B and C, the fat skin lost less energy than the thin skin during the course of 
the oscillations. This is due to the fat skin being able to compress more and receive less shear stress 
than the thin skin. This follows as the storage of elastic energy in a viscoelastic material is 
accompanied by viscous losses. As the energy is released it is accompanied by the dissipation of 
energy through viscous losses. The overall effect is known as hysteretic loss (Tschoegel, 1989).  

 

5 CONCLUSIONS 
our initial findings, we have found that fat skin disperses more energy and compresses to a greater 
degree than thin skin and will therefore experience less shear force. Higher friction appears to be 
experienced in thin dry skin as opposed to fat dry skin and with the two types of skin with emollient 
respectively. This appears to follow from our initial hypothesis however further tests are required to 
verify this.  



6 FURTHER WORK 
To follow on from these initial tests it will be important to repeat the experiment with the same test 
parameters to ensure consistency with the variability of working with biological material and also to 
gain a greater understanding into the mechanics of the skin interface with regards to pressure, shear 
force and effect of hysteresis.  

In addition,  future work will focus on:  

x Impact of pH on skin and consequent impact on the contact mechanics of the skin. 

x Histology of the skin before and after testing. 

x Impact of temperature on the formation of pressure ulcers and the coefficient of friction. 

x Use skin with varying levels of degradation to simulate different stages of pressure ulcer 
development. 

x Develop a new testing rig to investigate in vivo measurement of the friction coefficient of 
skin. 

x Develop a new skin model incorporating simulated blood flow to assess the impact this 
addition has to the development of pressure ulcers. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



7 BIBLIOGRAPHY 
 

Adams, M., Briscoe, B. & Johnson, S., 2007. Friction and Lubrication of Human Skin. Tribology Letters, 

26(3), pp. 239-253. 

Al-Bender, F., 2010. Fundamentals of Friction Modelling. Proceedings ASPE Sprinf Topical Meeting on 

Control of Precision Systems, Volume 48. 

Angelidis, I., Lidman, D., Sjoberg, F. & Thorfinn, J., 2009. Decubitus ulcer development: pressure 
alone increases tissue temperature. Eur J Plat Surg, Volume 32, pp. 241-244. 

A, R., P, S. & E, F., 2013. Friction and tactile perception of textile fabrics. Tribology International, 

Volume 63, pp. 29-33. 

Bader, D., 2005. Pressure ulcer research:. 1 ed. Berlin: Springer. 

Bouten, C., Oomens, C., Baijens, F. & Bader, D., 2003. Aetiology of Pressure Ulcers: Skin Deep or 
Muscle Bound?. Arch Phys Med Rehabil, Volume 84, pp. 616-9. 

Dealey, C., Posnett, J. & Walker, A., 2012. The Cost of Pressure Ulcers in the United Kingdom. Journal 

of Wound Care, 21(6), pp. 261 - 266. 

Delalleau, A., Josse, G. & M, L. J., 2008. A non-linear elastic behaviour to identify the mechanical 
parameters of humn skin in vivo. Skin Research and Technology, 14(2), pp. 152-164. 

Derler, S. & Gerhardt, L.-C., 2012. Tribology of Skin: Review and Analysis of Experimental Results for 
the Friction Coefficient of Human Skin. Tribology Letters, 45(1), pp. 1-27. 

Dos Santos, S. et al., 2015. Skin Hysteretic Behaviour using acousto mechanical imaging and non 

linear time reversal signal processing. Italy, International Congress on Sound and Vibration. 

D, T., 2005. A critical review of the literature on pressure ulcer aetiology. Journal of Wound Care, 

14(2), p. 86. 

Gerhardt, L. C. et al., 2008. Influence of epidermal hydration on the friction of human skin against 
textiles. J R Soc Interface, 5(28), pp. 1317 - 1328. 

Gerhardt, L.-C.et al., 2008. Study of skin-fabrics interactions of relevance to decubitus friction adn 
contact pressue measurements. Skin Research and Technology, Volume 14, pp. 77 - 88. 

Greer, L., Gwynne, J., Fraser, S. & Parker, S., 2008. Viscoelasticity and Hysteresis. [Online]  
Available at: http://www.doitpoms.ac.uk/tlplib/bioelasticity/viscoelasticity-hysteresis.php 
[Accessed 25 January 2016]. 

Grey, J., Harding, K., Enoch & S, 2006. Pressure Ulcers. British Medical Journal, 332(7539), pp. 472-
475. 

Haitch, K. L. & Maibach, H. I., 1992. Skin response to fabric: a review of studies and assessment 
methods. Clothing and textiles research journal, 10(4), pp. 54-63. 

Hess, C., 2005. Did you know? The difference between shear and friction. Advances in skin and 

wound care, 17(5), p. 222. 



HSE, n.d. Structure and Functions of the Skin. [Online]  
Available at: http://www.hse.gov.uk/skin/professional/causes/structure.htm 
[Accessed 29 January 2015]. 

International, W., 2010. International Review: Pressure Ulcer Prevention: pressure, shear, friction 
and microclimate in context. A consensus document. Wounds International. 

Jungermann, E. & Sonntag, N., 1991. Functions of glycerine in cosmetics. In: Glycerine: A key 

cosmetic ingredient. s.l.:CRC Press, p. 244. 

Kenins, P., 1994. Influence of fibre type and moisture on measure fabric to skin friction. Textile 

Research Journal, 64(12), pp. 722-728. 

Kokate, J., Leland, K., Held, A. & Hansen, G., 1995. Temperature-modulated pressure ulcers: A 
porcine model. Arch Phys Med Rehabil, Volume 76, pp. 666-673. 

McLafferty, E., Hendry, C. & Farley, A., 2012. The integumentary system: anatomy, physiology and 
function of skin. Nursing Standard, 27(3), pp. 35 - 42. 

Moore, D. F. & Geyer, W., 1974. A review of hysteresis theories of elastomers. Wear, 30(1), pp. 1-34. 

National Institute for Health and Care Excellence, N., 2015. Pressure Ulcers: prevention and 

management. [Online]  
Available at: https://www.nice.org.uk/guidance/cg179 
[Accessed 18 January 2016]. 

NationalInstruments, n.d. NI myDAQ software. [Online]  
Available at: http://www.ni.com/mydaq/what-is/  
[Accessed 3 February 2016]. 

Nephew, S. a., n.d. Intrasite gel. [Online]  
Available at: http://www.smith-nephew.com/professional/products/advanced-wound-
management/intrasite-gel/ 
[Accessed 25 January 2016]. 

Ohura, T., Takahashi, M. & Ohura, N., 2008. Influence of external forces (pressure and shear force) 
on the superficial layer and subcutis of porcine skin and effects of dressing materials. Wound Repair 

and Regeneration, Volume 16, pp. 102 - 107. 

Poster, I., 2015. Biotribology of Incontinence Managment Products. s.l.:s.n. 

SMAC, n.d. LCC Single Axis Brush Controller. [Online]  
Available at: http://www.smac-mca.com/lcc-single-axis-brushless-controller-p-125.html?cPath=1_10  
[Accessed 3 February 2016]. 

Tschoegel, N., 1989. The Phenomenological Theory of Linear Viscoleastic Behaviour: An Introduction. 

Berlin: Springer Berlin Heidelberg. 

Wojewoda, J., Stefanski, A., Wiercigroch, M. & Kapitaniak, T., 2008. Hysteretic effects of dry friction: 
modelling and eperimental studies. Philosophical Transactions of the Royal Society, 366(1866), pp. 
747-765. 

Zhong, W., Xing, M., Pan, N. & Maibach, H. I., 2006. Textiles and human skin: microclimate 
cutaneous reactions. Cutaneous and Ocular Toxicology, 25(1), pp. 23 - 39. 



 

8 APPENDIX A: FAT PORCINE SKIN SAMPLES 

8.1 DRY SKIN 

1.1 Flat reference 

 
 

 
 
 
 
 
 
 



 

8.1.1 5mm prominence 

 
 

 
 
 
 
 
 
 
 
 
 

 



 

8.1.2 10mm prominence 

 
 

 
 
 
 
 
 
 
 
 
 



8.1.3 15mm prominence 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

 



 

8.1.4 20mm prominence 

 
 

 
 
 

 

 

 

 



8.2 EMOLLIENT ONLY 
1.1. Flat reference 

 

 

 



 
1.2. 5mm prominence 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 



1.3. 10mm prominence 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



1.4. 15mm prominence 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



1.5. 20mm prominence 

 
 

 
 
 
 
 
 
 
 
 
 
 



8.3 WET (EMOLLIENT + WATER) 
1.6. Flat reference 

 
 

 
 
 
 
 
 
 
 
 
 
 



1.7. 5mm prominence 

 
 

 
 
 
 
 
 

 

 



1.8. 10mm prominence 

 
 

 
 
 

 



 
 

1.9. 15mm prominence 

 

 

 
 



 
 
 

1.10. 20mm prominence 

 

 

 



 

9 APPENDIX B: THIN PORCINE SKIN SAMPLES 

9.1 DRY SKIN 
1.11. Flat reference 

 
 



 
 

 
 
 
 
 
 
 



1.12. 5mm prominence 

 
 

 
 
 
 
 
 



1.13. 10mm prominence 

 
 

 
 
 
 
 
 



1.14. 15mm prominence 

 
 

 
 
 
 
 
 



1.15. 20mm prominence 

 

 

 
 



9.2 EMOLLIENT ONLY 
1.16. Flat reference 

 

 



1.17. 5mm prominence 

  

 
 



1.18. 10mm prominence 
 

 

 

 



1.19. 15mm prominence 

 

 

 



10 APPENDIX C: HYSTERESIS FOR FAT SKIN 
 

Table 5 - Table showing the areas of the individual hysteresis for fat skin samples under test conditions. 

  Fat skin dry Fat skin gel Fat skin wet 
Reference 31053 20660 21197 
5mm 23983 22402 26495 
10mm 25250 20774 24774 
15mm 23133 19117 50060 
20mm 22002 23775 17389 

 

 

Figure 7 - Bar graph indicating the change in area for fat skin samples 

 

 

 

 

 

 

 

 

 



11 APPENDIX D: HYSTERESIS FOR THIN SKIN 
 

Table 6 - Table showing the areas of the individual hysteresis for thin skin samples under test conditions 

  
Thin skin 
dry 

Thin skin 
gel 

Thin skin 
wet 

Reference 22252 15045 - 
5mm 15428 24364 - 
10mm 16024 4928 - 
15mm 16131 26296 - 
20mm 16416 - - 

 

 

 

Figure 8 - Bar graph indicating the change in area for thin skin samples 


