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Does “micro-trauma” of tissue 
play a role in adhesive  

dressing-initiated tissue damage? 

A number of different adhesive systems 
are used to keep wound dressings in 
place (Rippon et al, 2007). The removal 

of dressings that adhere to the wound bed or 
periwound skin is a common cause of tissue 
trauma (Rippon et al, 2012). Repeated applications 
and removals potentially result in skin stripping 
(Rippon et al, 2007; Cutting, 2008; Davies and 
Rippon, 2008). This trauma is a major concern to 
both patients and clinicians, as the tissue damage 
may increase the size of wounds, lead to additional 
pain, cause inflammatory skin reactions (Cutting, 
2008), or delay healing (Solowiej et al, 2009). 
Inadequate management of chronic wound exudate 
may result in skin excoriation, irritant dermatitis, 
and periwound skin maceration, which may also 
delay healing (Cutting and White, 2002).

The complex wound-healing response is 
dependent on the ordered progression of healing 
processes such as inflammation, granulation tissue 
formation and epithelialisation; perturbation in 
one or more of these phases is likely to lead to 
delays in healing (Chen and Rogers, 2007). There 
is a growing body of evidence that sustained 
elevation in the inflammatory response is crucial 
to the establishment and maintenance of chronic 
wounds in patients with a variety of underlying 
aetiologies (e.g. chronic venous insufficiency, 
diabetes; Mustoe et al, 2006; Chen and Rogers, 
2007). The prolonged activation of a skin-

localised inflammatory response due to underlying 
pathologies leads to localised dysregulation 
of inflammation and the release of factors 
detrimental to tissue integrity (e.g. inflammatory 
cell-derived protein-degrading enzymes such 
as elastase, matrix metalloproteinases and 
oxygen radicals). The inadequate control of the 
inflammatory response and accumulated damage 
of the inflammatory cell-derived components 
ultimately results in ulceration.

The contributions of adhesive-induced 
damage to “large-scale” tissue traumas, such 
as epidermal stripping and the destruction 
of new wound granulation tissue, have been 
investigated in a number of studies (Rippon et 
al, 2007; Cutting, 2008; Davies and Rippon, 2008; 
Waring et al, 2011). The contribution of aberrant 
inflammatory responses to ulcer formation and 
maintenance pathology has been supported by 
tissue biopsy characterisation studies (including 
wound exudates) as well as histological 
examination of skin and ulcer biopsies (Rogers 
et al, 1995; Loots et al, 1998; Yager and Nwomeh, 
1999; Moor et al, 2009). 

In this article, we present the hypothesis that 
adhesive dressings traumatise tissue via two separate, 
but related, mechanisms based on the magnitude 
of the traumatising event. We also consider the 
potential routes via which both traditional and 
modern dressings can contribute to tissue trauma 
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Although�designed�to�promote�healing�by�establishing�an�optimal�wound�environment,�
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and the impact of this trauma on healing, quality of 
life and treatment cost. Finally, we consider how the 
use of atraumatic wound dressings can address the 
challenge of reducing dressing-related tissue trauma 
and its consequences.

HypotHesis
We hypothesise that adhesive-induced tissue 
damage consists of two components: 
��“Macro-trauma” results in the immediate, 
adhesive dressing-mediated tissue damage events, 
such as skin stripping, blistering and tearing, as 
well as direct wound neo-matrix damage.
��“Micro-trauma” is characterised by adhesive 
dressing-mediated small-magnitude cell and 
skin extracellular matrix damage. Repeated 
application and removal of adhesive dressings 
leads to sustained and cumulative localised 
tissue micro-trauma events. The result is tissue 
damage at the wound site caused by dressings 
using excessively adherent adhesives. 

Macro-trauMa and its effects on 
wound Healing
Dressing-related macro-trauma is the physical 
damage of tissue (e.g. periwound skin and wound 
bed) as a result of the excessive adherence of 
wound dressings to the tissue with which they 
are in contact (Rippon et al, 2012). The removal 
of dressings that adhere too strongly to the tissue 
surface leads to periwound epidermal stripping, 
blistering and skin tearing − clear signs of tissue 
damage (Table 1). Bleeding of new granulation 
tissue in the wound bed at the time of dressing 
removal is a further indicator of damage.

Macro-trauma due to excessive  
adhesive forces
Macro-trauma arises when the adhesive forces 
between the dressing and tissue are greater than 
the bond strength between tissue structures 
(e.g. epidermal layers, epidermal and dermal 
compartments, and blood vessels). The fragile 
and friable granulation tissue of the wound bed 
is particularly prone to disruption by mechanical 
forces (Xu et al, 2009), and macro-trauma 
episodes such as wound bed bleeding have been 
reported with increased frequency in association 
with adhesive dressings (Rippon et al, 2012). 

A recent study examining the use of silicone-
coated non-woven polyester dressings in a sheep 
dermal-wound model, found that coated dressings 
exhibited “minimal stickiness” to the wound bed and 
an enhanced wound healing response compared 
with foam or cotton gauze (Losi et al, 2012). 

Adhesive interactions between dressing and 
wound bed can also lead to macro-trauma if a 
dressing that does not use a self-adhesive system 
component (e.g. non-adherent gauze, hydrofibre, 
or alginate) becomes incorporated into the wound 
bed. This occurs when the dressing is unable to 
control the moisture balance, allowing the wound 
to dry out, leading to adhesion of the dressing 
(Rippon et al, 2012). 

Macro-trauma reduces quality of life
Reductions in quality of life due to delays in 
healing time are exacerbated by elevated pain 
levels both at and between dressing changes 
(Upton and Solowiej, 2012). pain levels may also 
be elevated as a result of stress (Solowiej et al, 
2009; Woo, 2010).

Micro-trauMa and its effect on 
wound Healing
Micro-trauma occurs as a result of repeated 
exposure of skin and wound tissue to applied 
small-scale physical forces and stresses during 
the repeated application and removal of adhesive 
dressings (Table 1). Micro-trauma is subversive; the 
damage to the tissue is not immediately apparent 
because of the small-scale nature of the insult 
(Bronneberg et al, 2006). Tissue is damaged via a 
series of micro-wounding events, leading to damage 
of the tissue’s cellular and extracellular matrix 
components and inducing localised inflammatory 
responses (pedersen and Jemec, 2006; Adair-kirk 
and Senior, 2008; huo et al, 2009). This leads to the 
sustained release of inflammatory cell factors such 
as protein-degrading enzymes (Maquart et al, 2005). 
Time-dependent accumulation of these factors 
during cycles of application and removal of adhesive 
dressings leads to increased levels of tissue damage, 
elevated tissue inflammation resulting in observable 
skin reddening and overt tissue breakdown  
(macro-trauma).

There is also the potential for micro-trauma 
to occur as a result of small-scale shear forces 

“Repeated 
application and 

removal of adhesive 
dressings leads 
to a sustained 

and cumulative 
localised tissue 
micro-trauma 

events.”



Wounds�UK�|�Vol�9�|�No�4�|�2013� 131

Product dEVELoPMENt rEVIEW

experienced by patients. These shear forces arise 
in tissues, acting against the force of friction, when 
a patient’s position is changed (e.g. moving on a 
bed), resulting in the development of pressure 
ulcers (ohura et al, 2005). The use of dressings in 
positions susceptible to shear stresses and tissue 
damage may help to dissipate these damaging 
forces. however, a proportion of these forces is 
likely to be transmitted to the underlying skin. In 
severe cases, the shear stresses result in the applied 
dressing rolling up and/or coming off completely. 
however, smaller magnitude forces and stresses 
at the interface between skin and a dressing are 
likely to result in localised tissue micro-trauma and 
stimulating localised tissue inflammation.

Micro-trauma due to dressing and tissues 
interactions
The small-scale mechanical stressing of skin (e.g. 
during tissue expansion procedures) results in 
histologically identifiable tissue damage (huo 
et al, 2009), and affects skin properties such as 
barrier function (pedersen and Jemec, 2006), with 
little or no outward sign of skin damage. These 
micro-trauma events stimulate the production of 
a variety of cell-derived components such as pro-
inflammatory cytokines (Bronneberg et al, 2006) 
and protein-degrading enzymes (Yamamoto et al, 
2003), which are crucial in normal wound healing 
progression. The accumulated effect of small-
scale local tissue perturbations plays a role in the 
onset and maintenance of nonhealing wounds 
such as venous leg and diabetic foot ulcers 
(Mustoe et al, 2006; Chen and Rogers, 2007). 

Chronic venous insufficiency (venous leg 
ulceration) and episodes of repeated ischaemia-
reperfusion injury (pressure and diabetic foot 
ulceration) play key roles in ulcer pathology 
(Mustoe et al, 2006; Chen and Rogers, 2007). Both 
lead to localised tissue damage particularly in the 
vascular system of the skin of the lower limbs of 
affected patients. Inadequate treatment of the 
underlying aetiology leads to repeated small-scale 
damage to blood vessels and the stimulation of 
localised inflammatory activation at the site of the 
blood vessel damage. 

The repeated release of pro-inflammatory 
cytokines, protein-degrading enzymes (e.g. 
neutrophil elastase and matrix metalloproteinases 

[MMps]) and potent chemical factors such 
as reactive oxygen metabolites (RoMs) from 
inflammatory cells during this prolonged 
activation leads to localised tissue damage (Chen 
and Rogers, 2007). MMps and RoMs are elevated 
in aged skin and are thought to play a role in the 
breakdown of collagen fibrils of the skin, leading 

Macro-trauMa
Periwound skin stripping characterised by:

��Surface layers are removed from the skin as a result of cells adhering to the adhesive surface.
��The bond between the adhesive dressing and skin surface is stronger than the interaction 
between skin layers, so when the dressing is removed, the skin layer adhesions fail, leading to 
stripping of skin away from lower layers of skin.
��Repeated use of adhesive dressings with strong adhesive in the same location results in 
repeated damage to now compromised skin.

Periwound skin blistering characterised by:
��Interaction between epidermal and dermal layer at the basement membrane zone 
(epidermal−dermal junction) is disrupted by mechanical forces of dressing removal – the 
dressing–skin adhesion is not enough to completely remove epidermis.
��Sideways shear forces imparted on uppermost layers of skin by adhesive dressings that 
are unable to conform easily with the movement of the patient leads to epidermal−dermal 
junction breakdown and blistering.

Periwound skin tearing characterised by:
��Aggressive adhesive system in combination with friable periwound skin leads to complete 
failure of skin structures, causing complete breakdown in adhesion within tissue layers.

Wound bed damage characterised by:†

��Delicate and friable newly laid down provisional matrix/granulation tissue is susceptible to 
mechanical forces imparted due to adhesive interaction between dressing and tissue.
��Newly formed blood vessels damaged as a result of forces of dressing adhesion on removal.
��Wound bed matrix damaged and inhibits wound coverage by epidermal cells.

MIcro-trauMa
Matrix damage characterised by:

��Excessive adhesion of dressing to skin/wound leads to significant transference of mechanical 
forces with tissue layers.
��Mechanical and shear forces imparted on tissue leads to deformations in the interstitial 
matrix.
��Potential physical micro-disruptions of matrix structures acting as stimulus for tissue 
responses (e.g. inflammatory activation).

Cell-based damage characterised by:
��Excessive adhesion of dressing to skin/wound leads to significant transference of mechanical 
forces with tissue layers.
��Physical distortion of skin cells leads to micro-damage of cells and local release of cellular 
components leading to inflammation stimulation.

Inflammation characterised by:
��Matrix- and cellular-based damage and/or cell activation leads to localised inflammatory 
responses (see above).
��Localised release of inflammatory mediators (e.g. protein-degrading enzymes, reactive 
oxygen species).
��Localised tissue damage due to combination of adhesive dressing-generated mechanical 
forces and sustained inflammatory cell activation.
��Increased susceptibility to further tissue damage due to heightened inflammatory state.

†Note: damage also due to incorporation of dried wound exudate within the body structure of the cover dressing. Physical damage on removal of 
dressing due to intimate interaction (adhesion), though not directly related to dressing’s adhesive system

table 1. Features of macro- and micro-trauma
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to a reduction in mechanical strength (Fisher et al, 
2009; Ibuki et al, 2012). We hypothesise that the 
micro-trauma stimulates a small, localised skin 
inflammation with accumulations of damaging 
inflammatory mediators. Clinically observable 
tissue damage and subsequent tissue breakdown 
(e.g. adhesive-induced macro-trauma) occurs 
when the tissue is unable to adequately control 
tissue homeostasis.

skin maceration and micro-trauma
Skin maceration occurs when dressings are 
unable to cope with levels of exudate being 
produced (Cutting and White, 2002). The 
components of f luid derived from chronic 
nonhealing wounds differ from acute wound 
fluid (Thamm et al, 2013). Chronic wound 
fluids contain a number of components that are 
damaging to tissue (e.g. MMps and RoMs). We 
hypothesise that exposure of tissue (periwound 
skin and wound-bed granulation tissue) to these 
detrimental chronic wound exudate components 
contributes to the tissue damaging nature of skin 
maceration.

Micro-trauma reduces quality of life
The sustained, dressing-induced micro-trauma 
episodes may have a systemic impact on a 
patient’s well-being. The presence of a sustained 
stimulation of a localised inflammation may 
play a role in affecting the patients’ physiology 
more widely. For example, the physiological 
consequences of severe trauma (significant blunt 
trauma, shock initiated as a result of a significant 
amount of blood loss) are well documented 
(Xiao et  al, 2011; An et al, 2012). The resultant 
inhibition of the immune system in these patients 
and the corresponding elevated susceptibility 
to infection (which can be life-threatening) is 
a common result of significant tissue trauma 
(Angele and Chaudry, 2005). 

We suggest that there is the potential for 
any repeated local tissue trauma that leads to 
sustained levels of stimulated inflammation (e.g. 
repeated micro-trauma) to have consequences for 
other physiological processes. however, it may be 
that these effects are masked by the significantly 
higher levels of downstream inflammatory 
processes due to the nonhealing wound. 

tHe iMpact of dressings and 
dressing adHesives on patients
Wound-related trauma and the pain associated 
with wounds are major concerns to both patients 
and clinicians (Solowiej, 2009), impacting the 
clinical, patient and cost aspects of wound care 
(Butcher, 2010). The removal of dressings that 
must adhere to the wound bed/periwound skin, 
as well as the in situ presence of wound dressings 
whose physical characteristics exacerbate the 
exposure of tissues to heightened physical stresses 
such as shear forces, is a common cause of tissue 
trauma (Waring et al, 2011; Waring and Butcher, 
2011). Macro- and micro-trauma can increase 
the size of wounds, exacerbate pain and delay the 
healing response (Davies and Rippon, 2010), all of 
which have a negative impact on the cost of care 
and  quality of life (Rippon et al, 2007).

clinical impact
Dressings using traditional adhesives as part of 
the securing mechanism have been associated 
with higher peel forces and significant skin 
damage on removal (Dykes et al, 2001; Waring 
et al, 2008). Dressing-related tissue trauma 
(periwound skin and wound bed) has been 
reported in a wide range of wound types, 
including surgical and traumatic wounds, 
venous leg ulcers, diabetic foot ulcers and 
pressure ulcers (Cutting, 2008; Davies et al, 
2008). 

Adhesive wound dressings have been shown to 
increase transepidermal water loss, an indicator 
of the skin barrier function, suggesting skin 
trauma (Zillmer et al, 2006; Dykes, 2007). Similar 
findings have been reported in a retrospective 
review of data from patients with a variety of 
wound types treated with adhesive dressings 
(eager, 2001). A randomised controlled study 
determining the effect of repeated removal of 
dressings – including dressings with traditional 
adhesives – on peri-ulcer skin of patients with 
venous leg ulcers showed significant dressing-
related trauma compared with adjacent, non-
treated skin (Zillmer et al, 2006).

Damage caused by dressings puts additional 
pressures on clinical resources due to the 
additional time taken to heal these secondary 
wounds (gupta et al, 2002; Butcher and White, 

“Tissue is damaged 
via a series of 

micro-wounding 
events leading 

to damage of the 
tissue’s cellular 

and extracellular 
matrix components 

and inducing 
localised 

inflammatory 
responses.”
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2011). Mechanical stresses, such as those applied 
by overly-adherent wound dressings, have been 
shown to prolong tissue inflammation (micro-
trauma), and contribute to extended wound-
healing times (Wong et al, 2011a;b).

patient impact 
pain is a significant problem for patients with 
all types of wounds (White, 2008). For wounds 
such as nonhealing ulcers, where the duration of 
the wound can be measured in months or years, 
wound-associated pain is a major contributor to 
the patient’s quality of life (heinen et al, 2004). 
psychological stress before and during dressing 
changes has been shown to inf luence the pain 
experienced by patients; and pain levels increase 
when an individual is stressed, anxious or 
depressed (Solowiej et al, 2009; Woo, 2010). The 
pain experienced during dressing changes can 
be one of the most painful aspects of care (price 
et al, 2008), aside from the wound itself. The 
use of traditional dressings that use aggressive 
adhesive systems to secure them is a major 
contributor to patients’ poor experiences with 
dressing changes. 

cost impact
The clinical and patient consequences of 
using dressings incorporating aggressive 
adhesive system have extenuating costs. 
Cost-effectiveness modelling studies have 
suggested that the most expensive aspect of 
the care of patients with ulcers is clinician 
labour, including the time taken for nurses 
to change dressings (Meaume and gemmen, 
2002). Any dressing-associated tissue trauma 
(macro- or micro-trauma) that extends healing 
time (or complications such as infection) will 
add significantly to the cost of wound care. 
Increased levels of tissue macro- and micro-
trauma, therefore, lead to increases in the 
overall cost of treatment. For cases where 
hospitalisation is required (or discharge is 
delayed), care costs can escalate. As well as 
costs directly associated with dressing-related 
tissue trauma, additional costs that are not 
immediately obvious (e.g. extra prescriptions 
and clinical consultations) can lead to a cascade 
of additional expense (Butcher and White, 2011). 

Butcher and White (2011) have developed a cost 
equation for the issue of pain at dressing change 
and highlight that the issue is multi-dimensional 
and environment specific. It is clear that the cost 
implications of applying an appropriate dressing 
to a wound can be wide-reaching. Appropriate 
dressing selection is increasingly being seen as a 
way to not only improve healing in difficult-to-heal 
ulcers and acute wounds (and reduce cost because 
of improved healing rates), but also to improve cost-
effectiveness by minimising additional costs due to 
dressing-related tissue trauma (guest et al, 2012).

addressing tHe iMpact of 
Macro- and Micro-trauMa witH 
atrauMatic wound dressings
In the development of adhesive wound dressings, 
the aim is to achieve an adhesive that is strong 
enough to keep the dressing in place during 
the patient’s day-to-day movements, but also to 
have a low enough level of adhesion so that the 
dressing does not cause trauma to the skin during 
repeated application and removal cycles. Studies 
suggest that, in the majority of cases, the current 
technology in dressing adhesive systems is not 
adequate to find the ideal balance (Davies and 
Rippon, 2008; Rippon et al, 2012).

Thomas (2003) has coined the phrase 
“atraumatic dressings” for a category of dressings 
which do not cause trauma to newly formed 
tissue or to the periwound skin on removal. This 
category of dressing is based around soft-silicone 
adhesive technology which, when coated onto 
dressing materials, allows interaction between the 
dressing and wound/periwound skin (Davies and 
Rippon, 2008). This soft silicone interface layer 
allows a more efficient interaction between tissue 
and dressing, providing a greater area of contact 
with the skin and a better level of adhesion without 
tissue damage. Tissue trauma is minimised during 
the repeated application and removal of these 
dressings. When the dressing is removed, the 
tissue–dressing adhesive contact fails before the 
tissue−tissue bond is compromised, so the dressing 
pulls free from the tissue. 

Clinical studies in a variety of chronic wounds 
show that dressings using soft silicone are associated 
with less traumatic injury (macro- and micro-
trauma) related to the dressing than those with 

“In the 
development of 
adhesive wound 
dressings, the aim 
is to achieve an 
adhesive that is 
strong enough to 
keep the dressing 
in place during the 
patient’s day-to-
day movements, 
but also to have a 
low enough level 
of adhesion so that 
the dressing does 
not cause trauma 
to the skin.”
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traditional adhesives (Meaume et al, 2003; Zillmer 
et al, 2006; Waring et al, 2012). Atraumatic wound 
dressings are also associated with significantly less 
wound-associated pain than traditional adhesive 
dressings (Meaume et al, 2003; White, 2008; Woo 
et al, 2009). In patients with acute wounds similar 
experiences have been reported – reduced levels 
of periwound skin reactions (micro-trauma) and 
reduced pain severity scores as well as reduced 
patient discomfort (o’Donovan et al, 1999; Morris 
et al, 2009). Significantly lower patient stress levels 
have also been reported in patients treated with 
atraumatic wound dressings (Lapioli-Zufelt and 
Morris, 1998; o’Donovan et al, 1999).

Atraumatic wound dressings have been associated 
with increased healing rates and reduced levels 
of dressing-related tissue trauma compared with 
traditional adhesive dressings (Davies and Rippon, 
2008). Because time to healing and additional 
healing complications are both significant drivers of 
increased wound care costs, the use of atraumatic 
dressings are a significant tool in driving cost-
effective wound care (Bugmann et al, 1998; 
gotschall et al, 1998). Lower levels of adhesion of 
dressings to underlying tissues have been shown 
to result in quicker dressing changes (gotschall 
et al, 1998). As nursing time is a significant cost 
in the total wound care costs (Dealey et al, 2012), 
reducing nursing time at dressing changes is another 
significant driver of cost-effectiveness.

Studies of the relationship between pain, stress/
anxiety and wound healing suggest that the use of 
atraumatic wound dressings, for example, those that 
use soft silicone, reduce the level of pain experienced 
at dressing changes, decrease the stress and anxiety 
experienced by these patients and is likely to have 
a positive impact on healing times (Davies and 
Rippon, 2008; Rippon et al, 2012). The association 
of increased stress and increased sensitivity to pain 
suggests also that the use of atraumatic wound 
dressings will have a positive reinforcing effect for 
patients – the regular use of these dressings will 
reduce patients’ expectations of having a painful 
dressing change, and they will feel less anxious.

conclusion
The interaction of wound dressings with the 
wound bed and periwound skin is complex. 
Dressings are expected to do more than just 
cover a wound and offer protection from the 

outside environment, so how they interact with 
the wound bed and surrounding skin is becoming 
more intimate. A more intimate contact between 
wound and dressing consequently enhances the 
opportunity for detrimental as well as positive 
effects on wound healing. Self-adhesive wound 
dressings use a variety of adhesive technologies 
to ensure that dressings remain in position 
for optimising the benefits of the dressings to 
promote healing. We have proposed that, as well 
as the large-scale tissue damage (macro-trauma; 
e.g. skin stripping, blistering and tearing) seen 
clinically as a result of the repeated application 
and removal of adhesive wound dressings, 
adhesive dressing can also inflict smaller-scale 
(micro-trauma) damage on the wound and 
surrounding structures that can accumulate and 
lead to significant tissue damage. 

our hypothesis is testable. Clinical studies 
examining the use and effectiveness of wound 
dressings in the care of patients with a variety of 
nonhealing wounds can be designed to include 
the collection of data on the subtle skin changes 
proposed to arise as a result of micro-trauma. 
Dressing-derived tissue trauma has a significant 
impact on the overall wound care, delaying 
healing, resulting in additional complications 
that require treatment and significantly elevating 
the costs associated with treatment. When 
skin is subjected to repeated traumatic insults, 
such as those experienced with the repeated 
application and removal of aggressively adhesive 
wound dressings, it becomes damaged. The use 
of atraumatic wound dressings reduces dressing-
related tissue trauma, results in pain-free dressing 
changes, improves patients’ quality of life through 
reduced psychological anxiety and stress, improves 
healing rates and contributes significant cost of 
care savings. Wuk
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