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Background: The management of chronic wounds is a significant medical burden associated
with large health care expenditures. Since the establishment of moist wound healing in the 1960s,
several types of wound dressings have been developed. However, the evidence for effectiveness
when comparing various types of wound dressings is limited.

Obijectives: The purpose of this review is 1) to provide a general description of the role of foam
in wound therapy and 2) to evaluate the evidence for effectiveness of foam dressings compared
to other frequently used products.

Summary and conclusion: Foam has a significant role in the clinical management of chronic
wounds and in moist wound healing. There are only a few randomized controlled trials, which
in general, show no significant difference in the healing effect of different dressing types. The
choice of wound dressing should therefore be based on clinical evaluation of the wound and
the periwound skin.

Keywords: foam dressing, chronic wounds, comparative effectiveness, healing, periwound

skin, ulcers

Introduction

Research in wound pathology and healing is complex and extensive. The concepts of
moist wound healing were first established in the 1960s, and since then, a number of dif-
ferent wound dressings have been developed.'? However, studies rigorously examining
the optimal choice of wound dressing in randomized controlled trials are limited and data
from benchwork (absorption rate, total capacity, vapor transmission, etc) may not always
correlate with clinical efficacy. The current clinical use of wound dressings is therefore
largely guided by a constellation of consensus agreements, local preferences, and financial
considerations. The economic burden of chronic wound management is massive and contin-
ues to grow with the expanding aging population in most industrialized countries. The cost
of various wound dressings varies greatly. To optimize health care spending, it is important
to carefully evaluate the effectiveness of different wound dressings combined with cost-
benefit analysis. This review is not intended as an exhaustive, systematic review of the
literature on current evidence for usage of foam products. Rather, we present an overview
of the evidence in the clinical literature, thereby providing a basis for clinicians to make
choices in their daily practice of chronic wound management.

Epidemiology and socioeconomic

impact of chronic wounds
The most common chronic wounds are chronic venous leg ulcer, diabetic ulcers, and
pressure sores. These wounds result in both substantial loss of quality of life and large
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health care costs. Chronic ulcers are associated with social
isolation, reduced psychological well-being, pain, impaired
mobility, disturbed sleep, decreased work ability, and limita-
tions in leisure activities.*¢

In industrialized countries, the venous leg ulcer is the
most frequent chronic wound with an estimated prevalence of
0.1%-0.3%,”® and a lifetime risk of 1%.7"'2 In approximately
25%—50% of patients, the venous leg ulcer persists for over
1 year'®!! and two-thirds of these patients will have a reoccur-
rence within a 5-year period.® Chronic wounds are estimated
to have a prevalence of 1% in the general population and up
to 3%—5% in the senior population aged 65 years and older."?
The duration of the wounds may span from weeks to several
years, while some chronic wounds may never heal.'*!

Estimates of the yearly cost of health care services
and products for patients with chronic wounds range from
approximately €1,300 to 2,600 (Sweden, 2006 expenditure
estimates).!® Including indirect and intangible costs to the
individual and society, the current estimated cost-of-illness
is approximately €9,000 per year per patient in Germany.'®

Wound healing and the biological

role of exudate

Wound healing is a complex process resulting in repair of
a skin defect by re-epithelialization and scar formation.
Wound healing is traditionally divided into three overlapping
stages: inflammation, granulation, and maturation.? In the
initial inflammation stage, the immune system is activated
by release of cytokines, and inflammatory cells are recruited
to the wound site. The inflammation causes increased capil-
lary permeability and accumulation of exudate fluid in the
wound bed.?! In addition to cytokines, the exudate contains
plasma components, growth factors, proteases, and protease
inhibitors. In the inflammatory stage, the role of the exudate
is to promote tissue debridement and clearing of infection,
which in turn, prepares the wound bed for re-epithelialization
by formation of provisional matrix.?? In the granulation and
maturation stages, the degree of inflammation and exudate
formation decreases, which allows the healing process to
progress.

In chronic wounds, the inflammatory stage is commonly
maintained due to an underlying pathology (eg, venous insuf-
ficiency, diabetes, or autoimmune disease) or complicating
factors such as a secondary infection or formation of biofilms.
Comparative proteomic analysis of wound exudate from
venous leg ulcers show that nonhealing wounds express pro-
teins involved in inflammation and tissue destruction while
healing venous leg ulcers are characterized by expression of

proteins involved in tissue formation.” Moreover, exudate
from chronic wounds also decrease proliferation of kerati-
nocytes, fibroblasts, and endothelial cells,?*?* while exudate
from active wounds stimulate proliferation.?® These findings
suggest that optimal management of the exudate plays an
important role in stimulating the progression from the inflam-
matory stage to the granulation stage of chronic wounds.

General considerations for chronic

wound management

Treating chronic wounds is dependent on proper identifica-
tion and treatment of underlying causes including, compli-
cating metabolic factors and optimizing the local wound
environment.

Underlying conditions in patients

with nonhealing ulcers

Patients with venous and arterial insufficiency must have
appropriate diagnostic testing performed (ie, sonography
including duplex scans and arteriography, respectively) and,
if indicated, relevant venous and revascularization surgical
interventions. Patients with diabetic foot ulcers typically
require multidisciplinary care including optimal diabetes
regulation, wound therapy, and adapted footwear. Healing of
pressure ulcers requires meticulous care focused on shifting
the bodyweight to relieve pressure from the ulcer (and other
skin areas at risk) combined with wound care. Patients with
suspected immunological ulcers (eg, vasculitis and pyoderma
gangrenosum) or unusual wounds require vigorous investiga-
tion at specialized centers to determine the underlying cause.
These patients often require systemic immunosuppressive
therapy and close clinical follow up. In addition to treating
the underlying disease, it is essential to correct complicating
metabolic factors such as anemia, malnutrition, vitamin and
mineral deficiencies, infection, and poorly regulated blood
glucose levels.

Edema

Chronic wounds are associated with edema formation either
as a primary event (as seen in venous leg ulcers) or secondary
to the inflammatory process. The edema may be localized
to the wound and periwound area or extend well beyond the
wound. The edema inhibits healing and increases the risk
of eczema and secondary infection. Treating the edema is
typically achieved by the application of circular compression
bandages or use of individually fitted compression stockings.
More complicated states of edema may benefit from sustained
or intermittent pneumatic compression.
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Local wound management

Optimal wound healing is based on the principal of a moist
wound environment (with the exception of dry gangrene)
requiring optimal control of autolysis and debridement,
exudate, infection and periwound skin, and edema. Dry and
crusted wounds can be hydrated using gels and occlusive
dressings retaining moisture. During the inflammatory stages
the exudate production can be very high, necessitating the
use of wound dressing with high absorptive capacity and
frequent change of the wound dressing. In the granulating
and maturation stages, the choice of dressing and absorptive
capacity is adjusted to match the normally reduced exudate
production rate allowing the wound bed to stay sufficiently
hydrated. To address the common issues of infection, pain,
and odor, various types of wound dressing containing silver,
ibuprofen, and charcoal have been developed — all of which
are commonly used.

Complications to wound management
Several complications can arise when wound management is
not optimal. A mismatch or imbalance between the absorp-
tive capacity of the foam and exudate formation may lead
to drying of the wound bed. This can then lead to adherence
of the foam to the wound bed, resulting in pain and trauma
upon removal of the dressing.

Conversely, a relative overproduction of exudate may cause
leakage of wound exudate leading to unnecessarily frequent
dressing changes, as well as trauma, irritation and eczema in
the surrounding skin, infection, and foul odor. Infection or
colonization with bacteria may also result in release of toxins
causing irritations to the skin and wound bed. Contact allergy
to modern wound dressings is very rare with the exception of
hydrocolloids (~10%—17%) and silver containing dressings
(~5%).3° Only a few cases of contact allergy to polyurethane
foam have been reported. In these cases contact allergy to
chemicals used in the production of polyurethane foam were
identified (eg, diphenylmethane diisocyanate, toluene diiso-
cyanate, diaminodiphenylmethane).’'* However, contact
allergy to ingredients in other topical wound care products
(eg, Balsam of Peru, lanolin, fragrance, triclocarban, and
colophony) are frequent and have been reported in up to
57%-78% of patients.’*> Contact allergy should therefore
always be considered as a possible complication if the patient
develops persistent dermatitis.

Types of wound dressing
Various wound dressing products are available. These can be
categorized based on composition and absorptive capacity

and specialized functionality. The most common types
include petrolatum impregnated gauze and knit viscose with
very low absorptive capacity. Polyurethane foam, silicone,
hydrocolloid, hydrofiber, alginate, and advanced combination
products are generally of high absorptive capacity. Available
on the market are also hydrocellular and hydropolymer
foams, which contain polyurethane combined with a wound
contact layer of an apertured three-dimensional plastic net,
and hydropolymer, respectively. Advanced products contain-
ing growth factors and bioengineered epidermal and dermal
components are also available on the market. However, these
advanced products still lack good evidence for effect and are
expensive. They are therefore not commonly used in the gen-
eral care of chronic wounds. Finally, the so-called “negative
pressure wound therapy” (NPWT), is a wound management
technique where negative pressure is applied to the wound
bed through an occluded polyurethane foam or gauze. NPWT
is an active approach to exudate handling and wound closure.
NPWT is common and well established in surgical wounds,
while its role in the treatment of the various chronic wounds
is less established.***” The use of advanced foam products and
NPWT is beyond the scope of this review and will therefore
not be addressed further.

Foam types and indications for use
During the past 30 years, polyurethane foam has become one
of the most commonly used wound dressings for exudate
management in moist wound healing. Foam consists of a
porous structure that is able to absorb fluids into air-filled
spaces by capillary action (for detailed information on spe-
cific products, visit the respective company websites). The
most commonly used foam is polyurethane. Silicone foam
is less frequently used as the primary absorbent in wound
dressing, but it is often applied as an adhesive wound contact
layer. Foam dressings are produced with variable thickness
and may be adhesive or nonadhesive. The foams are com-
monly supplied with a film-backing, which has the purpose
of providing a water and microbial resistant barrier to the
environment. The film-backings have variable permeability,
affecting the capacity of water evaporation and gas exchange.
Other types of wound dressings, eg, hydroactive polymers and
colloids, are also commonly used in wound therapy. These
non-foam materials absorb fluids by expansion, during the
binding of fluids into the polymer or colloid, resulting in a
gel like substance.

The wound contact layer of the foam products is par-
ticularly important because it, both, facilitates transport of
the exudate into the foam, and comes in contact with the
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periwound skin. Adhesion to the surrounding skin helps to
keep the dressing in place and prevent exudate from traveling
along the skin thereby preventing skin irritation and leakage.
However, adhesion to the skin may cause irritation, espe-
cially if the skin is fragile or if the wound dressing requires
frequent changing.

Self-adhesive polyurethane foam and silicone adhesive
have been shown to be the least traumatic to the stratum
corneum, while acrylic adhesive (used in composite hydro-
colloid and polyurethane foam) is more traumatic.*®

In general, foam closely complies with the so-called
Tuner criteria® for ideal wound dressing which includes 1)
the ability to maintain moisture at the wound bed; 2) being
easy to remove and being able to protect the skin around the
wound; 3) protecting against bacteria and other infectious
agents; 4) maintaining temperature; 5) providing mechani-
cal protection, cushioning, and conform to body shape; 6)
being nontoxic and nonallergenic; 7) being easy to use; and
8) being economical and having a long shelf life.

Foams are used in the management of both acute and
chronic wounds of both partial and full thickness, and with
medium to heavy exudate. Foams may be used as a primary
dressing or secondary dressing in combination with amor-
phous gels applied to the wound bed to provide moisture.
The hydrogels are not absorbed into the foam due to their
high viscosity. As mentioned previously, foams are also
used in NPWT and are commonly used in combination with
compression bandaging.

It should be noted that, in general, certain antiseptics may
damage the foam product. It is therefore advisable to consult
the product information before use of antiseptics (eg, iodine,
chlorhexidine, hypochlorite, ether, hydrogen peroxide, oxy-
genated water, and sodium hypochlorite).

Foam and absorption rate
The absorption of the wound exudate is a key function of
foam dressings. Ideally, the absorption rate and capacity of
the foam dressing should balance with the exudate produc-
tion of the wound. As described above, exudate formation
varies depending on the wound type and stage of healing.
The optimal dressing must therefore be chosen based on the
rate of exudate formation in the individual wound in order
to avoid drying-out or maceration of the periwound skin.
Product information regarding the absorption rate, evapora-
tion rate, and total capacity of the individual dressings would
therefore appear to be clinically useful.**!

However, individual factors, such as the overlaying
compression bandage and the relative size of the wound

compared to the foam may also markedly affect the per-
formance of the foam. On the one hand, compression may
decrease the absorptive capacity due to compression of the
air-filled space in the foam. On the other hand, compression
may increase the absorption rate due to better wound bed
contact. Variable ratios of foam surface area relative to the
wound surface area will also affect the effective evaporation.
Thus, the choice of which foam will most ideally match the
wound is complex and depends on the underlying basic char-
acteristics of the patient’s wound. The ability of a given foam
to maintain the optimal level of moisture in the wound bed
should be evaluated continuously to avoid complications from
a mismatch of absorptive capacity to exudate production.

Results from clinical trials

Given the heavy health care cost involved in the treatment of
chronic wounds, there is an increasing interest in investigating
the efficacy of various wound dressings to identify products
that most efficiently result in wound healing. However, many
of the investigations conducted over the past 25 years have
limitations in study design, which raise general concerns about
bias, limited generalizability, and external validity, and thus
the significance of the results. This may in part be due to dif-
ficulties in carrying out blinded investigations in this patient
group and due to the variability in etiology and presentation of
chronic wounds. In the following section, results from selected
randomized controlled studies will be briefly discussed.

Venous leg ulcers

The effect of foam dressing compared to other types of
wound dressing in patients with chronic venous leg ulcers
has recently been examined.*? In this systematic review of
the literature, 12 randomized controlled studies were deemed
of sufficient design quality to be included in the review. The
overall conclusion was that there was no significant difference
in the effect on healing time, proportion of ulcers healed at 12
and 16 weeks, or healing rates, when comparing polyurethane
foam with hydrocellular polyurethane foam,** hydrocapil-
lary dressings,* hydrocolloid,’! paraffin gauze,’>> and knit
viscose.> Although there were no significant differences in
the primary outcomes of wound healing, there appeared to be
a significantly better exudate handling by polyurethane foam
over hydrocellular foam, resulting in less problems with leak-
age, less frequent changes of the wound dressing, and lower
material cost (n=60).* Similar results and limitations regard-
ing exudate handling were also reported in one study compar-
ing hydrocolloid with foam.* In addition, hydrocolloid was
also evaluated as more troublesome to remove and thus, more
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time consuming compared to polyurethane foam in two of the
studies.*®*° Pain and adhesion of the dressing to the wound
bed was reported more frequently when using paraffin gauze
compared to polyurethane foam (n=61).%

Diabetic foot ulcers

The diabetic foot ulcer is the result of diabetic neuropathy and
may be complicated with peripheral arterial disease. Diabetic
foot ulcers affect approximately 15% of all patients with
diabetes at some point during the course of their disease>%
and affects approximately 1%—4% of diabetics at any given
time.>”** For diabetic ulcers, the data supporting choice of
optimal wound dressing is very limited>® and there is no evi-
dence of a more favorable outcome when using foam products
compared with gauze dressing® %2 and/or hydrocolloid.** In
one study from 1993, polyurethane foam was shown to be
superior to alginate wound dressing after 12 weeks of follow
up,* while the same effect was not observed in another study
from 1994 with 8 weeks of follow up.%

Pressure ulcers

Pressure ulcers are ischemic wounds affecting the skin and
underlying tissue. Prolonged pressure against skin by underly-
ing bone or cartilage causes reduced tissue perfusion resulting
in necrosis and wound formation. The primary intervention
is prevention by alleviating pressure from the threatened
tissue area. However, once a wound has been formed, basic
wound care is necessary — in addition to alleviating pressure
to the area and optimization of the nutritional state.®® With
respect to pressure ulcers, there is only limited evidence to
support advantages of foam over other wound dressings. One
randomized controlled study has shown that foam improved
healing compared to simple gauze when used for treatment
of superficial pressure ulcers characterized by blisters and
abrasions and only partial loss in skin thickness.®” Similarly
there is evidence that hydrocolloids may be favorable when
compared to simple gauze dressing.®* " However, there is no
evidence indicating whether foam is better than hydrocolloid.”
A clinical trial is currently being undertaken to address this
question.”

Fungating wounds

Fungating wounds arise from late stage cancer. This type of
wound is characterized by heavy exudate, malodor, infec-
tion, hemorrhage, and pain. The patients usually have a short
life expectancy and the wounds inflict severe psychological
distress.”””7” No studies, to our knowledge, have investigated
the effectiveness of foam compared to other wound dressings,

with specific regard to fungating wounds. In clinical “best
practice”, and without supporting evidence, it is important
to choose wound dressings with sufficient absorptive capac-
ity, ie, alginates, to avoid leakage. In addition, it may be
favorable to use silver containing products which may help
reduce odor.”

Clinical evidence for the use

of combination products

Bacterial colonization and infection are important factors
that may complicate wound healing, particularly in chronic
wounds. Furthermore, widespread use of systemic and topi-
cal antibiotics has led to resistant bacterial strains such as
methicillin-resistant Staphylococcus aureus (MRS A) which
is a noteworthy health issue worldwide. The so-called “best
practice” for controlling the microbial burden in wounds is
not defined. Clinically infected wounds are commonly treated
with systemic antibiotics and there is no evidence for other
recommendations.* Colonization of wounds presents a dou-
ble problem; by both potentially causing delayed healing and
by representing a potential source for cross-contamination.
The use of dressings, notably those containing certain anti-
septic agents, can be a valuable option to controlling infection
while promoting wound healing.”

Dressings containing silver

Dressings containing silver are often used to control the
polymicrobial wound bioburden, although its efficacy against
aerobic, anaerobic, and antibiotic-resistant microorganisms is
not well established. The use of silver-containing dressings
in burn patients has been evaluated in a review, and it was
concluded that that silver-containing dressings and topical
silver were either “no better” or “worse” than control dress-
ings in preventing wound infection and promoting healing
of burn wound.®’ Moreover, systematic Cochrane reviews
have not found evidence for the use of silver containing
wound dressings (not only foam based but various kinds of
wound dressings) in the treatment of infected or contaminated
chronic wounds.*? Despite this lack of strong evidence, many
wound care clinics commonly use silver-containing dressings
to treat chronically contaminated/colonized wounds.

Ibuprofen-releasing dressing

To combat the common issue of pain in wounds a polyure-
thane foam product releasing ibuprofen into the wound bed
was developed, showing pain reduction and no systemic
absorption of ibuprofen.®! Ibuprofen is evenly distributed
throughout the dressing and is released when exposed to
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the moist environment at the surface of exuding wounds.*
Ibuprofen-releasing foam was also shown to reduce pain at
the donor site in skin graft patients.®>3* A significant pain
reduction has also been demonstrated using ibuprofen-
releasing polyurethane foam in patients with painful chronic
wounds.®*” Moreover, the quality of the pain reduction was
investigated and described as clinically relevant and the
capacity to handle the exudate was not affected.®* Lastly,
ibuprofen-releasing polyurethane foam was studied in
combination with a silver-releasing contact layer in an open
study which showed evidence of reduced wound pain and
promotion of healing without compromising safety.”

Limitations of the current

literature and future goals

Currently there is no solid evidence suggesting clear supe-
riority of any of the commonly used products. The primary
outcomes in many studies are typically absolute healing time,
proportion healed, or wound size reduction after a given
time period of observation. These results may be subject to
bias as the participants who did not heal may be censored in
the statistical analysis. A time-to-event analysis (ie, time to
complete healing or other defined outcome) with adjustment
for covariates, such as the baseline wound size, may offer a
more rigorous statistical model.

Another common source of bias is due to inadequate
methods of randomization and allocation to treatment, no
blinding of patient, personnel and outcome assessment,
incomplete data, observer and measurement bias, and
finally selective reporting. Future studies should follow the
CONSORT (Consolidated Standards of Reporting Trials)
guidelines to improve the quality of the randomized con-
trolled trials.’! Studies must also clearly report on the wound
care regime and concurrent treatments such as compression.
Secondary outcomes such as pain and disease-related quality
of life should be reported using validated methods and all
data should be presented. Lastly, the inclusion and exclusion
criteria should be carefully considered such that the results
can be generalized. To date, many studies have excluded
patients with clinical infection, which is very common in this
patient population, and thus limits the clinical applicability
of the study result. Carefully designed studies are needed to
investigate which wound care product can provide the most
optimal balance between cost and effectiveness.

Conclusion
Foam dressings are widely used in the daily management
of both acute and chronic wounds of differing etiologies.

In general, the evidence supporting the use of foam prod-
ucts over other wound dressings is limited. In clinical prac-
tice, foam dressings are easy to use and fulfill most of the
ideal criteria for a dressing used in moist wound healing.
Ibuprofen-releasing and silver-containing combination foam
products may be appropriate to reduce pain and bioburden,
respectively. Given the general lack of solid evidence, wound
care professionals ought to choose dressings based on clinical
evaluation of the wound and the periwound skin.

Further research should be design based on the
CONSORT guidelines and aim to address the efficacy and
cost effectiveness of different wound dressings to allow for
evidence-based decision-making on the best wound care
products.
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