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Abstract

This study compared moisture vapour transmission rate (MVTR) and wear time or
fluid-handling capacities of six adhesive foam dressings to a reformulated control
dressing. Standardised in vitro MVTR methodology and a previously published
in vivo artificial wound model (AWM) were used. Mean inverted MVTR for
the reformulated dressing was 12 750 g/m2/24 hours and was significantly higher
than four of the six comparator dressings (P < 0·0001), which ranged from 830
to 11 360 g/m2/24 hours. Mean upright MVTR for the reformulated dressing was
980 g/m2/24 hours and was significantly different than all of the comparator dressings
(P < 0·0001), which ranged from 80 to 1620 g/m2/24 hours (three higher/three lower).
The reformulated dressing median wear time ranged from 6·1 to >7·0 days, compared
with 1·0 to 3·5 days for the comparator dressings (P = 0·0012 to P < 0·0001). The
median fluid volume handled ranged from 78·0 to >87 ml compared with 13·0
to 44·5 ml for the comparator dressings (P = 0·0007 to P < 0·001). Interestingly,
inverted MVTR did not correspond well to the AWM. These results suggest that
marked differences exist between the dressings in terms of both MVTR and wear time
or fluid-handling capacity. Furthermore, high inverted MVTR does not necessarily
predict longer wear time or fluid-handling capacities of absorbent dressings.

Introduction

Over the past two decades, the wound care clinician has
seen tremendous growth in the introduction of new varieties,
shapes and sizes of absorbent wound dressings. One category
of dressing that has seen particular growth is adhesive foam
dressings. In spite of the plethora of adhesive foam dressings
available to the clinician, there still appears to be a gap
between clinician expectations and product performance. In
a survey study of 307 wound care clinicians conducted in
the USA, Canada, UK and Germany (Table 1), clinicians
expressed particular dissatisfaction in the performance of
current adhesive foam dressings for attributes associated with
exudate-handling capabilities. In particular, absorbency , wear
time and prevention of maceration were often cited as dressing
deficiencies.

Wound exudate contains numerous growth factors and
enzymes that can be both beneficial and inhibitory to the
wound-healing process depending on the nature of the wound,

stage of healing and amount of exudate present (1–6). For
wounds that are highly exudative, adhesive foam dressings

Key Messages

• significant differences exist between adhesive foam
dressings in terms of both in vivo MVTR and in vivo
performance measured by wear time and fluid-handling
capacity

• high in vitro MVTR does not necessarily predict longer
dressing wear time or fluid-handling capacity

• in vitro MVTR measurements do not take into account
significant adhesive–skin interactions that can influence
dressing wear time performance

• an artificial wound model (AWM) may be a useful tool
to bridge the gap between laboratory and clinical testing
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Table 1 Summary of foam dressing clinician survey (n = 307)*

Country
Sample size

(confidence level)

Top two most
commonly used adhesive

foam dressings

Primary adhesive
foam used
most often

Average no. of
adhesive foam
dressings used

per week
Attributes not
being fulfilled†

USA/Canada‡ 156 (90% ± 6·6%) Mepilex (78%), Allevyn (63%) Mepilex (44%) 19 Absorbency, length of wear
time and prevention of
maceration

UK 61 (90% ± 10·6%) Allevyn (92%), Mepilex (80%) Allevyn (52%) 20 Absorbency, ease of removing,
patient comfort and
prevention of maceration

Germany 90 (90% ± 8·7%) Allevyn (67%), Tegaderm§(47%) Allevyn (39%) 15 Prevention of maceration

*Unpublished data, 3M Health Care, 2009.
†Revealed by gap analysis: higher importance with lower satisfaction.
‡Includes 146 responders in the USA and 10 in Canada.
§Predecessor formulation of the Tegaderm HP Adhesive Foam dressing tested in this study.

are popular among clinicians because of the ability of this
class of dressing to rapidly manage large amounts of fluid.
However, given the results of the recent clinician survey
study, further improvements in exudate-handling capabilities
of adhesive foam dressings are needed. Furthermore, it is
expected that as wounds heal they will become smaller and
produce less exudate over time. Ideally, the dressing should
adapt with the wound, handling more fluid under heavily
exudating conditions while retaining required moisture under
dry conditions. Such ‘smart’ or ‘moisture-reactive’ dressings
have been previously described in the literature (7–9).

The importance of a dressing adapting to changing wound
exudate production was demonstrated in a retrospective
study of 400 patients with a variety of chronic wound
aetiologies. In this study, wounds that were treated with
inappropriate exudate management dressings were found to
be less likely to heal in 3 months compared with wounds
receiving appropriate exudate management dressings (10).
The authors pointed out that dressing materials differ in their
properties of permeability and wound protection, and that
the many available dressing choices may confuse clinicians.
Therefore, moisture-reactive dressings have the potential to
not only simplify wound care by eliminating the guesswork
in dressing selection but may also improve cost-effectiveness
and quality of care through improved wound healing
by minimising the possibility of inappropriate dressing
selection.

Recently, an adhesive foam dressing that has been com-
mercially available for many years was redesigned to allow it
to be more responsive to the degree of moisture present in the
wound. This newly reformulated dressing differs from its pre-
decessor in that it incorporates a new ‘moisture control layer’
that modulates moisture vapour permeability through the film
backing under varying wound conditions. Under low exu-
dating conditions, the dressing is designed to retain moisture
within the wound, whereas under high exudating conditions,
the dressing is designed to absorb moisture quickly and
release the excess moisture from the dressing through evapo-
ration. The absorbent layers in the dressing are also designed
to prevent backward migration of wound fluid to help prevent
periwound skin maceration and to facilitate lateral distribution

of the moisture across the film backing to allow more effective
use of dressing surface area for evaporation (11).

Given the high level of clinician dissatisfaction for exudate-
handling capabilities of currently marketed adhesive foam
dressings, this series of studies were undertaken. The objec-
tives of these studies were threefold, to compare the newly
redesigned dressing with six commonly used adhesive foam
dressings for: (i) in vitro moisture vapour transmission rate
(MVTR) under simulated ‘wet’ and ‘dry’ wound conditions,
(ii) in vivo wear time using an artificial wound model (AWM)
procedure and (iii) in vivo fluid-handling capability using an
AWM procedure. The redesigned dressing and the six com-
parator dressings included in these studies are listed in Table 2
along with manufacturer names, product numbers and product
study names used throughout this study.

Methods

Study overview and test products

The fluid-handling capacity of six adhesive foam dressings
was determined and compared with a newly reformulated
adhesive foam dressing (see Table 2 for full dressing names,
study code names and manufacturer information). Fluid-
handling capabilities were compared by two test methods: a
standardised in vitro MVTR test method (12) and a previously
published in vivo AWM test method, which tested for both
wear time and volume of infused artificial wound fluid (AWF)
to dressing failure on ambulatory human volunteers (13).
All seven test dressings were of comparable size, and all
experiments were conducted between November 2009 and
March 2010.

In vitro fluid-handling capacity

The in vitro fluid-handling capacity of all seven test dressings
was determined using the procedures outlined in the European
Standard EN 13726-2:2002 (12), which measured the MVTR
of the seven test dressings using the standardised laboratory
methodology. Briefly, the test method used a Paddington Cup
apparatus, which consisted of a chamber with one open end
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Table 2 Adhesive foam dressings under evaluation

Study name Dressing trade name Product number Manufacturer

Redesigned dressing
Tegaderm HP Foam 3M™ Tegaderm™ High Performance Foam

Adhesive Dressing
90612 3M Company, St. Paul, MN

Comparator dressings
Allevyn Allevyn™ Adhesive Hydrocellular Adhesive

Dressing
66020044 Smith & Nephew, Largo, FL

Allevyn GB Allevyn™ Gentle Border Gel Adhesive
Hydrocellular Foam Dressing with Border

66800279 Smith & Nephew, Largo, FL

Mepilex Border Mepilex® Border Dressing 295400 Mölnlycke Health Care US, Norcross,
GA

Biatain Biatain® Adhesive Foam Dressing 3421 Coloplast Corp., Minneapolis, MN
Optifoam Optifoam® Adhesive Foam Wound Dressing MSC1066 Medline Industries, Mundelein, IL
Versiva Versiva® XC® Gelling Foam Dressing 410610 ConvaTec, Skillman, NJ

and a clamping ring, each with a circular opening of 10 cm2.
A sample of the test dressing was cut to fit the apparatus and
placed between the two chambers that were clamped together
with a moisture-tight seal. The closed chamber contained a
known quantity of deionised water. The fluid was in contact
with the wound contact portion of the dressing and the upper
surface of the dressing was exposed to ambient air. The
test was conducted per EN 13726-2:2002 in a controlled
environmental chamber with a circulating fan that maintained
a temperature of 37◦C ± 1◦C and 19% relative humidity
(RH). The amount of moisture lost through the dressing was
determined by gravimetric analysis.

This in vitro method determined both the ‘wet’ and ‘dry’
MVTR of the dressings. During the ‘wet’ method, the
apparatus was inverted and the dressings were in contact with
water, thus determining the theoretical MVTR of the dressing
when placed over a highly exudating wound. During the
‘dry’ method, the apparatus was left upright with the dressing
in contact with only the water vapour, thus determining
the theoretical MVTR of the dressing on a dry or low-
exudating wound. For all seven test dressings, three lots
of each dressing with a minimum of five replicates per lot
were tested. Additional replicates of Tegaderm HP Foam and
Allevyn were performed as internal controls within the various
tests.

In vivo wear time and fluid-handling capacity

The in vivo wear time and the fluid-handling capacity of
the seven test dressings were determined using a previously
published AWM procedure on healthy adult volunteers (13).
The enrolled subjects were selected such that they had no
history of skin allergies or sensitivities to any of the products
or components used in the study, had no pre-existing skin
conditions on the lower backs and no history of diabetes.
Subjects were asked to refrain from using moisturisers or other
skin products in the lower back area during the study and for
24 hours prior to starting the study. Additionally, subjects
were asked to refrain from supplemental exercise and from
getting the dressings excessively wet during the study (e.g.
no tub bathing or showering directly on dressings).

A B

DC

Figure 1 Photo sequence showing: (A) an artificial wound model (AWM)
placed on the lower left back of a volunteer; (B) placement of a foam
dressing over the AWM; (C) securement of the catheter and hub to the
front of the volunteer for easy access and (D) injection of artificial wound
fluid into the wound model. Injection of the model can be done by the
study coordinator (as pictured) or by the subject in between assessment
visits.

Artificial wounds were constructed on the lower backs
of the enrolled subjects and dressings of comparable sizes
were placed over the artificial wounds (Figure 1). Twelve
1·0-ml injections of AWF were intermittently infused into
the models at intervals no less than 1 hour apart for a total
daily dose of 12·0 ml of fluid. This dose of AWF was chosen
to model a highly exudating wound (as determined from
clinical observations by Mulder) (14), which is likely to be
encountered in a clinical environment with adhesive foam
dressings. Also, this total daily dose of fluid was consistent on
an equivalent wound size basis with the highest observation of
exudate made by Thomas et al. (15) from ten venous ulcers
(1·2 g/cm2/24 hours). Composition of the AWF and general
study procedures has been previously published (13).

© 2013 The Authors
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Briefly, the study used a paired design with each subject
receiving two test dressings alternately placed on the left and
right sides of the lower back region. Six individual studies
were performed with Tegaderm HP Foam tested in each of
the studies. Thus, Tegaderm HP Foam served as a control and
comparator dressing across the six studies. The test dressings
were worn continuously for up to approximately 7·25 days
(7 complete days plus three fluid injections on the morning
of day 8) or until failure of the test dressings. Failure was
predefined as dressing fall-off, leakage, edge lift sufficient to
cause leakage or migration of the dressing from the application
site. On each weekday of the study (Monday to Friday),
dressings were assessed by a study coordinator for signs of
dressing failure. The subjects kept an AWF infusion log and
noted if and when dressings leaked between assessments. Both
the time (in hours) and cumulative dose (in millilitres) of AWF
to dressing failure were recorded.

An adaptive sequential design was used for each of the
six individual studies. This design called for the enrolment
of 24 subjects using an interim analysis conducted on the
first 12 subjects enrolled in the study to ascertain whether
pre-determined efficacy stopping criteria were met.

Ethical considerations

Each of the six studies that used human volunteers con-
formed to the ethical guidelines of the 1975 Declaration of
Helsinki (as amended, October 2008) and was conducted in
compliance with the Good Clinical Practice guidelines and
the Health Insurance Portability and Accountability Act regu-
lations (16–18). An ethical review was conducted before the
start of each of the studies, and all participants signed an
informed consent before study enrolment.

Outcome measures

The main outcome of interest for the in vitro studies was
a comparison of the mean inverted (wet) and upright (dry)
MVTR values for each of the seven test dressings, as well
as the mean difference in the inverted and upright MVTR
measurements, which is defined as ‘moisture reactivity’ of
the dressings. The main outcomes of interest for the in vivo
studies were a comparison of the median wear time with
volume of AWF infused until dressing failure.

Statistical methods

In vitro MVTR

Mean inverted and upright MVTR values, as well as the mean
difference in inverted and upright MVTR values (moisture
reactivity) for each of the six comparator dressings were
compared with Tegaderm HP Foam using a mixed effects
linear model with MVTR measures as the response and
dressing lots treated as a random variable.

In vivo wear time and fluid-handling capacity

Both the time (hours) and the volume of AWF (millilitres)
until dressing failure were compared among dressing types
using a Cox proportional hazard model that accounted for

the clustered data using a robust sandwich covariance matrix
estimate. If the dressing remained intact at the end of
the study, or if the dressing was removed for reasons
not associated with dressing performance (e.g. caught on
clothing), then the time to those events was treated as
censored. The primary test of difference was a one-sided Wald
test, with a null hypothesis that the hazard ratio is equal to 1·0.
The estimate of the proportion of dressings remaining intact
after a specific time or fluid exposure (the survival curve) was
computed using the Actuarial method with 24-hour (12 dose)
intervals. The median survival time and the median dose to
failure were estimated using the Kaplan–Meier method.

Stopping criteria at the 50% point (first 12 enrolled subjects)
were predefined as having achieved statistical significance
with the efficacy endpoint of wear time to dressing failure. The
study was stopped only if the P -value crossed the pre-defined
O’Brien–Fleming stopping boundary, which was 0·00557,
with a one-sided Wald test P -value and the null hypothesis
that the hazard ratio equal to 1·0.

Results

In vitro MVTR

The mean (SD) values for both the inverted (wet) and the
upright (dry) MVTR measurements and the mean difference
in the upright and inverted MVTR values for each of the test
dressings are provided in Figure 2. The mean inverted (wet)
MVTR value was statistically higher for Tegaderm HP Foam
compared with the Mepilex Border, Biatain, Optifoam and
Versiva (all P < 0·001), but not for the Allevyn (P = 0·4642)
or Allevyn GB dressings (P = 0·8433). The mean upright
(dry) MVTR value for Tegaderm HP Foam was statistically
different than all of the other test dressings (P < 0·0001).
Compared with the Allevyn, Allevyn GB and Mepilex Border,
Tegaderm HP Foam exhibited significantly lower upright (dry)
MVTR values (all P < 0·0001); however, when compared
with Biatain, Optifoam and Versiva, Tegaderm HP Foam
exhibited significantly higher upright (dry) MVTR values (all
P < 0·0001). Moisture reactivity was the highest for Tegaderm
Foam, Allevyn and Allevyn GB, and was statistically different
than that of Mepilex Border, Biatain, Optifoam and Versiva
(P < 0·0001).

In vivo wear time and fluid-handling capacity

For five of the six in vivo wound model studies, the P -
value for the time to dressing failure crossed the pre-planned
O’Brien–Fleming stopping boundary at the 50% enrolment
point, and the studies were ended after enrolment of 12
subjects because of overwhelming differences in the primary
efficacy endpoint (dressing wear time). This included the
studies involving the Allevyn GB, Optifoam, Biatain, Mepilex
Border and Versiva. For one study (Tegaderm HP Foam versus
Allevyn), the P -value did not reach the stopping criteria and
the study continued with all 24 subjects enrolled.

Data for the in vivo fluid-handling studies are summarised
in Table 3 and Figure 3. For all six studies, Tegaderm HP
Foam stayed functional significantly longer and handled

© 2013 The Authors
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Figure 2 Mean inverted (wet) and upright (dry) moisture vapour transmission rate (MVTR) for the seven adhesive foam dressings under study. All
data were collected using the procedures outlined in European Standard EN 13726-2:2002 (12).

significantly more AWF prior to failure than any of the
other test dressings. The median wear time for Tegaderm HP
Foam ranged from 6·1 to >7·0 days, whereas the comparator
dressings ranged from 1·0 to 3·5 days. Actuarial analysis of
the pooled data for Tegaderm HP Foam across all six studies
showed an estimated 59% survival rate at 7 days of wear
(Figure 3) and an estimated median fluid-handling capacity
of >87 ml (Figure 4). Four of the six comparator dressings
had an estimated 0% survival rate at 7 days of wear, and only
Allevyn (8%) and Biatain (<42%) dressings exhibited some
survival at 7 days of testing (Table 3). In all cases, the survival
curves differed significantly from Tegaderm HP Foam based
on the Cox regression model (Table 3 and Figure 3).

Figure 4 presents a plot of the in vitro inverted (wet)
MVTR results versus the in vivo fluid-handling results. For
ease of viewing, the graph is divided into four quadrants
set at the midpoints of both the in vitro and the in vivo
fluid-handling axes.

Reasons for dressing failure

A summary of the reasons for dressing failure is presented
in Figure 5. With the exception of a few non product-related
early dressing removals, all of the dressings that were
removed prior to the end of the study were removed because
of leakage of the dressing resulting from adhesive failure at
one or more edges.

Discussion

The inverted (wet) in vitro MVTR data from this study agree
remarkably well with the data previously published in the

literature. Thomas and Young compared Allevyn with another
foam dressing not tested in this study (8), and in another
study White et al. (7) compared 12 adhesive foam dressings
with each other, three of which (Mepilex Border, Biatain and
Allevyn) were included in this study. The calculated mean
24-hour MVTR for the Mepilex Border, Biatain and Allevyn
dressings published in these prior studies was generally
similar to the results in this study. In this study, the mean
MVTR for Allevyn was 11 400 g/m2/24 hours compared with
approximately 12 000 g/m2/24 hours in both the studies by
Thomas and Young, and by White et al. In the study by
White et al., Mepilex Border exhibited a mean MVTR of
about 5500 g/m2/24 hours compared with 4170 g/m2/24 hours
in this study, and Biatain exhibited a mean MVTR of
about 1100 g/m2/24 hours compared with 1730 g/m2/24 hours
in this study. This high level of agreement across the studies
performed in different laboratories is undoubtedly due to
the high degree of standardisation in the conditions of the
test across these studies when they are conducted according
to EN 13726-2:2002 (12). Thomas et al. demonstrated the
importance of such standardisation when comparing MVTR
values across dressings, particularly with regard to the control
of temperature and humidity (19). Similar comparisons for in
vitro upright (dry) MVTR values of the foam dressings are
not available in the literature.

In this study, Tegaderm HP foam provided the highest
mean inverted MVTR value of all the test dressings and
was statistically higher than that of Mepilex Border, Biatain,
Optifoam and Versiva; however, the clinical relevance of the
MVTR data is unclear with regard to predicting wear time
and fluid-handling capacity of dressings. Thomas and Young,

© 2013 The Authors
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Table 3 Dressing performance of six adhesive foam dressings compared with reformulated Tegaderm™ High Performance Foam Adhesive Dressing
using an in vivo artificial wound model simulating a highly exudating wound

Dressing N

Kaplan–Meier
estimated survival
rate at 7 days (SE)

Median days
to dressing failure

P-value*
(time to failure)

Median fluid volume to
dressing failure (ml)

P-value*(volume
to failure)

Tegaderm HP Foam 24 39% (10) 6·1 0·0006 78·0 0·0007
Allevyn 24 8% (6) 3·5 44·5
Tegaderm HP Foam 12 67% (14) >7·0 <0·001 >87 <0·001
Allevyn GB 12 0% (—) 1·0 13·0
Tegaderm HP Foam 12 57% (15) >7·0 <0·001 >87 <0·001
Mepilex Border† 12 0% (—) 2·5 32·5
Tegaderm HP Foam 12 57% (15) 7·0 <0·001 >87 <0·001
Versiva XC 12 0% (1) 1·2 18·0
Tegaderm HP Foam 12 43% (15) 7·0 <0·001 87·0 <0·001
Optifoam 12 0% (—) 3·0 36·0
Tegaderm HP Foam 12 73% (14) 7·0 0·0012 >87 0·0005
Biatain 12 <42% (14) 3·2 43·5

*Wald test with null hypothesis that the hazard ratio < 1·0.
†Studies conducted in the year 2010 prior to introduction of reformulated Mepilex Border Dressing.

Figure 3 Kaplan–Meier estimated survival rates for six adhesive foam dressings compared to Tegaderm™ High Performance Foam Adhesive
Dressing using an in vivo artificial wound model.

and Thomas (8,9) used dressing MVTR values in combination
with dressing absorbency data to project a theoretical range
of wound exudate volumes that several foam dressings could
handle over time and then compared the range to that of
published exudate values for a variety of chronic wounds.
However, as the authors point out, the usefulness of such pro-
jections is limited by a number of factors, the most important
being that the test is conducted under static and environmen-
tally controlled conditions that may or may not approximate
real-world conditions. In particular, the in vitro MVTR appa-
ratus simply cannot model clinically relevant adhesive–skin

interactions. That is, the relevance of high inverted MVTR
data is questionable if the dressing cannot maintain a moisture-
tight seal over the wound; exudate may simply leak out the
side of the dressing. At a minimum, this would reduce the
clinical wear time (hence cost-effectiveness) of the dressing
to less than that predicted by the MVTR + absorbency data.
More importantly, leakage and pooling of exudate around
the wound could potentially cause enlargement of the wound
through maceration or excoriation of the periwound skin.

It is even more difficult to interpret the upright in vitro
MVTR values, as little is known about optimal MVTR

© 2013 The Authors
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Figure 4 Mean in vitro moisture vapour transmission rate (MVTR) values of the seven test dressings compared with the median in vivo fluid-handling
capacity of the same dressings derived from Kaplan–Meier analysis of artificial wound model data. Data are segregated into four quadrants for easier
viewing. Dressings with lower MVTR values tended to have lower in vivo fluid-handling capacity; however, higher in vitro MVTR values did not
necessarily result in higher in vivo fluid-handling capabilities.

values under dry wound conditions. Furthermore, MVTR
data are collected at temperatures and humidity levels that
are not clinically relevant. Typically, these data are collected
at 37◦C and <20% RH, but as Thomas et al. demonstrated
(19), MVTR values are inversely related to changes in RH
and directly related to changes in temperature. Therefore,
at more clinically relevant temperatures of 20–25◦C and
humidity levels closer to 40–50%, one would expect much
lower MVTR values than that predicted by the standardised
conditions of the EN 13726-2:2002 test method (12). Adding
even more complexity to the interpretation of MVTR results
is that body temperature will likely affect the MVTR of the
dressings in the opposite direction.

Therefore, rather than attaching a particular relevance to
either the inverted or the upright in vitro MVTR values, it is
probably more important that the dressing simply be ‘adap-
tive’ in nature, that is, to be moisture reactive by exhibiting
higher MVTR under wet wound conditions and lower MVTR
under dry wound conditions and that comparisons across
dressings be done under similar conditions. In this study,
using the standardised conditions of the EN 13726-2:2002 test
method (12), Tegaderm HP Foam provided the highest degree
of moisture reactivity of all the dressings tested (Figure 2), and
was statistically more moisture responsive than Mepilex Bor-
der, Biatain, Optifoam and Versiva in this regard (P < 0·0001).

Because of the limitations of the in vitro method, the
six test dressings were additionally compared Tegaderm HP
Foam under simulated artificial wound test conditions using
a previously published in vivo AWM test method (13). This
in vivo test method overcomes many of the limitations of

the in vitro method (12,13), and is conducted on the lower
backs of ambulatory volunteers so it incorporates significant
adhesive–skin interactions that are difficult to model in vitro.
In this series of studies, the in vivo model was designed
to mimic a highly exudating wound (14); therefore, the
studies should be interpreted as modelling performance of
the dressings in a highly exudating wound environment.

In this series of in vivo comparisons, Tegaderm HP Foam
provided the highest fluid-handling capacity of the six test
dressings to which it was compared (Table 3 and Figure 3).
The median fluid-handling capacity of Tegaderm HP Foam
across the six studies was >87 ml compared with 44·5 ml for
the nearest comparator dressing (Allevyn). In all comparisons,
Tegaderm HP Foam absorbed significantly more fluid and
provided significantly longer wear time than any of the six
test dressings (Table 3).

Figure 4 illustrates the relationship between the in vitro
and in vivo data. It is clear from this graph that lower in
vitro inverted MVTR measurements correspond reasonably
well with lower in vivo fluid-handling capacity (dressings in
quadrant III). These dressings appear to have limited ability
to handle moisture through evaporation (lower MVTR), thus
allowing a build-up of unabsorbed and non transpired fluid
beneath the dressings that eventually undermines the adhesive
border. Figure 5 presents reasons for dressing removals, and
in most cases the dressings were removed prematurely because
of leakage as a result of adhesive border failure.

An alternative explanation for premature dressing failure
could be that the adhesive simply could not maintain a
moisture seal under the ambulatory test conditions modelled

© 2013 The Authors
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Figure 5 Dressings were removed before reaching the end of this 7-day study primarily because of fluid leakage due to adhesive border failure.
Approximately half (51%) of the Tegaderm™ High Performance Foam Adhesive Dressing samples survived to the end of the study, which is in stark
contrast to the comparator dressings.

in these studies regardless of the absorptive or MVTR
capabilities of the dressings. Data for Allevyn, Allevyn Gentle
Border and Tegaderm HP Foam tend to favour this latter
explanation. These three dressings exhibited very high in vitro
inverted MVTR measurements that did not differ significantly
from each other, and they have very similar absorptive
capacities (unpublished data); however, the three dressings
differed markedly in their in vivo fluid-handling capacities.
In particular, the Allevyn Gentle Border exhibited one of
the highest mean in vitro MVTR measurements of all the
dressings tested; yet it exhibited the lowest in vivo fluid-
handling capability, indicating that the probable mode of
failure was corruption of the adhesive seal surrounding the
dressing rather than saturation of the dressing itself.

Regardless of the exact reason for the differences between
the in vitro and in vivo data, it is clear that the two methods
only moderately correspond with each other and that use
of in vitro MVTR and absorptive data to predict in vivo
fluid-handling performance of absorbent dressings could lead
to false conclusions. At best, in vitro MVTR and absorption
measurements provide insight into only two of several
important dressing attributes needed to predict and compare
in vivo fluid-handling properties of absorbent dressings.

Limitations of the studies

As previously discussed, the in vitro MVTR test method
has limitations that must be considered when comparing
dressings with each other and for projecting the results to

clinical performance of the dressings. First, a relatively small
sample of dressing is tested (10 cm2) and the entire surface
of this sample is exposed to the test fluid. In a clinical
setting, the clinician would likely to choose a dressing much
larger than the actual wound, thus significantly changing
the dynamics of fluid absorption, wicking and transpiration.
Second, the dressing is cut to size and rigidly fixed within
the test apparatus. Modern foam dressings are complex in
design with numerous interacting layers, and there is no
way to predict how cutting the dressings might affect the
measured MVTR. Thomas (9) noted separation of the structure
of two foam dressings tested with this methodology, and a
similar artefact with one of those dressings (Biatain) was
noted in this study as well. Third, the static nature of the
test does not model movement of the patient or clinically
relevant adhesive–skin interactions that may contribute to
dressing failure prior to reaching limitations imposed by fluid-
handling capacity. Fourth, the in vitro method is conducted
under tightly controlled temperature (37◦C/99◦F) and RH
(19%) conditions that probably do not reflect actual clinical
conditions to which dressings are routinely exposed. Finally,
the in vitro method as standardised in EN 13726-2:2002 is
conducted with either a simple isotonic salt solution or water
that differ in many important ways from chronic wound fluid.

The in vivo test method was designed to address these
limitations and has been shown to be useful in modelling
differences between the relative performance of a hydrocolloid
and transparent absorbent dressing in a clinical environment
(20,21). The main limitation of the in vivo method is that
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conditions to which a dressing is exposed in a clinical
environment differ from setting to setting and from patient to
patient. Also, the model has not been validated for replicating
clinical levels of wound exudate, particularly for levels of
exudate that decline over time as a result of wound healing.
Therefore, the model cannot be used to predict exact dressing
wear time or fluid-handling capacity, but rather relative
performance of the dressings given similar clinical conditions.
This also highlights the main benefit of the in vivo model
in that side-by-side comparisons of dressing performance are
possible within a relatively short time frame and on a much
smaller population of subjects than can be obtained in a
clinical environment.

Research implications

As discussed previously, it is important to be mindful that
the scope of this research is limited to the use of in vitro
MVTR and in vivo wear time or fluid-handling measurements
for predicting relative performance of dressing wear time
and fluid-handling capacity. However, a discussion of the
limitations and clinical implications of this research would
not be complete without addressing wound healing.

Numerous studies have demonstrated the importance of
creating a moist wound environment for proper wound healing
(22,23). One of the greatest fears of using moist wound
healing is that it will increase bioburden within the wound
which may possibly lead to infection. However, in a review of
published studies reporting infection rates across a variety of
dressing and wound types, the mean infection rate among 1085
wounds treated with non-moist wound healing dressings was
7·1% compared with 2·6% for 3047 wounds treated with moist
wound healing dressings (P < 0·001) (24). Furthermore, in a
systematic literature review for the use of moist wound healing
dressings compared with traditional non-moist dressings for
the treatment of skin graft donor wounds, it was concluded
that wounds heal faster and with less pain and infection when
treated with moist wound healing dressings (25). Clearly, there
is a preponderance of literature supporting the use of moist
wound healing dressings, but how much moisture is needed
and how is this related to dressing in vitro MVTR or in vivo
wear time or fluid-handling capacity?

Work by Bolton et al. using an acute wound animal model
provides a valuable reference point (23,26). Using an in vivo
real-time MVTR methodology, this study clearly shows a sta-
tistically significant correlation between lower in vivo dressing
MVTR measurements 24 hours after application to freshly
excised wounds and day 7 wound-healing outcomes for both
partial-thickness acute wounds (R2 = 0·5729, P < 0·001) and
full-thickness acute wounds (R2 = 0·6578, P < 0·001) (23,26).
However, it is difficult to compare these real-time in vivo mea-
surements with the in vitro measurements in this study because
of potential differences in environmental test conditions and
methodologies. Bolton et al. provided no environmental lab-
oratory conditions in their study, and it is well understood
that MVTR measurements are highly sensitive to environ-
mental temperature and RH (19,27,28). Furthermore, none
of the dressings in the study by Bolton et al. was moisture
reactive, so it is unclear how this type of dressings might

have performed in such a study. It is clear that with non
moisture-reactive dressings in this acute wound animal model
the wounds covered with lower MVTR dressings exhibited
faster rates of healing than dressings with higher MVTR.

It is tempting to extrapolate these findings to clinical
applications and say that all wound care dressings should
be as occlusive as possible in order to maximise healing
rates, but this ignores the fact that we simply do not know
what optimum moisture levels should be during the various
phases of healing. Furthermore, extrapolating these data
to chronic human wounds ignores other important aspects
of chronic wound care including underlying aetiologies,
wound bed preparation (6), control of dysregulated wound
proteases (29–31) and biofilms (32), prevention of periwound
maceration by adequately handling wound drainage and the
economics of wound care through improved fluid-handling
capacity and dressing wear time. The intent of this work
is simply to address the latter issue through side-by-side
comparisons of in vitro MVTR with in vivo wear time or
fluid-handling capacity. Future work is clearly needed to better
understand wound moisture and dressing MVTR requirements
as it applies to dressing selection for chronic wounds.

Conclusion

Tegaderm HP Foam exhibited significantly higher inverted
MVTR values relative to four of six comparator adhesive
foam dressings and was adaptive to high or low moisture
conditions. Furthermore, Tegaderm HP Foam exhibited sig-
nificantly longer in vivo wear time and handled significantly
more AWF than all six comparator dressings, suggesting that
marked differences potentially exist between the dressings in
terms of clinical wear time and fluid-handling capacity. These
results also suggest that high in vitro inverted MVTR mea-
surements do not necessarily predict longer in vivo wear time
or fluid-handling capacity.
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