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Abstract

Preclinical assessment procedures for wound

dressings have been established with the clinical

situation in mind, taking into account the important
parameters of tensile mechanical properties,

conformability to body surfaces, water vapour

transmission rate (WVIR) -and gaseous transmission

(GTR) to 02 and CO,.

Tﬁe mechanical (tensile) éropérﬁies, the=WVTR and
the GTR’s ére méééured by modified international
standards. These are ASTM D882-81l, ASTM E96-81 and BS
2782 respectively. The mechanical test is basically a
uniaxial ‘test -taken to failure, from which the
stress-strain characteristics - "~ and the ultimate

strength of the material are determined.

The WVIR is determined by measuring the rate of
water loss from a-confainer, covered with the dressing

being evaluated, under controlled humidity conditions.

Gaseous transmission, to both oxygen and carbon
dioxide, 1is determined by the British Standard Vacuun
technique. This method was used only for the
assessment of the hydrophobic dressings. A liquid to
gas technique was employed to assess the hydrophilic
(water containing) dressings in respect to their

transmission characteristics.



Conformability 1s measured by an inflation test.

At a pressure of 40 mmHg, a radius of curvature 1is
calculated from the incremental change in height of

the central point of a disc of the material under

test.

Viscoelastic tests were carried out to determine
if aﬁy'of the materiais showed viscoelastic behaviour.

These properties are of importance in the application

of pretensioned dressings.

A series of éomﬁeréiél‘énd expérimental materials
were evaluated wusing the téchniques described above.
Séﬁe of the materials were assessed as a bi-laminate

forﬁ} with a Mefix (adhesive bandage) top layer. Such
a layer generally proved beneficial with regard to

thelir péssible clinical perfbrm&nce.

Clinical studies were <carried out for both

in situ water vapouf transmission and conformability.

Such studies were carried out to provide a correlation

between the laboratory and clinical situations.

By provfding an indication of possible clinical
problems, preclinical assessment is of importance to

clinicians and manufacturers.

Y,
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CHAPTER 1

Introductibn



CHAPTER 1

1.l Introduction.

Skin forms tﬁe?major'pfaféctive' barrier of the
human body. Damadéﬁto the skin, and hence the partial
or complete loss of this protective barrier, can be
induced in many ways. A wound occurs when energy is
dissipated within the tissues of .the body (Goode,
1984). Wounds may . result from thermal, mechanical,
chemical or electrical energy sources. The degree of

injury 1s  determined to some extent by the amount of

enerqgy dissipated.

Thermal injuries are among the most traumatic
that can occur to ~the human body and can lead to
death. Although the number of deaths due to burn
injuries has been on the decrease since the early
1900°’s (when 2500 died/vear), in the U.K. . the annual
mortality  rate has  stabilised at around 700 to 900
since the mid-1960's (Lawrence,1979). In the 1960's,
about 100,000 burn injuries occurred in Great Britain;
10,000 of these required hospital admission and 800
were fatal (Batchelor, 1968). The decrease in deaths
is a direct result of improved wound management and
improved coverings. However, the number of recorded

 burn injuries in 1979 (Lawrence) was 150,000 of which




14,000 required hospitalisation, indicating-a-general--
rise in the number of accidents resulting 1in burn
injuries. In the United States, these statistics are
very much larger with -2,000,000 burn- injuries per
year; . 10,000 of them being fatal. These figqures make

burn injuries one of the major causes of accidental

death (Stewart, 1981).

Many clinicians regard burn victims as "the
sickest patients you’ll ever see" (Montgomery, 1979).
After surviving the immediate injury many victims may

die due to sepsis,: respiratory disorders or

cardiovascular problenms.

Sepsis is a major problem, énaHBS% (who survive
the 1initial ‘shock’, inhalation etc)1 of thoseqﬁho
ultimately die from severe burns,. die of sepsis. In
the treatment of burn*wouﬁds. é wound covering, which
can simulate the role of natural skin, 1s desirable
(Park,1978). The purpose of the temporary dressing is
to produce an environment conducive to the natural'
healing or the préparétion of a granuiation bed for

¥

autografting.

Many materials have been evaluated, * with
promising ' results, on small partial thickness burns.
However, such wounds will heal promptly if kept clean

reqardless of the type of coverage or dressing, if



any. The real test is in the covering of severe burns
both deep and extensive. In these cases, improved
dressings are necessary to protect the wound from
infection and fluid loss. Despite advances in polymer

technology (Park, 1978), there is still a potential

need for developing a superior temporary wound

covering to protect and prepare the wound site for

future autografting.

Allografts and xenografts are the ﬁosﬁ desirable
and frequentlyﬁ used dfeséinqs, and'ﬁheirqadvantages
havé'been well documented (Bromberg et al, 1965;
Hackett and Bowen, ‘1974): However, these dressingé
have defin{te limitations, including supplﬁ, high toét
of éollectibn, storage and bacterial problems (Pruitt

and Silverstein, 1971; Tavis et al, 1978). A suitable

synthetic dressing could overcome these limitations.

1.2 Burﬂ injuries.

The depth of thgrmal injury is determined by a
combination of the nature of the burning agent,
temperature, time of exposure, and subsequent events
initiated by the injury (Goode, 1984). The injury may

extend through the entire thickness or only a part of
the skin.




A consequence of the skin daﬁage is the

destruction of the barrier function of the skin.

allowing bacterial invasion and the abnormal 1loss of
body fluids (Pruitt and Silverstein, 1971). In severe
burns, these problems may result in (the patient’s)
death (Yannas and Burke, 1980). It 1is therefore
essential that the barrier function of skin 1is’
restored as quickly as possible, by either a synthetic
dressing, an allograft or a xenograft. These measures
are necessary to act firstly as a physical barrier to
bacterial invasion and secondly as a controlling
barrier for evaporative water loss and heat loss. The
necessity becomes more urgent in extensive burns where
a large_hgkin area 1s destroyed and the chances of
autografting are reduced or non-existent. Such

dressings are immediate post burn wound dressings.

In the initial stage of full thickness burns, the
wound bed is not sufficiently viable for granulation
to occur. A number of treatment phases are necessary

before granulation can take place. The initial phase

is to stabilise the patient’s condition and control
shock using intravenous analgesia. The next phase is
to clean and prepare the viable tissue area, by

debridement, ready for autografting. This debridement

procedure can be carried out by surgical or chemical

means, using antibacterial agents and surgical




treatment to control infection. The most widely -used
antibacterial agent 1is silver sulphadiazine in:the
form of a cream (Flamazine, Smith and Nephew

Pharmaceuticals Limited). ‘A granulation bed can now

develop in the clean wound. Once this phase 1is

complete the condition of the granulating bed musthbe

maintained in anticipation of autografting. The
granulating bed can be kept in prime condition by the

use of temporary wound dressings.

oome clinicians practice the exposed method of

treatment = (Wallace,1939), which renders  wound
coverings unnecessary. However, the eschar which
forms during the exposure treatment is a fine growth
medium for bacteria and may promote wound infection.
Since infection control in burn patients is difficult,
it is highly desirable to remove the eschar and to
obtain closure of the wound. Surgical excision of
eschar as ‘early as possible 1is becoming normal
practice (Riel,1984). Such practice negessitates the
need for a wound covering which will allow wound

closure to take place (post-excision coverings).

The requirements of both immediate post burn
wound dressings and post excision dressings are

basically similar. The ideal situation 1is that one

dressing may be used for both purposes.



1.3 Wound Dressings.

At present, there is a large  variefy of wound::
dressings (discussed in detail in ' Chapter-~ 3).

Commercial companies are distributing and resedrchingb

into novel dressings. In most cases, these dressings

are receiving only limited <clinical trials as

clinicians tend to adopt a conservative approach.

Presently, allograft skin, xenograft skin or the
repeated application of conﬁentional Qauie dressings

represent the main methods used to protect the

granulating bed.

The faét-named*technique is the most widely used,
since allografts and xenografts are vastly more
expensive than the conventional gauzes. " 'The gauze
dressings have one major drawback, in that tﬁéy adhere

to the wound surface, subsequently causing tissue

-

trauma on removal.

The relevant clinical requirements of a
successful burn wound dressing may be 1listed as

follows (Park,1978; Lawrence,1979; Wong, 1980; Davies,
1983; Turner,1984; Quinn et al,l1985) :

(a) Ready availability:;



(b) Provision of an effective bacterial:-barriers -

(c) Ease of application and removal:

‘(df éufficfehtrstrenqih.to be secured over Ehé wound

" area without splitting or teariﬁgé

(e) Capable of being sterilised and easily stored;

(f) No antigenic properties;

(gi Hater 6§pouf permeaﬁilitywhich7wiil ﬁaint&in a
safisfactory moisture balance in the repairing

tissue;

(h) Cost of dressing must be low.

Dréssinés are available as films, foams, sprays,
composites  and hydrogels. The hydrogels are .the most
recent dressings to be introduced into the field of
burn wound dressings. The term " hydrogel " refers to
a broad class of polymérig materials which are swollen

extensively in aqueous media, while remaining
insoluble (Hoffman, 1975; Ratner, 1982). A major
advantage of such materials is their good

biocompatability.

The Pure and Applied Chemistry Department,
Universify of‘Strathclyde is active in the field of "

hydrogel chemistry °“. Graham in 1980 developed a



polymeric hydrogel which has achieved success in the

field of controlled drug release, and it is envisaged
that this hydrogel can be modified to meet the
requirements of - a burn wound dressing. Recent
developments have led to the production of thin
hydrogel films which were assessed in this study.

Park 1in his review of 1978 suggested that

hydrogels, as burn wound dressings, would offer the

following advantages :

l. 'Incorporation of antibacterial drugs;
2. Controlled drug delivéry:

3. Biocompatibility;

4. .Minimal mechanical irritation to surrounding

cells and tissues:

5. Availability in a variety of physical structures
(Andrade, 1976). |

1.4 Assessment -of Dressings

At present the main method of screéniné existing

wound dressings is by expensive clinical trials.
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The expense, labour and extensive time periods

involved‘ in clinical trials have stimulated research
into the field of preclinical assessment, 1i.e.
laboratory techniques wﬂich.will provide a screening

mechanism, narrowing down the nunber of dressings

being taken to clinical trial.

Many important parameters have to be evaluated by

preclinical assessment procedures (1l.3).

Several gféups”‘éfé# currehtly workiﬂg; oh
techniqdés for ghe above 1e§a1uations (Tavis‘ et
al,l1978; Tdrnér.1984); Most emphasismhaé’been le;ced
on the evaluation of the WUTR of the dressing

materials. However, the eXpe;imental conditions from

centre to centre vary gréatly;

Turner (1985) recently expressed concern on the
possibility of proteiﬁ adhesion which may occur to theL
dressing'ﬁhile';grgigg, He stated that suéh ﬁprotein
adhesion would alter the WVTR characteristics of thé

material renderiné‘any preélinical assessment invalid.

It was for these reasons (i.e. variation 1n

experimental conditions and the possibility of protein
adhesion) that a short clinical investigation of
evaporative water 1loss wusing three matérialg. was
included in this thesis; to dbtainqclihiCal data which

would allow the optimisation of our experimental set
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up.

Information obtained from these techniques will
be of assistance in dressing development by giving a
comparison with the ideal dressing characteristics,

once these have been established.

1.5 Objective of Thesis.

The pfincipal objécfiﬁe 6f Lthis study was ¢to
undertake a preclinical assessment of a variety of
commercially available ‘synthetic dressings and four
novel materials which the manufacturers have indicated -
may be of use as dressing materials. The - assessment -
protocol included three material controls, which had

been studied previously (Wong, 1980; Rahman, 1982).

The assessment procedure was °‘to evaluate the

dressings with regard to their tensile properties,
conformability, water vapour transmission rate and
gaseous transmission characteristics ‘(02 and coz).
some of the assessm;nt procédures had to be
established, while others were modifications of

standard techniques. -

A short clinical experimental programme was to be
used to establish the significance of the protein
adhesion phenomenon and to provide an indication of
the clinical situation 1in respect of water vapour

loss.



To obtain a correlation between ' the laboratory
measurement of "conformability “and the clinical
situation, a "pseudoclinical” triglﬁas to be carried
out. This | “pseudoclinical"” ﬂtrial ~would employ

"normal" individpals and allow the assessment of five

body regions, giving an 1in situ assessment of

conformability. The assessment procedure was to be

¢

purely observational and based upon any wrinkling or

fluting which may or may not occur.

Many of ‘the dressings to date are non-adhesive
and therefore require some form of external fixation.
Several fixation dressings are ayai}gble. fo assess
the effect of such a top layer on tﬁeidgessing's
. physical characteristics, the materials éssés;ed were

also to be studied with an adhesive top layer, Mefix.

In summary the objectives of this research were

as follows :

1. The establishment of four preclinical assessment

- procedures (tensile parameters, water vapour

loss,’ conformability and gaseous transmission).

2. To examine the physical effect of a top layer on

an underlying dressing.

3. To examine clinically water vapour loss in order

to optimise the laboratory technique.

12
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4. To examine clinically dressings in respect of

the possibility of protein adhesion.

5. To examine pseudoclinically in situ

conformability providing a correlation with in

vitro studies.

The above work was designed to provide a research
programme which would provide a preclinical assessment

package developed and modified with the clinical

situation in mind.

The standard techniques utilised were modified,
in this study, to give techniques which were
applicable to the clinical situation. With respect to

the gaseous transmission and ° conformability
techniques, these were novel to the field of
preclinical assessment. The conformability test was

devised for and first implemented in this study.

To enable a correlation between the

in vitro systems and the c¢linical situation, two
clinical studies were devised and implemented in this

study.

The test procedures were also utilised to assess

the effect of top-layers on the physical
characteristics of the under-lying dressing. This

novel approach brings to light the importance of using
such layers with certain of the commercial dressings

available.



- CHAPTER 2

F

The Skin and the Consequences |
of Thermal Injury.



CHAPTER 2

2.1 Introduction

The skin, the largest and most versatile organ of
the body, is a complex structure consisting of various
tissues which perforﬁ specific functions;r It 1is
nofmallyl under ﬁensien but as it is exteﬁsible and

mobile it alleﬁs the free movement of the body.

These functions may be summarised as (Tortora and
Anagnostakos, 1981) : protection against physical and
chemical attack- preventionk of bacterial invasioﬁ.
tissue dehydration and penetration of harmful Uu.V.
hlight rays; control of body temperature, prevention of
excessive loes of organic and inorganicimaterials:
incorperation of taceile aﬁd sSensory eeceptors;
exéretion of*watef and salts via sweat production;
synthesis and storage of important compounds; and the
identification of the individual e.qg. facial

characteristics, finger prints.

The skin crowns all of the - above properties by
having the ability to regenerate, thereby healing
wounds (Montagna, 1974), for example, after burn

injury.



To obtain a better understanding of the effects
of thermal 1injury and subsequent healing, a more

detailed description of the skin and in particular its

principal layers, the epidermis and the dernmis, is

necessary.

In this chapter, the structure and other
properties of the principal layers of the skin are
clearly defined in a condensed form. For more

detailed information the author recommends the work of

Montagna and Parakkal(1974) and Weiss(1983).

The particular properties and function of the
layers which are relevant to the dressing (temporary
skin substitutes) parameters assessed are dgtailed.
These parémeters (mechanicél propérties and gaseous

permeability) are also discussed in context in

Chapters 5,6,7 and 8.

2.2 Functions of Skin

1

Ong of the primary functions of skin isrto afford
protection, from_ the environment, to the underlying
tissues. An important property is the prevention of
tissue dehydration, while permittinq:the release of
water from the sweat gland ¢to phe skin surface

(Langley and Christensen, 1978). The subsequent

evaporation of this water acts to cool down the blood



1\7/
circulating within the skin (thermoregulation). Hence -

the skin 1is of a design which 1is between total
isolation and selective permeability.

It is important that the skin remains permeable
to all basic nourishing agents, to oxygen and to
metabolic waste products in order, to maintain the
overall internal, homeostatic, environment. Within
skin there lies a dense network of small blood
vessels, the capillary bed. The volume of blood
carried by this network is greater than that required
to nourish the skin. The capillary bed acts in two

ways; in the maintenance of body temperature and 1in

the regulation of blood pressure.

In a warm environment or on sustained muscular
exertion, the arteriolar blood vessels dilate thereby
reducing their flow resistance and allowing maximal
blood flow through the capillary bed. This permits
the release of heat to the surrounding environment.
On the other hand a cold environment causes the blood
vessels to contract rapidly, reducing the blood flow,
to conserve heat. These blood vessels within the skin
have sphincter-like passages which permit the closing
of the capillary beds, giving an increased blood flow
in the arteries going directly to the veins. This 1s
called collateral circulation and it acts as a safety

valve when the blood pressure rises to dangerous
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(Tortora and Anagnostakos, 1981)

Fiqure 2.2

Dermal Papillae

Duct ot
sudornferous
{Sweat) gtang

Papiliae

TREE L
Stratum basale ——- ‘ by, o

Papiliary regon
DEAMIS
RetiCulat reQiOn

s A
SAASRT -
2’;‘ e e X



levels.

The skin is a“ highly compliant: covering which
accommodates any change.in shape or size of the body

within. The extent of this compliancy 1s dependent on

regional, racial, age and genetic factors, hence

varying from individual to individual.

Within the skin an extensive network of nerves
can be found. ThE'main function ;f this network is to
controi the glands, blobd vessels and other s}géﬁs
within the skin. There is also a'network of éeﬁsory

endlngs on the skin surface, especially in places such

as the finger tips, soles of the feet and the lips,

which give the sensation of touch.

2.3 Structure of the Skin .

Structurally, the skin consists of two principal
parts ‘(fig 2:.1). The outer, thinner portion, which is
composed of layers of epithelial cells, is called the
epidermis. The epidermis is connected: to the inner,
thicker, connective tissue-layer called the dernis.
Beneath - the skin is a subcutaneous layer of tissue,
the superficial fascia, which consists of areolar and
adipose tissues. The superficial fascia is attached

to the underlying tissues and organs.




The following sections detail the.two main layers

of the skin. They are orientated to show the

relationship . between layer structure and skin

function.

2.3.1 Epidermis

|

The epidermis is an avascular layer, which is
composed of ‘stratified squamous epithelium comprised
of four or five cell types, depending on its 1location
in the body. Theée cell types cén be stackéd in
varying depths. This iayer covers éhe entire surface
of the body. kThe eplidermis exténds down into the hair
follicle capsuleé. Therefore, iﬁ the event of full

thickness 1njuries when the epidermis is destroyed,

re-epithelialisation can occur from the epithelial

cells lining the hair follicles.

The outer layer, stratum corneum, consists of 25

to 30 laminae of flat, dead cells containing keratin,

which are continously shed and replaced from beneath.
It 1s this mantle of dead tissue in addition to the
melanin‘preséﬂt, calléd the horny lafer, that serves
as the princi§a1 shield of the bédy, pfotecting the
underlying tissues from light and*heat, bacteria, and
many chemicals. This thin; flexible transparent

membrane (7-16 /Hm thickness) provides the total
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mechanical strength of  the epidermis (Sheuplein and

Blank, 1971). In protected areas of the: body this
layer 1is smooth and very supple; on surfaces which
experience a great deal of abrasion, such as:- the palms
of the hands or the 'soles of the feet, it is thickest
and most rugged. In these areas the thick keratinous
outer layer, 1in combination with the dermis, plays a

major role in defining the mechanical properties of

the skin (Kenedi et al,1975).

The layers below the horny 1layer; the stratum
lucidum - and stratum granulosum, contain eledin
(translucent substance) and keratohyalin respectively.
These compounds are the precursors of keratin,
indicating the gradual death and keratinisation of the
cells as they migrate to the surface. Degeneration of

the nuclei of the cells, occurring in the stratum
granulosum, prevents vital metabolic reactions from

taking place and hence leads to subsequent cellular

death.

The stratum corneum is steadily replenished by

new cells originating from the deeper layers of the

epidermis, the stratum spinosum and stratum basale
(collectively called the stratum germinativum). As
the cells ascend from these layers, they die as they

become keratinised.
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Melanocytes are evenly scattered within the
epidermis and they produce a dark pigment, melanin.
This pigment 1is 1injected into the surrounding
epidermal cells, where it forms a protective cap over
each cell nucleus. This cap is on the side which 1is

towards the skin surface and thus provides a shield

from the harmful rays of the sun, by absorbing the
ultra-violet light.

The keratinocytes of the upper spinosum and
granular layers contain granules in their peripheral
cytoplasm. These granules are¥ called lamellar
granules. It 1is fthought that they form the primary
intercellular barrier to water. The epidermis is
permeable to water 1in both its deeper and most
superficial portions, but it 1is impermeable from
either direction at the level of the granular layer.

It is at the level of the granular layer that the

functional barrier to water is found.

In view of the protective role of the epidermis,
it is important that it remains intact to form a

continuous covering of the body.



2.3.2 Dermis . e -

The dermié is Lcomposed 6f fibrous conﬂectivé
tissue conf&inihg collagenou; aﬁd elastin fibres. It
is the major supporting layer of the skin and 1t 1is
0.5 - 2.5 mm thick, nourishing the epidermis above and
merging with the subcutaneous: tissue below. Numerous
blood vessels, nerves, glands, and hair follicles are

also embedded in the dermis. The dermis 1s divided

broadly into two distinct areas.

The upper region of the dermis, about one fifth
of the total thickness, is named the papillary region.

Its surface area 1is greatly increased by small finger
like projections . called dermal papillae (fig 2.2),
which interlock with similar wundulations 1in the
epidermis. This layer contains dense capillary
networks. The ridges marking the external surface of
the epidermis -are caused in part by the size and
arrangement of dermal papillae. The ridge patterns on
the fingér tips afé responsible for the finger“pripts
of each individuai:

The remaining portion of the dermis which 1s
termed the :reticular layer 1is composed of dense,

irreqular collagenous connective tissue. It 1is the
reticular dermis which gives skin its leather-like

character. The irregqularity of structure permits
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flexibility and strength 1in all . directions. : The

spaces between. the- connective tissue fibres are
occupied by ground substance, hair. follicles, nerves,

blood vessels and sweat glands.

The dermis is made up predominantly of connective
tissue - collagen, elastin tissue and ground

substance, and to a ﬂlesser extent of cells and

cellular structures.

The miéroéfrucfure of iskin’ sho&é thstfa itg
elasticity is provided by this collagen - éiastin rich
network (Kenedi et al,1975). The elastic (eiastin)
fibre network of the dermis extends into both the
reticular and papillary layers. - In the papillary
dermis, the elastic fibres are- fine and extend
directly toward the epidermis, splaying out under it.

These (fibres may- serve to bind the epidermis to the

dermis (MacKenzie, 1972).

Coarse elastic fibres entwine the thick collagen
bundles of the reticular dermis. The unique
mechanical -properties of the dermis probably depend on
the compliant elastin fibres interwoven in the mesh of

rather inextensible collagen elements (Montagna et al,

1970, HWeiss, 1983).
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The inter-relationship between these elements

allows the skin to conform to body contours. Although
elastin fibres are deformed by smalltffofces, they
recover their original,, dimensions even  after
considerable stretch (Ayer,1964).  The viscoelastic
nature of .collagen .and . its interaction with the

gel-like ground substance renders the skin’s

mechaniéél-prOPeétieé éime'deﬁéndent.

The skin can thus accommodate .the. flexion . and

extension .of joints. The skin .stretches to allow

movement but recovers after joint movement, returning

to normal very quickly.

Beneath the dermis, the fibrous tissue branches

out and merges with fat containing, subcutaneous
tissue which insulates the underlying structures. The

subcutaneous fat acts as.a cushion for the dermis and

epidermis, allowing lateral displacement.

Such mechanical properties would be ideal in ;

temporary wound covering as it would mimic the skin
giving the flexibility of motion required in
physiotherapeutic terms.

Active physiotherapy methods are essential for
the well being of the extensively burned patient.
Early mobilisation of all parts of the body, when

this is possible, may prevent stiffness, and 1is
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particularly important in burns of the hands and
joints (Cason and Lowbury, 1980). For example, active
hand exercises should be started immediately 1in the
case of partial-skin 1loss Dburns and the 'handbag'
treatment (Reid,1974), using a polyethyiene bag with

an antibacterial cream inéide; is aniideal method.

. Therefore if dressings were to possess similar
mechanical characteristics to the skin, injuries to
other joints (e.g. elbow) may be successfully treated

in the same manner,%ﬂﬁllowing earl& mobility to

preserve joint“function.

It is for these reasons that dressing
conformability is very important. Non-conformability
can lead to many clinical problems. Two main problems
are the inhibition of joint movement when the material
is non-elastic; and the tearing of the dressing due fo
the stresses initiated by joint movement, which leads
to a breakdown in the barrier properties of the

material.

2.4 Effects of Thermal Injury

Tissues may be damaged Dby Jphysical, thermal
(heat), electrical, radioaétive wbr chemical agents.

These agents can destroy the proteins in the affected

cells, causing cell injury or death. Direct
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convection of the heat energy from the injured site to

the normal tissue around the wound site can also cause

tissue damage: The cells are injured and destroyed by
interference with vital metabolic processes, and by
the denaturation of the cell membrane. The
thermolabile ehzymatic reactions are blocked due to
enzyme denaturétion,Jaltering or abolishing’' cellular

respiraﬁion, leading to cellular death (Railton;
1984).

Tissue thermal damage occurs when cells are
raised to temperatures >44°C for an extended period.
Exposure of the skin to a temperéture of 70°C will
cause epidermal necrosis in one second, while at 45°C

at least six hours is réquired to cause démage (Goode,

1984).

The degree of burning is therefore dependent on
the temperature of the heat source and the length of
time that the tissues are exposed to the heat.
Burning .can therefore be caused by a short quick
exposure to a high temperature source or a prolonged
exposure to a low temperature source. The depth of
thermal  injury (either partial-thickness or
full-thickness) 1is therefore a combination of both

exposure time and source temperature.
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‘The identification of both burningparameters ™is
not ~usually ‘of “‘'great importance. ¥ However, -the
identification 'of the-depth of the burn injury” is * of
most * - importance. - For “‘example ‘a "'full< "'thickness
‘thermal“injury results*'in ~‘an - uncontrolled 'rate of

water loss, from the injured site, by exudation. Most

R - 1 bl R
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of this loss is accounted for by evaporation, which is
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an enerqy consuming processa(Lamke et al, 1977{rﬂ_This
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rate of evaporation is dependent on the environmental

temperature and relative humidity.
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Since the 1atent heat of evaporation 1is high

‘(Wenger,i972; VLamke et al,i977){ﬁaqiarge water loss

will cause a larqe heat loss‘ and thus the basic

¥

t-—

metabolic rate will increase to try to maintain body
temperature (Bittel et al 1977). Chao et al (1977)
predicted the water 1035es expected from superficial,

l-,lpl f

partial and~ ““‘full-thickness ‘' ¥ injuries,”' “* using
mathematical modelling.-** They ' predicted * that ' from
superficial burns the water loss -increasedirapidly * to
about six ‘times -‘that.’ of ! 'normal -‘skin.**:A ‘similar
observation was noted for:partial-thickness “ injuries.
Full-thickness ‘injuries, " however, were predicted! to

ive rise to a ‘lower ‘loss‘rate of’" around'~ four times
g

that of normal skin.
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The differences ' observed - -between-—partial~+~and:.

full-thickness burns are most 1likely due~to the
increased vascular permeability observed 1in partial-
thickness injuries as opposed to the total destruction

of the vessels themselves, in full-thickness burns.

These predicted results have been experimentally

substantiated wusing -different methods. Lamke et al

(1977) measured the evaporative 1loss from different

types of wounds using an evaporimeter.

The f;uidjloss can also be measﬁred by the changé
in body welght over a period of time (Moncrief and
Mason, 1962; Davies et al, 1974), or by an estimation
of the vapour pressure gradient of the air layer close

to the injured surface (Nilsson, 1977). All of these

techniques showed a similar trend.

The proteinacebus—lipid product of the epidernis,
the stratum corneum, 1is tailored in every detail to

protect the body against its environment (Montagna and
Lobitz, 1964; MacKenzie, 1972; Elias and Friend,

1975). However one cannot refer to a single

structure as the "barrier layer, since the entire.

epidermis acts as a barrier against penetration.
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The cutaneous surface is coated with a complex

layer of 1lipids and organic salts,“secreted by the

sebaceous and sweat glands. This layer has a pH of
between 4.5 and 6.0 and is called the "acid mantle".

The "acid mantle" 1is said to have antifungal and

antibacterial properties (Blank, 1959).

If agents do pass through the top layer, the
stratum corneum acts as a filter mechanism. It does
so0, due to the-interstices gradually reducing in size,
with increasing depth. They probably éerve aé

physical and chemical traps for large molecules and

micro-organisms.

Breakdown of the intact skiﬁ tbarrier, dué to
damage of the liéo-protein layer 1in the stratum
corneum allows the invasion of pathogenic
micro-organisms from the environment. Full-thickness
injuries abolish bacterial protecfion and systemic

infection or septicaemia can result if this problem is
not controlled (Jelenkd, 1967; scheuplein and
Blank,1971). | ’

. The systemic effects of injury are complex and
inter-related. They can be  split into two main
categories; the ‘shock syndrome’ and the metabolic

responses to trauma.
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The term "shock" 1s used to describe a group of
conditions with broadly similar characteristics but
a variety of causes. The beginning of shock may be
metabolic events within éfitical cells. The cause
of these early metabolic changes is ischemia
(inadequate perfusion). Shock is often diagnosed in

terms of low blood pressure or low cardiac output.

Burn injury results in capillary leakage within
the wound site. If the area of injury is extensive

such leakage can result in a sudden drop in systemic

blood pressure, resulting in shock.

The major feature of the metabolic response to
trauma 1s increased energy expenditure, and this is
proportional to the severity and duration of the

injury. In the healthy adult, tissue synthesis and

breakdown are in essential equilibrium. Trauma and
shock upset the equilibrium, tipping the balance in

favour of catabolism. In severe burns (>50% of body

surface) the resting metabolic rate 1is almost

doubled, energy expenditure rising to 1190 kJ per
day. Such sudden energy requirements rapidly

utilise the body’'s energy stores, and exhaustion

occurs unless replenished.

The blood supply to granulation tissue 1is
itself critical. It is the first to be deprived of

blood with diminishing blood pressure or blood

volume. It is also the last to be restored when the



pressure or volume is restored.

Any factor which locally reduces blood flow in
granulation tissue 1is likely to affect wound healing

adversely. The amount of oxygen delivered to a

healing wound depends on the oxygen partial pressure

(PO,), good tissue perfusion and normal haemoglobin

levels.

Since the desired end pbint of aﬁ fadéﬁuate
circulation 1is to perfuse the tissues and supply thenm
with the necessaryqnutrients, ‘shock’ may be defined
as "a generalised stéte of severe circulatory
inadequacy" (Goode,1984). It is therefore of vital
importance‘ that steps be taken to stabilise the

patient wusing drugs, nutrients and blood where

necessary.

2.5 Hound Heallin

After injury, the body repairs damaged tissue to
restore continuity and essential function to the
injured area. Structure and function are restored Dby

a series of complex cellular and biochemical events,



resulting in the formation .of-+ -scar~—-tissue;-
Granulation tissue is responsible for this and
synthesises collagen and ground substance. When the
injury to tissue 1is slight, fibrin seals the open
tissue by hardening into a scab. If the tissue and
cell damage is extensive, as in large open wounds, the
connective tissue stroma and parenchymal cells are
active 1in repair. Repair involves the rapid cell
division of many fibroblasts which manufacture the
collagenous fibres to provide strength within the new
tissue. These cells also increase (by cell division)
the number of small blood vessels within the growing
area. All of these processes create an actively

growing connective tissue called granulation tissue.

The process of wound healing occurs in three main

stages;
Phase 1 - Inflammation

The trauma of injury induces clot formation by
allowing platelet aggregation and the coagulation
processeé;leading down to the formation of fibrin.
Injury also triggers the kinin and complement
systems which cause an inflammatory response to

bacteria and to the necrotic tissue within the

wound.
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Phase 2 - Proliferation
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By day five, the fibroblasts have begun to
sfﬁthesiee collagen and ground substance. ~The
nunber of fibroblasts present 1increases as the

healing proceeds and they move ' ahead of the
advancing = endothelial @ buds. These buds
'vacuolatei forming a contiuous lumen, and}furtber
”differeutiate into arteriolee”+aud venules. The
earliest collagen fibres soon abound and are laid

down haphazardly, giving the granulation tissue.

Phase 3 - Differentiation

There is no clear demarcation between
éreliferation and differentiation.

Differentiation gradually gets underway in the

i 1
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proliferating granulation tissue and cont1nues
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indefinitely. There is a reorganisation of the
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blood vessels, many ,_Ogﬂ. whiCh occlude and
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’disappear.w The Chief feature of the scar tissue

which is formed is the haphazardly arranged
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'In burns,-the principal objectivei-!is'* to “*‘obtain

epithelialisation.”™ This occurs:in the following way :
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- the wound 1s plugged initially by aﬂ_fib:in
coagulum; - ¢ T



- the epidermis turns downwards over ‘the edge of
the underlying dermis; * ot e

- after 24 hours, large basal cells mobilise -on
the under surface of the epidermis;

¥

- after 48 hours tﬂe adﬁédbing épithelial edge
undergoes cellular hypertrophy and mitosis;

- the epitheliaiﬁééiisﬁ respoﬁd to ﬂthe‘ ioés‘ of
contact by migrating until they . meet, other
" epithelium; o |

#

- the surface Eelis keratiniéei

- the epidérﬁig Eecoﬁeé tﬁinnerzxéﬁd ’agééchés: to
the underlying dermis to gain strength. .. .

Once epithelialisation has occurred the dermis
can be repailred primarily by fibroblast proliferation.

and protein synthesis.

2.6 Depth and Area of Inijury

A burn may extgnd,tbrgugh the, entire thickness of

the skin or it may damage or destroy only part of the

f*:‘_*; *‘l';

skin. The depth of burn wounds~ is determined
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clinically by colour, presence  or absence of
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sensation, blister formation, ‘or ‘the °loss  of
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elasticity. Many other techniques have been
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established which can differentiate between the
different classes ,of , burns. The p;p;pripkLPegp and
hi;tplogg,(takenlfrqmﬂbiOpses{ﬁfgre&‘examples _of,.the
invasive techniques. Non-invasive, techniques include.

destroyed
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ultrasound; .. determination of
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microcirculation using dyes, or radioisotopes;
infrared photography; multispectral photographic
analysis and thermography (Pauwels,1985).

The common classification of three degrees of

burn depth is described below. However most surgeons
are only concerned with a measure of depth which
indicates whether skin grafting is required and hence

burns are more simply and practically classified as

partial-thickness or full-thickness skin losses.

A first degree burn is characterised by erythema
(redness) and mild pain. This type of burn involves

only the surface epithelium and it can generally heal
in 2-3 days. Healing 1is wusually accompanied by
flaking or peeling of the dead skin layer. An example

of such a burn is a typical sunburn.

Second degree burns involve the deeper layer of
the epidermis and there is a characteristic erythena,

blister formation, ocoedema and pain associated with

such burns. These burn wounds take 7-10 days to heal

and on healing mild scarring can occur.

Deep second degree burns are more serious and

both the epidermis and the upper levels of the dermis
are destroyed, epidermal derivatives such as hair
follicles, sebaceous glands, and sweat glands are

usually not injured. If there is no infection, deep
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Deep dermal Full thickness |
Superficial partual thickness Parual thickness

Diagram indicating the different

degrees of burning.

(Goode, 1984)



second degree burns heal, without grafting in about

3-4 weeks. Scarring may result on healing. First

degree and second degree burns are referred to as

partial-thickness burns (Fig 2.3).

The most serious burns of all are the third
degree burns. These burns are full-thickness burns,
destroying the epidermis, dernis, and epidermal
derivatives. Commonly there is a little oedema and no
sensation of pain due to the destruction of nerve
endings. In healing, the regeneration is slow and
nuch granulation tissue forms before being covered by
epithelium. Even after an extensive burn injury has
finally healed, other complications, such as deep vein
thrombosis and pulmonary embolus, may occur, and the
disabilities due to contracture of the scarring.

Scarring may even take place after grafting as third

degree burns contract.

Contractures of the face may involve repeated
0perafions for several years afterwards, especially
when extensive reconstruction, for example of the
ears, is required. Likewiée, deformities of the hands
may requlre corrective, reconstructive surgery ¢to

allow reasonable hand mobilit& and function.
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Fiqure 2.4

"Rule of Nines*"

(Cason and ‘Lowbury, 1983)
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CHART FOR ESTIMATING SEVERITY OF BURN WOUND
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These operations are tedious and more severe for
the patient, and even after many operations there may
still be obﬁious scarring and unsatisfactory cosmetic

results, though function can usually be improved.

rThe use 6f dressings which are viscoelastié and
conformable will. .allow active physiotherapy to be
carried out. The mobilisation of joints will 1lessen
the risk of contracture and as this is the ultimate
aim of both- the clinican and physiotherapist,
dressings when chosen correctly can prevent or lessen

such disfigurements and lessen the risk of

contractures. .

In the treatment of burns, thégdepth of the 1burn
is not the only important factor, as the clinician, in
deternmining the course of treatment, has also to take
area o0f the burn into consideration. The percentage

of the body surface area burned is needed to calculate

the necessary rate of fluid replacement. The accurate

assessment of the 1injured area is surpfisingly
difficult. Burns are often patchy and ifregular, and

ﬁexaminatioh must be methodical and detailed.

If no body surface chart is available, the easily

remembered "“rule of nines" (fig 2.4) can be used as a
reasonable quide. The "rule of nines" is as follows :
- if the anterior and posterior surfaces of the

head and neck are affected, the burn covers 9% of
the body surface;
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- if the anterior and posterior surfaces of each .
shoulder, arm, forearm and hand-are affected;~this:
constitutes another 9% of body surface;

- the anterior and posterior surfaces of the

trunk, including the buttocks, constitute 36% (4 X
9);

- the anterior and posterior surfaces of each
foot, 1leg and thigh as far up as the buttocks
total 18% (2 X 9); ; R *

- ~the "perineum” constitutes '1%. The' perineum
includes the anal and urogenital regions.-

A ﬁore acctrate mgthod ls to use the chart of
Lund andﬂ Browdgr (19;4)(fig 2.5). The patient’s age
is takeﬁminto*consideratitq and the ~percentage area,
of the head and legs, iswmodified'écctrdingly. The
patient is‘examined‘methodically and an -estimate is
made of 'What fraction of each of the thirty-three

charted regions 1is burned. These fractions are

totalled to give an overall area value.

.
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2.7 Requirements of Wound Coverings

In"the design of a covering or dressing for burn
wounds many of  the functions of skin have to be

effectively restored.

e
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The main role of dressings can be summarised as :
the protection -of wounds from physical damage; the
prevention of micro-organisms from entering or leaving

the wound; the improvement of patient comfort.
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Modern dressingsﬁ should possess a number of

properties (Lawrence, 1982 Turner, 1985; Quinn et al
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- non-toxicity;
- be non-allergenic towards skin or wound surface;

- strong, giving mechanical protection without
inhibiting movement or irritating the wound;

- bacteria proof
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- conformable to body contours;
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- have absorptive capability;

: .

provide an environment conducive to wound
healing, oot B “ T

- provide a’‘controlling barrier for ~water ‘- vapour
transmission;

-
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- remove excessive exudate and toxic components;

- maintain a satisfactory humidity at the wound
site; ' B

- provide thermal insulation:

-~ ailow'gaseous_exchange (0, and_CO,);
- non-adherent;

- removal'without trauma,

:: - simple to apply:

- ‘-' * i:' u
oy -

- compatible with topicalrtherapeutic_agents:

e

- free of material which may be shed in to the
wound e.qg. ~ fibres; o 2. At

' - inexpensive.
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Many of these characteristics can profitably be

examined in the 1laboratory. Laboratory tests are
therefore important for the characterisation ® of the

dressing with regard to many of these points before

clinical usage.

2.8 Summar

Burn - wounds are amongst the most traumatic
injuries "~ and * they ©present 'a highly complex
pathological state :due-to -the skin loss. As skin is a
multi-layerq?organ,ﬁlthe pathological effects of skin
loss are dependent hon the skin 1layers 1lost. For
example,gﬁful}-thicknessh burns fakéﬁ 1on§er t;}heal,

than partial-thickness burns as all skin layers afé

lost and therefore have to be replaced by autografts

or heal by contracture.

When damaged, the skin loses its very important

barrier role. Injury therefore causes serious

clinical problems, particularly with shock and

infection. The severe physiological disturbances give

greater risk of infection. Bacteria can enter and
proliferate in the warm, humid atmosphere of the wound
site, resulting in severe infection:. This can 'be a

major problem if the infection becomes systemic.
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The barrier breakdown promotes severe metabolic

disturbances. Coupled with shock these disturbances
can sufficiently endanger life. The first course of
action 1s therefore to stabilise the patient. As
evaporative water loss becomes a significant caloric
expenditure the second course of action is therefore
to control the evaporative loss from the wound site.

The 1l1loss should be controlled in such a manner that

the dressing also maintains a satisfactory moisture

balance within the repairing wound.

If dressings were "ideal" they would replace all
the barrier and functional properties of the skin. To

aid research in the field of dressing evaluation and

design, the burn wound has still to be comprehensively
def ined.

At present, the characteristics of burn wounds

can be defined as the following :

- colonisation by potentially pathogenic bacteria;

- the presence of necrotic tissue;

- the exudation of large quantities of
intra-cellular fluid;

- the loss of bacterial protection;

- requirement of immediate temporary covering i.e.
dressings;

- the possible requirement of permanent covering
i.e. grafting.
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CHAPTER_3

3.1 Introduction

The following quotation of Bishop made 1in

1960 remains pertinent to the current treatment of

burn wounds using dressings.

"One of the first things that a wounded man
would do whatever the injury, would be to protect
it from the influence of external forces or
agents. For this there was, and is to this day,
only one means - the application of a dressing.
From amongst the great variety of substances
available 1in his immediate surroundings, the
injured man was rapidly led to exercise a choice.
The first dressing ever used may have been the
leaf of a tree or shrub. Some substances were
found to be less painful when applied than others,
some gave better results and more secure
protection. Many observations were made, many
things tried, and in time a body of experience was
accumulated. The first results were modified by
daily use and experiment and a considerable body

of inherited knowledge gradually came into being.
The art of dressing wounds long constituted the

whole of medicine.”

L



3.1.1 Historical Aspects of Dressings

d .
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In the "Ebers and ‘Smith" papyri” (1500-1600  BC),
are descriptions” 'of “a variety of dressing materials
used in ancient Egypt, including’bandages with” ' grease
(Bryan 1930; Ebell;” 1937)  which can be'seen as the
precursors of tulle gras. This close-meshed 'cotton
dressing (impregnated with soft paraffin) was

introduced during the 1914-1918 World War by Lumiere

r

(Lawrence, 1982). In the intervening years many
materialg have been'used as wound’dressingsi As cited
by Wong (1980) these dressings include : tinctures
and extracts (600 BC):ﬁQarmjvipégaEf_goékedw:dfessings
(430 BC); greasy dressings (1556); presgdre dressing;
(1797); dry cotton wool dressings (1827); allografts
(1869) ; skin autografts (1870); boric 1lint and

carbolic dressings (1871) i skin grafts from cadavers

(1881); and cutaneous xenografts (1880).

In 1947 A.B. Wallace of Edinburgh advocated the

open treatment of burn wounds (i.e. no dressing
! - * ‘ : ‘ , - ) .!r ;—_1 o 4 Ear .

applied).

1
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During the last twenty years, major advances in

the production of synthetic dressings havefoccurred
; ~ - : T I A N

r LT P
V

leading to a large variety of suitable polymeric
materials. These materials come in the*fg;%w;f films,

sprays, foams and gels:###However, there 1is nmninor

—
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progress in the clinical acceptance and usage of these

dressings as clinicians tend to be relatively
conservative. Biological dressings "in #Lhis period
have beéome established as temporary (allografts and
xenografts)rand pefmanent (autograft5 wound covérings

(Bromberg et al, 1965;'Rappaport et al, 1970; Wood and
Hale, 1972).

¥

Recent research has led to a Hcleérer hindi&ation
of the required properties of a dressing (Section
2.7)(Park, 1978; Tavis et al, 1978; Chvapil, 1982;

Lawrence, 1982; Spector et al, 1982; May, 1983;

Davies, 1983; Pruitt and Levine, 1984; OQuinn et al,
1985).

3.2 Classification and Terminoloqgy

3.2.1 Classification of Dressings

Burn wound dressings can be conveniently divided
into two main categories, according to usage (Tavis et

al, 1978; Bartlett, 1981; Rahman, 1982; Quinn et al,
1985)

(1) Short ternm application - Dressings. Replacement

at regular intervals is required;



(ii) Long term application - Skin substitutes: :*

(a) Temporary - used on fresh partial thickness wounds

until healing is complete.

r'.‘_
- + LM b ¥
’ L‘..'- E LI
o

(b) Semi permanent - used on full thickness wounds

until autografting can be carried out.

)

Ty Mmoo«

Y T : . f"a‘t * A .
The above functional classification 1is seldom

used, with dressings more commonly being considered to

fall into one of the following material categories” -:-

conventional, -biological and synthetic.

Such a classification has been used in recent.
comprehensive reviews (Park 1978 Tavis et al, 1978;
Quinn et al, 1985) and in conparative reports on a
selection of burn wound coverings (Guldalian et al,
1973; Schwope et -al, 1974; Norton and Chvapil, 1981;

Chvapil, ' 1982; Wong, 1980; Rahman, 1982; Pruitt and
Levine, 1984).

3.2.2 Terminology for burn’ dressings

Due to the recent - extensive- -research -‘and
development related to wound dressings, many terms
have come into‘use. These include : q$burn1lcovering
(Schwope et al, 1974), wound covering (Schwope et al,
1977); Dburn wound covering (Park, 1978) skin
substitutes (Tavis et al, 1978; Bartlett, 1981; ﬂay,

1y



1983); artificial skin'(Hall et al, 1970; VYannas and
Burke,ﬂwféﬂb)} éynthetiéhékiﬁ'(Liﬁ“et al, 1931)§“§Sﬁhd‘
dressiﬁéla(ﬁg?tdnt and Chvapil, 19§f} Griffith and
Clark, IQBZEHMfér§f11983); and burn dressing (Chvapil,
1982; Browne, 1982; Quinn et al, 1985).

T

In this thesis all .of the above terms will be

referred to as burn wound dressings (or coverings).

Before discussing burn wound coverings in detail

it i1is. important ¢to definet some of the terms used

(Wong, 1980). : .

.y

Dressings - a general term vreferring to those

materials which are removed and replaced at

o

regular intervals (Section 3.2.1).

1 -,

l. Burn Wound Dressings - refers to materials that
may be of biological or synthetic origin.

2. Convehtional ’ﬁfeégings - refers to fabric-type

materials. | .

. ¥

. These can be divided into two basic groups :

- T S - - -y y . r*:_;fI *...»
(a) Simple - one material fulfilling all functions.

(b) . Compound - a number of different materials
(usually two), each with a

specific function to perfornm.
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3. Biological Dressings - the materialwis skin which

comprises an adherent collagenous dermal surface
and a partially keratinized epidermis.

There are three main categories :

(a) Allograft (Homograft) - a human

graft from living or recently v "

deceased donors. .

(b) Xenograft (Heterograft) - tissue

obtained from animals.

4. Synthetic Dressings : refers to man-made

materials.

3.3 Conventional Dressingé

Conventional dressings are-still the most widely
used for all types of wounds. These dressings require
a high absorptive capacity, and a structure that

prevents pooling thereby distributing the absorbed
fluid evenly throﬁghout its substance., The material



which best meets these criteria is gauze (Muir and
Barclay, 1962) which is commonly regarded as the most

satisfactory absorbent dressing presently available.

Due to the low cost of gauze the most widely used
absorptive dressings are gauze-cotton wool composites.
The Gamgee tissue pad 1is a typical example. This
dressing consists of a layer of cotton wool which is

sandwiched between two sheets of gauze. Its

absorptive capacity 1is determined by the volume

(thickness) of the cotton wool layer.

The inner layer of composite dressings should be

non-adherent to prevent the pain and trauma associated

with the removal of an adherent dressing. Tulle gras
is a paraffin impregnated, wide-mesh gauze which is
rendered non-adherent by depending on its greasiness.

Other greasy materials have been tried on similar mesh
networks (Norton and Chvapil, 1981; Spector et al,
1982). However excessive grease will interfere with
the absorption of fluid by the absorbent dressing

above.

Infection due to the contamination of exudate
through the open network of the gauze can be a problem
with these dressings. To overcome this problem many

clinicans use the above materials in combination with

a layer of antibacterial cream (Wong, 1980). The

so/
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incorporation of antibacterial agents 1into dressings
has been practised for over a century. In the 17th
century some clinicans used carbolic acid and mercuric
chloride in combination with absorbent dressings
(Lawrence, 1982). Trials were carried out 1in the
1950°s by several centres. However the first
controlled clinical trials, assessing the performance

of penicillin and Polymixin creams, were only recently

carried out by Lowbury (1978 and 1979).

The outer layer 1is required to be porous ¢to
permit the evaporation of water from the absorptive
component of the dressing. If the dressing prevents

fluid evaporation, it may become soggy and may

encourage bacterial growth.

The aim of dressings, when used to prepare the
wound surface for autografting, is to provide a
healthy granulation tissue bed. Conventional
dressings partially achieve this by the control of

infection using antibacterial agents. However these
agents can result in adherence and subsequent tissue

trauma can result from the changing of the dressing.

A detailed survey of commercially available
conventional dressings was not undertaken 1in this
thesis, as none were evaluated. Table 3.1 however

lists several of the more important dressings and

indicates the large range of compositions available.
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3.4 Biological Dressings

Biological dressings are natural tissues, uéually

skin, consisting basically of collagénﬂ sheets

containing elastin and lipid (Bartlett, 1981).

}

A number of  Dbeneficial effects Thas been
attributed to biological dressings (Pruitt and Levine,
1984). These include : reduction 1in population
density of bacteria on the wound surface: reduction of
desiccation, evaporative water loss and heat 1loss of
an Hopen wound; prevention of further contamination of
the wound; and prevention of physical ‘damage to the

ﬁew1y1 developihg“ granulation tissue (Pruitt and
Levine, 1984). 1

3.4.1. Allografts

-FH: r‘

The most superior graft method wused in the

covering of burn wounds is an autograft (i.e. taken

from the recipient)(Park, 1978; Yannas and Burke,

1980).. However in extensive burns (greater than 50%

body surface) the supply‘ of "split® ’skin:lgraft is

inadequate and other = tissue sources are sought

(Park, 1978; Yannas and Burke, 1980; Pruitt and

52 /



Levine, 1984).

Allograft skin can be obtained from a family
member or another 1living volunteer, but it is most
commonly harvested from cadavers. The use of fresh,
frozen or lyophilised (freeze dried) allografts is
most effective in thermal 1injuries, especilally for

extensive full-thickness burns (Hackett, 1975).

One distinct advantage of an allograft is that it
can be used as a test material to determine the

likelihood of autograft take. When allograft skin

shows general adherence to a burn wound and evidence
of graft vascularisation within 48-72° hours of
application, it can be anticipated that an excellent
take of autograft skin to the wound surface will
oCccur. The "test" allograft will of course be
removed. Such a preparation of a “receptive" wound
bed 1s 1mportant 1in the treatment of patients with
extensive burns and paucity of donor sites, to prevent
Ehe unnecessary loss of autograft skin (Pruitt and

Levine, 1984).

In spite of favourable reports, allografts have
limitations as burn wound coverings. They become
vascularised (Kim et al, 1970) and if immunosuppresive
drugs are employed, preventing rejection (Yannas et

‘al, 1981) they then have to be removed. The use of
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immunosupéiésibn permits the application of allografts
until autografting can be carried out (Burke et al,

1975, 198l1). A consequence of such treatment 1is the

|

ipcreased risk of infection due to a depressed , immune
_géfponse._ TAllografp‘ usage 1s sevgrelytf}imitgd‘by
inadequate supply, the expense and difficulty of
gé}lection1anqvpreparatipn (lyophilised specimens) and

4

a restricted shelf-life (Pruitt and Levine, 1984). . .

- Amniotic membranes have 'been used 'as allografts
(Robson et al, 1973; Unger and Roberts, 1976). Amnion
is readily available from the maternity delivery room

and 1s inexpensive to prepare. However this approach

#} H_..-&{- LY.

has limited use as it has been reported . that these

i

% -

materials are very ineffective in the prevention of

evaporative water loss, which may lead to . wound

i ?.i_fh.ij‘-r I

dehydr%tion (Lamke, 1971).
iil-,iﬁ-—ﬁ-:ﬁ ’
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The most recent line of development has been  the
tissue' culturing of epidermal” cells obtained from the
prospective”  recipient of the graft material.
Epidermal 'cells can be cultured into confluent sheets
in around 14 - 21 days and  can ;theniabe tapp%;?g E?
fu};—shickgesgﬁ burns (Bell et .al, 1581 ). The major
giéédnggagezqf thi§ technique isqthe 1ength Oftrt???
ré;ﬁirgéh éoﬁjcul?qre the cell sheets, during which

X

time, synthetic dressings will be used.
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3.4. 2 Xenograft
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-.As.an alternative.to- autografts or. .allografts,-
grafts. from--animal-~sourcesr-have: been investigated-
(Bromberg et -:al,:«:1965)::yStudies on the:‘use- of: skin.
gratts - . from cats, rats;frabbits, chickens and pigeons:
gave ~:disappointing..results - (as; reviewed-r~by- .Park,-
1978):~*v:At" present .the -xenograft: in  common®use is.
pigskin:(porcine xenograft). It -:provides 'a "readily:
available,- easily- .stored 'and-sterilised dressing in°

contrast--to:allograft skin-:(Tavis-etral;* 1978): .« .+t 1

L S A o R S A S A R Y S s L.
Porcine skin on the microscopic level is unlike

ey 5 moh gt 2 . . e 1L . -n}{-“ S ERL e o =i
human skln. However in respect to texture, adherence

and collagen content it is very similar. 1In addition,

the presence of a "foreign" surface would trigger the
native 1immunological. - defence mechanisms, thereby

helping ito sterilise a contamlnated'wound (Tavis etw

N 1
L)

“ ¢

l-'1 -T
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al, 19?6). The use of immunosuppre551ve drugs“

| T
LI - Ky ¥ Py - ; ¥
" ,_? o -pf - . ¥ P . ., ) ¥ ) .‘_ij R “t_\ ! 5 R 1 h ‘

counteracts the natural rejection response and thus

#:i ’, . + 'H - % oo £ e i" r * L .
the advantage of'wound sterillsatlon by the natural
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1mmune response is 1ost
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% Lyophillised porcine!xenografts have:beenrused:. by?
many workers in'the treatment of both-partial and fullx
thickness burns (Lamke, 1971), with -variable . sresults:
(Lee, 11972; MacDowall--and Hackett;-1976). ‘¢ . 'acae s ras

- -~
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One major drawback with lyophilised porcine

xenograftiis#the need tq recqnstitute it before use by
soaking in s;erile saline or Ringers solution. ‘fhis
procedure takes around thirty minutes (@ 30°C) which
causes a '‘serious delay in the treatment of burn
wounds. It is therefore essential that an accurate
assessment of thg amount of materiél required to cover
the injured area ;g parrigg out before reconstitution;
Xenografts suffer from the same disadvéntages as
allografts 1in respect of the bacterial infection of
the granulating bed: In addition, porcine xenografts
have poor mechanical properties and tend to split into

separate layers, inhibiting the intake of  autograft
skin (Chatterijee, 1978).

3.4.3 Tissue Derivatives

Collagen offers many advantages as a biological
wound dressing. It can be isolate@ and purified
easily in largerquantities and its antigenicity and
waper‘vapoqr%permeabilityhcan be altered (Tavis et al,
1978). Such dressings have been reported by Tavis et
al (1978) to stimulate the vascularised granulating
bed in preparation for future autografting. The main
drawback of collagen dressings in the 1long term

application is the control of infection. Collagen has

been used in a variety of forms.
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A comprehensive list of biological dressings and

their associated references can be found in Table 3.2.

3.5 Synthetic Dressings

The need for a relatively inexpeﬁsive, effective
and easily stored wound dressing has 1led ¢to the

development of numerous synthetic materials.

Comprehenisive reviews of synthetic dressings

have recentlj'been published'kPark, 1978;Tavis'et al,
1978; Wong, 1980; Rahman, 1982; Davies, 1983; Quinn et

al, 1985). Due to the . extensive interest in this
area, commercially available and prototype (research
associated) dressings are ever increasing in number.
Hence such reviews are very quickly out of date. An

updated 1list of synthetic burn wound coverings is

presented in Table 3.3.

For the purposes of this . review, the forms 1in
which these materials have been manufactured have been

classified as follows (Rahman, 1982) :

(i) Films - homogeneous Estrhcthres with uniform
properties, including homopolymers, copolymers

and plasticised polymers.



(ii) Foams - structures with a large fluid-binding

capacity, processed in the form of a foam or a
? e - I s ' s |

sponge.

(1ii1) Composites - laminates of two or more materials.

These "materials “'may be of synthetic or have

components of biological origin. -

f 7 ]
4

(iv) OSprays - conventional aerosol containers, which

propel the polymer and solvent directly onto the

wound surface, where the film is formed by

solvent evaporation.

(v) Gels - polymeric etructures which have the

ability to Swell extensively in aqueous media

while remaining insoluble.

4 ?"t ?-..-.. -|"' -:"

¥ *» =

3.5.1 Filmsﬁ

- In the search for a suitable synthetic burn wound

dressing various commercially available materials have
been investigated. One example 1is plasticised PVC
fOPdu wrapping film (e.g Clingfilm, Stretch ‘n’ Seal)
ZLen;rum and Bowen - Jones, 1975; Townsend, 1977).

Silicone elastomeric films have been widely used
B SR

'(Park 1978 Quinn et al, 1985) and the results

obtained have been favourable (Bartlett 198l: *Tavis

Lo
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Many other polymeric films have been investigated
for the purpose of wound covering. These materials

include = : . polyurethane;,

N F
£
[ k

~_..polyethylene;

pr

polycaprolactone;

poly. (lactic  acid); _ poly

o n

-~ "

(amino-acids) and polytetrafluoroethylene (PTFE)., . A

co-polymer ~ of acrylonitrile (AN) = and
#imethylgminoethylﬂmmeth@qrylateJH(DMAEMA)HFﬁdeveLoped
within the Bioengineering Unit, Strathclyde University
has also Dbeen ~suggested as  having , a = possible

application (Park et al, 1978).

Aware of the retention of exudate by some film

materials, manufacturers are producing second
geﬁeratiqnnpr09ucts to cope with this problen. For

example, J3M Health Care the manufacturers of Tegaderm

., %“- -:‘. M

have produced a new product .named Tegiderm‘ Pouch
Dressing which has a pouch’'to accommodate the excess
exudate and to allow it to be lost at 'a faster rate

wi % h =r ]
N T 2

than the normal dressing.’

,3;.;{' i Kt
chue N ¢ ) Kﬁ T T i A A t-
3.5.2 Foams and_Sprays . E o v
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¢:. 'poly *(vinyl alcohol)‘and polyurethane foams are
commonly  ‘in use at the present time (Chardack et ‘al,

1962) . 'Other variations atre acrylic, and polysiloxane

foams, however so far none have been clinically



successful.

The spray on dressings have two major ' advantages

in that they are totally conformable to the wound
surface and they are totally portable and ready for
use in any circumstances. One major drawback is that
some of the early types of sprays proved to have a
toxic effect on superficial blood vessels. Many of
these sprays are éopolymers, for example Aeroplast 1is
a copolymer of hydroxyvinyl chloride-acetate sebacic
acid and modified maleic resin ester. More recently a
combination of a spray and a foam has been developed,

a gelatin based sprayable foam, by Neumann et al

(1981).

3.5.3 Composites

In this category,* the dressing consists of
laminates of two or more materials. The outer layer
is designed for durability and elasticity, and
possibly to act as a rate controller (e.g. for water
vapour) while the inner layer is designed for maximum
adherence and elasticity (Tavis et al, 1978). Current
reports emphasise the double layer construction based
on the anatomy of a natural skin graft (Pru;tt and
Silverstein, 1971). Split-thickness skin grafts

comprise two functionally different parts.
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Firstly, ;he,epidermiswhidh1functions*~as .-a barrier
layer and . secondly,.the dermis which functions as an
attachment .surface. - Fibroblasts and capillaries from
the wound  surface - can grow.into the .dermis, .thereby

anchoring .the graft to the wound.

Several bi-layer synthetic , dressings have ..been
developed . along.. this . bilaminar ' :ideal. . The . more

b
important examples are .:
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1. Egigardf— a composite of an 1inner layer of

el

& ,P-ng‘- #‘ %.s h b ’ -

retlculated polyurethane'WhiCh has been laminated

" a o F = -
i IS ‘" LI

to an outer sheet of micr0porous

polytetrafluoro-ethylene (PTFE)(Alé&aﬁder et al,

1973). .Adherence, availabillty, sterility, long

7oy

shelf- 11fe " and 10w cost are its major advantages

(Park. 1978).

- vy A : '., ’ . > ot 'T.:j: o SEK r o, - SRS
2. Biobrane - a composite of an ultra-thinlr porous

f“l

deﬁbranel of polydlmethylsiloxane bonded to an

PR 3 E 5

inner nylon mesh. Tav1s et al (1981) reported its

- 3 Rl YR ru:

4

successful use on both.superfic1a1 and deep donor

I byxr

e L

sites; Several groups recently: backed this
seccessful treatﬁent using Biobrane (Stein: 1986\
Roberts et al, 1986). On the other hand, Lin et
al .(1981) reported that bacterial infectlion was.a

major problem in the clinical usage of Bilobrane. .
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Synthetic Skin (IP-758, International Paper
Company) - this 1is composed of a silicone

elastomer on a nylon 66-looped velour. No

satisfactory clinical findings have been reported

to date.:

ArfificialHSkiﬁ - this is a biléminartlpolymefic
membrane compri;ing a u silicone elastomeric
epidermis-and a porous,  crosslinked network of
collagen and a glycosaminoglycan (GAG) dermis,
developed by Yannas and Burke (1980). At~ present,
the epidermal portion can be replaced with a‘ thin
layer of autoepidermal cells-in -sheet or mesh

form. A _further development is aimed at

eliminating the need for ian& epidermal graft
(Yannas et al, 1981).

Vigilon - this 1is a reinforced- PE0O - hydrogel
sandwiched between two polyethylene films. The
patent for this material indicates the these films
can be of other polymeric structures. This

composite ~"dressing has been characterised -by

Rahman - (1982) and it is used as a control in this

study.

Granuflex - this consists essentially of two

layers; an outer protective layer of polyurethane
foam and an 1inner layer consisting of a

hydrocolloid/polymer complex (Hermans and Hermans,
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1984).

3.5.4 Gels

In 1960, Wichterlie and Lim, produced a

hydroxyethiiﬂ methacryléte (HEMA) bésé&‘hydrogel and

demonstrated that it was Biocompatible and non-toxic.

A commercially available hydrogel material,
Vigilon (C.R. Bard . Inc.), consisting of a
polyethylene oxide (PEO) hydrogel, reinforced by a

polyethylene supporting web, has recently been used as

a burn wound cdvering (U.S. Patént, 1968)

The main thrust in hydrogel development has
occurred 1n the last decade. Nathan et al (1976),
developed a PHEMA-PEG (Hydron) hydrogel, which is
formed directly on the wound surface, by mixing a
powder and solvent. In 1979, an entirely new type of
wound coverind;'Celiperm, was developed byWokalek et
al. Geliperm gel results from the polymerisation of a
mixture of agar and acrylamide. It consists of two
interwoven molecular networks containing S6 to 97%

water.
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The Pure and Applied Chemistry Department of
University of Strathclyde are active in the field of

hydrogels. A cross-linked poly(ethylene oxide) (PEQ)
hydrogel has been developed by Graham et al (1980).

This gel was devised primarily as a carrier matrix for

drug delivery. 1Its potential as a burn wound covering_

was assessed by Wong (1980) and Rahman (1982). At the

time of Wong’s study a suitable technique was not

avallable to produce uniformly thin films of the PEO

hydrogel. Rahman  had the advantage of having
uniformly thin films to assess (lmm thick).

Graham, McNeill and Moran (1984) have produced a
novel non-crosslinked polyurethane (linear) hydrogel
which 1is sheet cast. Further details can be found in
Chapter 4. The gels evaluated in this study

(cross-linked and non-crosslinked hydrogels) were very

much thinner than in both of the previous two studies.

A highly absorbent, biodegradable (alginate) gel,

Sorbsan, derived from dseaweed has been descirbed by
Gilchrist and Martin (1983). Wound secretions and
bacterial contamination are controlled by strong
ﬁydrOphilic gel formation (from a fibrous film) on the
uptake of wound exudate. This dressing has the

advantage that the fibres entrapped in the wound are

biodegradable.
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Another biodegradable dressing, Kaltostat (Cair
Ltd.) is also derived from seaweed. .The manufacturers
indicate that this material 1s particularly useful for

bleeding. wounds, due to its haemostatic properties

{’- 1

~(Oliver and Blaine, 1950),

One of the most recent dressings developed 1is a
thin, transparent gel named Omniderm (Omikron
Scientific Ltd.). The manufacturers advocate that the
gel 1s secured in place and allowed Lo remain on the
wound until sloughed off by the Qro;ression‘ of
héaLing. This material is_a, thin membréné of about ;0

microns in thickness which is made  of polyacrylamide

*grafted to a polyurethane film (Golan et al, 1985).

3.6 State of the Art

Conventional dressings are still widely -used in
conjunction with topical agents to control wound
infection. The disadvantages associated with these
dressings are the requirement of frequent changing
with associated pain, immobility (dQue to joint

movement being restricted) and bacterial

contamination.
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Porcine xenografts and human allografts have

proved effective. However these dressings are not

widely used in the 'United Kingdom' (Hackett and Bowen,
1974). The main factors restricting their usage are

supply, expense and 'handling difficulties (Roberts,
1976).

Many synthetic materials have been developed and

assessed, and a set of wound dréssing criteria has

evolved from this extensive research (discussed in

Chapter 2). FPurther research is required in the field

of synthetic dressings to produce the “ideal“ dressing

or a range of "ideal" dressings. It may be that such

dressings could be .produced by combining several of

the dressings presently available.
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CHAPTER 4

4.1 Introduction

Many factors have to be considered in the design
of a burn wound covering. An ioeal_}burn wound
ooyering should function by providinq tota1|protection
to the injured site, thereby optimising the processes
of wound healing Ideally, such. materials Should
aiford complete protection from bacterial invasion and

from the total dehydration of the granulating
epithelial’ bed.

1 L L

W - - % r 3
i ¥ * (] r
i -
-

The degree to which these materials can provide

b ¥
-rl‘f i;

the desired environment is dependent on the neChanical
ptoperties of the dressing material its resistance to
*oear‘ and tear and the retention of pliability. A
p;actical burn wound covering requires to be pliant to
allow- it- to conform to the body, especially’ at:the
joints.’” “However, the material - also - -requires
sufficient ' toughness to- allow the handling-of the

dressing ‘during ‘application and the subsequent’-trauma

Rl :,!; J"*q -, F::eﬂ" ! 1
in-situ., : - -

At suitable material: !requires- *the’ ““above
pkopErtiesf?L’Howevefiﬁ“these~propertiesﬁaloneiareﬂnot
sufficienty  The prevention’ ‘of ! ‘wound’ "surface

dehydiation”f is ' of "‘equal importance. The total

76




77

) ) " e
ti|i_'i 1 ﬂ_. t 1

a,

dehydratiéﬁ:of the wound site causes scab formation
which in  turn . would. probably cause adherence of the

dressing to the wound site. . This ,would lead to the

disturbance .of the newly formed epithelial layer on

removal of. the dressing. . .  ~-r.,

On the other*héhd,:aufbtﬁiffﬁimperﬁibug dressing
causes fluid build Opqand éhbsequently maceration of
the healthy tissue surrounding the wound. _Thus, an

intermediate .water evaporation and/or absorption rate

is desirable.

Considering all of the required factors, an
experimental  programme was designed to assess burn
wound coverings by an in vitro procedure. Several of
the gfbcedufes “adopted have been the sﬁb&éét"éf

PO S ‘ " ', o . T . “;;L’“:i""
previous research (Wong 1980; Rahman 1982; Turner
AEUER R
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_Clinical studies have also been carried out . using

b T i

- ,1.5 .

+ L
Tt . WFe

some . of the materials described below. These, studiles

o

were intended to provide a correlation between; the

in vivo performance  and the . in vitro evaluation, of

d e s s in ; I;arameter s ' - = - ] ) &+ . 1 *a L 2 f Ll WL . - [ ] o + q‘l#r.“-q. 'l i ’ L2
r *- * :'i : ° 4 A : - l‘-"-.-J PR ) r.‘ & o ¥ ?"E- ;r} rt:' %
nw L r ] -1 s ‘ h L ™ * =

The materials chosen for in vitro assessment were
to be evaluated against known material standards

(serving as controls). Detailed descriptions of these

materials are given below.

[ T T -



The conjugates chosen are as follows

i ?f-i m 4 a G f 5 ‘r

(1) Geliperm Dry + Mefix

- L™ L]
'Li --",'. «"'.L-'{"" IV .'i :’:‘tqi

(2) Linear Polyurethane Hydrogel + Mefixf
(3) Non-Linear PEO Hydrogel + Mefix

(4) Lyofoam + Mefix (WVTR only)

(5) Sillcone Rubber Support + Mefix (Gas

Transmission only)

i"’." ;Il ?- E ] Wi 3 i [
]

A detailed study of the physical effect of

Mefix on the above dressings-is presented in Chapter

9.

4.3 Plasticised P.V.C. film'- Stretch ‘n’.Seal-

v : N 2 ) 5 .- . *’*,r o
'-g-llt‘"- ¥ [ 9

The plastic1sed P. V C. film assessed 1is marketed

r.i mr‘ - » * 41 't

under the tradejname Stretch ‘n’ Seal by Colgate -

o “111 3:

Palmolive Ltd for the wrapping of food products.

‘5:"1 % ::TKJHQL
Several researchers have used similar materials in the

treatment of partial - thickness burn wounds (Lendrum
and Bowen-Jones, :1975) and in'the dressing-of<donor?”
sites "+ (Townsend,  “1977). ' 'Lendrum -~and!’' YBowen-Jones"
(1975) “thave  -also indicated thatithis'material may be*

used }in‘the desloughing of full-thickness burn-~ wounds |
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4.4 Poly(ethylene oxide) hydrogel - Vigilon

Vigilon is marketed by C.R. Bard Inc. The gel
material 1is prepared as a colloidal suspension of
radiation cross - linked ©poly(ethylene oxide)

(structure ' below) and water on a polyethylene mesh

support (Fig 4.3).

CHEMICAL STRUCTURE

(-CH2-CH2-0)x-CH2-CH-0-(CH2-CH2-0-)n

(-CH2-CH2-0)y-CH2~CH-0-(CH2-CH2-0-)m

It is collodial in gelatinous form with water as
the 'diépersion” medium, i.e.  96% water holding 4%
insoluble’ cross - 1linked poly(ethylene oxide) in
suspension. For the mesh, the manufacturers claim a

pore size of 0.75mm with 16 pores per square

centimetre.

The above hydrogel 1is sandwiched between two
layers of film, with polyethylene normally being used.
The manufacturers advocate that the material can be
uti;ised with: both coverfilms in place, one %gyerfilm

in place or both of the covers removed.

. -3

On the whole, this dressing is wused clinically

with one coverfilm removed. Therefore, for the
purposes of this research only the Vigilon Coverfilm

alone and Vigilon with one coverfilm in place were

assessed.

19



4.5 Geliperm

Geliperm is a polyacrylamide agar gel which was
evolved 1in 1977 at the Max Planck Institute for
Immunobiology, Freiburg. The gel 1is marketed Dy
Geistlich OSons Limited under the trade name Geliperm
Dry. It is available in individual sheets,

approximately 25cm x 1llcm, which are sterile and ready

for use.

Geliperm is manufactured in three physical forms
viz Geliperm Wet (a hydrated sheet, 96% water),
Geliperm Dry (a hydrated sheet, 5% water) and Geliperm
Granulate (a particulate form of the wet gel with a

variable water content). For the purposes of this

study, only the Geliperm Wet and Geliperm Dry gels

were studied.

Geliperm Wet is manufactured by polymerising a
mixture of agarose or agar-agar and acrylamide in
varyving proportions, with corresponding differences in

physico - chemical properties (Wokalek et al,1979).

The degree of crosslinking of the structure

allows the passage o0f secretions and proteins (e.qg.

antiseptics or antibacterial agents). The porosity of
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5 1A

Fiqure 4.1

Electron microscope (SEM) photograph
of Geliperm at 55 000X enlargement
with superimposed diagramatic representation

of E. coli on the same scale.

(Geliperm Information)



Geliperm 1is adjusted to enable not only small

molecules to pass through, but also protein molecules
of molecular weights up to one million daltons

(Wokalek et al, 1985). On the other hand, it is
impermeable to bhacteria (Fig 4.1).

Geliperm Dry has the same composition as the . wet

gel with the exception of water content. The dry gel

contains around 5% water 1in the form of glycerol

solution. The glycerol solution is present to give
the dry gel a degree of flexibility preventing the
hormally rigid (glasslike) dry gel from fracturing.

For clinical use, the manufaéturers suggest that
the dry sheet should be soaked in an aqueous medium

for a short period (30 seconds). On soaking, the gel
swells up slightly and becomes highly elastic.

Due to the gel’s low water content it 1is highly
.absorbent and it is claimed to be suitable for heavily
exudating wounds. The dry gel can also be hydrated

with topical antiseptics, anaesthetics or haemostatic

agents to aid the healing of the wound.
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Figure 4.2

Diagram of Lyofoam Structure.

Figure 4.3

Diagram of the Vigilon Gel
with Reinforcing Mesh.

(Bard Information)




4.6 Lyofoam

Lyofoam 1s a microporous polyurethane foanm,
marketed by Ultra Laboratories Limited. The non -
absorbent polyurethane is converted (on one surface of
the dressing) by a heat process, to a smooth
hydrophilic surface to allow the controlled absorption
of excess wound fluids. Alr will diffuse freely

through the foam and around the wound surface

(manufacturer’s information)(Fig 4.2).

Lyofoam is supplied in various sizes, including a

sheet large enough to be used as a base sheet for beds

or stretchers, thereby providing an overall protection

for the patient.

4.7 Tegaderm

Tegaderm 1is a continuous semi - permeable

polyurethane membrane. It 1s completely devoid of

pores, thereby preventing the penetration of water or
bacteria (Fig 4.4). However, its molecular structure

alloﬁs the passage of water vapour and oxygen (Fig

4.5) (manufacturer’s information).

The Tegaderm dressing 1is a transparent film which
is carried on a special applicator frame and backing

that stabilises the dressing and makes it easier to
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Figure 4.4

Diagram indicating the impermeability of

Tegaderm to bacteria and water.

Diagram indicating the permeability of

Tegqaderm to water vapour and oxygen.

(3M Information)
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apply, eliminating problems like bunching, wrinkling
;,?nd self adherence. The frame allows the precise and
secure placement of the dressing over the wound site.
Its transparency allows the examination of the wound

" without the disturbance of the granulating tissue bed.

The dressing“ié suppiied in varying sizes and it
""is marketed by 3M Health Care Limited (United

&

" Kingdom).

4.8 Mefix

Mefix is an adhesive fabric (whose nature is

undefined) which is intended for the fixation of wound
dressings and swabs. It is manufactured as a non -
- woven fabric, which is highly elastic and coﬁforms to
‘“thg body surface while accommodating body movement.
The adhesive coating consists of synthetic components

- L ]

(polyacrylate) and is hypoallergenic.

o - "Mefix was chosen for assessment in éonjunction

‘- with other materials as iﬂtis often used as a fixation
-iﬁhiéésing for other materials such as Geliperm. "It is

supplied in 10m rolls of varying widths and it is

.. marketed by Molnlyke Limited.



The structure and the effects of such a layer on
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underlying rdressings were studied in detail. The

Lo i3 e M oa - T, S w
: ; ‘L

results of this study’are presented in Chapter 9.

©+The ‘linear” polyurethane”  hydrogel(Strathclyde
Hydrogel 2) is a material which'has been developed in
the Department of Pure and Applied Chemistry of the
University of Strethclyde,wJTheNintermoleculart{orceetﬁ

utilised in the gel structure are of such a_ nature

4 psy r 7 .o ' #u
i*ftv "Js: r * - -

that the polymer is' soluble 1in organic solvents,

ﬁir‘i

(Graham - personal communication).

t.i'u - N 7 ) . biow

...."'"I-

i The ‘gel ‘'requires to be hydrated before  testing. '’
For “‘testing this was carried out by soaking the gel
overnight in distilled water. AS'with Geliperm,  this

material becomes ?elastic and swells up after edfhort

r

soaking in an aqueous medium. The material is
transparent which allows the examination of the
injured site without the trauma of removal and as with
all - of {"the ".other hydrogels, this material is non -
adherent. 'The hydrogel 13 cast in thin sheet form.ﬁﬁ

) 1.1 - L
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Y Due to a’limitation of supply of this': " material,

the full® spectrum ‘of ‘tests ‘could not'be’carried’ out. ™’
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4.10 Non - Linear PEO Hydrogel

The Non - linear PEO hydrogel [PE0/4360/2 Molar
PPG 425/3 Molar HT/7.5 Molar Desmodur.l(Strathclyde

Hydrogel 1) is a cross - linked poly(ethylene oxide)
hydrogel which has been developed in the Department of
Pure and Applied Chemistry, University of Strathclyde.

Information on the manufacturing process is given in

Appendix 1.

The gel 1is thicker and more rigid than the linear
hydrogel . The material 1is more opaque than the
linear gel and required a similar hydration cycle to
the other two hydrogels. 1Its rigidity changes only
slightly after an overnight, or even longer,

hydration.

Due to a limitation of supply of this material,

the full spectrum of tests could not be carried out.

4.11 Porvair 232013

This material is a microporous polyurethane
sheet. The manufacturing process involves the mixing
of the monomer with a salt solution produced from
extremely fine NaCl. The resultant paste 1s then

extruded, in sheet form, 1into water. The polymer
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Fiqure 4.6

Scanning Electron Micrograph of the

Porvair 232013 Material - complete

cross-section.

(Mag X600)

(Porvair Information)
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coagulates and the water, solvent and salt are
removed. The leaching of the salt particles
facilitates a control over the material’s porosity.
The porosity of the material is shown in figure 4.6.
The polyurethane structure is such that the material

1s hydrophobic.

" Porvair 232013 was supplied in rolls of about om

x 0.5m.

| 4.12 Porvair 32/5/1

Porvair 32/5/1 is an earlier version of Porvair

232013. It is a microporous polyurethane sheet, which
is not hydrophobic. The manufacturing process 1is as

above and the manufacturers supplied this material in

rolls of om x 0.5m.

4.13 Synthaderm

Synthaderm is a modified polyurethane (foam. It
is a similar product to Lyofoam. However, it 1is very
much thinner than Lyofoam. This material is supplied
in various sizes by Revlon Health Care Limited.
Synthaderm is supported by a backing paper, which has

to be removed before use.
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ive Transparent Wound Dressing. -

Bioclus

(Johnson and Johnson Information)



4.l4 Coraderm

Coraderm 1is a similar product to both Synthaderm
and Lyofoam 1in that it 1is a modified polyurethane

&
-ﬁt.{: f ,‘

foam. The manufacturers, Revlon Health Care Limited

n -""b

claim that this material is a more conformable example
of Synthaderm. It appears to be more plasticised than

the other two products.  Coraderm is also supported by

a backing paper which has to be removed before use.
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4.15 Bioclusive

Bioclusive is a thin polyurethane film coated

‘{ r
¥

with a hypoallergenic adhesive. The material 1is

transparent allowing wound examination ~ without

dressing removal (Fig 4.7).

L .5 “q‘ ~:h~_" "'i.t"? #"“‘

- " 4 ] i’,“! 'y " a > ’ L " -
- 1 4 ¢ 1 + 4 3 [ . x X | ';1
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Removal of the adhesive dressing from its backing

paper 1s fac1litated by a centre tab and two side tabs

'

which alloW'the positioning of the dressing on the

wound!' ' surface “without wrinkling or fluting

" » M qﬂ:‘ v, 1‘1 Waa e L £
a T = . - ' a =
¥ o ¢ .l.... gy 4’ N * r . i & iLr

(manufacturers information).
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Bioclusive is supplied in varying sizes by

Johnson and Johnson Limited.

4
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4.16 Corethium 1

Corethium 1 1is 1lyophilised porcine skin. 1t
consists of porcine epidermis which is freeze dried to
give a long shelf life. This material requires to ' be

recdnstiﬁuted in normal saline before use.

Corethium 1 was chosen, for assessment , as an
example of the biological type dressings. It is

supplied in varying sizes by Johnson and Johnson

Limited.

4.17 Composites

In clinical practice, many of the materials
described above, especially the hydrogels, are non -
adherent and therefore require some means of fixation
to remain 1in place. Most clinicans use some form of

adhesive tape. One such adhesive tape is Mefix (4.8).

Therefore, to obtain a true assessment of the
performance of some of these materials, several of the
samples were assessed both on their own and with a

Mefix top layer.

The following materials were assessed with a

Mefix top layer :

(1) Geliperm

(2) Linear Polyurethane Hydrogel
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(3) Non - Linear Hydrogel

(4) Lyofoam

This utilisation of

in Chapters9.

Mefix

is

reported
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CHAPTER 5

Evaluation of the Water Vapour Transmission
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CHAPTER 5

5.1 Introduction.

paa VF Y

_— N IR R v i - *
One of the major problems, arising in the

> o ey e Yoy S TP S % s Coa, v opu o L o2
treatment of burn wounds, is the prevention of total
SERI LR TR 5o 3 A AR TG LR e v g SRR =X g s
wound surface dehydration. Water loss by evaporation

-ir“ * g ¥ Lk H'!"‘l,. Y ox

L erm oy o pe o S i e e e e T T R
is an 1important ‘factor in "the maintenance of' body
— S, e T O Rl g
homeostasis. Thermal injury to the skin destroys the

b

i

semi-permeable membrane ~ associated ~ with the

lipabkoteih*layéf in the’%tfééum JEéfnéuhﬂ?(M5§Z£ and
Butcher, 1967; Jelenko et al,1968; Jelenko,1969).  The
damage ‘caused allows excessive water to be  lost
through the injured skin.

After thermal injury, the evaporative water loss
from the wound surface can be some twenty times
greater than normal skin (Lamke et  al,1977)."
Insensible water loss can place unacceptable” demands”
on body metabolism especially if ‘the area of injury" is’
extensive. %Wéngér (1972) calculated that 2.43°MJ of’
energy- are laéfhuponlihé evaporation of ‘one 1litre of
water and hence substantial évaporgtive”&;tgffiéég is’

associated with an abundant heat loss.;
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Factors such as the above indicate the importance

of limiting the water loss and hence heat loss during
treatment. Heat loss can be reduced by maintaining a
warm treatment environment (Barr et al 1968).
Insensible water 1loss can be reduced by the
application of a temporary wound covering or a
permanent graft (Lamke,1971; Lawrence,1977; Park,1978;
Wong,1980; Rahman,1982; Davies,1983; Quinn et
al,1985). Additionally, wound dressings may also
limit Dbacterial invasion and growth within the wound.
The ability to transport water vapour is therefore an

important function of the dressing and hence a
valuable preclinical assessment is the measurement of

the water vapour transmission rate (WVIR) of the

dressing.

The in vitro study of the WVIR has been the

subject of research 1in recent years (Gourlay et
al,l1975; Schwope et al,1977; Lamke et al,1977; Park et
al,1978; Schwope et al,l1978; Tavis et al,1980;
Wong,1980; Rahman,1982; Aiba et al,l98h). Most of
this research has dwelt on the American Society for
the Testing of Materials (ASTM E96-80) procedures.

Some have used the desiccant method, others the

water-cup and inverted methods. A vast variety of

test conditions has been utilised, with the relative

humidity driving force ranging from 13% to 100% and
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the temperature of test from 28°C to 40°C.

This “study has been geared towards

in vitro evaluation of the WVIR and the comparative

evaluation with in vivo clinical WVIR observations.
The aims of the study were twofold. Firstly, to

determine the relevance of the in vitro test

conditions with those océﬁrrinq clinicaliﬁ. Sécondly,
to suggééﬁ modifications, if réquiféd, off the in

vitro test in order to simulate the clinical situation
more accurately.. Concern has also been expressed on
the possible effect of protein adhesion (adsorption)
on the WVIR of dressings while jin situ (Turner,b15985).

In vitro and clinical experiments have been used to

determine the possibility of such an effect.

The materials tested in this thesis are marketed

or manufactured in sheet form and therefore to
determine their WVTR, a modified ASTM Standard Method
E96 (Wong,1980; Rahman,1982) was used. In this
method, a disc of the material being assessed 1is
mounted on a metal cup which contains water. The cup
is placed in a controlled air environment of lower
relative humidity than that within the cup (Fig 5.1).
From periodic weighing of the cup, thé water loss may

be determinéd and hence the WVTR of the material.
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All of the materials described in Chapter 'ﬁedf

were assessed in this way.
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5.2 Experimental Apparatus. L
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A humidity incubator, (Gallenkamp Incubator.

Gl . T ¥

Model IM 100) illustrated in Fig. " 5.1, with internal

”"""‘FF e *

dimensions of 50cm x 50cm X 60cm;hwas used to provide
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the controlled air environment .
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. To provide a water vapour kB driving A force,., the
relative. = humidity of the incubator interior_ was
maintained nominally at 35% by the use of saturated

solutions of magnesium chloride. The incubator

temperature was held at 35°C for all WVTR evaluations.

- - ¥ g <=, L .~
! ] - " ﬂ - t a',._.: - j
. . L - . - LY .

.- .The work of Lamke et al has shown that the.
average surface temperature of the injured skin is.

35°C and hence the water vapour transmission.

Lo SR =

-

experiments, were carried out at this temperature.

‘It is essential that the weighing is carried ~out
with the 'minimum disturbance to the environment in

Mool 1o T, L UL S I AT
order to avoid fluctuation in relative humidity and

£ %

£ o~ ,f,afi FuoAe {h e

ory TY
hence water ' vapour driving force. 'For this reason,’
- "'.,%; P T TP S ; -d oo Y . ii:‘* o i:?,.}.'} }m”:
the weighing was carried out remotely by means of a
N '

GeiieﬁkaﬁpTMe;tler ‘Balance 'P163; which 'was’placed’

e g o, S Sty P ‘ - > LT ey i
above the 1incubator " (Fig 5.1). The balance was



connected to the cup via a hooked rigid wire rod which

passed through an aperture in the incubator roof. A
platform, capable of holding five cups, permitted each

cup to be weighed in turn. The platform was rotated

by a stepping motor, using an external control switch,
so that a cup could be positioned under the hooked
rod. To attach the cup to the rod, the latter can be
manually detached from the balance and hooked onto a
pick-up lug on the cup; the rod was subsequently
attached to the balance for weighing. An inner glass
door within the chamber allowed the manipulations of

rod and platform to be observed without environmental

disturbance.

The cups were circular dishes made from
aluminium. The test specimen was fixed between a
threaded locking ring and a mating flange on the cup
perimeter. A Mylar ring gasket placed between the
locking ring and the specimens ensured that the
specimens did not crease during clamping. To obtain a
water tight seal a Neoprene 0 - ring was mounted on
the threaded flange. A pick-up ring can be attached
to the bottom of the cups to allow weighing of the cup
with the specimen face downwards (Inverted Water Cup
method) (Fig 5.2). Alternatively a strap can be
attached to the 1locking ring to allow the cup to be
weighed with the specimen face upwards (Water Cup

95
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Method) (Fig 5.2).

5.2.1 Environmental Control.

As indicated previously, -Section 5.2 the control

of the internal environment is of major importance in

-1 2 | = ’

the assessment of the water vapour transmission rate
of any material. since the control of the internal
environment determines the driving force for the

transmission of water vapour across the membrane.

In the above procedure. the relative humidity of

the oven was maintained at 35% usinq a saturated salt

solution. Many researchers (Powell and Griffiths,
1935; - Burcham, 1953; Young, 1967): have shown ‘that a
saturated salt -solution at a given temperature

produces a fixed partial pressure of water vapour:and

hence relative humidity when in equilibrium with a
gaseous environment. It was also shown that in

setting up a constant humidity chamber using saturated
salt solutions certain criteria have to be-adhered to,

viz :-

1. The chamber should be leak-proof; e e

2. The chamber should have a non-hygroscopic 1lining

to prevent the adsorption of water vapour thus

ensuring that equilibrium is achieved as rapidly
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as possible:;
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3. A porcelain or .plastic, tray should. be used .to .hold
the, salt, solution.thus preventing, any.alteration

-0of humidity.via corrosion; . A

cys v o £y . - v k".*, e ? - 3. 1 $ i ' - )
4. It is essential that only a saturated solution “is

Lo | S ) " {" oo e

present and there must be no droplets or films of

water on the sides of the tray. Hence the tray

should..be.dry initially;

K Iy ™ ["l ""“1. L. ﬁ: » i ,—n E wi .

5. 'Thermal equllibrium withln the chamber Should be

maintained by keeping the chamber and its contents

, - ¥
";;‘i 4

at a constant temperature.

s

6. The surface area of the salt solution should beaas

1arge as is practically possible. An externalmfan

oo }

motor provides a means of circulatinq air Qithin

the oven to provide a uniform humidity.

- ¥
]

5.2.2.. Measurement of the Relative Humidity.

In.this study,.the saturated salt solution .used

was magnesium chloride which should produce a relative

humidity of 32% at .359C (Hickman,1970). - . - ar



The relative humidity during the experimental

procedure was 1continuously monitored ﬁsing an
Evéporiméter EP l,IServo Med AB, Stockholm, Sweden.
This instrument gives a digital displayhOf relative
humidity as measured by thin film capacitive type

sensors which were placed in the incubator (Appendix

2)I

As a check on the measured value obtained from

the Evaporimeter, the relative humidity was also

measured dsing a ventilated psychrometer "(ﬁeltaJT

Devices, Cambridgeshire)(Appendix 2).

Preliminary data showed that no difference was
observed between the two measuring techniques, both
giving a value of 35% +/- 2%. Although this value was
slightly higher than the literature value, it remained

relatively coﬂstant from test to test.

|

5.3 Preparation of the Test Materials.

The test specimens consisted of circular sheets

of uniform thickness with an overall diameter of 8.5
cm. Due to the opening in the cup locking ring, the
exposed diameter of the specimen was 7.5 cm, giving an

effective transfer area of 4.5 x 10"3 mz.
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5.3.1 Tegaderm.

The Tegaderm wound dressing was supplied 1in

pre-sterilised sheets (10cm x 1l5cm). The procedure

used to mount the dressing onto the cup without any

pre-tensioning was as follows;

* +
e

1. Remove the Tegaderm from its packing;

2. Peel away the inner window of protective paper and

then the protective backing paper:;

3. By means of the protective frame apply the

adhesive side of the Tegaderm to the cup;

4., Gently remove the cardboard protection frame;

5. Cut around the edge of ¢the cup to remove the

€XCESS,

6. Position the gaskets and clamp down the specimen

via the cup locking ring.
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5.3.2"Bioclusive.

Bioclusive 'was supplied as pre-sterilised sheets"

: Se 7T - S, T e . i ": Hﬂ*ﬂ % :-ir . vy ; b .l '135 . ¥ “*tﬂl“*
in varying 'sizes (e.g. 1l0cm'x lOcm or lOcm X 15cm).
The mounting procedure was as follows :

- i, “
L]

l. Remove the centre portion of the protective

backing paper:;

»

2. Place the adhesive side on the cup and remove the

L A lt'-‘rg‘ﬁﬂ,

other protective tabs: * s

h“J.-l-‘lﬂ-
!
ol

3. Cut around the edge of the. cup. to .remove the

€eXCEeSsSSsS;

i ...

4. Position the gaskets énd*ciaﬁp‘&owﬁ "the” specimen

T F s - 1
Povgs s r

~via the locking ring.

5.3.3 Stretch 'n’ Seal.

Stretch ‘n’ Seal was available in rolls of 1l4m X
0.3m. The specimens were cut from the centre of the
width of the.roll using a metallic, circular template,

and a scalpel.
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5.3.4 Porvair 232013 and Porvair 32/5/1.

The manufacturers supplied this material in rolls
of approximately 2m x 0.6m. The specimens were cut

from the centre of the width of the roll using the

template and scalpel.

5.3.5 Vigilon and Vigilon Coverfilm.

The Vigilon dressing wés | supﬁlied in
pre-sterilised sheets of dimensions 10cm x 10cm. From
each sheet, a Vigilon and a Vigilon Coverfilm specimen
could Dbe obtaiﬁed, since the Viéiloh dréssing is
éupplied with two coverfilms and it is tésted with one

removed. The specimens were cut using the template

and scalpel.

5.3.6 Geliperm Dry.

Since the Geliferm material was supélied in the
dry state, the material required hydration before the
test. Preliminary studies indicated that maximum
adsorption of distilled water occurred after several

hours.



A cut disc was hydrated overnight in distilled

water. As the lateral swelling of this material is

only about 5% (the hydration volume is primarily taken

up by ‘the increase of the specimen thickness); only

slight trimming of the disc was required before use.

5.3.7 Linear Polyurethane Hydrogel.

The linear polyurethane hydrogel is suppliéd in

phe dry state and hence 1t requires an overnight

hydration before use. A disc of the materiald was

removed from the sheet, as above, and hydrated in

distilled water. The lateral swelling characteristics

of -this material are such that a new disc has to be

prepared, from the swollen disc, using the template

and scalpel.

5.3.8 Cross-linked PEO Hydrogel.

As with the other hydrogels, this material
required to be soaked in distilled water (overnight)
before use. A similar ¢trimming as in 5.3.7 was

required for this material.

o
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5.3.9 Lyofoam.

The Lyofoam dressing was supplied in sheets of

l10cm x 10cm 1in size. The specimens were obtained

using the template and scalpel.

5.3.10 Synthadermn.

Synthaderm was supplied in pre-sterilised sheets

of 10cm x 1l0cm in size. The dressing was removed from
its backing paper and the specimens prepared as 1in

5.3.9.

5.3.11 Coraderm.

Coraderm wound dressing was supplied and prepared

as in 5.3.10.

5.3.12 Corethium,

The Corethium pig skin dressing was supplied 1in
pre-sterilised sheets of 10cm x 10cm. The dressing
was reconstituted in st<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>