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Inert 

create an 

on 

in the fonn of creams, lotions and nt .... ''''"'t., are often to wounds to 

to """',.",f,, .. n is 

conducive to wound 

when 

From measurements of 

it is known that some 

process. There is data on the 

in use but all the effects of 

wounds and influence on process of is not known. 

not 

stratum corneum bamer 

the rate of re-

while others retard the 

n .. r.n<>rt.""" of most of 

on the mu~,.n._"'I1",i,.,nnrl"l""rlt of 

Central to the 

wounds. 

of wounds and wound is the need for accurate methods to 

for outcome should be and measurements 

.nl\,<>".,,,,lh, ~lr..ce!Dtf!CI methods of a~;essi 

exist. evaluation is 

lnaICGe,pta,ble levels of inter- and 

correlates of we 

As our Knc)WlleCCJle increase 

honnones and pelltlC!e 

the 

characteristics of a 

n .. n,(''''·~<:: of wound h",,:alil1ln 

"'H',II",",'" the process, 

intervention to enhance or , .......... 1"1""'" clinical . At the same 

measurements becomes more as we need to evaluate and 

in 

are clear 

in the 

arise for th"'''l:lIniCI' 

the need for ""'''' ..... v ... 

treatment nn,',nr.c 

measurement "",<::fiCIn,<:: were from visual <::('1'\1"111'1"1 to 

measurement of DIOIOQ!lca and chemical wound ... n,,,cl,lto .... ."" .. ".,.. characteristics of 

wounds can also be such as the tensile ct .. ".nnt 

structural elements of wounds remain difficult to measure, 

and electron allows some and 

measurements. With current advances in 

measurements can be made from tissue sections for a of 

The structural and ultra-

in the 
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offers functional data 

sources to 

Further l"nr,..",I:!:Itir,n of detailed of wounds to a detailed clinical assessment of 

the same wounds is .rnr'nl"'l~nt not to add to but also to 

understand which structural features of the dermis are 

therefore which be the of future 
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The nrn,I""":C: which wounds heal is fundamental to all process starts with to 

IIn .. n"", .. ,,, results in a nOil-SIJeCm connective tissue scar. The adverse 

n .. " ... ",.rt", .. " of scar tissue result both from the fact that scar tissue is weaker and more brittle than 

normal and the fact that scar tissue tends to contract with time. This has clinical 

il"!:I1IinrlC: as ... r ..... I"In relevance in such .... ,,, .. ...., ... 

adhesions and scar contractu res. 

aesthetic 

the non­

of scar tissue can also be considered detrimental. As our knc)wlleaCle increase 

occur in areas where wounds are 

about the chain of events that constitute the process, the arise for intervention 

in the of the to control the undesirable features or influence the outcome. 

1. Phases of .. P, .... ." .. 

1.1 Substrate 

The first 3 

released and there is 

recordable tensile 

1.2 Phase of 

is a of intense and chemical There is 

of wound and , ...... \.>V'" ,n. rlcn' ...... " are 

and removal of devitalised tissue. This process does not result in any 

or but it is essential for the wound for n"'~''''''l 

The is dominated the and of the 

lasts about 3 "",..,t<"", 

amounts. Fibroblast 

which and substance are aelDOlilte!a in 

increases with accelerated .""r.tn •• ."i." of \.>V"a!..l<>' 

is also increased and as a result is in a state of .... u'''',..n .... 

fibers. CO'lla!lerlOI1{S 

in the wound. 

this tensile c:t .. ~'nn·tn increases and contraction also occur. 

1.3 Phase of maturation 

Fibroblasts and and the V .. : ........ ,'''' of the wound decreases. The 

activities "' ... ~, .... "''''. CIOII~lOen .. '.rn."\rI~.lIir'n but architecture is 

abnormal and total in the wound is decreased. Maturation results in a more normal 

appearance, but the wound remains a somewhat weakened tissue 

It 
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2. Elements of 

is a process which surface of the wound is restored a combination 

of cell and As with all the elements that this is 

controlled various the of the wound milieu. These include 

t~r1rnr<:: hormones and 

n,n,.n.:>fTI,,.,,,1 variables that 

factors as well as mu::rODIO,IOCIICCU. 

a role. 

2.2 Contraction 

process which structural elements are This is the 

of the and is the result of fibroblast on the wound 

of fibers. 

2.3 Connective tissue formation 

na(~OI()gl(~ and 

closer towards the center 

as well as in the 

Granulation tissue is the of the "'".::to...... with the fibroblast the 

stimulated cell both 

various pel:ltiCleS and 

and intercellular 

t"t"1rnre is ,..,.",,,,n,",,,.lhlo for n .... 'n'uth 

SlJrml\j'lnn the increased demand for ny,,,nd'm As the mature fibrous scar 

fibroblasts and 

2.4 Aa,ilPtatIC:m 

This is the nrn,f'p,~<: of reformation of and ""' .. '0,.",. constitutes I'nrn",.:an", 

the 

"rnlnn" or 

Tnll'''''''''''' the process. An is the of liver tissue after 

resection. 

3. Factors that influence hlll':;linlf'l 

3.1 Ground substance 

All connective tissues contain fibres and cells embedded in a variable of substance 

called 

chondroitin-4-

This material is up of 

Two of these are ,nu,nn"nT 

and dermatan The fibroblasts , ... ";nnn",, for collaclen formation also 
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the oOlvaelns The role of the substance in wound is 

a role both in the orientation and nr""'n"""'",n of COlliaClen 

cl .. ~>n",·th of 

3.2 OX'ifOI!!!n 

is for normal and tissue formation. wounds are 

anoxic for the first few 5-10 fibroblasts are confined to 

where the oxygen tension is more than 15 is found 50-70 microns of the 

nearest . The to the tissues I'IPlnprll'lc:: on factors such as 

blood volume and blood pressure, ",'",nn,,''-''u vasomotor and rn",n""", and 

cardiac function. Anaemia per se seems to have little effect nr"."" ... " blood volume is 

Wounds in vascular tissues heal more than those in areas 

and when the in the air is increased 

between 35 and 70 na'·""'.... ...,."."""" ... n'v"".",n in excessive amount has an adverse effect. 

Intermittent nVflPnn!:lrl1" has beneficial where ischaemia is n""'''''''',nt but had no 

effect on the of open wounds with normal blood 

3.3 CollagEm 

nnl'1,,,,.hl .. for most of the cl .. ".nn;th ofthe wound. wound cOllaClen is 

demonstrates 

viewed in nnl"''''"ol1 

Fibril "''''' ....... n.:llt 

abnormalities at several levels of examination. It's lack of 

indicates a failure of at the molecular or 

is defective and the fibre diameters remain less than nn .......... ':O'I- fibre 

m"~ .. _r· .. I.:o,fln,nc::run'" are also abnormal and is 

Fibroblasts can be in the wound after 24 hours and \AlIIClU'V1 can be detected 

are 

ndc)pl,asrnic reticulum is 

iOi5iotclpe studies have confirmed 

the third At the end of a week fibroblasts dominate the cellular n",tl!","", 

UlAlpOII::sal"l"l'Il!:1ri,rI",c:: Their c::v",th""::''7''nn COlila~ltm and 

characteristic and indicates their 

the intracellular of \AlIIClYC:I is not stored in the fibroblast is excreted to 

the exterior small channels or vesicles derived from the reticulum. The other 

svrnncasl<!:ea in the reticulum are transferred to the exterior via the smooth-

chambered The transmission electron Icrc)scc)pe has invaluable in 

,,,.1'1,,,,+ •• ,,,, the fine structure of the \JUIIClU'V1 fibrils su~mestinl!l a ."."'""'.,, .. of the __ j' ____ • 
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molecules on each other to the 64nm croSS-DarlC that is so More 

it has to n.-"""", .. evidence that a three-dimentional of five molecule 

is a more accurate of 

such as fibre a role in "dOO1!~ ... n'" the 

of skin and wound. of normal skin mechanical 

reveal a "'" .. " .... network of n'''I''!Oit.nn each fibre can 

be seen to be made up of a 

fibre in 

of fine cross-banded 

nOlNe'/er. are In the r:oll::lolp.n fibres lie 

in a are not orientated and tend not to J:lIn,nr".n<:ll't~ U'ln".'rn~ 

in small bundles as in normal skin. A time the fibres in the wound come tnr,,,,t ... ,,.r 

to form • ",,'-"U.<:I. masses without evidence of fibril substructure. the fibre 

as time passes, is minimal and there is little to """'!ofY""'" that the 

is ever restored. It is well known that foetal skin wounds heal normal network 

without the ntl<u"''II'''''!!lIlt.nn that accompany adult skin wounds. In all examined 

the wound process is faster and 

more than adult and than of CUIIi:lyt:1 

rlo,nnc,iti"n in adult and foetal wounds is of interest. The nrrldOOrllv Y'I;;IJ"'",,mUI "nl'",,,,on in 

fetal models has been demonstrated 

and in foetal wounds is reticular and 

from whereas the adult wound contains 

bundles that are orientated pelrpenalculal to the wound 

3.3.1 content 

ITdOOr·J:lIfI(ln in the wound is a dominant feature of the 

is the content that the best 

... ,,', .... ,''''' .. tensile continues to increase 

with the 

after the content has returned to 

. This indicates that the of the COliagEm as an role as the 

total content of 

3.3.2 

the 

and 1.5nm wide. Each molecule is ... n,.,..,n.".,,,,.1'1 of three 

content of most animals. Trc)Pocoli n~r·I"~, .. t of the total 

is a rod 300nm 

it 

or 
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wound in a .IP,..,'_n<.nn helix. The molecule is twl5:teO the VIJIIJV;:,UIC way into a 

Over half of is up three amino acids: 

relates to the .. 1,,,,,,,,,, • .,1,.., 

of intermolecular and intr'arrloIE~cula In&:>hvt'l&:> reactions form 

cross-Jinks when an nn&:>rnn an condensation with an 

3.3.3 metabolism 

individual amino acids are assembled in the reticulum of the fibroblast 

at amino-terminal end end~ .... "'nrnv".'rn' 

hvrlrn"vl\'<:'I1'&:> is not the a 

.. nv'''I'''t .... n then under the influence of 

for this enzyme are molecular oxygen. 

ferrous iron and ascorbic of the groups of 

is "'''''''Tl"nl'''''''' the enzyme for its and if absent or amine UX1fualse. 

,n"" ... ",.."" t,. ........... ti"n is blocked and cannot nrn,..&:>,ul 

(';Olla(len measurement 

progresses ... T .... ·., .... , with time and the of can be 

estimated the ease with collaQlen is dissolved. 

dissolved in neutral salt ,,"V"UlI'V' and older is insoluble. Saline was therefore 

used to estimate <:vrlln'><:I<: and rates were at 

studies do not differentiate between the soluble new and the soluble vu, ....... ,,' .... in 

the final of A more accurate measurement can be made tritiated 

must be . Since total '"'''II.aM'V' is stable at 60-80 iUs "'fill'''' , ... 

as well. may continue 

been isolated form human wounds as late as 30 

A method for content was described 

Individual wounds can be ""'"'.,""''' .... 

"".",nl'1,&:>n and the hv,1rn'vvr,rn, The amount of 

that it contains 13.6% hun'r"'''''''''r,., 

that 

for has 

can then be 

is calculated 
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Immunohistochemical 

available rabbit 

of the different 

or murine monoclonal interest in 

" new ways of are Architecture 

in terms of of the fibrillar network is assumed to be reflected the 

immunohistochemical of and between concentration and the 

absorbance of the could be demonstrated 

A method based on the selective "'"'1-'''''''''''1' of two F3BA and Fast 

to bind to and nnn_",n"·'"'l1<.nn, 

and 1J ... "l<i",1'I 

resoe(:;(lvelv was first 

between the amount of 

estimated the rI''':Lhlinliinn nn"',.n".... and the determination of 

new rIllnIiITl,,"'lril" method may be useful in 

in studies this method with 

A method is described in this 

area 

4. POly[»ellltl€lle ft,rft .. "'h factors 

in tissue. It has since 

16 

Sirius Red F3BA and 

that the 

verified 

For the last two studies of have looked at biochemical mechanisms for 

the of of cells. These studies have oncogenes and 

in the transformation and of the cancer cell and in the induction 

of 

tumor 

rnn,nn""nt for .""" .... ",1., essential for continued 

lines of research with hormone characterized "' ........ .,t"''''''ol'l, 

OOlVOl90lide mediators of the nrl'.udln_""rnr1nntinn effects of hormone. 

there is evidence that somatomedins a role in fetal 

While factors were in the context of cancer and fetal 

studies were focused on the local wound hormones and 

acute A to.",. .. "" .. ", " .. ",,, ..... ''''''I'\n of events was documented 

in which cells in the wound: olatellets 

which are 

in 

response to 

nn!~n£>'<: flloro!bla!sts. and ,,"nr1nfF\,,"II:~1 cells. The of cell-s[)ecitic chemoattractants 

was and factors were isolated from the cells. 
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HnlWP'JPr these factors remained a nOCIQepOCIQ of ill-defined activities and fractions in the 

absence of the technical to characterize them. For oy''' ....... '''lo evidence for the secretion of 

fibroblast activities ....... "',,.. .. ".nl"l·"'''''' • ., existed for many years, but their 

and 1" .. ,..,,1"1., ....... , characterization could not be !lIl"'f'nrrlnli'c::1 

advances have been instrumental in wound into its current pre-

eminent DO~;ItI(m in factor research: the biochemical and J:ln,:>IV1'''J:I to cope 

with the cornPI19Xl1tles 

recombinant DNA t.,,,,hn',"" 

Where 

,nt,,,,,,t.,..n introduced the 

there was an ex(::eecu 

for 

small amount of 

obtainable from cultured cells or from volumes of constituent now lypepltlaE~s can be 

syrlthl~si,~ed for the conduct of in vivo research. A POliYPI9Ptiae 

is an cell ", .. ".lif".rJ:lt its interaction with an external rec:eDtor is to lead to 

intracellular "1"I,,,nr.o., the cell for DNA c".,.tl"l" • .,.c and division. It is clear that these 

", .. " • .,or,,,, also induce the of and thus are not mifnn,"nc:: but are also 

area. chemoattractants that recruit ""'1'-''''' ... and to the 

4.1 SVlnttlulu:tlic: 

With a more .... n'rnn'oy ocr-n",1I'l'\n of the various factors and much new research under 

itis .nf'rpJ:lIC::ln,nl\l J:lnl'\J:lr",nt that the same mediators of cell and stromal "'" ...... " .. ,,'" are 

involved in fetal The same factors involved in the 

nrn,f'~':C:: in cancer cells are cells that mediate wound inflammation and 

the plateIE~ts, ..... "',,.. .. ".nh,"'r"' • ., and Ivnml1locvte,s_ the case, the wound environment 

offers several attractive features for the of factors. It can be the process is 

it is limited and models are 

For the wound r£:>C::£:>J:I,'l"'h,"r the because appear 

to be fundamental to the that a narrow focus 

on one of the "'...,' ....... <>tn'''' response overlooks other acute events, 

on control leaves aside the role of and 

other CU.,."h,rnnnl factors. 
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4.2 runrn".nrI2YI 

Growth factors have been named either for their tissue of 

their cell c:n,3t"l1r.t".lrv {t,ni.it>r'Tn!:l 

cell culture Itr< ..... efn,.,,..... This has resulted in a 

<lIMnlllr" in tumor 

number of names 

and when factors with common names such as have no hnl1nnl''' .... ' ' and 

are distinct from which is an of EGF. 

with the to characterize the factors more 

there has come the realization that many the factors are t"lt'l,c:t>llu related and in some cases 

with the fibroblast unidentified DIOIOQIC 

activities may be if not irlo,"'li .... ""1 

and .As work 

will evolve. 

4.3 C;::".",\AJ'ltn factor aelllvt!rv 

a 

factor 

endothelial cell 

of the nomenclature of 

factors 

factors 

Growth factors can to the wound in more than one way. Some '<lIt"1rnn: such as insulin­

like factor-I are in bound to a lan]e-mOileC~Ulalr-lA/eIQ camer 

nrr"f<'un and thus are delivered in an Other 

factor and one cell and used another local 

termed .... "'.·"',.. ....... 0 factors are and used the same cell in an 

autocrine fashion. 

cell-derived factor 

and appear to 

and fibroblast somatomedin are t>y,:amnl".c: of autocrine 

roles as factors for both nne"r"".,. 

feedback mechanisms in the maintenance of hOlme~os1taS'isLu. This role would be similar to that of a 

t'h<.lnr,.,. an autocrine identified in cells. 

function in the wound 4.4 

Cell 

wound 

herald the 

These cells are stimulated and 

rnnn<llr,nrv response and the pro'oosses of 

spE~cifllC n,entlne factors. These cells 

also c:vrlth,>c:i7't> and secrete factors. of appears to involve a 
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orchestrated of ............ " ...... '" factors the 

the formation of new matrix. is and "'nt"'n .... " .. " 

""'''II",,'o::<::i(\n and autocrine behavior. In this <::""." ...... 

of a wound. hI .. " ... 't studies show that in addition to 

of new cells and 

of the factors' 

elements in 

PDGF 

tlOr'oOlasts. This means 

released 

also is 

that PDGF so 

vascular endothelial 

may act back on the cell that VY,,,,,,,iU it, or upon cells as a 

of J::OmlnIl1hJ .... n nl"n.lnnlninln the to released at the site of tissue 

Further in" .. ":!:.<::ir' ... the of these interactions is the evidence that PDGF acts in concert 

with and EGF to mediate cell transformation. all the other cells and 

factors are their roles in the and as new information ....... " ... , it ",nr",.",,..., 

that the DeDuae factors act in sets or combinations. 

4.5.1 Trl:!ln~:fnll'1T1iinn Growth j;;""",.n, .. _H 

identified in conditioned media from transformed was found 

in u",,,, ... ,,,"" and in very 

stimulates .. v.,,· ... '''''n.n of fibronectin and 

reversible of 

influx of mononuclear cells and fibroblasts and 

site of also manifests 

thus may serve as a bifunctional 

in DIHrelfHS. It was found to be 

and DNA content. It also 

fibroblast lines in tissue culture as well as 

. It can accelerate increased 

'-'V1.ay"" aep()sitlOn at the 

n .. ,.n ..... i,.<:: for <::n,."ifi" "g311_tvng.<:: and 

and differentiation. "' ....... "";;I.IIJ'''' 

isoforms of the have been 11.,.<:('IiI"l.,.11 nJ::Oln.,.llv and 

are similar in function both in vivo and in l1iflf .... ':>nt nnt .. nr·;",<:: and activities exist and 

is believed to be a result of cell and iff.,. .. .,...,.ti:!:!1 cell 

surface 

f3 factor is a two-chain pOlyp.~ptllae of daltons first isolated from 

the media of transformed n"'''Inl,!:Ic::tI'(' cells. TGFs are defined nn'3"J::01t;nr,J::O that 

stimulate cells to lose contact inhibition and to 

in cell culture. De:spll:e the common name, is distinct from 

a ,,,,_,'n,,,m plePtlae of 5700 daltons with a different sequence that is 
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nOlnOIO(lC)US to that of EGF. factor and EGF both bind to the EGF 

re(:eotor and have 

a 

other 

T!:lIrTnr •• '~ has numerous 

in the cell. It is of 

functions and is .... ,..."''''''or''.n a "",,,,or,,, 

for control of cell 

whose function is to control the activities of several other pelltiOle 

and IVmlnhlrlcvte5: as well as 

is a multifunctional molecule able to either or inhibit nrt'l.lif~.r!lltinn 

and processes of cell both leOIDla:~IGandnorl-nc~Otllastlc. 

and 

and 

Several other have been to be very if not to JiUTlnn,n these 

are a isolated from bone that :;;u",",."".-.. to be nvr\l,,':'" in cell 

formation as the first 

seems to have a 

in endochondral bone fnnm!lltin,n' 

Released the cells of the ni'I~.rnrn"'tn"" nrn,,...: .. ,,,,, it has been shown that it is 

to fibrosis and ::<Inlllnlll'!rll'!C::IC:: Extrinsic can stimulate increased levels of 

in wire-mesh wound chambers in the backs of 

. Subcutaneous n"",.."",n in newborn mice causes the formation of 

the and activation of fibroblasts to make at the site of 

. It has been that the tensile of rat incisional wounds treated with 

is increased or animals itis ",.III:n ... UIIGllt::<u that this is due 

to earlier or increased levels of factors than occur 

4.5.2 Platelet-Derived Growth Factor 

Growth factors in serum and ""'''''0'''''' extracts are considered to roles in 

and wound . The nl::ll'telf~t-rlieIi1"erl factor "'''''0''''' factor-

4 at low concentrations were first shown to be active for human mCInOCV1'es_ 

,trn,nhi,lc:: smooth muscle and fibroblasts and to stimulate cells and 

fibroblasts. 

Platelet-derived nrnW'/n factor is a basic 31 dalton that is stored in the 

of the bulk of it is svrltnl~SI~~ea and released from activated 

activated rn"' ......... 'nh,""n" .. " vascular endothelial Dlaltmn::s. there are other cell sources 



Univ
ers

ity
 of

 C
ap

e T
ow

n

16 

and certain smooth muscle 

chemoattractant as well as am .. " ..... ',.. 

. Unlike some of the other PDGF is a 

it is chemotactic for smooth muscle 

tlDI·oDllaS1:S, and but its .. "r'D"''''' "",,..,,,,,,n, is on the nl'II>'<::&>.' .... II> of other 

factors. The concerted action of PDGF with 

ITDr";OYlrl" of m",., ... , .... I1,\I""'"" or to mediate 

also stimulates collagemlse ",.""th", .. ,.", 

gene in tiDI·oDllaS1:s~ 

As a chemoattractant for fibroblasts and 

.,r""Dr,,, .. of other tac:tors, and an for 

role in wound 

chambers in rats enhances 

and matrix ,."" ..... ''''fol. 

and 

and EGF is needed to the 

transformation of . PDGF 

a 

... "' .. 111." the II>"""II>':!c::ir,n of its 

for these cells in the 

PDGF is a candidate for an 

in subcutaneous wound 

In diabetic animals with slow 

PDGF restores this to a normal . The direct aDl)IiCiati(J~n and recombinant 

PDGF to incisional wounds in rats causes a cellular influx 

increase in h,."'''''l<i" .... ",trc:."n'th h."ni.l ... i" ..... 5 and 

and an 

for 7 "'0''''''''--. It has 

been that the relative of this response may be due to an alteration in matrix 

associated with PDGF's influence on lAJ'Ii:IUt:m:l:st: C::\lrlfn~>C::IC:: 

4.4.3 fibroblast Growth factor 

Fibroblast factor is the conventional term used to describe a number of 

factors from a of tissue and cellular sources. of source. all factors of this 

class to be for endothelial cells and are characterized as 

Assessments of their unusual n",,'\i:anln.hiinrlinn affinities and newer tAl"hninl for structural 

characterization have shown that there are 

acidic 

about a 50 

4.4.4 

and basic 

cent 

r.: ...... 'lAllth Factor 

factor is a small 6000-dalton 

these are referred to as the 

fibroblast factors and share 

DOI'VDe'Dll(le of 53 

amino acid residues. Its existence was detected in 1962 when extracts of the of 

nn~>nlrln and incisor the mouse were ,n"::.M" .. ,, into newborn animals and induced DreCO(~IOlJS 
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dueto and keratinization. The .... ",nn,'", factor 

was nnlivn,pnf,n .. similar but not In .. ntll'''' to mouse EGF was isolated in 

and amniotic fluid. Numerous studies of in organ culture 

<::V<::t&>",<:: and in animals have identified the 

to EGF many other cells are 

t'n/lnl1lrn/'vtt"" smooth muscle and ~+ ... ~---

factor stimulates a rnlTnn~.n response with its concomitant in 

cell. 

and acid <::vrlth~.<::j<:: It also appears to the rate of cell ..... i" .. .,.ti"n~v 

and to unknown in the structures of the skin that do not 

IIYO""'Ylnn_ the hair 

the EFG reCt:~pto,rs in 

in situations such as male baldness. 

As one of the most studied of the 

number of in vitro studies. Its as a 

and errector 

role EGF could 

EGF has been evaluated in a 

cells in vitro was 

established years ago, but .... " .. ny,,, &>'vn£.rinn .. r.t!lll !lltt'Pnlnt", to show enhanced 

that 

in an animal or model were unsuccessful. This reflected conditions 

that did not sufficient continuous exposure of the cells to of 

re-combinant EGF. of the rate of has been shown 

in wounds treated with EGF on the dorsum of . Additional 

animal of bums treated with twice I, .. n",vr,n,,"f,t' human 

EGF mixed with a cream have v;£I,II"I",,1"I factor has been 

studied also for its effect on 

possess n .. n,lItt'I"!ll1'0 in response to EGF in cell culture. With EGF in 

sustained release embedded in in an 

amount of doubled DNA I"''''U''''>T and a 50 per cent increase in content 

were 

sponge 

. A similar cJolse-ICle[)enlcJelnt response occurred in rat wounds in which 

were 

increases in both 

EGF exerts its wound ,..o,::.lIn,n effect on 

doses of the 

and DNA content were still 

tissue is unknown. itis 

factor were 

. How 

for 

fibroblasts in 

models is due 

there is no direct evidence that the increased seen in the in vivo 

to mitnn.>n It is that mediates its effect way of cell 
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EGF is not itself a chemoattractant for Dro,Dlasts or ntl''' ............ '''.tn ... ' it 

with other 1".:lOl"1tnn::: such as and PDGF that is the critical 

clinical trial has evaluated the effect of 

EGF on the 

the 

sites in humans. 

of time to heal these 

silver 

thickness 

cream 

was shortened 

It has also been shown that recombinant ",,,,,,rI""Tn'" can be used to enhance 

the rate of wound and bum wounds as well as in the clinical 

chronic stasis ulceration and raCIIO(Jen 

h,n",,,.,tI' .. :.t, ... EGF showed accelerated wound 

The Centre for Genetic nn,n",,"'rlrln and tilcltec:mrlIOI()QV 

treatment of these wounds with 

and ",niirl",rrn . .:101 

in Havana 1'1"".'011"\",.,.1'1 a 

of 

cream with 0.1 % human recombinant EGF and 1 % 

was tested in a series of clinical trials in Cuba on 

The 

bum wounds in 

adults and children with Phase II randomised 

studies are still under way. A limited 

._~'_._'" ",." .. \Alln,., antibiotic "' ..... ,,"'''' 

was also ITn ........ "." in Moscow 

to Flamazine (1 % <:11\./'1" .. _<:, There are 

ulceration and the chronic also """n, .. rt", on its effectiveness in the treatment of 

ulcers of nttl,,,,, .. , • ..,,, and ... "t,,.,.,.,,,,ti ... extravasation in 

4.4.5 T .. liUl4zfnrrn Growth Factof-a 

factor-o; is a 5700-dalton ""n,nl"',.l'n.:lO, detected in the culture 

,,,,.,.rn!~t.:lOlnt<: of transforlmed fibroblasts. It shares a 42 per cent with human EGF and a 

30 cent with and binds to the same 

reCl9ptC)r as EGF and factor-o; stimulates the of cultured 

DroDlasts. and endothelial cells. It is svrlthc~si.~ed a number of 

fetal tissue ""vt .. ", ... t", and human The observation that TGF-o; is 

one of the is taken as evidence for a role for the ...... .:lO ..... nnh<.n'" in 

factor-o; also is SvrltnC~SI~~ea nl.:lO,tl"l,cotc: and human The 
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latter is an autocrine event because TGF-a. induces the nrnIIT""r~tlln 

thus induces its own ""v."·"".~,,,ir'n this auto-induction is in n~"nn.lnn 

situations such as 

increased rate of 

.. ;,..."" ... tl .. show 

TGF-a. "'1'''',''''''''" could be l'nl~trilhl to an 

't""r'~tll'" of the squamous cell carcinomas 

levels of TGF-a. "'vr ... .,.,"", 

Both TGF-a. and its hornol,oOlle have been looked at for in vivo ,. ....... " .. ,\1 similar to that of 

EGF in "' ............ ,.,.t,,,,'" wound a with n~.-r.~I_tn the 

administration of TGF-a. or VGF in silver sulfadiazine accelerated ",nlt1""rTn~ ",r~I',n" in 

.... n ..... """' .... ,.," with control and both 

""J<>t.,,,m did not allow for "' .. "' ...... .,,'" 

more effective than 

the information that TGF-a. is 

the wound 

more 

active than EGF corroborates what has been found in cell culture. 

4.4.6 nill1l .. nlUIII Cell Derived Factors 

A new factor has been found fluids of cultured cells. It 

is a 1 OOO-dalton peptlCle from or and has the 

to stimulate the but to inhibit fibroblasts. This is a factor 

the 0'"'.'<110' ........ ,"1 to stem and to the 

of tllJl'oblasts and the contraction of collla{:1len matrices seeded with 

wounds in swine caused n,,_pnlltn~'11 

twice as as in control wounds and hvr\nl',,,,1 of the dermis and tissue. In 

several horses and with clinical wounds and ulcers not the ;:'1..11.1.", ... 1 of a controlled there 

tissue. was a similar enhancement of and 

This work has led to the nrnnn",,,,, that different 

basis of the of wounds to be treated. For py,,,mnlp 

whereas a 

would be selected for an ulcer connective 

of exuberant 

t~"'ln,.., may need to be selected on the 

EDF would be useful in situations with 

factor such as orPDGF 
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4.4.7 Others 

Other DOl'VDeDllO under nVE~stllgatlo are 1\lII".nnl'V1'" 

Growth Inter1eukin-1, 

5. Control of wound ne;lIInlO 

Growth Factor 

and Tumor 

Insulin-like 

Factor 

tt<>'''I''Inilc: to the chronic fibrotic process associated with wound have been directed 

three avenues; the reduction of the removal of r.oII::ll11p.n 

.......... '1"'\I'n'" the metabolism of 

to hih,itn,...,. such as !lMinnm"'l'in 

have been too nnrl_<:""'I".tll' to be useful. Attention has also been directed to 1nT<"fT<>rll'l.n with 

!:Ic:c:",m,hl" of the molecule in the fibroblast. to 

,"I<""'£>nr,n with the enzyme prcltO(~OllaOlel have been 

iron will remove an essential cofactor in this reaction but is too 

human Some success has been obtained the 

such as and azetidine. These are "r"fTl,nr",.<>n into the 

molecule in cannot be 

X-irradiation will t'I""<:.trrl"irln fibroblasts and is 

for 

Local 

in 

keloidal scars. The best results have been with InnU'lInle:: fibroblast 

as well as .nl'r<>!l,<:1 It that and 

tissue 

Tissue COlllaOlena 

be 

increase is local 

Since \AI" a!,.!",. turnover in scar is 

but bacterial 

from the 

<>n~'n"",c: .. e:: was found to be too destructive. 

fr!l,nm,,,,n11e:: across all three chains 

end. 

to be useful. At the moment the 

it cannot 

nr<llrt"'<lI way to 

of I'nrtil'".i/"l", 

than that of normal tissue it can be selectiv 

The main reason for scar tissue r",,.,,itiil',, with which chemical 

occurs in the in the wound. T""'!:Itrn ... ,t with or 

could "'"'PMII"""'" block the reactions in these 

molecules are left free to orient and themselves in more nh"'""nI 
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When treatment is stoloped. r.n"";:..".""",,., plrooeecls has nrn'''''' .... useful 

both "'YI ... "'rim'~nt':llIv in tendons and their 

also seems to be in collage!n fibre .... r"."'_ ..... 

The process scar tissue that tensile dr~.nlTth and restore tissue 

coverage and wound contraction. the accelerated process 

........ _ ...... " ..... undesirable effects of abnonmal denmal architecture and excessive scar 

,.",,,,nn.,,,,,,, of ",I"'!:l,rnrln be beneficial in ,..",rnn,·nrr.;",."rI situations 

chronic dirt or u ... "",n,n Dloal4~Sl. where of is and takes at 

the expense of final in tenms of C::1"'~,rrirln It has been 

and care the nn"rnJ:lI adult wound has excessive amounts of 

the response that is for tissue ,.",,,,,In,.,.t. 

that drive 

new 

",n,,,,.n,,,I"''' to the control of in nonmal wound "",,"""'1"1 "' .. "',,... .. ,"'" of 

factors to wounds in an ",tt"m."t to stimulate wound 

the ClUILu,-,ala and autoinducive cascades of "'rr."'lIti .... '~ti" .... at the wound 

is to inhibit 

so 

the n .. n'",,'1h factor ,.."'.,,.."' ... t .. ·"'+;I1 .... "'-

reduces the autoinductive effects of this factor and leads to lower of 

m"',..r .... 'nh''' ... ., .. ', and mono(~VIIE!S at the wound site. treated wounds contain much less 

and has fibrillar ", ... <.,..ir, ... but there appears to be no ... ht1~ .. r." ...... • .. in the tensile 

between them and control could be the result of the orientation of the wound 

which is more nonmal in NA treated wounds. There is a more nonmal of 

denmal architecture as shown 

6. Measurements in 

Wound in human skin results in of scar fnnmJ:lifinn from fine 

and keloid scars, which may limit function and 

restrict further 

as the focus is 

interest is the measurement of scar fonmation in bum 

from survival to cosmetic and functional outcome. At very few 

scars exist. Evaluation is 

nt.t",."".. S.m.I",r1lv 1~,"'IIc .... n are nJS1tOIOgIC correlates of what we 

n,,,,",,,,,,,,,,, and not 

and bad clinical 

scars. 
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With current "'fl',''''".''' .... 

tissue sections a 

correlation of detailed 

scars is 'n"l,.,n ... "'"T not to add 

which structural features of the dermis are 

which should be the of future 

22 

from visual c:"c::t"',rTI c: to .. nll"1 '" 11n1 

automatic measurements can be made from 

,,,,,,,,,,,,,. .. ,, in the 

of scars to a detailed 

,,,,,,,,,, .. ,,,t,, ... ,,- . Further 

assessment of the same 

C::l'rIPITU"C:: but also to understand to clinical 

therefore 
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To '"uoet,n","", of dermal excised wounds in an animal 

Aims 

To compare of wounds treated with four different 

To nVI~S1lgalte the effect of factor on wound 

To nVI~stiaalte new modalities for measurements in wound 

To methods of in the measurement of wound 

The effect of four tnn,,,,,,,,1 

nn,·""", .. model. The 

on full thickness dermal incised wounds was """""",,,,.,,.<1 in a 

Phase 1-

The first was aT .. ,., .. ,.", 

the Animal Research Review Committee 

Four test animals were used. Different 

No: 

were tested and different and methods were evaluated. The time for 

was also determined. Conclusions drawn from the were: 

The 50mm dermatome available was not able to effect a full-thickness dermal wound in the It 

was decided to use incised wounds. It was also determined that a maximum of 

wounds of 2x2cm each could be made per animal. 

For 

excised on 

initial wound and 

seven, wounds excised on 

characteristics of the scar. 

Phase 2 - Data 

Six1een adult of between 15 and 20 

stabled in individual pens, which were cleaned 

access to clean water. 

it was found that wounds should be 

28 would be suitable for the 

were used in the final 

received 

The animals were 

feeds and had free 
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Each was sU['lectea to two initial and wound on either 

7 or 28. All n.:" ..... r''''I anaesthesia with 

Inhalation anaesthesia with aU nr"'l'a,ri. 

was nrr''''''''''n on a scale that would be ",nr'rn., ... for humans sut,jec;tea to the same nr",.,..",.r1. 

was administered at a dose of 

for the first 48 hours and intramuscular Tnc.r"":lTT<>r Animals 

were sacrificed after the 

To eliminate factors that may contribute local tissue variables to the wound we used 

a model of Other models have been for instance methods of 

thermal • but have shown to introduce variables such as infection and intense local 

inflammation that could results in a 

The four 5% cream IOli"' ........ "'rn Lever Industrial - Picture 

1% Smith & 2% 

ointment 

recombinant-human .. n.'U .... 1I 

Beecham - Picture 

factor Heber - Picture were 

to four test animals each. 

1. Povidone iodine is a used external with a broad microbicidal 

localised 

and it is 

and In vivo studies have shown a beneficial role in 

vn':'f'C:,,,,n<:Ifl\IITv to iodine is a contraindication and adverse reactions of 

or ,,,,,,\nnr,,,,f1 in 1-10% of Contact with the be avoided 

toxic if ngE~stE~a Sodium thiosulfate is the most effective chemical antidote. 

",h<,,,n,,',r.n in extensive bums causes loaommrla metabolic 

results in very little 

""UV""'''. and renal 

with 

ini"' .... ..,.t'''n """ .. ",,,,,.0.,, ..,.n<", ... " .. ".n is and serum concentrations of total iodine and 

iodide are increased .,'n'''"1I"1,-,,, 

2. ""' .. ' ....... , ..... lIipniilolazl reacts to form silver ""I,nn,,l.. silver nrn1I ... n and sodium 

to be Free silver ions exert the bactericidal the silver ions are 
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adsorbed bacterial cells association with SH groups or 

.;"',,:v .... T'I across the cell wall. 

residues in the 

acts as a 

of silver and JlptlaCiiazlne at the wound surface. slow liberation of 

does not cause the and extensive aelJlel:JOn of chloride ion ""Yr'""ri,""n,~".rI when silver 

nitrate solutions are used and thus I"" .... !trnlut", disturbance is minimised. It is used as 

antibacterial for treatment of inf~>M~'rI pressure sores and caused Gram-

nml:;llnic::nlC:: such as and It has also been effective 

Candida albicans and to exert a infected. 

are to the 

first months of life. It is also contra-indicated in with renal or or 

amounts of may 

blood 

base balances. 

and attention must be to fluid intake and acid-

3. is a of in 1 of a water 

soluble base. It is an antibiotic that inhibits bacterial to bacterial I;)VICUI"y t-

It a low ... "·",n •• ,,, for sensitisation. has not been 

and adverse effects are localised to the area of as or 

The 

the 

nin,tm""nt contains U.S.N.F. which when absorbed is ",v,~r""t<>11 

It 

4. Hebermin is a 

and Silver 

stimulates 

therefore not be used if there is evidence of rnnl1<>r''''to or severe renal 

and cream that contains Human Growth Factor 

which as active 

Human EGF is 

transformed. The strain 

EGF isa 

recombinant DNA ,,,,,,,nnn in a 

Hebermin contain 1 mg of human EGF and 1 g 

base. It is I"'nl"lTr~~_ll"ln in n<>tionte with l"Ir'orcoon.~ .. ""." or 

level 

to Ilntlnnl~l"I"lin~'C:: or in n<>t'onte with 

should be used with caution in n<>t .. onte with liver or 

been described. 

It 

Clsea~;e Adverse reactions have not 
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Picture 1: 5% Povidone-Iodine Cream 

Picture 2: Silver Sulphadiazine 19/1 OOg 



Univ
ers

ity
 of

 C
ap

e T
ow

n

27 

Picture 3: Mupirocin ointment 

Picture 4: Hebermin (Silver-sulphadiazine plus recombinant-human EGF) 
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1. Wounding 

Wounding was performed under general anaesthesia . After induction, the animals were intubated 

by endotracheal tube and connected to the ventilator. A mixture of oxygen, nitrous oxide and 

inhalation anaesthetic agent was administered. A random assignment was then made to one of the 

treatment agents by an independent assistant and a study number was marked on the ear with a 

marker pen. The skin was prepared by shaving off excess hair with standard animal clippers. No 

washing or prepping with antiseptic solution was done prior to surgery to prevent such agents 

affecting the outcome . A plastic template was then used to mark fifteen wounds of 2x2cm on each 

animal for treatment with the test agent (Picture 5). 

Picture 5: Wound marking 

The fifteen wounds were marked at least 2cm apart to leave a bridge of normal skin. They were 

positioned either towards the head or the tail of the animal. Fifteen more wounds were then marked 

in a similar way towards the other end of the animal. These wounds were left untreated to serve as 

control wounds. To exclude the effect that regional placement of wounding might have on healing 

properties, two of the four animals assigned to a specific treatment had the test wounds towards 

the tail and the control wounds towards the head. The other two animals had the test wounds 

towards the head and the control wounds towards the tail (Table 1: Animal Allocation Table). 
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Table 1: Animal Allocation Table 

Povidone iodine 

Pig 1 

Povidone iodine 

Pig 2 

Silver-sulphadiazine 

Pig 3 

Mupirocin 

Pig 4 

Povidone iodine 

Pig 5 

Mupirocin 

Pig 6 

Hebermin 

Pig 7 

Silver-sulphadiazine 

Pig 8 

III! ••• ••••• 

.... , .... 

29 

• TEST AGENT D CONTROL 

Harvesting Day 7 

Harvesting Day 28 

Harvesting Day 7 

Harvesting Day 28 

Harvesting Day 28 

Harvesting Day 7 

Harvesting Day 7 

Harvesting Day 7 
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Povidone iodine 

Pig 9 Harvesting Day 7 

Silver-sulphadiazine 

Pig 10 Harvesting Day 28 

Hebermin 

Pig 11 Harvesting Day 28 

Mupirocin 

Pig 12 Harvesting Day 7 

Mupirocin 

Pig 13 Harvesting Day 28 

Hebermin 

Pig 14 Harvesting Day 7 

Silver-sulphadiazine 

Pig 15 Harvesting Day 28 

Hebermin 

Pig 16 Harvesting Day 28 
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The wounds were made by full-thickness excision of the dermis and epidermis using a scalpel 

blade (Picture 6). The plane under the dermis, consisting of loose connective tissue, was easy to 

identify. 

At the end of the procedure, the test agent was applied to the test wounds, while the control 

wounds were left untreated. No occlusive dressings were applied to the wounds. Wounds were 

treated once a day with the topical agent assigned to them. About 10cc (50g) of ointment was 

required for each animal to cover the wounds with a thin film of the test agent. As the animals by 

preference did not lie on the side that was wounded, minimal soiling took place and the test agent 

appeared to stay in contact with the wound until the next dressing was done. Since it is known that 

Hebermin and Povidone iodine could be altered by exposure to direct sunlight, the animals were 

stabled indoors for the duration of the study. 

Picture 6: Wounding 
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2. Punch biopsy (day 3) 

On day three after wounding, ten wounds from each animal were biopsied (five from the treatment 

wounds and five from the control wounds). A punch biopsy instrument, 3mm in diameter, was used 

to take a biopsy of the base of the wound (Picture 7). The wounds that were biopsied were marked 

with a permanent marker pen and were excluded from further analysis. 

In the early phases of healing, before new structural elements have had time to appear, the wound 

consists mainly of an acute inflammatory exudate. As such, conventional histology is of limited use 

in the assessment of healing during the first 72 hours and excision biopsy was not performed on 

day three. However, measurement of wound constituents are important during this phase and the 

punch biopsy specimens were adequate for assessing collagen content by means of computerized 

image analysis. 

Picture 7: Punch Biopsy 



Univ
ers

ity
 of

 C
ap

e T
ow

n

33 

3. Excision biopsy (day 7) 

Two of the four animals assigned to a treatment were anaesthetised on day seven after wounding. 

General anaesthesia as earlier described was administered and the wounds were all surgically 

excised. The wounds were excised with excision margin deep to the base of the wound and with 

surrounding skin intact (Picture 8-9). Twenty wounds were harvested from each animal (ten treated 

wounds and ten control wounds). The ten wounds that had been biopsied on day three were 

discarded. After removing the wounds the animals were sacrificed. 

Picture 8: Excision biopsy 

Picture 9: Excision biopsy 
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4. Excision DICIDS·V 

The two animals to a treatment were anaesthetised on 28 after 

General anaesthesia as earlier described was administered and the wounds were all 

excised. The wounds were ex(~ise!(1 excision m.::o,min to the base of the wound and with 

skin intact. wounds were harvested from each animal treated wounds and 

ten control The ten wounds that had been on three were discarded. After 

the wounds the animals were sacrificed. 

Phase 3 - Evaluation and 

nVE~Sn!lators were blinded to the treatment and results were once all the data 

had been collected. Wounds were evaluated three different methods: Visual 

and 

1. Visual score 

There is a the croscoipic and appearance of 

betweEm the appearance and m51[OICIO scores of features in the II'Inl,nll'llTl'"l"<:: and 

. Visual assessment scales were nrll'l""I''' described for wounds and 

but these scales were not .::on,nrl'l,n,..;",tll'l for assessment of the wide of wounds seen in clinical 

nr",M •• "", from other 

visual score for "'''UTI._,,.. 

incisions or non-bums trauma. A 

assessment of et 

and was found to be a sensitive instrument in scar as::;essm validated ..... I""'t.l'.n of 

the "'1I'I\,'II'I"t\l of a wide of 

Clinical assessment was done on this scale which includes wound 

and distortion. Each of these n",.".::onllll'lt,I'I!"'c:: was a score of between 1 and 4, 

values poorer appearance. Whether a wound was matte or was also the 

fnrrnpr <::f'I'\nn,n 1 and the latter 2. An overall assessment was also made and indicated on a visual 

"''''J ....... ''' scale as a vertical mark on a 10cm o .nrl"I'.::olfinn an excellent wound and 1 0 

a poor wound. This score, ov,,,,.,,,,.,,:,,,.n in centimeters to one decimal was then 

added to the sum of the Scores to an overall score for each wound. 

Visual scales have been used in the in aSl;essinlQ cosmetic scar 

.tl'.· ...... <><::' ,and takes into consideration other features of a wound that affect its 

assessment 
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Clinical Assessment Sheet 

Scale 
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2. 

assessment of the wounds involved of the architectural 

abnormalities that are known to occur in wounds. Routine H&E were done on wounds 

was characterised a on the n""nr",,,, of 

restoration of the rete and reticular dermis were scored in n::.o.-. .. " ... to normal 

skin. Parameters were fibre and This scale has been 

, and has been shown to be a consistent tool in nISltol(J~aIC 

assessment of n"":UIn,n wounds in humans Assessment 

His.toloaiic Assessment Scale 

Normal 0 
Some restoration of rete 1 
No restoration of rete 2 

Dermis 
A. fibre orientation 

Normal basket weave 0 
<25% abnormal 1 
26-50% abnormal 2 
51-75% abnormal 3 
76-100% abnormal 4 
Keloid-like fibre orientation 5 

B. fibre 
Normal fibre bundle 0 
<25% abnormal 1 
26-50% abnormal 2 
51-75% abnormal 3 
76-100% abnormal 4 
Keloid-like fibres 5 

C. fibre 
fibre 0 

<25% abnormal 1 
26-50% abnormal 2 
51-75% abnormal 3 
76-100% abnormal 4 
Keloid-like fibres 5 

SCORE RANGE: 0-17 
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3. Immuno-histochemistry 

Immuno-histochemistry is becoming an important tool in the measurement of healing parameters. 

MIB1 stains were done on Day 7 biopsy specimens (Picture 10). 

Picture 10: MIB stains for mitoses (arrows). 

The slides were assessed by an experienced histopathologist blinded to the treatment agent. A 

semi-quantitative scale was used where a score of 0-4 was given according to features of staining 

density, mitotic activity and epithelial growth. A score of 0 indicates slow epithelialisation and 4 

indicates rapid epithelialisation. 

Computerized Image Analysis, using the method described later for measuring collagen content, 

was also used to validate these results. Percentage surface area stained positively by MIB1 was 

measured, and correlated well with the results of visual scoring. 
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4. 

As become more nn,,,,,,,u-r, more affordable and easier to use, have 

become more used in """>1"""'" 

i ..... '''n''' • ., is central to the 

r5tClDatnoiloOIV is a field the evaluation of 

of not from the of view of 

of disease processes, but also for medical research. 

pm;S![)lIItles exist for the skills and of with new 

to a~;es!Sffiient made POSiSIPle 

l'In~llvc:::ic: Visual iCrclSC:opic assessment of a 

of the Daltnoloollst. It relies on mental irn~an"",rv 

recent advances in the field of 

section is based on the 

and and into the relevant clinical data. 

this could be aided measurements made pos;sible 

data is "'0,.""" .. ", more and verifiable than 

alone. 

4.111"-........... · ........... ;"" 

evaluation 

In the basic workstation is the Video I-J",ntn ..... ".t"" .. 

the 

It .... nnnn .... "'.'" four 

"'u.,,""..... a 

video camera ",,,.,.,e..... and the software to the 

. The mi(:ros;col>e .... ·n'nne'" the "' .. n,'e .... '" it onto the video detector. The 

video c:v<::T"",m scans the and sends the video frame buffer. the 

video is and stored. The ",,,.,,,g ..... processes the and 

extracts information. workstations are ('n.nlTl""rI~i!:ll1 

can be assembled ('n ..... h"non'n the different ('n.nn,,.n,,.ntc: in a custom am)!iCiatloln 

mi4::;roSC()pe can be converted into a video ..,h"+ ........... a video camera and 

..,.."-n..,"';<>;I",, software. it to a with a video card and 

4.1.1 Mic:roS:COE)e 

Some "'..-"''"''''' considerations to the choice of nn,:or-"".~'" (',""'I"IAn",,,,,,.., and source to 

ensure minimal "'''' .... e ....... ''' "'h.~ .... "'ti and that the ' ..... '"n.,.''' in the and video monitor are 

A motorized coordinate is and relocation 

The source should be stabilized so that \In.T:;a,,, .. fluctuations are below millivolt as 

radiance is sensitive to even small ('''Jilin .... ""c: in the " .. nhlo,m of 
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from oDJiec1ts in the field of view close to the element 

cannot !1IIW!1IVC:: be corrected for as it is densities can 

nrn""nl"" control over , but care should be taken to ensure the 

condenser is well centered and measurements be limited to the central of the 

4.1.2 Camera 

The second 

camera or a 

Cameras 

",,,,",0"'. the 

emolo'lIeCl range from 

is a I'h<un,"'_ device 

camcorders. 

instead. 

video to nrn,nn,,,,t<>,n, interface devices for customized 

differ in a number of features: camera color 

and the number of data bits per of the The trend is towards 

resolution video cameras combined with some kind of frame The video connection will 

soon be built into so that frame will become more As the 

more of the electronics will be "\"',,1<'1"1 in the camera 

controller boxes. lies in oeller'-COOl€!O CCO cameras. lowers 

the thermal "noise" in the ..... """..,,, ... ,, a cleaner and 

Other devices include hand-held scanners, or flatbed scanners, cameras, 

and various instruments. The that transmits the from the camera to 

the a frame 

Scanners also 

but many new 

transmit their 

cameras now interface 

4.1.3 CorDDlJter 

The third .... " ..... n."\n .. is the and current at least a 

PC. are aplplic:atiIDn-spl~ci1 

years appears to be that n""r'c::nrl!1l 

easier -to-use 

from each other. 

at the but the trend over the next few 

and UNIX workstations will into more 

will be 
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4.1.4 Software 

The final is cnf'IuJ,,, .. a users to make measurements of the and 

the data into a useful ora The software also controls the camera or 

scanner 

in 

the and does any enhancement to correct for nrn,nl""rnc 

to n",.Tnrrn 

program. In many the user can 

, ... ,v"",..,,,,, can also be built into the 

automate the process so that it can be 

more or at the touch of a button rather than a series of 

each time. 

The cost of software need not be for up a .,,,.!'ta,.... with most pac;ka!leS 

for around spE~ciallizE~d Pl!lCkagE~S can 

cost up to 000 or more there are also excellent software 

available that are distributed free of t'n""rna e.g. NIH made available the National 

Institutes of ......... ".h· this program runs on the Macintosh nn<>r",t',nn cu''''""m there 

are versions available for UNIX or Windows A similar nr .... nr'''rn 

, is also available for free. 

Some software IJ<U,l'\.i:I!,IC;:) are not available as a stand-alone aUII.II",a<l'" but as of an 

hardware and 1"f",','",I,nn ...... ",'nt tools. 

The trend in software will be toward ease of use and nnl,i,..",ifin."c in an 

hardware and software as a workstation while other 

in software solutions that can be tr",nc, .. nrtarl onto a of 

environments. 

4.2 The of 

There are four to consider in the process of 

4.2.1 

A camera such as a tissue section on a mu::ro:scclpe and the 

information is transformed to discrete bits of information. In 

At the minimum 

..... n, .... " .. 'c'nln the smallest 

of such data ",I",mj:l,ntc:: are 

.rlont.l .. , nuclear chromatin "'<lIt-torr,c that 

or 

a scan a 2cm x 2cm area on a slide results in 1.6 billion 

to 

micron 

data 
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has seen spt~ctaClJlar advances .. ",,,,,, ... il,, and nm,,,"nite:: in nrn"" .. ",,; 

,,,",,nnr\ln"IV over 30 years are e::n,n ... ,,,,,h,:at """, ... o';n .. ,n;r;nn In 1966 the first 

offered for the Zeiss UMSP1 allowed second. 

allows data at rates of several per second. 

mn' ..... ,~i"'ll" available more than serves the needs of 

4.2.2 

is takes where the is enhanced or 

nntim;'I:&:>rI in a format suitable for !:lIn~ .. vc;:'c;: It may be nec::eSiSalry to remove to rotate or 

darken the to remove to reduce the color two or three colors or even to 

color "n<.nn",,,., for individual exist that 

n""orn .. ", functions such as de1:ectina around structures or into 

4.2.3 

The third is actual measurement of features of in the The 

nrn," .... :e:: has evolved from measurements of lines and areas manual 

or of to automated nrn" ... c,e::i Im'::In~'_e::ITI!::In e::\/c:TII'·me:: The 

is to in numeric elements that are 

is form. 'Nuclear area,' fo'r 

measured as so many square microns or in a digliti2~ed But sometimes it is necessary 

to define a such as entities 

tissue architectural and nuclear of randomness of nuclear nl!::l"ftlm", 

and nuclear area and chromatin n!::l'/1' ... m 

The measures elements of a a whole new to 

the field. Instead of mOlr ... h, that a cell is 'not can and trace the 

outline and then calculate o",OI...tII" how round the cell is of nOll"lrn,ot~ ... 

the So the term 'measured area should now become of the 
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the data offered the The nr"nlOlm 

information science is not whether these can be but rather 

a such as the 

found to be 

.. ,oinh't",rI center-of-mass' can be DIOIOOllca 

are in the 

in ",nr1nu."nn n",,,,,,,."f. o::uo::t"'"'o:: with the to 'understand', 

in involves much more than the information offered 

the hi";I"I".n.", section and its ml(~ro~)coplc It all the that enter into 

a human rli~,nnlnc:tli(' CleclSlon of the mutual rlI"lnI"rlr1I"n(,jl"C: ~mlnnn all 

field. 

in the np'lIPI,nnrllPlnr of machine and automated 

0::\10::1' ..... ,0:: at which information can of a 

hn',""',It:>r' that in automated 

is in progress 

network 

and ('n(,nitinn to the int'~rnlrptl~ti",n of 

• that introduce non-numeric data 
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4.3 Rate of healing 

Computerized Image Analysis was used to measure the rate of re-epitheliasation. There are many 

methods in use for determining the rate of epithelial ingrowth from the wound edge towards the 

center of a wound. These methods range from visual inspection and calliper measurements to 

morphometric measurements performed on a traced image of the wound outline. Methods have 

been described of determining the weight of paper cut to the size of the wound margins and of 

direct measurements on histology specimens using a microscope with a calibrated graticule. Our 

method makes use of measurements of distance in histologic specimens. The excision biopsies of 

wounds on day 7 were used to prepare slides with routine H&E staining, which was then digitized 

and analyzed using computerized imaging software. The outcome parameters used were 

maximum distance of epitheliasation from the wound edge (Picture 11), and maximum thickness of 

the new epithelial layer sampled at the wound edge (Picture 12). 

Distance 

Picture 11: Distance of epithelial growth 
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Picture 12: Thickness of epithelium 

4.4 Collagen content 

Computerized Image Analysis was also used to determine collagen content of wounds biopsied on 

day 3, day 7 and day 28. In previous studies it was shown that this method (calculating total 

collagen content by measuring percentage surface area of collagen on Sirius Red stained biopsy 

samples), correlate well with direct measurement of hydroxyproline 14,15. 16. 

4.5 Methodology 

To outline the basic methodology and workflow process, the example of measurement of 

percentage surface area of collagen in the histological sections of wounds on day 28 is described 

in detail. 

4.5.1 Specimen preparation/staining 

Morphometry on histopathological sections is usually performed on tissue fixed in a 10% formal 

saline solution. The tissue is then processed into paraffin wax and sectioned. However, resin­

embedding can be used to enable the cutting of uniform thin sections, but this is costly and labour 

intensive. The best measurement results are obtained from the thinnest possible sections, usually 

2 -3 J..lm in thickness. The stain used is dependent on the element being measured e.g. Perls' 

method for iron, Sirius Red for collagen, or osmium tetroxide for fat. Irrespective of whether the 

study is retrospective or prospective it is important for a single person to cut and stain the sections, 

preferably in a single batch, or otherwise in carefully selected batches. For thresholding (in area 

morphometry), high contrast between elements of interest and the background is essential. 
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4.5.2 Calibration of video 

The n .. "",..,(:.nn and re[lrO(]UC:lDn of measurements obtained with a VloeO··Da:':ieO .,,,,,>t ... m is 

be ,..nrnn,.n 

followed. 

of a 

""",,,,gIn there should be a stable electrical the video camera 

a 

and factors 

strict 

variation in ambient should 

assurance pro,toc:OlS should be 

inrnl .. nt should be switched on and allowed at least 10 minutes to stabilize at the 

can be done with a calibrated 

of the video screen and rotated to 

stained slide is measured and with 

The 

measurements of the same 

slide. A coefficient of variation smaller than 5% is n .. ""f .. rr .. ri 

measurements from sections can exhibit coefficients of 

calibrate ...... ,,,,,,.1'\1 is to an 

mic::ro:scclpe and condenser is focused and field 

the video is to near saturation. The 

way to 

and after the 

source set to the 

source is then so 

that an field a value of 255. More n .. ".,..ic: .. calibration can be n .. ,rTnrnu:.n with 

neutral "<>,,,"",,,,, filters and correction but it to a 

session " .. ,.",,,.<>" that the 1"'''''"'''''' 

constant. Most video cameras have automatic the 

r-nr,riitinn,c:\ and for obvious reasons this should be range to 

ISBDleu on cameras used for vinll'lnnhj"ltnml'l·tN 
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4.5.3 Capture of images 

The selection of fields for capture is important. Where the whole specimen is not measured, 

protocols for random sampling should be followed to avoid biased selection of fields. Fields for 

capture should be from the center of the image. The format in which images are saved is also 

important, and image file formats using 'lossy' compression (e.g. JPEG), should be avoided. An 

example of a captured field is shown in Picture 13. The collagen, stained red, is clearly visible. 

Picture 13: Captured image 

4.5.4 Image analysis 

Using the software tools, in this case Optimas 6.1 76
, the region of interest is defined and a 

threshold is applied that selects the feature to be measured. It is important that the same threshold 

values are used for all the samples. Picture 14 shows the same image after the threshold is 

applied: all the positively stained tissue is selected and appears as yellow areas (known as the 

foreground). Now the computer can measure the total size of the foreground elements either in 

pixel size or in units of area measurement, and express it as a percentage of the total area of the 

image (Picture 15). 

Picture 14: Threshold Picture 15: Binarised image 
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Data ::an::ll'll<l:ltl<l:lt 

The raw data is then av,,,,,, ... t,,,,,'i to In 

measurements can 

any stallstllcal oac:kaCle can for or nr .. ,c:a''IIt!:lirinn 

.......... n ... ""n1<' have built-in tools data !:In!:llv<:.i<: 
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were ::In::alv~;pn once all data had been Statistical was 

and where <>n.",.nn,.;,,,t,,,, of <0.05 

were ntc' ....... r'ot".ti as sta,tlst:lca 

1. Visual score 

in Table 1: Visual All treatment had Results are 

results 

with Povidone 

Hebennin (1 

with their untreated control wounds best result was achieved 

Silver (1 and 

between treatment groups were not 

2. HlstolC)gy 

The results of the nr51[OIOOl assessment is in APPENDIX Table 2: 

Assessment Scale. All treatment had results with their untreated control 

wounds best results were achieved with Povidone Iodine 

and Hebennin Differences between treatment groups were 

not ",.nn.1:"1"""n1: 

c::n~.t"il1nprlC:: were stained with MIB1. increased mitotic in the upper 

........ ".. with of fibroblasts and cell The result of visual 

in APPENDIX Table 3: MIB1 Score wounds. 

",n""nT<O: tested appear to stimulate rpn,pnp tissue as ,..n'Tln.!:ll~.rI to 

untreated control wounds Growth had the most 

.!:lItiii.!:ll7iino (1 and Povidone 

Iodine statistical 

was used to validate these the result of surface 

area stained is 

control 

3.38% and 1-101'\0."""", 

in Table 4: MIB1 stain Surface Area The mean value for 

with Povidone Iodine 

4.10%. 

Silver 
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4.1.1 Distance of 

The distance r",,-,,,rU1,n,,,,,aljcatinn was from the wound the wound surface to 

the end of new ""ni,rl"".-rn tissue. Results are in APPENDIX Table 5: Distance of ""niith""li!ll 

treatment 

to untreated control wounds 

was a difference in the distance between 

showed a rate of """iith •• li", 

The distance of ""n,tn"',II!lI1 

when 

correlates with the surface 

rate 11'1 .. ::1'",.,1""" 

:: 1902.78 Silver (1401 J,1m), 

and 

4.1.2 Thickness of 

The thickness of the 

centre from where new 

was measured at the wound 

mn<>rr"",. cells nn'''"n!llt"" 

believed to be the 

the wound 

surface. Results are in Table 6: Thickness of ""n.,tlu'l. 

A thicker of was measured in wounds from treatment groups Hebermin and 

when with Silver and Povidone Iodine These two 

groups different from the control wounds 

had the thickest (1 followed Hebermin (120.56 

Control (103.14 Povidone Iodine (101.68 and Silver 9 J,1m). 

4.2 content 

content was measured 

Measurements were done on 

APPENDIX Table 7: 

as described before. 

wounds from 28. The results are in 

In DIOIPSIE~S from COllaQEm formed 2.7% of the tissue. increased to 41.4% on 

content was similar for all wounds on 3, with 7 and 68% 

Povidone Iodine Silver 2.91 % and Hebermin 3.05% 

was also no difference between treated and untreated wounds 

There 
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7, content increased in treated to average 42.51 in the 

untreated there was less P<O.01. The difference in 

content between treated and untreated wounds was even more 

with average content and 65.73% resoe<::tlveIV 

1-.1""11'\"".-...,."_ • .-"""." .. ,, wounds had the most COllaClen 7 

no statistical <::innifill"'..::IIn 

most GOI!lClClen 

Povidone Iodine 

and Povidone Iodine 

between 28 

followed Silver 

There was no statistical ""nn,t,,..,,,,.,..,,,, n""lh.AJ",."" 

at 

Between treatment 

followed Silver 

Mo'we'ver there was 

had the 

and 
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leads to which may to and 

and 

treatment to ,mrlrn", ... .,. ........ "yn ....... ('n,,,, • ..-u:>tir delteCils can be both and DS'\jPCm)IOclica 

for n!:llti""nt<:: and 

n",t"""nt'<::· demands on their nn"<::.,.",,," 

In the 

These 

battle to 

, and .. ""t,n,"",(1,,'-· 

these fr.,.!:!t.,n.,.,"'!t<::' 

means. Various IrlVeSl[locnOI!S 

in some societies. This onl"'lr"""".",,,:, 

many eX[)eC1tlno 

several treatment 

, and various 

there is no 

n""r">""",(1.,.,nt on 

to determine what clinical 

have 

such as pressure 

steroid 

nn''''M,v ... method of 

UDI,eCllve clinical 

in 

both from the functional and cosmetic .. ",.,,,,,,,,t,,,,...,. include 

and dislor.,iorlvv,'N, and scar contracture 

have also been used other.; as assessment 

In this the effects of Factor was seen in the inrlr.,."":::",,ti rate of 

where is Mitoses 

are stimulated in wounds t .. .,.!:lItI"n as seen in the score in the MIB1 stained slides. 

also had an effect on with content in wounds treated with 

Hebermin at 7 and 28. This would ;)U"-IYCO;)l that wound tensile ct .... nntn and scar thickness 

would increase with the use of EGF to be a trade-off 

between of and cosmetic with treatment that accelerate 

also fiber.; are immature and do not time for normal 

coll!amm aepc)sltlOn on local when fibroblasts are oVler-~:mnm 

texture orientation of the intercellular matrix could 

'"''' .. ''''' ... ,.nn,n ..... scar formation and contractu res. 

effect of 

the undesired effects such as 
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Most methods used to evaluate wound h"'J:lIli."n 

that clinical assessment alone .. ",n,,.,,,c:,,,ni!o:: a 

1IS1I[}D.enm)IO(IV becomes ........ , .. ,,1I<>"t 

measurements in With the 

evaluation could be 

limited 

has 

so, to 

to methods of biochemical :: ... u .. "",,, 

""'I'",ntlv been "'YIr'llnl .. ",/1 The 

and has 

life sciences <>hr ... <>tnrv 

to determine the best for treatment of full thickness wounds. 

This information has direct clinical for instance in treatment of burn wounds. 

The wounds treated differed in rate of "'nllfn~'IIJ:1li",<.ti,.."n clinical 

..... " .... orii" .. " and indices of wound All were shown to wound as I'nlmnJ:l .. "./1 

to untreated wounds. The wounds healed appearance resembled normal 

architecture sooner, clinical J:lnlr'l"'l:lI"J:lI~I'''' was mitotic was more 

was when the wounds were treated with the test 

Povidone iodine and Silver Iph,adi.3zirle showed the best in terms of clinical appearance 

as well as m51[OIOOI 

to the other 

to ,nl""""'<'O::<> 

the difference as 

was not statistical 'n"·n .... "n and es[)eClal 

as seen in accelerated 

was shown 

stimulation of mitoses and 

of 

where the 

factor. 

is most J:lnn.J:I .. <> when the effects of 

difference between the two is 

is 

effect 

of "'ni,th~'liJ:l 

The <>nr'rtu,n clinical aDlllicat for seems to be in wounds where increased of 

and tensile as in extensive donor areas of skin non-

ulcers and tissue n<>tlhnl'r'lnv such as in radiation ulcers and where extravasation of 
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cm3mlClmerapelutic "'" ......... occur. "'''0''''''''' like ....... n .... 'ull that show the most for ",,, .... "' .... ,,'" 

the rate of 

where the natural 

be 

of a 

in the treatment of or 

is 

The rlit1to ... :>nt methods used in this to assess showed and in 

I"nrnhin",tinn could be to ""' .. "' ........ , valid r",nn<>Y4Prc::: for evaluation Drotoc'OIS. 

".r .... ""I"1I", a lanltital'ive assessment of wound that is 

more .ro.""ont", and less than 

.... ".'''ontll'n<> nlstopatnologlc "'""nn,n "",.,.."' ....... '" Recent ""n"""",,,,,,,,, in and 

or 

software are if not the barriers to wider acc::etitarlce of Im~an"',_<lI"'''''''''''' c .. "<:f,,,,m 

life scientists. 

should be extended to other modalities of local wound such as 

of other pOIYP4eptiOe new wound or 

suction "'''''T'''n~''' or even more recent advances in DIOIIOOIIC rilr",<:.~inl'1l<: More studies are also 

...... '''0'<' .... more accurate measurement tools and in combination with electron 

should extend to measurements of 

structures. In vivo measurement (!v.:t""m should be to extract measurements 

wounds without the need for DIODSles. It is .mr,nrf",nt that validation of 1<lII".nr'~Yn,ru data and 

The ultimate 

include 

from animal studies should follow with clinical studies in humans. 

is to tools for wound which would 

biochemical and ...... n,rnnln 
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1 wounds 

2. Assessment Scale 

3. 

7. content 

from wound 

at 
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Table 1. Visual Score wounds 

Mupirocin 

Mupirocin control 

Povidone Iodine 

Povidone Iodine control 

Hebermin 

Hebermin control 

Silver Sulphadiazine 

Silver Sulphadiazine control 

1 
2 
3 
4 
5 
6 
7 
8 
9 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 
2 
3 
4 
5 
6 
7 
8 
9 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

Vis Score Color 
3.5 3 
2.1 3 
3.7 2 
3 3 

3.2 2 
2.2 3 
2.5 3 
2.6 3 
1.9 2 
3.3 4 
3.7 2 
4.5 2 
2.8 3 
5 3 

3.6 3 
3.8 3 
4.7 3 
3.8 4 
2.4 2 
4.6 4 
2.7 2 
2.5 2 
1.9 2 
3.3 2 
2.6 3 
1.7 2 
1 3 

2.3 3 
2.1 2 
2.1 2 
3.8 3 
3.3 2 
4.3 2 
3 2 

3.7 3 
2.1 4 
4.3 3 
4.5 2 
3.6 3 
4.1 2 
3.3 3 
3.4 3 
2.9 3 
4 3 

2.2 2 
3.6 3 
3.6 2 
2.5 3 
3.5 3 
2.1 2 
4.2 3 
3 3 

3.6 4 
3.5 3 
5 2 

4.4 2 
2.2 3 
3.9 3 
3.6 4 
4.5 4 
2.5 3 
2.2 3 
3.6 2 
4 3 

1.5 2 
2.3 3 
2.8 2 
3.3 2 
1.9 3 
3.1 3 
3.8 4 
4.2 4 
3.3 3 
3 2 

2.6 3 
3.8 3 
3.7 2 
4.1 3 
2.8 4 
3.6 3 

Surface Contour Distorsion Texture Total Total 
2 2 3 3 16.5 
2 2 3 3 15.1 
2 2 3 4 16.7 
2 1 3 3 15 
2 2 3 2 14.2 
2 2 2 2 13.2 
1 2 4 3 15.5 
2 2 3 2 14.6 
2 2 3 2 12.9 
1 2 3 1 14.3 148 
2 2 4 3 16.7 
2 1 4 3 16.5 
2 2 3 3 15.8 
2 2 3 3 18 
2 2 3 3 16.6 
2 3 4 4 19.8 
2 2 3 3 17.7 
1 2 4 2 16.8 
2 2 3 3 14.4 
2 2 3 3 18.6 170.9 
2 2 3 3 14.7 
1 1 3 3 12.5 
2 2 2 2 11.9 
2 2 4 3 16.3 
1 2 3 3 14.6 
1 2 3 3 12.7 
2 1 3 1 11 
2 2 3 3 15.3 
2 2 4 2 14.1 
2 2 3 2 13.1 136.2 
1 2 3 3 15.8 
2 2 3 3 15.3 
2 1 2 3 14.3 
2 3 4 3 17 
2 2 4 3 17.7 
2 3 4 3 18.1 
2 2 4 3 18.3 
2 2 3 3 16.5 
1 2 4 3 16.6 
2 2 3 3 16.1 165.7 
1 2 2 3 14.3 
2 1 3 3 15.4 
2 2 3 2 14.9 
2 1 3 3 16 
1 2 4 4 15.2 
2 2 2 2 14.6 
2 2 2 2 13.6 
2 2 3 3 15.5 
2 2 3 3 16.5 
2 2 3 3 14.1 150.1 
1 1 2 2 13.2 
1 3 4 4 18 
2 3 4 4 20.6 
2 2 3 4 17.5 
2 2 4 3 18 
2 2 3 4 17.4 
2 2 3 3 15.2 
2 2 3 3 16.9 
1 1 3 4 16.6 
2 2 3 3 18.5 171.9 
2 2 3 3 15.5 
2 1 2 2 12.2 
2 1 3 3 14.6 
2 2 3 3 17 
2 2 3 3 13.5 
2 2 2 3 14.3 
1 2 3 2 12.8 
2 2 3 3 15.3 
2 2 3 2 13.9 
2 2 3 2 15.1 144.2 
2 2 3 3 17.8 
2 2 2 2 16.2 
2 3 4 2 17.3 
2 2 3 3 15 
1 2 4 4 16.6 
2 1 3 4 16.8 
2 2 3 4 16.7 
1 2 3 3 16.1 
1 2 3 3 15.8 
2 2 3 3 16.6 164.9 
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2. His;toloQiic Assessment Scale 

Mupimcin 

Ml.lpirocin control 

Povidone Iodine 

Povidone Iodine control 

Silver Sulphadiazine 

1 
2 
:3 
4 
5 
6 
7 
II 
9 
0 
1 
2 
:3 
4 
5 
6 
7 
1.1 
9 

10 
1 
2 
:3 
4 
5 
6 
7 
8 
9 

10 
1 
2 
:3 
4 
5 
6 
7 
1.1 
9 

10 

2 
:3 
4 
5 
6 
7 
1.1 
9 

10 
er Sulphadiazine control 1 

2 
:3 
4 
5 
6 
7 
1.1 
9 

10 
Hebermin 1 

Hebennin control 

2 
:3 
4 
5 
6 
7 
II 
9 

10 

2 
:3 
4 
5 
6 
7 
8 
9 

10 

0 
1 
2 
0 
1 
1 
0 
0 
1 
1 
1 
1 
0 
1 
1 
1 
1 
2 
2 
1 
1 
0 
0 
1 
0 
1 
0 
1 
0 
1 
2 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
1 
0 
1 
2 
0 
2 
1 
1 
1 
0 
2 
1 
0 
1 
1 
2 
1 
1 

1 
1 
0 
0 
0 
1 
2 
0 
1 
1 
2 
1 
2 
0 
0 
1 
0 
2 
1 

orientation 
2 
1 
4 
2 
2 
2 
2 
1 
1 
2 
1 
2 
2 
2 
1 
2 
4 
2 
2 
3 
:3 
1 
2 
1 
2 
1 
2 
2 
2 
2 
1 
1 
2 
2 
1 
:3 
:3 
2 
2 
2 
2 
2 
2 
1 
1 
1 
3 
2 
2 
2 
2 
4 
2 
1 
2 
1 
2 
2 
:3 
:3 
2 

2 
1 
2 
2 
1 
1 
1 
2 
1 
2 
1 
4 
1 
2 
2 
1 
:3 
2 
:3 

Collagen density " -,,- maturity Total Total 
1 :3 6 
2 3 7 
1 :3 10 
2 :3 7 
2 :3 II 
2 :3 1.1 
2 4 II 
2 4 7 
:3 3 1.1 
2 3 II 77 
2 :3 7 
:3 :3 9 
2 :3 7 
2 4 9 
1 :3 6 
2 3 1.1 
2 :3 10 
2 :3 9 
2 :3 9 
:3 :3 10 84 
2 :3 9 
:3 4 1.1 
2 3 7 
2 :3 7 
1 :3 6 
1 :3 6 
2 :3 7 
:3 3 9 
2 :3 7 
2 3 1.1 74 
2 :3 II 
2 3 6 
1 :3 6 
:3 :3 9 
2 :3 7 
2 :3 9 
2 4 10 
2 4 9 
2 :3 II 
2 3 1.1 1.10 
2 :3 1.1 
2 :3 1.1 
1 4 9 
2 4 II 
2 :3 6 
:3 :3 II 
1 3 9 
1 :3 6 
2 3 9 
2 :3 1.1 79 

2 :3 1.1 
2 :3 10 
2 3 7 
:3 :3 9 
2 4 9 
:3 :3 7 
2 :3 1.1 
2 :3 II 
4 :3 12 
2 :3 9 1.17 
2 4 9 
2 :3 1.1 
:3 :3 1.1 
:3 4 9 
2 :3 7 
2 :3 6 
1 :3 6 
2 :3 1.1 
4 4 10 
:3 :3 1.1 79 
1 :3 1 
2 4 9 
:3 :3 11 
:3 :3 9 
2 :3 7 
2 :3 7 
2 4 8 
1 4 1.1 
2 :3 9 
2 :3 9 84 
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Table 3. Score 

Visual Score (0-4) Total 
Mllpirocin 1 1 

2 1 
3 1 
4 1 
5 1 
6 1 
7 1 
8 1 
9 1 

10 1 10 
Povidone Iodine 1 

2 1 
3 1 
4 1 
5 1 
6 1 
7 2 
8 1 
9 1 

10 2 12 
Silver SlIiphadizine 1 

2 0 
3 1 
4 1 
5 1 
6 1 
7 2 
8 1 
9 1 

10 1 10 
Heberrnin 1 1 

2 0 
3 1 
4 0 
5 0 
6 1 
7 1 
8 1 
9 1 

10 1 7 
Control 3 

2 3 
3 3 
4 2 
5 0 
6 2 
7 2 
8 2 
9 2 

10 2 21 
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4. stain Surface Area 

~'VV' "Q~~ surface area Mean 
1 2.29 
2 3.78 
3 3.22 
4 4.96 
5 4.76 
6 3.40 
7 2.58 
8 2.52 
9 3.37 
0 2.96 3.38 

Povidone Iodine 1 4.ft:) 

2 2.11 
2.00 
2.34 
4.24 
3.48 
2.40 
3.89 
1.88 
4.26 3.14 

Sliver Suliohadia;~ne 2.61 
3.11 
4.06 
3.90 
3.57 
4.71 
3.25 

~ 
4.98 
2.66 
2.91 3.58 

Hebermln 1 5.10 
2 3.39 
3 3.33 
4 3.22 
5 3.00 
6 4.66 
7 3.73 
8 4.76 
9 4.97 
0 4.82 4.10 

Control 1 2.;':!<! 
2 3.20 
3 2.10 
4 2.87 
5 2.04 
6 3.28 
7 2.60 
8 1.60 
9 3.05 
0 4.83 2.81 
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Table 5. Distance of il>nifh",.li::ll1 nr,,\wi'h from wound 

1321.20 1386.70 1487.60 852.78 2087.90 
948.72 1622.70 2433.10 1094.70 2114.10 
1198.80 1471.00 2738.50 1320.50 2327.60 
620.41 1608.20 1804.20 1319.20 2241.90 
1136.80 1599.80 976.25 1067.60 1041.10 
849.21 660.50 405.00 873.58 1766.90 
676.91 950.86 1477.00 1213.30 1419.80 
500.20 1647.70 1359.30 1124.10 2780.50 
987.66 1445.30 1955.20 1687.30 1479.70 
919.04 1803.70 2085.10 1302.90 1741.40 
995.96 1867.90 2181.60 1802.60 2309.50 
1639.10 1370.60 2096.30 1011.30 1645.50 
585.26 1644.40 2458.00 903.02 971.28 
784.43 1114.40 2039.60 971.58 2688.70 
743.85 1559.70 1814.60 776.85 2292.30 
1405.90 1497.30 1270.20 1415.10 2020.90 
795.64 1292.20 1438.70 759.02 1573.70 
646.19 1255.50 1506.20 1733.00 1335.60 
1203.10 824.77 1214.80 N/A 2314.50 

945.1 1401.22 1723.22 1179.36 1902.78 
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Table 6. of oCIInithlCl,liOliI at wound 

98,08 86,28 137.93 124,73 142,01 
53,26 62,08 151,16 116,05 88,72 
79,68 131,77 104,34 61,75 105.43 

203,20 113.47 76,55 61,21 73,10 
103,96 124,16 110.44 134,79 132,91 
125,37 41,50 111,34 132,77 
84,06 74,80 63,93 135,16 162.78 
130,19 94,80 86,57 223.81 135,72 
106,67 88,65 88,93 188.15 114.46 
78.73 39.17 120.77 102.83 90.89 
100.40 125.32 80.86 117.07 49.77 
105.43 63.93 39.17 102.83 143.99 
105.43 92.81 80.00 107.32 127.86 
79.29 100.91 80,86 85.40 127.04 
87.79 120.99 143.28 106.91 92.83 

78.49 83.69 81.86 173.34 104.29 
90.26 120.61 221,12 173.89 120.61 
146.49 138.47 97.56 193.36 99.54 
102.80 124.16 55.16 N/A 210.91 

19 1 .68 
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7 .......... "'~!!II .... content 

Mean Excision biopsy day 7 Mean Excision biopsy day 28 Mean 
Mupirocin 1 2.48 41.97 1;3.14 

2 2.95 43.60 66.24 
3 2.34 40.82 73.62 
4 3.75 39.32 74.16 
5 2.31 ~ 43.43 42.41 63.79 70.29 
6 1.29 45.65 67.68 
7 3.64 40.76 74.56 
8 2.46 44.47 72.00 
9 2.83 42.63 63.76 

10 2.23 41.42 73.95 
Mupirocin control 1 3.85 42.21 615.156 

2 3.01 36.98 71.01 
2.62 40.95 63.92 
1.67 39.56 66.62 
2.87 2.60 35.56 39.91 69.82 66.90 -2.63 41.22 
2.69 39.02 
1.88 40.39 71.86 
3.54 38.76 62.81 

11 1.26 44.40 64.30 
POl/idone Iodine 1 3.29 41.13 64.13 

2 3.32 38.81 71.30 
3 2.17 42.13 69.63 
4 3.37 44.62 63.56 
5 3.35 2.87 44.63 41.90 64.85 67.94 -6 3.89 45.31 71.70 
7 1.69 39.14 68.10 
8 2.89 44.38 71.19 
9 2.40 40.03 71.14 

10 2.32 38.81 62.94 
POliidone Iodine control 1 3.22 39.35 65.12 

2 2.81 45.46 65.72 
3 3.81 40.03 65.25 
4 1.OS 39,47 61.85 
5 2.54 2.31 39.66 40.69 86.54 65.77 -6 2.32 42.50 61.19 
7 1.23 40.53 66.82 
8 2.09 44.17 71.81 
9 1.08 37.58 71.95 

10 2.93 38.10 61.42 
Sillier Sl.Ilphadiazine 1 3.97 45.47 69.97 

2 3.37 39.69 71.12 
3 1.OS 45.18 61.79 
4 2.70 38.26 71.33 
5 2.37 2.91 40.76 42.46 69.81 70.55 -6 3.99 43.38 73.46 
7 3.34 44.77 74.66 
8 2.63 42.50 73.78 

,~ 
3.67 40.17 66.19 
1.85 44.44 73.36 

Silver Sl.Ilphadiazine control 1 1.56 44.05 65.12 
2 1.82 39.45 68.13 
3 3.71 41.23 62.51 
4 1.26 38.42 66.78 

3.31 2.34 44.41 40.04 61.36 65.29 -1.42 40.75 64.02 
3.67 37.28 63.66 
1.66 37.15 74.08 
2.43 37.46 60.78 

11 2.56 39.53 66.52 
Hebermin 1 3.38 45.53 73.96 

2 3.41 48.10 75.04 
3 2.95 41.01 68.95 
4 3.52 36.53 76.28 
5 2.45 3.05 45.35 43.27 67.23 72.30 -6 1.61 44.55 73.77 
7 3.25 42.94 71.78 
8 2.57 38.18 70.61 
9 3.46 44.67 67.63 

10 3.87 43.84 77.71 
Hebei'min control 1 1.76 45.21 72.62 

2 2.24 37.64 69.34 
3 3.94 41.55 61.77 
4 1.09 43.26 63.42 
5 2.36 2.59 41.13 40.93 63.97 66.13 -6 2.45 39.00 61.28 
7 3.72 36.07 63.43 
8 2.11 40.01 54.19 
9 2.46 37.57 64.58 

10 3.82 45.84 65.15 




