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Hypothesis of chronic wound pathophysiology

Repeated tissue injury, ischaemia and bacteria - biofilms
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Chronic, non-healing wound

SLea L L5 a8 slaul God gemal gwls dS ol o San gaalply
e aiis sl gllab 534S ¢ siaS G Ly Bl e ondt
8.1 156 akdsn slar St o)

Aladgn QLS 9 goud

D959 Ko 0 didydy §LoySig) 1 03liiwl Ly d=llias 10 jI 5iaS
Sl 235 33 b addgn ¢ dJ9SJgo Jud=d 9 duizd O9an L =i by
9—a> Ol=llae gl .ol 03y S 6udl i 39 gy JoB € H0jo
03y S pasiw Lo diged 1007 L3 607 55 |y Lo s Légu
9 00 Lo a3y J31 33 aldgn gliad zujgi 9 §-Xeol .ol
" Gilw Lad" 58S 53 hmd 65 digai slo gy Sl Coadgaswe
Ylazo! " =bly” 058l £oad 4S Cawol Gomo ol 4y alidgur G8b
O—R)0 le—b ) Lol 6‘_,_} ¢ Cwl <100 a ;S_py
6c453)1> 3929 p3) s Gy JSla> 5> alid gu

9 Gl 08 2olo)l 53 Olg) e dS oyl nn Jmd gandid Slgius
5 239 adidgn y9a> Geas s "gb Hlwliwl” ol g
O0San Jolge ol .l 3929 $1S Il Juld G HLis gao
O 5=l o) a S slaul g2el b b gl SO cewl
Bl a3) ope Cigac 53 alidgn Ly Sigiidhy usigid gly sylen
8wl yige Oloys Lol

9GS ybg) 93 -0 jl oslat wl L S cewl ogo 435 ol Sy
dga3 33 39290 3L SL Lo 4363 3luwliss sl DNA (o) 3l oolaiwl
33 3y b 3900y Oygio oy Lgy AL iy o ol « a3) slo
L L 9oSwgyan Ly badd sl 9l 8 3lus 3929 alidgn gole=
D9b (o Gawe o alidgn ly gl cas

Slanlen 9 b SigdomasSae lagyl o0l ¢ 2015 4o olo >
slatigac olays 9 passias sh b gle p-YuB (ESCMID) 3g-ac
Oz Jamlhgiws oul ¢ s ol U 147648 ¢ 46 3,5 pdio olidgn
Sl gl a5 LT asiyl dda 3l ¢ 3liS o gl g by oo Jlgw
BB L3 9 agas G185 Sl a3 Jor ¢ (a2 9m 90 33 S5 apeua
c o3 b Al wbe Cuwl Seo dige S kadd (g

¢ O Gl Jold $059d91508 Jolge ¢ Shatwupw o S 5>
98l dy 5y Ko Logyi ¢ e3¢ audy ¢ Al 9w ¢ Gay9 gLyl
ol Bl sl 5> U§E
030 SLo o3y S| ¢ Wigd Olayd Guyd 4y 04LS dmiuws Jolge 53
¢ L say9 slo a3 53 el picols ¢« JUe Olgic d .ol o 39
L oo ¢ o)lid glo a3) 9 Gl sy sl a3 53 Saasglil
¢ udge phaw )3 . a3y aueyi 3> Caghy Ui Jgel il eslai il
3 Gin sladolw o918 sLglnial Ly of byl Jds 4 aldgn
83993 3:893L (izxad 9 diiwd HSlw (30 SLgas) )3 4S )3 9 pyawl
D9d o psey Blo ¢ Gaye £3)
¢ 0030 Lo a3) 33 gL Sh alidgn 390 5> OLAES I 5l slaz
139403 6L 235 oo J9Sge CigLi JLmd yob 4 0B ioleil iz
Qlwlis J9SUg0 00 ac slgiglss Gudsl Olae 3l .a51 0355 gy by G50 9
o050 SLges) 53 Lajliey Jol 03ls 3l 93 dzgs Juld piaalidl « o
Sl 9 (MMPs)  guyile L ojligpgllic 39 d =g Jld
-26-32 g (3 yw JUsSgy 03lg3ls superfamily 5l sguac ¢ (NE) Judgyigs
sa0 oope SLb o3y 394 Sl JLTgy 48l Ginlél slo e dlwd
ral 333 Mylge Jold 1 collsd gl .Canl
Oz Hxiigy ddez 1 (ECM) Jolw 2)l5 sgo Lo (95 wayss @
€ 26633 (HuSigyud sl dislda>
(PDGF) S ady )9iS18 dlax 5l uly age sloyeiSlé (38) ou 3l @
Ay sloygisé sy Lic GualS 045,8 slo ey w3 g
3955 )9S d oz 5l ¢ glgdl pin Sl HSginw ¢ dslie j9-b 4y
39480 W a3) b duoslie s ¢ (IL1-Q) Wi -1586) il 9 (TNF-Q) Wl ygag3
Uil ¢ poio Lo o3y gugn b a3 $lae3S slo digad y> dxdl
s Gl jewe S d Lo osls gl 36 ad iyl S ¢ a8l
s sl a3) 53 gLiySL slidgun slaul ol 33 aS Wyls oylisl Syéne
Aledl sl Jgluw 395 dugh 4y dS 39 0 ape WLl S =6 Eacly
¢ 23S o a3 s 4 (Lo Jw Cwle 9 LajlégySle ¢ Lo Judgigs)
(S o pdy ) (NE g MMPs) Lojligy Ll as gl
S e a1 1y (ROS) Jle oS! sl disS
D9 o 0oy Vlgdl Ay 5 e Sl Slo a3 > addgn Sl
sl pualidl a5 =ie gladl i sLo oSeiw phaw il
9 Loyl dSa9 b o Lo Jw cwlo g LojlagySlo « Lo Judgyigs
@ lai job o 9 48l Ginliél poje yob 4 AS ¢ LS (o pdyi ROS
Ao Ly o 00 3l D 9 Sl 61958 Lo (eSgn (Bao jl z)ls)
(2 JS2) el 39 JB 5 € 9 oape a3y S wlLBlEl ol
37
Lo 555k 0ad 3915 3929 Ly aiilgi o 3ls sl a3) jl ol
9 0L ¢ Hlay WYL=ail 9 =8 Juds 4 Lo a3) i 2l 394
OSeo soy0 Sl a3 il (S 4S Yo 53 Nigd o p3e L9ySue
sl gb st ealidgn sl Cul
)l 63588 A ilo 4830 9 @890 4y Olayd Cmd Ohlay ,-S3l
23 Wlg5 o adidgn ¢ 43K b8 Kaasgldl Ly / 5 (ghs o—yeols)
0=l 90k 394 ¢ 04LS Gg-be Wb Ly Sgm Gl 3929 pic Oygo
SCwl Jobs dz 4y glasl
I 202 9 wligegagw JUie Olgic ) Aiwd aasay Ly 5L 5l =
£33 33 39290 Slas AL 5l SHleun Jl> 5l b ¢ (38 yugSeSoludlinl Lo dyguw
itud b Cuoyd Ggic Jolge o

3



Ulo—L: 9l

alopanseman.com

WWW.ALOPANSEMAN.COM

0=y A>)

Shss Siisn &1 8l 3929 by bhugie G39:416539442 Lids3
Aliderl &) Soine

St L ot
898 S9d 9 Caund/ Oloda >

v
Olassly b 3020 $290T 3l eSole —)

—

S Olawsly dlwg 4
(@)
oge S LgySae 3 51 03lazul
gPRgged

Ao daze S5 QoS —)

\ 4

paay 39 Ga2)b

A\ 4

£3) pldgn Cupde Jguol @ 3 IS

Aldgn Wi .2

ol a8l sl b "cuoyd 5l sl oxi" alidgn dlax> b ($2508 B>
0See Olos 13 jl g 1 L95%ue Wb jl o3laiwl S o 3 39ySae w
SlaJohe Jl=d 535 0n 5l 41 b WS SaS _akidgn ol 5l 6xSel> dy Cawl
S Olawsls j1 .S oS ¢ 313 3929 oile 3L _akdgw O 33 45 39,50
dde W 9 Juue ¢ Sl apwl ¢ 0585 « PHMB aiilo (39,Su0 2o Jolge 9l
4 b 2ol 516 Conl oud 03latul akdgn 9 KuigiSish Glo suwiByly,Sao
S 5xSsk> adsl 658k W Jelge Olgic

"plidgn Lo slgeg O LgySue Lo

Ol b sl 0393 W3lyo 1 (39,Sa0 Wb b " aledguy 15" Mol jgyel 43
Oglaze sl LgiT Slimae 1y ¢ w3, oLl 1y 93 ol wils Olgys 438 ¢ JI>
Wit 2332 G5 ($30aml y9b @) & Lol) WLe _abdgy wb Jolse caul
e IS8 o b akdon S asyz alise @bzl 5 suiius job 4 &
G b LigySao Wb ¢ (G )gb dy 398 o SuiShy il S DNAse il
Wile 1o 6 7Sk 393 $9y 33 45 Sk 1 duawgy 3L 9 Jlagugy 5L GRaswg
AlS e 58t Jole sl

3oy alidgn nby 53 03laiwl 3yg0 Rdge 39ySae W Slagyls S|
(Calize slo Ghgy Gk ) &S Cunl i SO L9ySue Wb Olad jgin a3
oud pasuie 9 04 plaloil akdgn Guisid )3 39ySes S Jskw $9) 5
2 ¢ 39xSan Wb Jolge oal Juol eladl .ol H3I hls Legs 4 aS Canl

oS ¢ (Joko slae Spo wile) ol o 53SL 395 $9) 3B ¢ Cupbiige g
S9d S alidgn 0aiyel Gub bl 41 yorie Cuwl pSas

bl 53 Jguame 3 dS Jus ol 4 hadd aS axsl 0BT el Wby oleys 5o
043 baylyd )3 g3 yShac slimoe ) ogy) Is o5 3Shac oKkl

3 B ¢ alidgn dle g95San ST OLELGIT 1 03588 gy S o

b e 2y 5h3 53 b Olays 336 a3 9 oladse ad dS |y gulul Olegibge
S 0 Ole

0o Sl 83y 33 alidgn oloyd

A Comud Syicdan J—ax8 ¢ 09 9> a3 bl jl s @b aldgn
Alhl 5 SO doy e 48 ool LA e OLES 393 5l Olays
9 Lo L9y Suo G315l $oS 03latwl 5yl Olodspd 33 3-Syate
49 .Cwl 00 _alidgn Wb GlLSy plw

G829 S5z SB9) ¢« adidgn 3 e p3) Hl Cilie 3,539y o
dsdlhon SO )3 950 .AUS 0 2958 adidgn Ly ddilae Ly adaly 5o )
S 50 394 1) 639483 o 45 Sl 0313 Ol S0 G909
bhwgi 0u b Clud 9 o b =oge Lo Oloys s)lw 0slyp
Rl Lo codring 4 yaie ¢ gL SL sle digS J9-SIge passis
o=l L 49 308 o 29 03§l 5 Gilsl dog
a=lhe SO ds Oleyd g95d 3l J=8 45 s Lime Olan 0l ¢ JLs
Olays 33 ol 39y S o dshy ¢ Cowl HLg 0378 Lo ial]
35S oo 5k 33 b Oloys Gly (B 63,59y a5 s jLs abdgn

s 03 b gl axles 3, S0g) 45 Wig s o G948 Gl O n
Lazd pglae gLyl Gasb 3l g 45 6390 sludgn Oleys sl
el L 0lays GLliS HUS dy oo Gl -San 45 ¢ 395 (0 y a3
O ) _o3) Jmd olays H514S Gyge 33 ¢ 39-b gasass wleas 4y
Do 498 5 i 53 bty Lo Oleyd ¢ 3 ad $394f) Craww
¢ 39rSae lelaizl $058 Bd> L ¢ ghgy ol 93 9ySe Olows >
Ol b )3 S Cwl Jlays "oy2iy" S 0355 Js Jsle o3 5200

A 1 ©9ySae o | Cumwlius 3 i gy 3SL

2lidon 3929 45 oindy o 3) oy pae gulwl Jgol 3 S
P a3y 9 ¢ Add o OLES cabl SeSie

1 39263 ol azlssi ¢ Liglhae ylikiul sl cudlye 3925 b

o Santup Ly 90 S5 e 4y 39) 0 JUATI A4S He b O
8wl 0335 Fuwly 39,50
Adidgn s9lo 3) Olays 9 Cdlyo Lo = oly sl S Jg—ol
8: Jols Wb

23 sy §)w 0Ll .1

(233 ad ¢ Cughy ¢« LAl / Cigac ¢ wb) TIME g2yl 5l oolaiul
ol 83958 Glapd doliyy SO addhS 9 a3y SO uswe gLl iy

¢ 3955 €l 03y om 3l 33 ol sl dadge 31 $3 bl Olods

31 o3kl cawl S)25 3 b 395N 6l susiByloySas 3929 9 L
gy CiliSB)guw 3 Gire ) 04S S (mdge o Jglome

Cudlye OG5 Jawgs 03laiwl sl 9 43 (o Glubdl ly $958 Olows >
Ol Gl Colio witd O)ls Oleda s el 4y Ho8 €S 035 )
S b) b paiS prolS el ColSyguw p (G OYgaze

P SaS B> dy 9 Nigd (0 Jolz 03le S 9 Blo S O (Ao



O 3yg-0 )3 Gusio Oledbl Ciwl San ¢ Gl 00
Olddoe AiS a0l)8 a3) fws paw 33 alidsn ybo
4S) sloul Ecly dS p3) s pdaw Olyo 45 azdlys
s )3 00 dlsul WML wl Olys ¢ 39 o Lixc s9)

WS (o (G Ul d i 53 1) peje pS)

¢ Gl 4y _alidga

s St ga> U Lild> Sl 4 p35 35 akidgn 3929 Ll
L aldsn 3929 pac b dunlie 33 o35 jws 33 aldsun 3929
Adidgn 1) 398 AL e ASlgE (el 39Nl SLphs Cigac
2l 33 oape Lo Clgdl 5l 3y slal Ccly g b g b 4y
9 4S5 b o ROS 9 Lojligy  yiobdl
sl 31 Josd 1395 o Jlgas ol a3y Ltdly 37 WS oo Yoy
33 2lg5 o alidgn lade 4z ¢ 3940 13 425 2B Gl 3T
33 3929 oS Lo 0313 ¢ jgynl A 5 Tu bl diils 39 >9 a3
33 i 5B Sl adidgn 3l pabaw Az 33 Ay e oLAS &S
39290 3Ld 0303 ¢ JLs ool L .aih ails 3929 4l 639
Fdind 3929 ¢ g3l € Oblaw FSI )3 w03 o LS 4S ol
25 B3l 268 J2B ygb 0 39S sLaa 8L sLo 4568
A S0 &S Jds ol A Vlais] ¢ aS e sloal 639

SLy =90 Jgdoe Ly a3 s Gl 030l
Ail calisleygw by yu Wlg o 4S5 p3) 0aiS
Sl 6353 U9y b J6usi 39ySan did> Jolis Lal ¢
sl S>3 b/ 9 G9rS%h Lo L9)Sen ST

Sho 090 39ySue Jb SLog)ls )l oslazwl -
JLis o Hlaol 39ySee ab 531 S sl
WBP g Olow >

SLaliso 9 98 gLl 9 g L by 395 sl -
WS JHS |y ea3)

Lo Hluiliwl S 4 S Jols> oliabl «
o 69y Lail 3l 9 04 JyiS S 3l coidlye
39481 ¢ Lo VLU 33 3lays jlw 039 ¢ 39—
S gl )3 Gor= Ogswli)YgSwlgsy « Lo DFU
56 05 9 ¢ Y 3929 Lud S by

9 0220 33 598 HB 0l O daaly 1 b Geized Oleys )

235 S Jglxe 9 1 Glawsly I §)luws Cdl)ys 9 9ol Jlnd punsilSe
65 0l alibse s oo 6 sl 123 a2l BT S 395805
S 0313 yuuill KD Oloy3yals 9 Wb o YRl yByme 33 KBS

5 0le) ool 2 ol 4 st 1o slno _pK 24l sl
Abl blise Wb ¢ Wl 03)S Ufb)l_)f Celw 24 )3 yoy=e ) 029_5

osliiul di 8 Wiz b 4l Wiz sl badd giuds S Jgloxe 1 6yl
gl ool 35 (4283 15 poyme 35 K855 )18 b 8 5S1) 39 o
)90 ) O Ufgbf Olellae jl 1y 3luss Glpl Glays y3 dS Cuwl dusy
S 0uoline diclw 24 joy=o ) u-.g)f Hhs oley
39sSae o Sldglone jl §)luu &S Cuwlime Gluy il ¢ Gl Hhais )l
¢ Wigdh o 03l Jiluus b g Cunds Slpdglne Olgic 4y oS udge
S 1 gt Wb aSl ¢ 9,8 H1)8 oslazul Olays g0 gl Olgic 4 wls
Caal i Olody s Ol 30 a5 Wb S5 |) dil> wiz 3S9)
Jol> aldgn Capde 5 WS ¢ 6K )3 yadez Lo 423
J9b 40 9 Oblew 9y 2 OB GO Sly  iw OlaLES bl ¢ ol 00
a2 ghe) S el B)Y Gilag S Cudlye SO At 53 Olu
Liwog (il Ked 5 ABEL buugs ¢S " alidgn o) 4id" Lazlgin
dod>
e JolSS 9wy ©3b) Cepw b Olizad plidgn ©la.Ess
Guigid ol 8B Witd )3 j9ao Olaine &S Cuwl (ibgy il
Sl 0315 .05 53 1 83) S9) 1 b Jeie 39ySue Sl
3 e Wz 9 Al Jalse Galail 13 09 ¢ s

Lol
3918 b &S o0 Loy laiboy 025390 ) sl

6 ¢ a9l (0 99) Alidgn 390 )3 padlie Gledbl
1ol ol S d2g qulel Jgol (P 40 1l Oloys
235 A2l s Al gl Hleg b polad Gleos Glulsl
35 fuw §)w 03kl 9

£3) Soylise )3 39143 b Wlgi (o 3 Sy Gl 03kl
Alad Oy 4 aldgn Gumy B> g P b uols
Ll b 9 4 o §S dday |y #3) 53 39290 eldgn
9 _slol Lol Oleladl ol b olyed

5



Bjarnsholt T', Eberlein T2, Malone M?, Schultz G*

1. Costerton Biofilm Center, Department of Immunology & 3. High Risk Foot Service, Liverpool Hospital, Sydney, Australia and

Infectious Diseases and Microbiology, School of Medicine, Western
Sydney University, Australia

4. Professor, Institute for Wound Research, Department of Obstetrics and
Gynecology, University of Florida, Gainesville, Florida, USA

Microbiology, University of Copenhagen and Department of Clinical
Microbiology, Rigshospitalet, Denmark

2. Dermatologist, Allergologist, Tissue Repair Specialist, German Wound
Academy DWA, Hamburg, Germany

£33 9 )lan ¢ 35 Gl 4140 4 b oad OIS Glayd oo 3l 03kl b as) S
22l Jolis Conl (S &S ¢ 395 Glg3 (230l ard) SO 9 Ligd gLl bes Wb
Alidg 630439351 s ile Lxuz €S Cual (] S ol s iy pavaiia
385 _plidgn GoyadygiSl pusile 5 483 (o pasil |y p3) s pdaw 3> @8lg
Gl Son alnliy 9 483 (a3 il b Ll 04 (9930 o3 s puisilo Gac

4 45 23 3l Cudlio b cawlito 1o JSi9y) ¢ 0l 2 09¥e8 wbls .83 Wb 4 yghail
WS (o SaS 395w W Jalge 3l 03latul $xKa 9 Olows 113 Syme O 39)

9 0lays &S Gygb @ ¢ WBL Wlgd 53 Gine B Gy Blasil (e 55 Lo YS9y 0l
90len 0> OIS 43 Lilg3 o aldgn 5 Gime CuSlye Sl duiz Al Ly yide
b polais! a3)

Repair Regen 2002; 10(1):26-37

28. Trengove NJ, Stacey MC, Macauley S et al. Analysis of the acute and chronic wound environments:
the role of proteases and their inhibitors. Wound Repair Regen1999; 7(6):442-52

29. Beidler SK, Douillet CD, Berndt DF etal. Multiplexed analysis of matrix metalloproteinases in leg ulcer
tissue of patients with chronic venous insufficiency before and after compression therapy. Wound Repair
Regen2008;16(5):642-8

30. Liu Y, Min D, Bolton T et al. Increased matrix metalloproteinase-9 predicts poor wound healingin
diabetic foot ulcers. Diabetes Care 2009; 322(1):M7-9

31.Rayment EA, Upton Z Shooter GK. Increased matrix metalloproteinase-9 (MMP-9) activity observed
in chronic wound fluid is related to the clinical severity of the ulcer. BrJ Dermatol 2008;158(5):951-61
32.Lobmann R, Ambrosch A, Schultz G et al. Expression of matrix-metalloprotei and theirinhibit
in the wounds of diabetic and non-diabetic patients. Diabetalogia 2002; 4%(7)10M-6

33. Herrick SE, Sloan P, McGurk M et al. Sequential changes in histologic patternand extracel lular matrix
deposition during the healing of chronic venous ulcers. Am JPathol 1992;141(5):1085-95

34, Ferce GF, Tapley JE, TsengJ etal. Detection of platelet-derived growth factor (PDGF) -AA in actively

REFERENCES

1. Costerton JW, Stewart PS, Greenberg EP. Bacterial biofilms: acommon cause of persistent infections.
Science 1999; 284(5418):1318-22

2.Sauer K, Camper AK, Ehdich GD et al. Pseudomonas aeruginosa displays multiple phenotypes during
development as a biofim. J Bacteriol 2002;184(4):1140-54

3 Klausen M, aes-Jergensen A, Molin Setal. Invavement of bacterial migration in the development of
complex multicellular structures in Pseudomonas aeruginosa biofims. Mal Microbiol 2003,50(1):61-8

4. Bjarnsholt T, Alhede, M, Eckhardt-Sorensen SR et al. The in vivo biofilm. Trends Micobial 2013
2K(9):466-74

5. James GA, Swogger E, WolcottR et al. Biofilms in chronic wounds, Wound Repair Regen 2008;
6(1)37-44

6.Kirketerp-Meller K, Jensen P@, Fazli M et al. Distribution, organization, and ecology of bacteria in
chronic wounds. J Clin Miaobial 2008; 46(8):2717-22

7.Roberts AE, Kragh KN, Bjarnshalt T, Diggle SP. The Limitations of in vitro experimentation in
understanding biofims and chronic infection.  Mal Bial 2015; 427(23):36 46 -61

8. World Union of Wound Healing Societies (WUWHS), Florence Congress, Position Document.
Management of Biofim. London: Wounds Intemational 2016

9. Marsh PD, Bradshaw D.. Dental plaque as a biofilm. JInd Micobial 1995;15(3)169-75

10. Metcalf DG, Bowler PG, Hurlow J. A clinical algorithm for wound biofim identification. ) Wound Care
2014;23(3)137-2

. Lenselink E, Andriessen A. A cohort study on the efficacy of a polyhexanide containing biocellulose
dressingin the treatment of biofilms in wounds. J Weund Care 2011 20(11):534-9

12. Hurlow J, Bowler PG. Potential implications of biofilm in chronic wounds: a case series. ) Wound Care
2012, 21(3):109-14

13. Phillips PL, Wolcott RD, Fletcher J, Shultz G S. Biofilms Made Easy. Wounds Intemational 2010; 1(3)1-6
14. Hurlow J, Bowler PG. Clinical experience with wound biofilm and management: a case series. Ostamy
Wound Manage 2009; 55(4): 38-49

15. Costerton W, Veeh R, Shirtliff M et al. The application of biofilm science to the study and contrd of
chronic bacterial infections. J Qin Invest 2003;112(10):1466-77

16. Stood ey P, SaverK, Davies DG, Costerton JW. Biofilms as complex differentiated communities. Annu
Rev Microbiol 2002; 56:187-209

17. Flemming HC, Neu TR, Wozniak DJ. The EPSmatrix: the “house of biofilm cells". J Bacterial 2007;
189(22): 7945-7

18. Costerton JW. The etidlogy and persistence of cryptic bacterialinfections: a hypothesis. Rev Infect Dis
1984; 6 Suppl 3: S608-16

. Bester E, Kroukamp O, Walfaardt GM, et al. Metabolic differentiation in biofilms asindicated by carbon
diaxide production rates. Appl Environ Micobial 2010; 76(4):1189-197

20. Sutherland |. Biofim exopolysaccharides: a strong and sticky framework. Microbialogy 2001;147(1):
39

21. Hall-Stoodey L, Stoodley P. Evalving concepts in biofilm infections. Cell Micrabial 2009;11(7):1034-43
22 Rice KC, Mann EE, Endres JL, etal. The cidA murein hydrolase regulator contributes to DNA release
and biofilm development in Staphylocoacus aureus. Proc Natl Acad Sa USA 2007;104(19): 811318

23 Donlan RM, Costerton JW. Biofims: survival mechanisms of clinically relevant microorganisms. Clin
Miaobiol Rev 2002 15(2):67-93

24. Xavier JB, Foster KR. Cooperation and conflictin microbial biofilms. Proc Nat! Acad Sci USA 2007;
104(3): 876-81

25 Hibbing ME, Fuqua C, Parsek MR et al. Bacterial competition: surviving and thriving in the microbial
jungle. Nat Rev Microbiol 2010; 8(1): 15-25

26.Wysocki AB, Grinnell . Fibronectin profiles in normal and chronic wound fluid. Lab Invest 1990;
63(6):825-31

27. Ladwig GP, Robson MC, Liu R et al. Ratios of activated matrix metalloproteinase-9 totissue inhibitor of
matrix metalloproteinase-1 in wound fluids are inversely comrelated with healing of pressure ulcers. Wound

healing humanwoundstreated with recombinant PDGF -8B and absence of PDGF in chronic nonhealing
wounds. J Clin Invest 1995; 96(3)1336-50

35. Cowin AJ, Hatzirodos N, Holding CA et al. Effect of healing on the expression of transforming growth
factor beta(s) and their receptors in chronic venous leg ulcers. J Invest Dermatal 2001; 117(5)1282-9

36. Trengove NJ, Bielefeldt-Ohmann H, Stacey MC. Mitogenic activity and cytokine levels in nonhealing
and healing chronic leg ulcers. Wound Repair Ragen 2000; 8(1):13-25

37 Mast BA, Schultz GS. Interactions of cytokines, growth factors, and proteases in acute and chronic
wounds. Wound Repair Regen 1996; 4(4):411-20

38, Bjarnsholt T, Kirketerp-Meller K, Jensen PO et al. Why chronic wounds will not heal: anovel
hypothesis. Wound Repair Regen 2008;16(1):2-10

39. Fazli M, Bjamshdit T, Kirketerp-Meller K et al. Non-Random Distribution of Pseudomonas aerugincsa
and Staphylococcus aureus in Chronic Wounds. JClin Microbiol 2009; 47(12): 4084-9

40. James GA, Zhao AG, Usui M etal. Microsensor and transcriptomic signatures of oxygen depletion in
biofilms associated with chronic wounds. Wound Repair Regen 2016; doi: 10111/wrr12401

41.Han A, Zenilman JM, Melendez JH, et al. The importance of amultifaceted approach to characterizing
the microbial flora of chronic wounds. Wound Repair Regen 20T; 19(5): 532-41.

42 Neut D, Tijdens-Creusen EJ, Bulstra SK etal. Biofilms in chronic diabetic foot ukcers — a study of 2
cases. Adta Orthop 20M;82(3):383-5

43 Oates A, Bowling FL, Boulton AJ, etal (2014). The visualization of biofilms in chronic diabetic foot
wounds using routine diagnostic microscopy methods. J Diabetes Res 2014, 153586

44, Malone M, Bjamshdlt T, McBain AJ et al. The prevalence of biofims in chronic wounds: a systematic
review and meta-analysis of published data. Joumal of Wound Care 2017 26(1):20-5

45 Thomsen TR, Aasholm MS, Rudkjebing VB etal. The bacterid ogy of chronic vencus legulcer
examined by culture-independent molecular methods. Wound Repair Regen 2010; 18(1):38-49
46.Hoiby N, Bjarnsholt T, Maser C et al. ESCMID guideline for the diagnosis and treatment of bicfilm
infections 2014. Qlin Micrabial Infect 2015; 21 Suppl 1:51-25

47. Percival SL, Hill KE, Williams DW et al. A review of the scientific evidence for biofilms in wounds.
Wound Repair Regen 2012; 20(5):64-57

48, Lipsky BA, Berendt AR, Cornia PB et al. Executive summary: 2012 Infectious Diseases Society of
America clinical practice guideline for the diagnosis and treatment of diabetic foot infections. Clin Infect
Dis 2012;54(12)1679-84

49, Dowd SE, Walcott RD, Kennedy J et al. Mdecular diagnostics and personalised medicine in wound
care: assessment of outcomes. J Wound Care 2011; 20(5). 232, 234-2, 239

50. Wolcott RD, RumbaughKP, James G etal. Biofilm maturity studies indicate sharp debridement
opens atime-dependent therapeutic window. Joumal of Wound Care 2010; 19(8): 320-8

51.Schultz GS, Sibbald RG, Falanga V et al. Wound bed preparation: a systematic approach to wound
management. Wound Repair Regen 2003 Mar 1;11(s1):51-28

52.Schultz G, Phillips P, Yang Q, Stewart P. Biofilm maturity studies indicate sharp debridement opens a
time-dependent therapeutic window. J Wound Care 2010 Aug; 19(8):320

53.Malone M, Goeres DM, Gosbell | et al. Approaches to biofilm-associated infections: the need for
standardized andrelevant biofilm methods for clinical applications. Expert Review of Anti-infective Therapy
2017; 15(2:147-56, DOI:101080/14787210.2017126 257

54, Castaneda P, McLaren A, Tavaziva G et al. Biofilm Antimicrobial Susceptibility Increases With
Antimicrobial Exposure Time. Clin Orthap Relat Res 2016 Jul; 474(7):1659-64. dai: 101007/411999-016-
47002

55. Nakagami G, Schultz G, Gibson DJ et al. Biofilm detection by wound blotting can predict slough
development in pressure ulcers: A prospective observational study. Wound Repair Regen 2017;25(1)131-8
56. Woloott RD, Rhoads DD. A study of biofilm based wound management insubjects with critical limb
ischaemia. J Wound Care 2008; 17(4)145-55

Supported by an eductional from B Braun www.bbraun.com

B/BRAUN

SHARING EXPERTISE

To cite this document: Bjarnsholt T, Eberlein T, Malone M, Schultz G. Management of wound biofilm Made Easy. London: Wounds International 2017; 8(2).

Available from: www.woundsinternational.com



