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2. Description of the Related Art

[0002] The field of wound therapy has advanced in recent years. One of the
advancements of wound healing therapy has been the development of vacuum assisted wound
healing. The application of reduced or negative pressure to a wound has been clinically shown
to improve blood flow at the wound or tissue site, increase tissue growth, reduce infection, and
improve healing time. Caregivers and clinicians may use such vacuum assisted wound healing
to treat a variety of chronic and acute wound types, such as pressure ulcers, diabetic.
wounds, abdominal wounds, partial-thickness burns, trauma wounds, flaps and grafis.

Background on Wounds and Wound Healing Processes

[0003] A wound is generally defined as a break in the epithelial integrity of the skin.
Such an injury, however, may be much deeper, including the dermis, subcutaneous fat, fascia,
muscle, and even bone. Proper wound healing is a highly complex, dynamic, and coordinated
series of steps leading to tissue repair. Acute wound healing is a dynamic process involving
both resident and migratory cell populations acting in a coordinated manner within the extra-
cellular matrix environment to repair the injured tissues. Some wounds fail to heal in this
manner (for a variety of reasons) and may be referred to as chronic wounds. '

[0004] Following tissue injury, the coordinated healing of a wound will typically
involve four overlapping but well-defined phases: hemostasis, inflammation, proliferation, and
remodeling. Hemostasis involves the first steps in wound response and repair that are
bleeding, coagulation, and platelet and complement activation. Inflammation peaks near the
end of the first day. Cell proliferation occurs over the next 7 - 30 days and involves the time
period over which wound area measurements may be of most benefit. During this time

fibroplasia, angiogenesis, re-epithelialization, and extra-cellular matrix synthesis occur. The
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BRI EF DESCRI PTI ON OF THE DRAW NGS [0013] FIG 1A
is an illustration of an exenplary patient environnment
using a tissue treatnent systemin accordance with the
principles of the present invention; [0014] FIG
IBis an illustration of an exenplary tissue site of a
patient and col or reference marker for use in
normal i zing an i mage of the tissue site; [ 0015]
FIG. 2 is a block diagramof an exenplary processing
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[0012] Another embodiment for analyzing tissue healing may include capturing an
image including a tissue site. A clinician may be enabled to deﬁnevmultiple regions of the
image of the tissue site, where at least two of the regions of the image defining tissue type are
at different stages of tissue healing. An area of each of the at least two regions of the image
defining tissue type at different stages of tissue healing may be calculated and displayed for

the clinician. A reference color marker may be utilized to provide for color normalization of

the image of the tissue site.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1A is an illustration of an exemplary patient environment using a tissue
treatment system in accordance with the principles of the present invention;

[0014] FIG. 1B is an illustration of an exemplary tissue site of a patient and color
reference marker for use in normalizing an image of the tissue site; |

[0015) FIG. 2 is a block diagram of an exemplary processing system for use in
generatmg images and defining and normalizing tissue color;

[0016] FIG. 3 is a block diagram of exemplary software modules executable by the
processing system of FIG. 2 to perform tissue defining and color adjustment functions in
accordance with the principles of the present invention; and

[0017] FIG. 4 is a flow diagram of an exemplary process for performing a color
adjustment function to normalize color of a tissue site; and

[0018] FIG. 5 is a flow diagram of an exemplary process for analyzing a tissue site.
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[ 0029] The processing unit 202 may further be in
communi cation with (i) a nenory 206 for storing data
and software cede, (ii) input/output (1/0) unit 208
for comunicating with other devices and systens, such
as a digital canera, wirelessly, via a wire, or via a
menory input device (not shown), (iii) storage unit
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Normal i ze tissue site color nodule 306 is a software
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I mage of a tissue site based on col or adjustnent to at




red graphical inmage). [ 0036] Conpute tissue
site regions area nodule 312 is a software nodul e that
may be configured to conpute area of one or nore
tissue site regions of the sanme or different tissue
types. By determning area of tissue site regions, a
clinician can nonitor healing or treatnent progress of
a tissue site over time. In one enbodi ment, the
software may enable for a tissue site depth to be
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CLAIMS W claim 1. A systemfor determining tissue
type froman image of a tissue site, said system
conprising: an inage capture device; a reference col or
mar ker of a predeternined color; a processing unit in
comuni cation with said inmage capture device, and
.configured to: receive image data from said i nage

o B A AR T g ot i, o
exaipleabe tisaikeite aciorstmayinchydeanicratici arglavgh tissney dn@nother embodiment,
thE: h(?ei{neef ggs%récgtec tqgg(lnornsnfanrolﬁ%fe 584 tJBSy %eeww aﬁl%tﬂﬁﬁcally or semi-
automatically locate tissue type in the same or similar tissue healing stage by searching for any
tissue within a color or wavelength range that defines the tissue healing stage. For example,
the clinician may identify a color of tissue in the image of the tissue site and the module 304
may locate all of the tissue within the tissue site that is within a percentage color range using
individual colors (e.g., red, green, blue parameters having a total percentage value within a
predetermined range, such as 2 percent), brightness, or other image parameter that identifies
the tissue to be within the same tissue healing stage. A trace may be created around the tissue
regions located by the module 304 estimated to be within the same tissue healing stage.

[0033] Normalize tissue site color module 306 is a software module that may be

configured to normalize color of an image of a tissue site based on color adjustment to at least

_a portion of an image of a reference color marker to substantially match a predetermined color,

as previously described herein.

[0034] Generate outline module 308 is a software module that may be configured to
generate an outline of a tissue site or tissue region within a tissue site based on selected
Jocations by a clinician to define the tissue site or tissue region. The generate outline module
308 may also be used if the clinician performs a trace, but to a lesser extent and, optionally, to
determine points or smoothen the trace.

[0035] Identify tissue site regions module 310 is a software module that may be
configured to generate curvilinear lines (i.e., lines that may have straight and curved portions)
to highlight or otherwise define tissue site regions. In addition, the identify tissue site regions
module 310 may be utilized to generate a graphical image, such as a solid color, that is opaque
or translucent to show a clinician the area(s) of a tissue site region. In one embodiment,
different colors, patterns, or other graphical image may be utilized to identify different tissue
types (e.g., necrotic tissue with brown or black graphical image versus granulation tissue with
red graphical image).

[0036] Compute tissue site regions area module 312 is a software module that may be
configured to compute area of one or more tissue site regions of the same or different tissue
types. By determining area of tissue site regions, a clinician can monitor healing or treatment
progress of a tissue site over time. In one embodiment, the software may enable for a tissue
site depth to be entered and the module 312 may generate a tissue site volume value. The
tissue site area and/or volume may be displayed on the electronic display, optionally within a

tissue site region, along with the image of the tissue site and tissue site regions.
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apply the image color adjustment to the image of the

tissue site to normalize the image of the tissue site

to generate a nornalized i mage; conpare colors of the

tissue site in the normalized inage to a first range

of colors defining a first tissue type for identifying

a first type of tissue at the tissue site; conpare

colors of the tissue site in the normalized imge to a

second range of colors defining a second tissue type

f _Of[oofb? Niahige ksie SieSRAEeld4aBaseimbdiile 864 i a sdfiwdre smdale configured

site, the first and second tissue types b 'ng i ssye
to stome HEFuesiterimages ifb ene, Pr HIoge Apfabasssg aé?ﬂqe“h'i/ l‘fw&‘aﬁ iL{’r°s?°°ﬁg“'°d to
stor%%ﬁn%%é}cﬁg&ﬁt% W%ﬁéﬁ%‘ﬁfs, By3BK, BY tishie $ifd) 9pe (e.g., wound), by treatment

' : risons. system according to aim1l,
identifier, diynclinicianpenby gny wEhes jdansifier. s The maedble 814 may, sterg each captured
. to: L Ni.ci Qi i .
mah B ke I ABE oM b sty Oiagsof e e
site,t baltulatedwitishiien site sareajeandf velumey alates Anfl ntimgy information, or any other
. highlighti t he .at . s
ol S ot 8 e S iy ey iaboie it images
wiﬂit@pg By Glhbealféxrxgaﬁ_m afd theetlier infommationemale bé storedrin @snciation with the
. i ssuye, gran ion.tissue [ .1
tissis AR PELB1 W sopraToh on dy By BHAT shlgahel or Sfrately. Inone
emuléahﬁent;smfe ififohetiepadsbeated tvittothe dilssuel itedmagescmay be Meredt in a table or
oty st i Whafen e e e BEp ikl o any oth catsbase
fundtioh! 581 Y28 ¥hE hfdale 314 mhpstbreaawandicoir aprmalined dissuessitedmages.
praocessin [ urther co ured.to.

P 96531 i tor i 4, oo o R ol § 0B efifement fonciion
to ng!iﬂ;ﬂfzg dolét ofl 564s0e Biald presentedy eTheproeéss 400 startsab step 402 and at step
404, an image including a tissue site and reference color marker may be captured. The
reference color marker may be any color, such as white, and be used to normalize color of the
tissue site to offset lighting when the image of the tissue site is captured. At step 406, one or
more image parameters may be adjusted based on at least a portion of the image of the

reference color marker to normalize color of the image. The adjustment may be any color

adjustment to cause the image of the reference color marker to be within a range or tolerance
of or substantially match a predefined color tolerance (e.g., pure white (i.e., yellow, cyan,
magenta, and black values at 0%) +/- 1% of any color.component). Other range percentages
may be utilized in accordance with the principles of the present invention. By adjusting the
image (or portion of the image) of the tissue site, the tissue site may be color normalized to
remove lighting conditions in the room that the image of the tissue site is captured. At step
408, the color normalized tissue site image is presented to the clinician. The process ends at
step 410. In one embodiment, the clinician may use the color normalized tissue site image to
define the tissue site by tracing around the perimeter of the tissue site. Alternatively, a
software module that locates an edge between different colors or textures of the tissue site may
estimate the perimeter of the tissue site. In adjusting the color, the color may be adjusted
using one or more different image correction techniques, including white balancing,
adjustment to hue, brightness, or other color adjustment function as understood in the art.
[0039] Referring to FIG. 5, a process 500 for analyzing tissue healing is shown. The
process 500 starts at step 502. At step 504, an image including a tissue site may be captured.
At step 506, a clinician may be enabled to define multiple regions of the image of the tissue
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6. The system according to claim 2, wherein enabling
the clinician to identify the at |east one regi on by
hi ghlighting the at | east one region includes enabling
the clinician to generate a border around the at | east
one region of the tissue site. 7. The system accordi ng
to claiml, wherein said processing unit is further

sxgg Wllhegé' %Pﬂ:agtq'wo_dﬁttﬁé %@&ﬂﬁ@e%a@é dbBma tishse typgiateat different stages

Issue site that is wwthin a first tissue

oRtissuertgalinggan aeadofkach ofithrregians of theimage-Adfinifjgtissue type at different

regi on. of . 1] j 4t i ' be displayed
sthEh Py hfinigfisy e SubBatid A flpsgRe T cd R greas may be display
atVbxep e510. sThel procesesadsgt stept5i2s Aurefbrence salor JOITEEr MRy be utilized to

PRSP ReF St of BeFReg Iefhe Bpi ol | 2007 7

Wi t hioo4ol e lttiough ahe principleatofithe nreskitiinyensisindhaviechrga described in terms

ercent age of the sel ected col.or ;
oRecomenpa sna e, G raiRdlig yooh SFoidsl Bey of explanation only
afi®5dRSt infended & Be cofstrubdeassy Hindtation obtitk imyentions| Theseiskilled in the art

wherein said reference color narker i |} Eacchmady ific patient
“gl)g?@ﬂ%é%?@ﬁﬁ@lqnaog Pﬁ%}lmﬁgﬁﬁ%gﬁ. gﬁgroces& ngespeclﬁcp en
ahidtibsukSrehi#hédt @hvisstithé@slr ed to adjust at |east one
I mage paraneter based on at |east a portion of the

i mmge of said reference color marker to normalize the
i mage data, and wherein the at |east one inage
paraneter includes a white bal ance i nmage paraneter.
12. A nethod for normalizing color of an inage of a
tissue site, said method conprising: capturing an

i mage including a tissue site and a reference col or
mar ker of a predeterm ned col or;
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determ ning an i mage col or adjustnment by adjusting the
i mge of the reference color marker to the
predet erm ned col or; applying the inmage col or
adjustnment to the imge of the tissue site to
normal i ze the image of the tissue site to generate a
normal i zed i mage; aut ometLABMS Yy conparing colors of
the tissue site in the normalized image to a first
range of colors defining a first tissue type for

wddemt i fying a first type of tissue at the tissue site;

1.

automatically conparing colors of the tissue site LH

t he PRI 1Py BEfeTmiige tstie YR EBRATT BHge 6fF LBHDpi, said sysem
def (IR & second tissue type for identifying a second
type &1 MagespEirgfevidie tissue site, the first and

second referencg solpypakensd p ppdeternypadicgloent st ages. of

heal i AGFOCEHTIAS e H GompuRisatiqewith said ima geicapiecisyios,aad genfigured
types bd%ed on the color conparisons. 13. The nethod
accor di reretve imhgsidatatioom said imaee capswpdqvicente Bragp data fictugiag an
cl i ni ci an imygs ofeatisheysiteand seidgefeises cologmerkenf the fir st

ti ssue tdpieamioé an lireagei coton @digstmentt hyaadjystngnibe hnpgeaof dhey gpéerence
of tissue dwkalmankgr pthhprgdetdrgived pgJort he at | east one

r egi on. apely thEtimageetotmddjasimentdd thg imageof dierssi8 sitasaapmialize the
enabl i ng tinegedfthe idseasite ¢ gedemte iafmgrmealizédamege; one regi on
of the fcompire tcblosud thy pesuefitd metht inegupdizel tnmgbyo a first range of
hi ghl i ght i svdpr$ Hefinaitg 4 Sastissengpe fogidontifping aHestttypadid@issue at the
site incl wikse sitmabl ing the clinician to identify that

t he at lcempire oolersrof gheaissiefsitt hretht nesnatizei itndgd ® ae@condtrange of
tissue, gret adfintig atsecomd @ssu@typs Fop idghtiflying ausecond fype dhudssue at
met hod accieé disdug site, e Frsahd sedotd tiksde tg@sbeEing itidgre in different
cal cul at i ngagas 6fhedlingt 1@ at | east one region of the

first tiigatfy thy/fS: M sédofd fidseStyes Bhde@ on the color comparisons.

The system according to claim 1, wherein said processing system is further configured

to:
enable the clinician to identify at least one region of the first tissue type of the tissue
site that is within a stage of tissue healing by highlighting the at least one region.

The system according to claim 2, wherein the at least one highlighted region of the
tissue site defines necrotic tissue, granulation tissue, or slough tissue.

The system according to claim 2, wherein said processing unit is further configured to
calculate area of the at least one region of the first tissue type of the tissue site.

The system according to claim 4, further comprising an electronic display, wherein

said processing unit is further configured to display the tissue site and identify the
region of the tissue site within the tissue healing stage on said electronic display.

12



16. The nmethod according to claim15, further

conprising displaying the tissue site and identifying
the at least one region of the tissue site within the
ti ssue healing stage on the displayed tissue site. 17.

6. The 1rpthadh Q&&‘afn‘é't@ glafr@ZC\,k/l?éré‘Ih d3abliNBE @lnﬂm@rﬂﬁhhdzrﬁh@y thbat least
C||n|C|antO| entif Yy | east one re|0n of th

ti soue regianebplighlighfing éﬁt 4t dgpst pre 1ggiop é%féttd% ﬁ‘é’ib’rl%‘ig}hs (fligician to
the tlssue b(%ﬁér%:duﬂ@ lddeRae Q@Je%l&goﬁtﬁ@nééﬁé fecian to
generate a er around the | east one region of
%he tissue site. 18. The nethod according to claim 12,
ur i Ng: I

o105 fAREbping g i} BRI @R o i AR cifuca o
t | s s u edelmemlne rgeastf ag deastamd refiereofnthaiiipye aitedaiols Witn afirst tissue
| east on ion of the tissue site within a second
tissue hE%FP%8%§t§5% 19. The method according to
cl ai m deBermfneratdaef ardemsporiestgion ofnhe tesyporits evithin agseemd tissue healing
selectlng a color of tissue in the normalized image,
identify ﬁ%’all of the tissue within the tissue site
th?t is within a color range percentage froma
sel ected color._ 20. The_met had accordi.n 0.
8. whe rde 8y S RPIGHNG t%ﬁlafrﬁﬁg%hﬂrﬂa P%@ PIRGeSH™ ? &t ‘é’r*gﬁf@‘
Mar kR feshdisd LS eCRREAd NEbl@Tdf itiSRGen BE narmllizddemage, 1dent1fy all of

ref erence col or. marker.
the tissue within the tissue site that is within a color range percentage of the selected

nl% gured to,

color.

The system according to claim 1, wherein said reference color marker is a card.

10. The system according to claim 1, wherein said reference color marker is white.

11. The system according to claim 10, wherein said processing unit is further configured to

adjust at least one image parameter based on at least a portion of the image of said
reference color marker to normalize the image data, and wherein the at least one image

parameter includes a white balance image parameter.

12. A method for normalizing color of an image of a tissue site, said method comprising:

capturing an image including a tissue site and a reference color marker of a

predetermined color;

determining an image color adjustment by adjusting the image of the reference
color marker to the predetermined color;

applying the image color adjustment to the image of the tissue site to normalize the

image of the tissue site to generate a normalized image;
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13.

14.

15.

21. A nethod for analyzing tissue healing, said nethod
conprising: capturing an imge including a tissue
site; enabling a clinician to define nultiple regions
of the image of the tissue site, at |east two of the
regions of the inmage defining tissue type at different

st agesutdatidafi$ bémpgiag colers of eleGidbidtsitd 6 BOnGHHRAzAiMERGD a first
of the at |east two_regigns _of the inmage defining )
tissue tPRE cAeolgisdefininhe fist tygusstyps fof jdeatifing a dirst fige ohtingue at
di spl ayihgrdhissieal cul ated areas. 22. The net hod
according to claim 21, wherein capturing further
i ncl udeematgatly) cpmparing reetasy ehde tisglicotite i rthe pormgliged image to a
further COERNLSERG oAl dfhinBY LRI HBESyR fof Penitfyi d
ref erence coﬁ&%knafﬁgr to agpre eterning% co o?}?gﬁééamn
adj ust i rigpetdiéssupraighe tissuet dife, the Brsipnd s¢cprd tisyee ypavbeing intdifferent
adj ust iJmge of the reference col or marker :
to colgﬁﬂﬁg%%g%ﬁgéﬂgﬁe i mge of the tissue site. 23.
The nmatehtiying thedirstiand)secondalsaiertyR2 basedhar the colarcjomgbrisngp.
the image of the tissue site
The method according to claim 12, further comprising enabling the clinician to identify
at least one region of the first tissue type of the tissue site that is within a stage of tissue

healing by highlighting the at least one region.

The method according to claim 13, wherein enabling the clinician to identify at least
one region of the first tissue type of the tissue site by highlighting the at least one region
of the tissue site includes enabling the clinician to identify that the at least one region of

the tissue site is necrotic tissue, granulation tissue, or slough tissue.

The method according to claim 13, further comprising calculating area of the at least

one region of the first tissue type of the tissue site.
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i ncludes color normalizing the image of the tissue

site. 14 24. The nethod according to claim 21,

further conprising displaying indicia on the i mge of

the tissue site to indicate the at | east two regions

10f the hébgeacdatiingitd @lairh SSURirhd@miptisidg displagng tiet @g@Ssite and
of tissue healing. 25. The nethod according to claim

21, IfigpifyRg the Gr]r?ﬂsﬁ e ﬁ%‘élor’a(tftﬂlﬁ%b?f‘feé&? PV;‘}h‘Pa‘éfrﬂSF‘feﬁeﬁlﬁlg stage on the
ot hedispl56d @R% @b, the image of the tissue site that

have color substantially the sane as color within a

17.e9i R R@hddNicBEtdink 36 BRint Y P EwiRteiR efbh %th@fchfubﬁﬁ W®identify at least
heal i ng; and cal cul ating area for of the regions

def i 9E Agpien fsthie tisspp it by hiphlighing ﬂset gdersippne; fegigy @F the tissue site

healj,f)€Hes enabling the clinician to generate a border around the at least one region of the

tissue site.

18. The method according to claim 12, further comprising:
determining area of at least one region of the tissue site that is within a first tissue
healing stage; and
determining area of the at least one region of the tissue site within a second tissue

healing stage.

19. The method according to claim 18, further comprising in response to a user selecting a
color of tissue in the normalized image, identifying all of the tissue within the tissue site

that is within a color range percentage from a selected color.

20. The method according to claim 12, wherein capturing an image including a reference

color marker includes capturing an image of a white reference color marker.

21. A method for analyzing tissue healing, said method comprising:
capturing an image including a tissue site;
enabling a clinician to define multiple regions of the image of the tissue site, at
least two of the regions of the image defining tissue type at different stages of
tissue healing;
calculating an area of each of the at least two regions of the image defining tissue
type at different stages of tissue healing; and

displaying the calculated areas.

22. The method according to claim 21, wherein capturing further includes capturing a
reference color marker, and further comprising:
adjusting the image of the reference color marker to a predetermined color; and
adjusting the image of the tissue site the same as the adjustment to the image of the

reference color marker to color normalize the image of the tissue site.

23. The method according to claim 22, wherein adjusting the image of the tissue site

includes color normalizing the image of the tissue site.
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24.

25.

The method according to claim 21, further comprising displaying indicia on the image
of the tissue site to indicate the at least two regions of the image defining tissue type at

different stages of tissue healing.

The method according to claim 21, further comprising:
automatically identifying other regions of the image of the tissue site that have
color substantially the same as color within a region defining tissue type at a
stage of tissue healing; and
calculating area for each of the regions defining tissue type at the same stage of

tissue healing.
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