-1- Systens and Methods for Wund Area Managenent
Technical Field The present invention relates to
generally to systens and nethods for neasuring a rate
of biological tissue healing. The present invention
relates nore specifically to systens and net hods for
capturing, digitizing, and analyzing an imge of a
wound and determining there froma degree of change in
the characteristics of thelwound. Background Art Many
advances have recently been made in the field of wound
therapy that have greatl i ncreased -the rate and
qual i t y Systems ansiMe %/QE YVpHBe fyea Mapagement at e
wi th providing an effectlve wound therapy reginmen is
the ability to make neasurenents of the size of the
wound and the rate at which it heals. One coarse but
Technids ﬁﬁgly ef fective manner of deternmining the rate of
for a wound is to track changes in the
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the woliRMo!l ve the use of ‘a transparent or translucent film
and a pen or marker to trace the patient's wound al ong
its edge and then digitize the trace in some manner
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'for measuring the size of a wound involve the use of a transparent or translucent film
and a pen or marker to trace the patient’s wound along its edge and then digitize the
trace in some manner for analysis. One example of this approach involves placing
the film with the trace on a touch-pad surface and re-tracing the outline of the wound.
The touch-pad electronic instrumentation translates the trace into a digital array of
data that may then be analyzed. A processor associated with the electronic
instrumentation then calculates the area inside the trace. Since no scaling of the
trace occurs the wound size measurable with such systems is limited to the size of
the instrument’s touch sensitive surface. In addition, such systems involve two
tracings, one on the patient and then a second on the touch pad, a process that is

susceptible to progressive errors and inaccuracies.



that takes into consideration the distance and angl es
associated with the image capture. These systens tend
to be highly conplex and to require significantly
greater processing capabilities to take into account
variations in the angles and distances associ ated
with the imaging view. In the end, even these conpl ex
.systens fair because inmage recognition processes are
often unable to accurately and consistently define a
wound perineter. Backgroune2-on Wunds and Wund
Heal i ng Processes A wound is generally defined as a
break in th eplthellal integrity of the_skin. _ Such
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to as chronic wounds. Followi ng tissue injury, the
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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 initial collagen
formation in a wound will typically peak in approximately 7 days. The wound re-
epithelialization occurs in about 48 hours under optimal conditions, at which time the
wound may be completely sealed. A healing wound may have 15% to 20% of full
tensile strength at 3 weeks and 60% of full strength at 4 months. After the first
month, a degradation and remodeling stage begins, wherein cellularity and
vascularity decrease and tensile strength increases. Formation of a mature scar
often requires 6 to 12 months.



Efforts in the Related Art to Measure Wund Heal i ng
Processes -Because wound treatnent can be costly in-
both materials and professional care tine, a
treatnment that is based on an accurate assessnent of
the wound and the wound healing process can be
essential. Current problens in the prior art include
i nperfect methods for actually neasuring (directly or
indirectly) the size of theq wound. Cearly, the idea
measuring instrunent woul d ge di mensi onal |y accurat e,
rel'iable, provide data for a permanent record, and
provi de for the accurate discrimnation of wound
.versus periwound areas. It should be capapl e of
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carried out according to the health care provider's orders. The effectiveness of the
prescribed interventions cannot be evaluated unless baseline assessment data can
be compared with the follow up data. Thus, the consistency of measurements from
one observation period to the next is crucial.

The definition of a completely healed wound is sometimes stated as being a
wound that has totally re-epithelialized and stays healed for a minimum of 28

consecutive days. Generally, wound healing proceeds through an orderly repair



-4- process, so certain paranmeters such as the size
and shape of the wound, the rate of the healing', and
the status of the wound bed are appropriate markers
for assessing progress through this process. For
chroni ¢ wounds, this may not occur due to conplex and
non-uni form heal i ng processes. Conplete wound cl osure
may not be achieved -nor be a realistic objective
endpoi nt for judging" the outcome for certain chronic
wounds. In addition to the-4ystens descri bed above
that nmeasure the two-di nensional area of a wound,
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Sgﬁr@ppuggpgrammetry systems typically use a VldeO camera attached to a
computer or other microprocessor based device. Ina stereophotogrammetnc system
for wound measurement, the clinician places a target plate in the principle plane of
focus adjacent to the wound and captures the combined image on video tape. A
cotton-tipped applicator is used to mark the wound depth at the deepest point. After
the image is captured, the clinician uses the computer to frace the length and width
of the wound. The length of the cotton-tipped appliéator is also measured and
recorded as the depth. The images are then stored on the computer for later use,

analysis and comparison. Stereophotogrammetric systems often provide accurate



anal ysi s and conparison. Stereophotogrametric systens
of ten provide accurate -5- and reproducible

measur enents of wound size and vol une but do so at
great expense and conplexity. One effort in the field
to note is described in U S. Patent No. 5,967,979
issued to Taylor et W on QOctober 19, 1999 entitled
Met hod and Apparatus for Photogrametric Assessnent
of Biological Tissue. This _patent describes a renote
wound assessnent net hod and apparatus that includes
form ng an oblique inmage of both the wound and a
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ability to distinguish the wound area from the periwound area), repeatability, non-
invasiveness, simplicity, and cost effectiveness. Those parts of the systerh that
might come in direct contact with the patient should be aseptic and disposable. The
processing components of the system should be straightforward and intuitive to use
by modestly skilled clinicians. The processing components should likewise be
capable of providing historical data to allow the user to track changes over time.

The systems of the present invention take advantage of ever more available
and inexpensive digital imaging tools while at the same time recognizing that the
most accurate discrimination tool is still the eye of the clinician. A first preferred
embodiment of the present invention utilizes a transparent or translucent film



nost accurate discrimnation tool is still the eye of
the clinician. Afirst preferred enbodinent of the
present invention utilizes a transparent or
translucent film-s- (containing the wound trace); a
background/tenpl ate (conprising, for exanple, a half
iigid board with visually contrasting background and
reference surface areas, such as a white background
with a black franme); and a digital imaging device and
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association with the template also makes the image processing much more reliable
and accurate. The method of the present invention can further be used to measure
multiple areas of a wound in a given region of tissue. The digital imaging device
quality and processing power requirement of the system of the present invention are
relatively low so the methodology can be embedded into a single simple
microprocessor system. In contrast to the prior art, the present method uses a digital
camera to capture the traced wound contour and then calculates the area by
comparing it with the known size reference template features. There is no second

tracing, and the wound size is only limited to the size of the template used. By



m croprocessor system In contrast to the prior art,
the present nethod uses a digital canmera to capture
the traced wound contour and then cal cul ates the area
by conmparing it with the known size reference

tenpl ate features. There is no second tracing, and
the wound size is only limted to the size of the
tenpl at e used. By ?- changing the | ow cost tenplate,
the nethod can be used for ?ny wound. The use of the
tenplate with reference features of known di nensions
allows the imaging process to both scale the inmge
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to the tag that is included in the field o \new) ince the re erence tag is deS|gned to
be easily recogmzable to the computer the scahng can be very accurate. Defining
the penmeter of the wound on the other hand is not so easy for the computer SO
this step in the process is left in the hands of the clinician.

In contrast to the prior art, this second embodiment, like the first, utilizes only
a single tracing step and therefore greatly reduces the chance of introducing errors
into the process. Unlike prior art methods that utilize touch pad technologies, the
embodiment of the present invention described herein is able to beneficially scale
the image of the wound before a trace is made by the clinician.



this step in the process is left in the hands of the
clinician. In contrast to the prior art, this second
enbodi ment, like the first, utilizes only a single

tracing step and therefore greatly reduces the chance
of introducing errors into the process. Unlike prior
art nethods that utilize touch pad technol ogies, the
enbodi ment of the present invention described herein

is able to beneficially scale the image of the wound
before a trace is made by t#e clinician. -8- Also in

contrast to much of the prior art, the nethods of the
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of the present invention shown in the
after in 4%81%%??’ tgng.t ages of the-nethodol ogy of the
invention. FIG 2 is a perspective view of the entire
. syst.em of second enbodi nent of the present
M&éﬂﬂ@%@m&% the progressive stages of the
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with the first embodlment of the present invention showing a wound trace and
distinguishing the various geometric measurements made through the imaging
process of the present invention.

FIG. 3B is a detailed view of a PDA type device screen having captured an
image of the representative template shown in FIG. 3A, again showing the wound
trace and the various measurements made and used in the analysis of the wound
area. |

FIG. 4 is a “screen shot” view of a representative display generated by the
system of the present invention showing the tracked progress of a healing wound.

FIG. & is a detailed view of a second representative template utilized in
conjunction with the first embodiment of the present invention showing a wound
trace involving multiple discrete wound beds.



area. FIG 4 is a "screen shot" view of a
representative display generated by the system of the
present invention showi ng the tracked progress of a
healing wound. FIG 5 is a detailed view of a second
representative tenplate utilized in conjunction with
the first enbodi nent of the present invention show ng
a wound trace involving nultiple discrete wound beds.
-9- FIG 6A is a high level gf ow chart diagram show ng
the initial steps for irriplernentatiori of the
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R erence is first made to FIG 1 for a brief
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inventigsner al the systeminvolves the use of a transparent
or translucent film positioned on the patient over the
wound site onto which an outline trace of the wound
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then uses a preprogrammed handheld digital processor and digital camera device (a

PDA fitted with a camera, for example) to capture an image of the film/template
assembly. Processing software programmed in the device identifies and quantifies
the wound trace and the surrounding frame (as a reference) in order to calculate a
wound area. This first method finds particular application in conjunction with wounds
that extend over a larger, non-planar portion of the body, such as might be found
with arm or leg wounds.

In referring to FIG. 1, all of the components of the system of the present
invention are disclosed, as well as the progressive use of each of the components in
carrying out the methodology of the present invention. In FIG. 1, patient 10 bearing
wound 12 is shown with transparent/transiucent film 14 carefully placed over wound

12 in order to establish a wound trace. The caregiver/clinician utilizes a felt tip pen



that extend over a |arger, non-planar portion of the
body, such as m ght be found wth armor |eg wounds.
In referring to FIG 1, all of the conponents of the
system of the present invention are disclosed, as
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and frame 22 may simply be a printed or painted black or dark color ink border that is
a!sc; non-glossy. A physically separate frame of a contrasting color, into which the
film is inserted, may also be used.

Once transparent/transiucent film 14 is fixed to backboard 20, the assembly is
placed in a convenient imaging position that provides a suitable presentation of the
assembly to a digital camera connected with PDA device 24. A digital image 28 is
created by the digital camera associated with PDA device 24 of the assembly of
transparentltranslucent film 14 and backboard 20. This digital image 28 is preferably



enbodi nent, backboard 20 may be a non-gl ossy-white or
light color for exanple, and franme 22 may sinply be a
printed or painted black or dark col or ink border that
is also non-glossy. A physically separate frane of a
contrasting color, into which the filmis inserted,
may al so be used. Once transparent/translucent film14
is fixed to backboard 20, the assenbly is placed in a
conveni ent inagi ng positionqjhat provides a suitable
presentation of the assenbly to a digital canmera
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captured within a digital image 44 of the wound site taken by digital imaging device

42 from a position generally normal to the plane of the wound 12. The digital image
44 thus captured is then transferred to tablet PC 46 or other computer having a
touch sensitive display screen 48 (preferably a display that can lay flat on a writing
surface such as a desk). Transfer of digital image 44 over communication link 45 to
tablet PC 46 may be by any of a number of different data communication protocols
such as hardwire serial communication (USB for example) or wireless
communication (such as IR or RF based protocols).



In FIG 2, patient 10. bearing wound 12 i s shown
positi oned appropriately to have wound 12 inmaged by
digital imaging device 42. Reference tag 32 is placed
adj acent (but preferably outside) the perineter of
wound 12 and is thereby also captured wthin a
digital image 44 of the wound site taken by digital

i mgi ng device 42 froma position generally normal to
the plane of the wound 12. The digital imge 44 thus
captured is then transferrd@-to tablet PC 46 or other
conputer having a touch sensitive display screen 48
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FIG. 3A shows a typical image as acquired by the system, including an image of the
frame 22 positioned on backboard 20. Wound trace 18 is shown fully contained
within the area defined by frame 22.

Wound trace 18 encloses an area AW that is the objective measurement of
the system of the present invention. In order to obtain this measurement AW the
data associated with the image must be quantified in a manner that aliows
integration of the data and establishment of the area under (within) the curves
associated with the wound trace. Various algorithms are known in the art for
determining the area within a closed curve whose petimeter is established by known



may then cal culate the area of the wound and report it
to the clinician on the display. Reference is now nade
to FIG 3A for a description of the two dinensional
i mage acquired by the present invention in the first
preferred enbodi nent and the various paraneters
within the image that are utilized in the processing
of the data. FIG 3A shows a typical imge as
acquired .by the system ing.uding an image of the
frame 22 positioned on backboard 20. Whund trace 18 is
shown fully contained wthin the area defined by
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the capabilities of the system and method herein. Although the clinician may
preferably hold the digital imaging device (the PDA device) in a position generally
normal to the plane of the template 20 this positioning is not critical. As long as the
entire interior edge of the frame 22 is captured in the image the process can
determine the actual wound area.

In the view shown on the PDA device 24, wound trace 18 encloses an area Al
that is the scaled measurement of the true wound area. In order to obtain the actual



techni ques associated with both identifying points on
a curve within a coordinate systemand integrating
those points to determ ne an area within the curve,
are known in the art. FIG 3B provides a view of

i mage 28 as m ght be presented on PDA device 24 as
descri bed above In conjunction with the first
preferred enbodi nent of the present invention. In
this view, which nay be either during or after inage
capture, the tenplate 20 widh frame 22 is seen
positioned at an-obvious angle for enphasizing the
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traces aReoGiated wuth the partlcular wound for a specific patient. In FIG 4 these
hlstoncal wound traces are shown in dashed or broken outline form in a manner that
would not only allow the caregiver to identify the rate at which healing is occurring,

but also identify certain areas of the wound that may be healing faster than others.

Additional data storage in the processor system of the present invention is all that is
required to carry out this enhancement.

Discrimination of Wound Healing Zones
In the step of tracing the wound on the patient or on the screen image of the
wound as described above, the caregiver or technician will typically outline what is



Providing Historical Imaging Display In addition to
providing informati on on the changes in the absolute
val ue of the wound area, (as described wi th wound
data display 40 in FIG 4 discussed below it would
be. possible and desirable in sone circunstances to
actually provide an overlaid display that

i ncorporates not only the current wound trace, but
previous traces associatedgmth the particular wound
for a specific patient. In G 4, these historica
wound traces are shown in dashed or broken outline
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additional or continued regimens of treatment. While the above example illustrates
one way in which muitiple trace areas may be utilized, it is expected that the
caregivers wili determine their own particular scheme to best utilize this multi-area
calculation capability. It would of course be important that each of these traces be
closed curves in order for the digital image processor to accurately identify the area
within any one of these curves. '

Reference is now made again to FIG. 4 for a detailed description of the
manner in which both calculated data and historical data may be displayed on a



associ ated with the wound. Two cl osed curves
surroundi ng the serous zone would identify the
initial granulation zone or band by its interior
extent and its exterior extent. Typically the
exterior extent of the initial granulation zone would
provi de the overall boundary for the wound trace that
i s undefined by nore specific zones of healing.
Finally, a fourth trace, exterior to both the serous
zone trace and the two imlBral granul ation zone
traces, could describe the area of reddeni ng about the
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absoluSeaab¥rife Wdlhd %4 bé Provided in this display, but percentage
changés of this wound area may also be provided to aliow the carégiver to more
quickly discern the rate of healing that is occurring.

Reference is now made to FIG. 5 for a brief description of an alternate
template usable in conjunction with the system of the present invention that
comprises more than a single wound area. In this view, wound areas 19a, 19b, and
19¢ are shown as may be typical for many patients. The system and methodology of
the present invention are entirely capable of identifying and dealing with multiple
wound traces in the same manner. As the steps described above (and in more detail



preferred enbodi nent of the present invention, the

di splay features described in FIG 4 are equally
applicable to the display of data acquired with the
second preferred enbodi nent. Wund data display 40
may provide not only the data associated with the
current image established on the display, but nmay al so
provi de historical data suitabie.for identifying.
changes in the character ofq#he wound overtine. Such
informati on may, for exanple, include a wound area
established at an initial neasurenent for a
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at StegI 1S§8u§r§<li %rc])s%onsqﬁer{mrps%%srer?tfltrérr\]s ucentsftllm on the template backboard
in a manner suitable for processing. In the preferred embodiment, the template
backboard comprises a non-reflective white surface on a semi-rigid rectangular
panel that is surrounded on its perimeter with a black, non-reflective frame as
discussed above. Other colors and geometric shapes may be utilized for the
background of the panel and the reference areas thereon.

Various mechanisms for adhering or fixing the transparent/translucent film to
the backboard are contemplated. In a simplest of embodiments, the film may be
taped at some part of its edge to the perimeter of the backboard in a manner that



preferred enbodi nent of the present invention,
reference is now made to FIGS. 6A and 6B. These
fl omchart diagranms show the steps associated with
acquiring (FIG 6A) and processing (FIG 6B) the
wound trace data. FIG 6A shows the initial process
of acquiring a wound trace sufficient for digital
processi ng. | nmage acquisition nethodology 100 is
initiated at Step 102 where the caregiver may visually
.inspect the wound and chod$e an appropriate tenplate
size to cover the wound. At Step 104 t he caregiver
| ace trans arent/tranfs %c m over, t
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threshcplﬁﬂg |°ﬁ§r igd eyt q tetﬂw'éz%df‘et@f? %‘PWH@ APRRERRAF |Sé’§PM 'ﬁ’ﬁf‘t'fes the
light (white) and dark (black) elements of the image and establishes a threshold

value whereby an individual pixel on the image is identified as dark in contrast to the
light background. The processor then carries out Step 124 of contour finding on the
ihage, that is, establishing the data vectors that define the contours of the image.
Before proceeding to identify and process the wound trace, the processor
identifies and locates the frame established on the template backboard at Step 126.
The identification and location of the frame allow the processor, at Step 128, to set
the region of interest as that area of the image as a whole that is inside the identified
and located frame. In addition, the boundaries of the frame have a known geometry



woul d al l ow the technician at Step 112 to confirmthe
proper view and thereafter trigger the digital canera
to capture the i mage. The net hodol ogy of the present
invention then enters, at Step 114, the image
processing routine that is described in nore detail
bel ow. The process flow chart is therefore conti nued
at flow chart B by way of process connector 116. FIG
6B discloses in detail the.ygrious steps associ ated
with the digital image processing of the wound trace
i mge captured by the canera in the system of the
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(5) the processor finds and xdentlf‘ es the wound trac:ng by dlstlngwshmg it from the
empty or white background pixels.

Through a variety of algorithms known in the art, the processor may then
assemble a closed curve of the wound tracing and calculate the area within the
curve equating such with the area of the wound. Various data filtering methods may
be utilized in the preferred embodiment, to remove distortion from the image and the



di storted data based upon predeternmined criteria
intended to throw out clearly erroneous data often
derived fromdistortions or errors in the imging
process. Finally at Step 136,'various filtering
procedures are carried out on the inmage to elimnate
or reduce flickering lighting effects common with the
i magi ng process. After processing, the systemof the
present invention provides both an i mge display and
references to the cal cul at-28-val ues at Step 138. The
character of the presentation of the data acquired

data as5aCigedNtE ihg SnadB ors AelAag J1e remuis O BRRuEY display

screen. X V5AEHT GFothbr F18vaht Péhé’r'itﬁiﬁﬁfrﬁﬁﬁonﬂﬂbiﬁ% Sdortiifated wnth the
present’ invention include the followng digital img

acqmreg RwRd hﬁgh@s ifermation taprovidgdhe Ressreanyi tRglsHios @!@@mmg the
effi cacyl of Jﬁ%g& e )E(Iﬁrgb? cL Ml FeSF i %BIQ%Q&?ﬁﬁ&é ﬂ'@?éto

e I mage I a manner S I Cl ent
Emaa discossioa of thexvethods @fetha§eog|ndrweferr¢d ynahOd”iment of the

present, éﬂ%«ﬁ@?r? rrePérgﬁg)e is Wﬁ)‘m ﬁﬂa ngdt%rﬁ'é > 1A y Eef%cg%%%? ﬂohwchart

diagrarfwsb«swdbeaﬂtep@ assovgiatdd wma acepyining (FG. 7A) qm:l pp:juesyvrm‘ (FIG.

thet | at nt.i f. strai
78 thelfSahs FBE ot QA PSR AL B e wouna
image ér&ﬂthﬁh Qﬁudmicﬁtra?é suﬁaﬂahtvfor ﬂiglttzlﬂ! plt’c’lmessﬂ‘lgiltrlmadwécq?smon
carr ou i s essentia data scan, o
me’thdPi&SYp“i% |'3/m¢?% Pc% WHRER T ¢8R %'V?’HBaM VigUelly dgspect
the wodrﬂﬂéﬁa pl@diah Iaaxyrbwsaierkelfék%neécrﬁsﬂ@r@‘d;@@m iR vithiv® the
br ac eted region, . (5) the processor finds

wound. Acpiiepr 144 thaclinisiam wsﬁ&mghsﬁl@t@ﬂn\agmﬂewge.(thq digital
camerd) ¥hd Wsoﬁhg‘g"? e’fvf1 %@WSHHH seiclishs of Eaﬁewh@welt as the

variety o nown 1 n the art rocessor
referengaynarken AtStepi6, thetlinician then saptures éhwdum’cai image &f the

wound Qﬂ% wﬁﬁLﬁm‘g &gﬁaf Pr%q']\ﬁﬁ%é%cg' '@Pé qgchrﬁgl'%}‘tgclf\ﬁi?é :rtlfgni'b f4hBfers the

aril ous

digital imsigeodiatartaythe ablet PG dediceratt Steppt48 accardirgrtmanyrofithe various
tha‘g rem)veed tortion fromthe image and the _20- data
metho 3@88?%‘7 éjda Y the i mge before displaying the

Aﬁﬁt&ﬂ $50the techidian vwvwfﬁa alisplag oé the d»gntaarmagg obihe wound
. ot r.relevan atient informatio
site on g FARIREP Colt S HAHOHS RATSTatP Gos it paih the Thage
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|ca% of the wound therapy and the need fo

referens@st,ggm engltniciahithen tiagesdhe wayd paﬂmeé%ru@do@mbpth%@bsed
areas dTRlonedm)abith BestyRG B tHY H&hrﬁm&ﬂtoﬂﬁe&mm PC device

present ‘i nvention, reference i s now made to FlI GS,
at Stepa*rﬁ{z 7BheRethedoleiatine Pr@selt Kyeninp then entprepat Step 154, the

image @%%%bmge,%_dﬁnbhhaﬁ%éwﬁ;eth%@ae@%éwm The/gidcess flow
chart is therefore continued at flow chart B by way of process connector 156.

FIG. 7B discloses in detail the various steps associated with the digital image
processing of the wound trace established by the clinician through the use of the
stylus on the tablet PC touch screen display of the wound image. Process 158 is
initiated at Step 160 whereby the reference marker is located within the digital image
of the wound site. As discussed above, the reference tag is structured with a
definitive outline border that is easily distinguished by contrasting pixels within the
image data. This high contrast outline therefore provides the reference dimensions



7B) the wound trace data. FIG 7A shows the initial
process of acquiring the wound inage and then a wound
trace sufficient for digital processing, |mage
acqui sition methodology 140 is initiated at Step 142
where the caregiver may visually inspect the wound
and place an appropriate reference marker adjacent to
or wwthin the wound. At Step 144, the clinician
positions the digital imaging device (the digital
canmera) and confirns that view covers wound sections
of concern as well as the reference narker. At Step
for scalid@ the ireagbiafitbe svourideitsalbas calasildtionsalegardingithe geeafof the
" the waund site with '"the digital inmaging device. The
W°U"dtaé‘8rﬁﬂ’9?§r?ﬂi| inician then transfers the digital inmage
W&b?eé&eﬂ; aeStepher, ffle pocessonidetifips bAd locatesdthadrdoe data
he var ous scuss.e
associaled With dhe G5 theh was draced By S iIan SR iia tdlicréréen of the
tablet POEESi6E, Ard8nWIHE periphbfy @f‘tﬁéWﬂrobﬁE' Prelifhinafdtaardd i es

vari ous parameters associ ated with _the imge ;scale

calculations; the praggissing kuing qanfiEmsaheeXisisice i Claset Girye draces
and, af%té#‘ ?G)f’oéiege ik #hebdas é&:ﬁ%@ﬂ?ﬁs gsibld) elr@iﬂé"élﬁéxﬁﬁtwe the

traces t e wound {)erl met er any ot her cl osed
procesarmeay nettify thecelinigianithat thestrgces estabthﬁbed &0 Rot euliiciantdor

procesSHE B Ay et B By it Bhohhfod “Onll dg
assochtezpwitﬁlsheudmtlﬂew@w incated Siace is establisheriaths data is scaled
acoordif 4 YRE Rl P B T 1AL FIGHBECAPSTeg 1EH, s processor
carriespowciypicat ntegrdtion dftfie derte otHing Mrdsesto calcumtalthemea within
the cul el RUSEH cPDLTSTT otabbehd oSl it g gosocitea wit
the |dé§tif‘t6gari§ﬁg1gé§eﬁ ﬂ%fet'érlfbe\@gf o?thégw%o srivdiviss pmsgr-ggg alidsiay

is
information aind foafurs te MIGHISOY £ BEA(eh oY KR5TER B ibe Sieseited image of
the wo'ﬂﬁﬂ‘%’xd S ré&ﬁ‘ﬂ’?céﬁchﬁtéﬂ VARigd %&%urfém%d Wiktdrieal. Finally at

site scussed above, the reference tag is
Step 172; the detalacsumulgted withithe qurrentimage ae galculated argas is

stored 18 ghy%&éegaqgﬂﬁg%@kﬁéxh&% 4 LBthoRirisBhwith ldiern the

contrast outline therefore
measq)’emeniss the reference di mensions -21- for scaling the

Oyl 15 MU o581 th 050 PR Umppamen
of the Btaeritﬁﬁventlm pctm@therfolldwmg digital bnaige pminghﬂeps (D a
aigital 5358 SR wFRFSHFIGR Refefahf ad PRAINED WRBabidgRly
commBﬁidﬁ@d @@a digital Eiotéssipg syptesn ynadrporatingoa talich screen dlsplay,
(2) an Fc)'pplo uni g prowgeg ?o the clinician to improve the clarity of the image for
the purpose of identifying the wound characteristics; (3) a tracing of the wound
perimeter is made on the touch screen display thereby establishing a data set
defining the wound perimeter; (4) reference is made to the acquired image of the
reference tag to scale the data set defining the wound perimeter; and, through a
variety of algorithms known in the art, the proceséor assembles a closed curve of the
wound tracing data and calculates the area within the curve equating such with the
area of the wound through ratio metric comparison to the included graphical frame or
reference marker. As with the first preferred embodiment, highlighting of the image



cal cul ations, the processing routine confirns the

exi stence of closed curve traces and, at Step 164,

cl oses the traces as accurately as possible. In the
alternative, the process may notify the clinician
that- the traces established are not sufficient for
processing to begin and request that they be
re-established. Once the data associated with the
identified and | ocated trace is established, the data
I s-scal ed- according to thg2known val ues for the
reference marker. At Step 168, the processor carries
out typical integration of the curve ?utllne in order
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Al t hough the present invention has been described in
ternms of the foregoing preferred enbodi nents, this
description' has been provided by way of explanation
only, and is not intended to be construed as a
[imtation of the invention. Those skilled in the art
wi Il recognize nodifications of the present invention
that m ght accomobdate specific patient and wound
heal i ng environnents. Such_ppdifications as to size,

and even configuration, whéfe such nodifications are
nmerely coincidental to the type of wound or to the
type of therapy being apptisgaede 00 not necessarily

depart fromthe spirit and scope of the invention. It

is clear that the rectangul ar geonetry of the tenplate

& ining’ , , syste
A e0r PRRHnhGland aBRE taeach ™ OBRET12) (i aystem
eomprisifig: recogni ze alternate geonetries that achieve

{1 ane ARG lagng debioeitrzh Weneloty Bsitbfied 2 & idloeg distance
and\aritgs fiont saidewourd I{48),Jor acquidhgenligiabineage, (44)0f said
e (2 bih B rareffitel Sy S b Raf Wouhezy,

scr eery feRiney tagH$2p renviouablyt asitipragiiie imbassaciation with said
i (2 c2eit S rrbeRs Tl Gt bl witbe g ifgnts of known

Uirpeaenenan@r translucent filnms, are neant to be
exenplary oply and, not linmting of the t . of
mat er idigitahigiagy Slﬁp?%a{] agoﬁ%sﬂng Fﬁg":\%\@%z&data

fwith8aigly iffadi REAR) foviieehving, displaying,
%ggﬁﬂ gﬁigarﬁrgﬁ vﬁﬁg%!ta g?ngﬁﬁrﬁgaedtﬁgr??gi n a%d { rackviwlnIig tlhg ying
andsproicessingaid aeayired igkigita) msedd&grﬁ%ﬂ Qigplay further

U fhnd BGRBRIATUGEE GRS i BB plachint
adthiartravg of shid waind tiiﬁjefvlqilm;aidfdi_gaaldmaggm&) (s dispiayed
Hipfichf sl Qi3 5jdoS MR ShaBroF B dRVIce o) cBlcuiating and
asportingt & wounid dreadbasedionsaid iBage saddracs datdace t ag

(32) having discernable elenments of known di nmensions;

and a digital inmage display and processing device (46)
i Thelgygtent eNTlHMnCRiNhRRein $didtigitaldingiging deviegi(48) comprises a

device (42) for, receiyvin di spl,ayi n and. . -
gt A ing SR P Gt (3 dfansfarrip digital -
divizi)jeapud) Waltd fom said digital camera to said digital image display and
processing device (46).

The system of Claim 1 or Claim 2 wherein said reference tag (32) comprises a
flat geometric shape having a background and at least two orthogonal
élements visually contrasting with said background, the orthogonal elements

having known dimensions.

The system of any one of Claims 1 to 3 wherein said reference tag (32) is
disposable.



5.

conprising a graphical data input device (50) for
inputting data associated wth a trace of said wound
(12) while said digital imge (44) is displayed
thereon, said digital inmage display and processing
device (46) calculating and reporting a wound area
based on said i nage and trace data. 2. The system of
Caim1 wherein said digital imging device (42)
conprises a digital canera having a data

comuni cations port for trédfdsferring digital image
(44) data fromsaid d|g|tal canera to said digita

HIR Eusiesn Ceaty e of CRIGRR B4 harbhh Saliolsl i dispiay and
;g%aeé SENBE (A campliséd agrasehal corapaks (PQ)| sgdPC

ackground and at Ieast two orthogonal elenents
GAMPEPMG- contrasting with said background, the
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system one o ainms 1 to 3 wherein said
(Aéﬁdaéa&l@maglctd@tal gnagingsleyigsie. -24- 5. The system
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#5860 OF 8hidPiotind( 1288 didpragsd dh%dlemagéeﬂspléy %creen (48); and
receiving data i nput froma user pani

(50) aéﬁwdoemaﬁeaforcpapaewaats%ape ired Gioital {ESS (44) data
%ﬂg@aﬁd ugnﬁ‘q éﬂ%a&;uléﬁaaé‘eﬂd@‘reéaif@awadnd (12).
12) I spl aye o n sal

i mage di splay screen (48)
and a m croprocessor for processing said acquired
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The system of Claim 5 or Claim 6 wherein said personal computer (PC)
further comprises digital storage for retaining said acquired digital image (44),
said wound (12) trace data, and said calculated-area-data.

The system of ahy one of Claims 5 to 7 wtierein said personal computer (PC)
further comprises a data communications system for transferring said
acquired digital image (44), said wound (12) trace data, and said calculated
area data to a remote processing system.

The system of any one of Claims 5 to 8 wherein said personal computer (PC)
further comprises programming for selectively modifying an appearance of
said acquired digital image (44) presented on said display (48), wherein such
display modification improves definition of said wound (12).



operate said graphical data input device (50) in
association therewith. 7. The systemof Claimb5 or
Claim6 wherein said personal conputer (PC) further
conprises digital storage for retaining said acquired
digital image (44), said wound (12) trace data, and
said cal cul ated-area data. 8. The system of any one
of Clains 5 to 7 wherein said personal conputer (PC)
further.conprises a data Q%ggunications system f or
transferring said acquired digital imge (44), said
wound (12) trace data, and said calculated area data
to a renote processing system 9. The system of any
one of dains 5 to ? wher.ei . na ut er

Thepvstain o any QaPT HELPTECEgIn RS U ar AOPPeB,A data

E&G’,Wiki ﬁr)iél{]céﬂl%&%rﬂ%ﬁn@fsaia iglt=AKALHINROIENIEE [(42) and said
I'mage. presented on Said displa §4 , Wherein )
digital indags displahand iRracessing #pmﬁe@fid oF eemMMYMieatingsaid

: ARG f f th
S5 e e 8y it _ary one of (e

er conprising a data
comuni cat {on cabl e connecting said digital -imaging

' 2 d.saj i qi i .di 2 . .
00 SRt AT 1 9 RGBT 3R Bpihaoing deves
)i daidi djgitall imagegdisplay) and precassing:davice (46yrach further

t f C i : o
ggé\ﬁ{nﬁﬁo‘ﬁ’ a%%ﬁ gég%%%gn%&%ﬁgtﬁgs%ﬁ% ?égie\}éllﬂteg%ﬁ n%og"émumcatmg
ghRrPAcyuirlidipltatipsage (A4)ethcoe betddereach f urt her

conprise wirel ess data communi cation systens for
wi rel essly communi cating said acquired digital imge

PAhethdETat debrAring HAd thadkiridtith Arva dba evourmnd (12)athe method

tracking the area of a wound (12), the method

comprisingihe siepsi@ps of , renovably positioning a

refer tiol TR $h n &eS0AiMédigtel

Wi th gglﬁgw%g%nég%ilgbmgg@a{%k@ erenc(e:%)ag élszgﬁh_avi ng i
gissocitebivith ssiid maung 612)kaaidreferepns itad £32hhaying sligeggnable

B A RN (12, T L 2 opeeed
di gi t gositiarieg @dipital insading Weviee @2) gensnaliynabia spaged distance
i ande frafg AT RRE O ng said acquired digita
| mage dchbiriig amigital image (44) of said wound (12) and said area
immediately associated with said wound (12);

transferring data representing said acquired digital image (44) from
said digital imaging device (42) to a digital image display and processing
device (46), said digital image display and processing device (46) having a
display (48) and a graphical data input device (50);

displaying said acquired digital image (44) on said display device (46);

tracing at least a portion of said acquired digital image (44) of said
wound (12) on said display (48) with said graphical data input device (Sbj, and
thereby inputting trace data, while said acquired digital image (44) is
displayed on said display (48); and

calculating and reporting a wound area b:ansed on said acquired digital

image (44) and said input trace data.



13.

14.

16.

16.

17.

18.

said digital imaging device (42) to a digital inmage

di spl ay and processing device (46), said digital

i mage di splay and processing device (46) having a

di splay (48) and a graphical data input device (50);

di spl aying said acquired digital imge (44) on said

di spl ay device (46); tracing at |east a portion of
said acquired digital inmage (44) of said wound (12)
on said display (48) with said graphical data i nput
device (50), and thereby BBputting trace data, while
said acquired digital inage (44) is displayed on said

di splay (48): and calculatln and reporti

He m@égé@f)d?ﬂaga.@ WP@W g the s %@t’éqlaat)vei\ﬁ odifying
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urther CO;‘;BH sing t ctlve y (?

winergin ssichrieplay r@@dlﬁcatt@fuImEEPV@ﬁgiQfﬁllthﬂrﬁbéaIQM‘)UH (12). -

presented on said display, wherein such display

modi fication inproves definition of said wound (12).

'mzle nTdthodeafriairaf12baChaim1 3 further cnmansmgtthe istep of storing

SRS Sl thie e, Sh o taRs Yt cind il Gipypated
@;@gadai@ta 15. The nethod of Caim 14 further

conprising repeating each of said steps periodically
over tinme and tracking changes in said acquired

ﬁhelrﬁ@ihoumlaérﬂ% fuher Snthrisihg vépéithgpeach entaid étéps
The et hod of aim 15 {(urther co a@?gqt he st

ReuAliggiiv, &V?hfémec%ﬂ"w?ﬁ 'Bg changes | e g frmage (44)

§ﬁ@§ay@ggﬁu;gt§§|amgagg§lasal d tracked changes over tile
on a visual display. 17. The nethod of Caim 16

further conprising the step of concentrlcally
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calculaded values oisaidiare aithin said wommd \rasing andsaid tracked
%%ﬁgéééggo?&%enigq"éﬁ%éé' | a wound area conpri ses

rating a di nensi onal trace data
array representing the spatial |ocations of data

TR e Cle Sl R ohiiing e B4t STy
displaying overlaid images of said wound tracings acquired over time on said
visual display.

The method of any bne of Claims iz to 17 wherein said step of 6alculating
and reparting a wotind area comprises the stéps of

generating a two dimensional frace data array representing the spatial
locations of data input from said step of tracing said acquired digital image
(44) of said wound (12);

establishing an image threshold level between light and dark plxels

" within said acquired dlgltal image (44);

identifying and locating digital image data associated with said
reference tag (32) positioned in association with said wound (12);

scaling said trace data array in at least two orthogonal spatial
dimensions according to known actual dimensional values for said reference
tag (32); '



19.

20.

21.

establishing an i mage threshold | evel between I|ight

and dark pixels wthin said acquired digital inmge

(44); identifying and locating digital inmge data
associated with said reference tag (32) positioned in
association with said wound (12); scaling said trace

data array in at |east two orthogonal spatia

di mensi ons accordi ng to known actual dinmensiona

values for said reference g (32); _27_ carrying

out integration functions on said trace data array to
calculate ari area Wthiri'the boundaries of said

wound chfrgiig@ut intagratdos linstiorg drsaiddiraee dats arrdy to calculate
gatculatiguﬁge W t hi.n tge boundar,ies . .of.. %?id wound
aparea yvithis the-boupgdariss of sate WPHNA &3GR9 RN conpri si ng

the suphafingitehatider Sattarauatd dfcavitBindthewsduhdaries of
di spl ay 48?.of said digital inmage display and

paiswednd §racing;i ce (46), as said tracing is made, and
nmonochromatically filling in an interior area of said
traci ng upon conpletion of said tracing into a closed
Toeveetiznl of Blaimel $ ferther cappasisgdhe etep #f displaving gaid wound

WA AR O Rl W oo
dewigei (463, as said ngcing ds owase, and mesoghramaticayddling inan
iBeHBY Sl oC R fara"qpRh Prd 1ot S FRAF HblrginGy = dosed
eoevedf Clains 12 to 20 wherein said step of tracing at

| east a portion of said acquired digital inmage (44)

of said wound (12) conprises tracing a plurality of
Jhespeétifod bf arg opk offBlgias dR tet19 ehereinveaid stes obfracing at least

hysi ol ogi h i, t hi 12) . .
% g&"tignoo Is%?é agqg{rgg td?éita\imlrg”labg (Elﬂfopggiﬁdwéun& (12) comprises
tracing a closed outline of the image of a peripheral edge of the area of
disrupted tissue associated with the wound (12).

The method of any one of Claims 12 to 20 wherein said step of tracing at least
a portion of said acquired digital image (44) of said wound (12) comprises
tracing a plurality of closed outlines of images of at least iwo zones of
physiological character within the wound (12).



