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Rezumat

Arsura reprezintd una dintre cele mai grave leziuni
cutanate, arsura chimicd, in cazul nostru, distruge de obicei
toate straturile pielii. Arsurile dermale profunde si arsurile
de orice grosime necesitd excizie chirurgicald precoce si
grefare tequmentard, deoarece in lipsa interventiei
chirurgicale, vindecarea lor se extinde pe mai mult de 3
saptdmani si produce cicatrici vicioase, cheloide sau
hipertrofice, cu sechele functionale si estetice.

Stabilirea gradului de profunzime a unei arsuri
reprezintd una din provocdrile chirurgului plastician.
Diferentierea este de obicei ficutd pe criterii clinice, iar
acuratetea diagnosticd in aceste cazuri nu depdseste
76%.(1).

Prezentam cazul unui pacient in vdrstd de 72 ani, care
a suferit o arsurd chimicd ( substantd citostaticd) la nivelul
piciorului. Monitorizarea evolutiei pligii si a eficacitdtii
tratamentului a fost realizatd prin intermediul fotografiilor
efectuate la fiecare pansament. Acestea au fost analizate
dupd formule specifice fizico-matematice. Elaborarea unui
algoritm diagnostic bazat pe aceste formule a indicat
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Summary

Burns are one of the most serious skin lesions, chemical
burning, in our case, usually destroys all layers of the skin.
The deep dermal burns and burns of all thickness require
early surgical excision and tegumentary grafting, because
in the absence of surgery, their healing extends for more
than 3 weeks and produces vicious, keloid or hypertrophic
scars with functional and aesthetic sequelae.

Determining the depth of burns is one of the challenges
faced by the plastic surgeon. Differentiation is usually done
on clinical criteria, and the diagnostic accuracy in these
cases is not more than 76% (1).

We hereby present the case of a 72-year-old patient
who suffered a chemical (cystostatic substance) burn in the
foot level. Monitoring of wound development and
treatment efficacy was achieved through photographs taken
at each dress change. These were analyzed according to
specific physico-mathematical formulas. The development
of a diagnostic algorithm based on these formulas indicated
the appearance of granulation tissue about 2 days prior to
clinical degradation. The granulation tissue is an essential
structure for grafting and wound healing. Using the
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aparitia tesutului de granulatie cu circa 2 zile inaintea
decelirii clinice. Tesutul de granulatie reprezintd o
structurd esentiald pentru priza grefei si vindecarea pligii.
Utilizdnd algoritmul elaborat s-a putut urmdri eficienta
tratamentului aplicat si s-a stabilit momentul operator
optim in vederea grefirii, rezultatele postoperatorii fiind
foarte bune.

Fizica imagisticd (analiza imaginilor) poate fi un
instrument valoros de investigatie medicald, atdt pentru
evaluarea corectd a profunzimii arsurii (gradul ei) cdt si
pentru stabilirea eficientei tratamentului aplicat si
evidentierea aparitiei tesutului de granulatie .

Cuvinte cheie: arsurd chimicd, tesut de granulatie,
fizicd imagisticd, Matlab.
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elaborated algorithm we could follow the efficiency of the
applied treatment and set the optimum operator moment for
grafting, the postoperative results being very good.

Imaging physics (the analysis of the images) can be a
valuable tool for medical investigation, both for the proper
assessment of the degree of burns (its degree) and for the
determination of the effectiveness of the applied treatment
and the appearance of the granulation tissue.
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Introducere

Arsurile sunt rezultatul contactului tegu-
mentar cu agentii fizici (termici, electrici) sau
chimici. Sunt printre cele mai frecvente cauze de
accidente si determind probleme medico-
chirurgicale, psihologice si sociale extreme de
grave, cu risc vital si cu potential invalidant.

Arsurile chimice reprezintd una din cele mai
grave leziuni. Majoritatea agentilor chimici
produc o necroza de coagulare prin denaturarea
proteinelor, determinand formarea unei escare
care limiteaza penetrarea tesutului. Severitatea
arsurii depinde de o serie de factori, inclusiv
ph-ul agentului, concentratia, durata timpului de
contact, volum si forma fizicd a agentului.

Escara formata in urma contactului cu acidul
impiedica procesul de vindecare si de aceea
trebuie indepartatd — de obicei chirurgical — sau
prin detersie chimicd sau enzimatica.

Prezentare de caz

PC*, pacient de sex masculin in varsta de 72
ani, cu diagnosticul : Neoplasm bronhopulmonar
centriohilar dr.TANxM1PUL bilateral, BPOC.
Boala renald cr. Std. III. Arteriopatie obliteranta
std IVFontaine mmb inf bilateral. Status post
amputatie mmb inf stg. HTAE.,, in tratament de
specialitate-PCHt-Docetaxel 80 mg, si care pre-
zintd o plagd la nivelul antepiciorului stang.
Examinarea clinicdi a permis stabilirea dia-
gnosticului de: Arsurd chimicd (citostatic) grad
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Introduction

Burns are the result of tegumentary contact
with physical (thermal, electrical) or chemical
agents. They are among the most common causes
of accidents and cause extreme medical, surgical,
psychological and social problems of vital,
potentially invalid nature.

Chemical burns are one of the most serious
injuries. Most chemical agents produce a clotting
necrosis by protein distortion, causing the
formation of an escape limiting tissue pene-
tration. The severity of the burn depends on a
number of factors, including the agent’s pH,
concentration, duration of contact time, volume
and physical form of the agent.

The eschar formed by contact with the acid
prevents the healing process and should
therefore be removed - usually surgically - or by
chemical or enzymatic deters.

Case presentation

PC *, male patient aged 72 years, diagnosed
with: Bronchopulmonary Centriohilar Neoplasm
right TANxM1PUL bilateral, BPOC. Kidney
Disease Cr. Std.Ill. Arteriopathy obliteranta std
IVFontaine inferior member bilateral. Post
amputation status inferior member left, Essential
Hypertension, in the treatment of specialty-
PCHt-Docetaxel 80 mg, showing a wound in the
left pre-leg. Clinical examination allowed the
diagnosis of: Chemical (cytostatic) grade IIB-




IIB - parcelar III, fatd dorsala antepicior stang,
raze digitale I-IV, aproximativ 2% suprafatd
corporald.

Fig. 1. Aspectul initial al pligii arse
Fig. 1. The initial aspect of the burned wound

S-a instituit intr-o prima etapa lavajul abun-
dent cu ser fiziologic (pentru indepértarea
agentului chimic) si apoi s-a efectuat debridarea
mecanicd a tesutului necrozat de la nivelul
plagii.

S-a realizat apoi aplicarea in strat subtire
(spray) de sulfadiazind de argint si acid hialu-
ronic. Pentru a mentine mediul umed la nivelul
plagii, s-a folosit un pansament hidroactiv cu
antiseptic (polihexamethlen biguanide si solutie
Ringer).

De la primul pansament s-a putut observa
remisiunea fenomenelor inflamatorii si aparitia
lizereului hiperemic perilezional. Detersia chi-
micd a continuat in urmatoarele zile si se constata
formarea mugurilor de granulatie.

Pansamentul a fost schimbat o data la 3 zile,
realizandu-se debridarea biologica in circa 9 zile.

DermatoVenerol. (Buc.), 62: 315-328

parcel III, front dorsal left pre-leg, digital films I-
1V, about 2% body surface area.

Fig. 2. Analiza digitald a imaginii
Fig. 2. Digital analysis of the picture

First, was established an abundant lavage
with physiological saline (to remove the chemical
agent) and then was performed a mechanical
debridement of the necrotic tissue from the
wound.

Afterwards, Sulfadiazine Silver and
Hyaluronic acid were sprayed in a thin layer
(spray). To keep wet the wound environment, it
was used a hidroactive dress with antiseptic
(polyhexamethylene biguanides and Ringer
solution).

Starting with the first dress we could see the
remission of the inflammatory phenomena and
the appearance of the perilesional hyperremic
line. The chemical cleaning continued in the
following days, and formation of granulation
buds was observed.

The dress was changed every 3 days, the bio-
logical debridement being done in about 9 days.

Fig. 3. Aspectul pligii la pansamentul din ziua 3
Fig. 3. The wound aspect at the 3" day

Fig. 4. Aspectul pligii la urmdtorul pansament
Fig. 4. The wound aspect at the next dress
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Fig. 5. Aspectul plagii in ziua a 10-a
Fig. 5. The wound aspect 10" day

In ziua a 10-a se constatid remisiunea com-
pletd a fenomenelor inflamatorii, cu persistenta
unor focare de necrozd, in curs de detersie la
nivelul articulatiilor metatarsofalangiene IV-V.

Dupd eliminarea tesutului devitalizat si
aparitia tesutului de granulatie s-au folosit
pansamente parafinate, cu 0,5 acetat de clor-
hexidina, peste care s-a aplicat crema cu acid
hialuronic. Pentru a absorbi excesul de fluide s-a
aplicat un pansament cu silicon, care a permis si
diminuarea senzatiei de disconfort a pacientului.

Fig. 6. Se observd aparitia tesutului de granulatie
Fig. 6. The appearance of granulation tissue is observed

On the 10" day there is a complete remission
of inflammatory phenomena, with the persistence
of necrosis outbreaks, which are being disrupted
at the IV-V metatarsalphalangeal joints.

After the removal of the devitalized tissue
and the appearance of the granulation tissue,
were used paraffin ointments with 0.5 chlor-
hexidine acetate, over which was applied
hyaluronic acid cream. To absorb excess fluid, a
silicone dress was applied which also allowed the
patient’s discomfort to be diminished.

Fig. 7. Plaga pregatitd pentru grefare
Fig. 7. The wound ready for graft

La pansamentul din ziua 15 se constatd o
plagd granulard cu muguri de epitelizare margi-
nald prezenti pe circa 65% din suprafata ten-
donului tibial anterior si a tendonului extensor de
deget III.

Aparitia tesutului de granulatie a permis
realizarea la 18 zile postarsurd a autogrefarii.
Evolutia locald a fost favorabild, grefa fiind viabila
si cu priza de 100% (integratd). Consideram ca re-
zultatul postoperator obtinut, atat cel functional
cat si cel estetic, a fost foarte bun.
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Fig. 8. Aspectul final al plagii (ziua 29)
Fig. 8. The final aspect of the wound (day 29)

At the dress from the 15% day, a granular
wound with marginal epithelial buds is found on
about 65% of the anterior lower-leg tendon
surface and the finger extensor tendon III.

The appearance of granulation tissue allowed
at 18 days post-injury, the self-graft. The local
evolution was favorable, the graft being viable,
100% attached (integrated). We consider that the
obtained postoperative result, both functional
and aesthetic, was very good.




Analiza imagistica
Notiuni Generale

Matlab  (prescurtarea de la Matrix
Laboratory) reprezintd unul dintre cele mai
importante medii de programare in analiza
imagisticd. O imagine digitald este formata din
pixeli, fiecare corespunzand unei nuante de
culoare. Culorile digitale rezultd din combinarea
RGB (red-rosu, green-verde, blue-albastru) si
tonuri de gri. Fiecdrei combindri i se alocd o
valoare numerica.

Acesta este un program folosit In beneficiul
omului dar si a animalelor, cu ajutorul Matlab s-a
putut studia comportamentul animalelor de
laborator (10). Inginerul biomedical David
Meaney foloseste soricei de laborator sa studieze
fiziopatologia si deficitele de comportament
cauzate de leziunile traumatice craniene ajutat de
programul in cauza. (10).

Programul Matlab permite citirea unei
imagini ca o matrice formatd din valorile
numerice alocate fiecarui pixel. Analiza
parametrilor statistici ai unei imagini reprezinta
urmadrirea repetarii unor pixeli si a vecinilor lor,
respectiv a valorilor numerice corespunzatoare.

Primul parametru calculat este media. Media
aritmetica a valorilor numerice a tuturor pixelilor
din imagine permite calcularea celorlalti
parametrii. Deviatia standard se aplicd pe
imagini in care culorile au fost schimbate in
tonuri de gri (Matlab poate recunoaste 65000
astfel de tonuri) si exprimd variatia intensitatii
culorii gri in jurul mediei. Skewness (simetria)
analizeazd repartitia simetricd a valorilor
pixelilor in jurul mediei. Kurtosis reprezinta
masura in care valorile pixelilor imaginii sunt
acut peste sau sub medie. Entropia unei imagini
este caracterizatd de repetarea unei culori in
imagine. Entropia maxima este atunci cand o
culoare nu se repetd. Energia reprezinta repetitia
in imagine a unei perechi de pixeli. Energia
maxima este atunci cand avem o distributie
constantd a perechilor de pixeli sau cand
perechile de pixeli se repetd periodic.
Omogenitatea se referd la apropierea perechilor
de pixeli care se repetd in imagine.

Parametri statistici se urmdaresc in functie de
o variatie, In cazul de fata timpul, respectiv
numadrul de zile de tratament. Reprezentarea
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Imagistic analysis
General Notions

Matlab (abbreviated from the Matrix
Laboratory) is one of the most important
programming environments in imaging analysis.
A digital image is composed of pixels, each
corresponding to a color shade. Digital colors
result from the combination of RGB (red, green,
blue) and grayscale. Each combination is
assigned a numeric value.

This is a program used for the benefit of both
humans and animals, with the help of Matlab it
was possible to study the behavior of laboratory
animals (10). David Meaney, biomedical
engineer, uses lab mice to study the
pathophysiology and behavioral deficits caused
by the traumatic head injuries aided by the
program. (10).

The Matlab program allows reading an
image as a matrix consisting of the numerical
values assigned to each pixel. Analyzing the
statistical parameters of an image is to track the
repetition of some pixels and their neighbors,
respectively the corresponding numerical
values.

The first calculated parameter is the average.
The arithmetic average of the numeric values of
all the pixels in the image allows the calculation
of the other parameters. The standard deviation
applies to images in which the colors have been
changed to grayscale (Matlab can recognize
65,000 such tones) and express the variation in
gray intensity around the average. Skewness
(symmetry) analyzes the symmetric distribution
of pixel values around the average. Kurtosis is
the extent to which image pixel values are high
above or below average. The Entropy of an
image is characterized by the repetition of a color
in the image. Maximum entropy is when a color
does not repeat. Energy is the repetition of a pixel
pair in the image. The maximum energy is when
we have a constant distribution of pixel pairs or
when pairs of pixels repeat periodically.
Homogeneity refers to the approximation of
pixel pairs that is repeated in the image.

Statistical parameters are tracked according
to a variation, in this case the time, respectively
the number of days of treatment. The graphical
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graficd a parametrilor permite sesizarea oricdrei
schimbdri in textura imaginilor.

Analiza imagistica a pldgilor poate evidentia
tranzitiile intre fazele de vindecare. Cunoscand
valoarea numericd a culorii care reprezintd starea
de sdnatate a unei pldgi, se poate observa
respectiva valoare ori de cate ori se repetd in
imagine, pixel cu pixel. Programul Matlab per-
mite reprezentarea graficd a valorilor para-
metrilor analizati si stabilirea unui algoritm
evolutiv si terapeutic.

Analiza statistica a imaginilor

O imagine sau textura I (i, j) de dimensiuni
m-cu-n este o matrice bidimensionald compusa
din m pixeli in directie verticald si n pixeli in
directia orizontald (i si j reprezintd coordonatele
orizontale si verticale ale imaginii). Numarul
total de pixeli din matricea de imagine la nivelul
de gri este, prin urmare, m*n =N, 1 <i<m, 1 <j
<n.

Parametrii statistici care se pot folosi sunt:

1. Valoarea medie p, adicd nivelul mediu al
valorilor intensitatii imaginii sau textura I (i, j):
Utilizand formula corespunzdtoare, graficul
obtinut in functie de zilele de tratament arata ca
in figura urmaétoare:

representation of the parameters allows you to
notice any change in the texture of the images.

Wound imaging analysis can highlight
transitions between the healing phases. Knowing
the numeric value of the color that represents the
health of a plague, it can be seen that value
whenever pixel by pixel is repeated in the image.
The Matlab program allows graphical repre-
sentation of the value of the analyzed parameters
and the establishment of an evolutionary and
therapeutic algorithm.

Statistical analysis of the images

An image or texture I (i, j) with dimensions
m-with-n is a two-dimensional matrix composed
of m pixels in vertical direction and n pixels in
horizontal direction (i and j represent the
horizontal and vertical coordinates of the image).
The total number of pixels in the image matrix at
the gray level is therefore m*n=N,1<i<m, 1
<j<n

The statistical parameters that can be used are:

1. The medium value y, meaning the medium
level of the intensity values of the image or
texture I (i, j): Using the appropriate formula, the
chart obtained according to the treatment days
looks like in the following figure:

1.5268789062506 (-

= M

1 52587890625 N\
\L
1.5258789062498 ~
1 5258789062496
1.5258789062494
1625 2492
0 2 4 6 s 10 12 4 18 18

Formula de calcul a valorii medii
Calculation formula for the medium value

Fig. 1. Graficul obtinut pentru valorile medii
Fig. 1. The chart obtained for the medium values

2. Abaterea (deviatia) standard S a intensitatii
nivelului de gri este definita ca rdddcina pétratd a
variantei. Daca valoarea variantei este mai
aproape de medie, deviatia standard este mai
mica:
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2. The standard S irregularity (deviation) of
the gray level is defined as the square root of the
variation. If the value of the variation is closer to
average, the standard deviation is lower:
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Formula de calcul a deviatiei standard
Calculation formula for the standard deviation

Fig. 2. Graficul obtinut pentru deviatia standard
Fig. 2. The chart obtained for the standard deviation

3. Asimetria este o caracteristica fizicd sau
matematicdi a unui sistem care raméane ne
schimbatd sub actiunea unui transfer.

3. The asymmetry is a physical or mathe-
matical characteristic of a system that remains
unchanged under the action of a transfer.

i 2= AW ) -w)?
(N-1)xS3

Asimetria B
The asymmetry ~

= 10%

3

28

Formula de calcul a asimetriei
Calculation formula for asymmetry

Fig. 3. Graficul obfinut pentru simetrie
Fig. 3. The chart obtained for asymmetry

4. Kurtosis este indicator folosit in analiza
distributiei unei serii de date pentru a indica
gradul de aplatizare sau de ascutire a unei
distributii.

4. Kurtosis is an indicator used to analyze the
distribution of a series of data to indicate the
degree of flattening or sharpening of a
distribution.

?:ll Z?: 1(1(’.,]') _I'l')4
(N—-1)xS*

Kurtosis =

- 10*

25

18

. /\/\/

o k) 4 L] L 10 7 “ " hL

Formula de calcul pentru Kurtosis
Calculation formula for Kurtosis

Fig. 4. Graficul obfinut pentru Kurtosis
Fig. 4. The chart obtained for Kurtosis
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In continuare, parametrii statistici de ordinul
doi sunt calculati din matricea Cooccurrence
nivelului de gri (GLCM) al texturii. Matricea
Cooccurrence este o matrice de probabilitate care
maésoard de cat de multe ori apare un cuplu de
pixeli din imagine. Astfel, se calculeaza:

5. Entropia este masura dezordinii nivelelor
de gri dintr-o imagine. Entropia unei imagini se
calculeaza prin calcularea probabilitatii P a unui
anumit nivel de valoare gri gasit in acea imagine:

Next, the second order statistical parameters
are calculated from the Cooccurrence matrix of
the Gray level (GLCM) of the texture. The
Cooccurrence matrix is a probability matrix that
measures how many times pair of pixel appears
in the image. Thus, it is calculated:

5. The Entropy is the measure of the
disruption of Gray levels in an image. The
Entropy of an image is calculated by calculating
the probability P of a particular Gray value found
in that image:

Entropie  _

m yn , . L
Entropy = <=1 2j=1P(,j)log P(i,))

ra
r2 /\
7 .
7
60
60
67
66
2 “ L a w 2 1

6.8

4] a4 16 AL}

Formula de calcul pentru entropie
Calculation formula for Entropy

Fig. 5. Graficul obtinut pentru entropie
Fig. 5. The chart obtained for Entropy

6. Energia mdasoara uniformitatea textural,
adicd repetdrile de pixeli pereche. Energia
maximd a texturii sau a imaginii se produce
atunci cand distributia nivelului de gri este fie
constantd sau periodica uniforma:

6. The Energy measures textural uniformity,
i.e. pixel pairs repetitions. The maximum texture
or image energy occurs when the Gray level
distribution is either constant or periodically
uniform:

Energia

m yn . N2
The Energy = Zl:l Z]=1(GLCM(l:]))

<107

[ 2 4 [ a 10 12 14 16 18

Formula de calcul pentru energie
Calculation formula for Energy

Fig. 6. Graficul obtinut pentru energie
Fig. 6. The chart obtained for Energy

7. Omogenitatea mdsoard gradul de apro-
piere al distributiei valorilor in GLCM. Este un
mediu material care se defineste In raport cu cel
putin o caracteristicd ( marime) fizicd, ea neavand
caracter absolut, adicad este posibil ca un mediu
(sistem) sd fie omogen in raport cu un parametru
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7. The Homogeneity measures the degree of
approximation of the distribution of values in
GLCM. It is a material environment that is
defined in relation to at least one physical
characteristic (dimension), it does not have an
absolute character, that is, it is possible that a




si sa fie eterogen in raport cu unul sau mai
multi parametrii.
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environment (system) to be homogeneous with
respect to a parameter and that it is hetero-
geneous with respect to one or more parameters.

Omogenitate _

= XY GLCM(, ) ——
Homogeneity 1_12] =1 @)
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Formula de calcul pentru omogenitate
Calculation formula for Homogeneity

Fig. 7.Graficul obtinut pentru omogenitate
Fig. 7. The chart obtained for Homogeneity

8. Corelatia imaginilor — coeficientul de
corelatie este o metricd care exprima similaritatea
(nivelul de potrivire) dintre doud semnale, de

8. Correlation of images — the correlation
coefficient is a metric that expresses the similarity

Corelatie _
Correlation ~

m_yn {ix/xP () —{pxxpy}
i=14j=1 Ox Xy

«10®

-

o

w

L

Formula de calcul pentru corelatie
Calculation formula for Correlation

Fig. 8. Graficul obtinut pentru corelatie
Fig. 8. The chart obtained for Correlation

aceea, este foarte des folosit pentru cautarea
sabloanelor.

In formula de mai sus, px, uy si ox, oy
sunt media si abaterile standard ale proba-
bilitatii matricei P de-a lungul randului intelept
(Px) si pe coloane (Py), iar corelatia nu se referd la
doud obiecte diferite, este o corelatie pixel
internd.

(level of matching) between two signals, so it is
very often used to search for patterns.

In the above formula, ix, iy and 6x, 0y are the
average and the standard deviations of the matrix
probability P along the wise row (Px) and on
columns (Py), and the correlation does not refer
to two different objects, it is a internal pixel
correlation.
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Discutii si Concluzii

Arsura reprezintd probabil cea mai severa
formd de traumd pe care o poate suferi fiinta
umand. Existd doud etape distincte in tratamentul
unei arsuri:

- Etapa acutd, In care eforturile sunt con-
centrate pe supravietuirea pacientului si
pe efectuarea procedurilor chirurgicale de
urgentd, cu vizd functionald in primul
rand.

- Etapa postacutd, in care sunt necesare tra-
tamente chirurgicale si de recuperare,
pentru  corectarea sechelelor post-
combustionale, imbunatatirea functiei si a
aspectului estetic.

Orice plaga parcurge spre vindecare patru
faze: hemostazd, inflamatie, proliferare si
maturare (remodelare). In evolutia locald a unei
plagi arse, fenomenele principale sunt repre-
zentate de eliminarea (detersia) tesutului ne-
viabil, urmatd de aparitia tesutului de granulatie
(suprafata aptd pentru grefare) si in final
epitelizarea. Pe mdsura ce are loc vindecarea,
tesutul de granulatie (format din muguri de
culoare rosie) este epitelizat, acoperit cu tesut mai
deschis la culoare. In final se formeaza cicatricea,
care in cazurile cu evolutie favorabild este
apropiatd de culoarea tegumentului.

Grefa cutanatd aplicatd pe un tesut de granu-
latie este initial de culoare alba (palidd),
hranindu-se prin imbibitie. Odatd cu penetrarea
vaselor sangvine, grefa viabild devine initial
violeta (cianotica) apoi in timp ajunge la culoarea
roz, apropiindu-se de cea a tegumentului
adiacent. In cazul in care grefa nu este viabili (a
pierdut contactul cu tesutul subiacent, nu a fost
vascularizatd corespunzdtor etc) diferentele de
culoare devin tot mai evidente, de la persistenta
albului (lipsa de vascularizatie) la culoarea
neagrd a tesutului necrozat.

Ca urmare, variatiile de culoare care pot fi
observate la nivelul pldgii arse evolueaza de la
culoare alb-gri sau chiar neagra a tesutului
neviabil sau necrozat, prin diferite nuante de roz-
rosu odatd cu aparitia tesutului de granulatie
spre o culoare apropiatd de cea a tegumentului
normal.

Profunzimea plédgii arse — asa-numitul grad
de arsurd — reprezintd factorul determinant al
potentialului sdu de vindecare (care rezultd din
tesuturile profunde sau din cele adiacente ne-
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Discussions and Conclusions

The burns is probably the most severe form of
trauma the human being can suffer. There are two
distinct steps in the treatment of burns:

— Acute stage where efforts are focused on
patient survival and emergency surgical
procedures with a functional first-line
priority.

— Postoperative stage in which surgical and
recovery treatments are required to correct
post-injury sequelae, improve aesthetic
function and appearance.

Every wound undertakes to healing four
phases: haemostasis, inflammation, proliferation
and maturation (remodeling). In the local evo-
lution of a burned wound, the main phenomena
are the removal of the nonviable tissue, followed
by the appearance of granulation tissue (surface
suitable for grafting) and finally epithelization.
As the healing takes place, the granulation tissue
(made up of red buds) is epithelized, covered
with lighter tissue. Finally, the scar is formed,
which in the case of favorable evolution is close
to the color of the skin.

The cutaneous graft applied to a granulation
tissue is initially white (pale), nourished by
imbibitions. Once with the penetration of blood
vessels, the viable graft becomes initially violet
(cyanotic), then over time becomes pink,
approaching that of the adjacent skin. If the graft
is not viable (lost contact with the underlying
tissue, it was not properly vascularized etc.), the
color differences become more apparent, from the
white persistence (lack of vascularization) to the
black color of the necrotic tissue.

As a result, the variations in color that can be
observed in the burned wound evolve from
white to gray or even black of non-viable or
necrotic tissue through different pinkish reds
with the grain tissue being applied to a color
close to that of normal skin.

The depth of the burned wound - the so-
called degree of burning — is the determining
factor of its healing potential (resulting from deep
or adjacent tissues unaffected by the causative
agent). The operative or conservative treatment
decision (surgery or abstinence) is primarily




afectate de agentul cauzant). Decizia de trata-
ment operator sau conservator (interventia
chirurgicald sau abstinenta) este influentata in
primul rand de gradul si tipul de arsurd,
deoarece acestia determind evolutia locala.

Stabilirea diferentei dintre arsurile super-
ficiale si cele profunde este extrem de importanta
din punct de vedere al conduitei terapeutice. Inca
din secolul trecut s-a stabilit cd evolutia unei
plagi arse este mult mai buna si vindecarea are
loc mai rapid si cu mai putine sechele functionale
si estetice dacd in arsurile profunde se inde-
pérteaza rapid tesutul ars (escara). Interventia
chirurgicald este necesarda pentru a reduce
inflamatia locald si a permite tesutului sandtos sa
asigure acoperirea defectului creat (asigurand
epitelizarea din profunzime si dinspre marginile
plagii). Diferentierea intre arsurile profunde (care
nu au o vascularizatie si rezerve suficiente care sa
permitd vindecarea) si cele superficiale (la care
vindecarea chiar fara interventie exterioara are
loc cam in trei saptdmani) este deosebit de impor-
tantd pentru a nu pierde momentul operator
esential intr-o arsurd profunda si pentru a evita
interventiile chirurgicale inutile intr-o plaga
superficiala.

De aceea, de multd vreme s-a simtit nevoia
unei metode obiective care sd determine cat mai
corect profunzimea arsurilor. Au fost create mai
multe dispozitive care fac o estimare a perfuziei
tisulare la nivelul plagii arse, stiind cd vascula-
rizatia tisulard mai redusa este de obicei rezul-
tatul unei arsuri mai profunde.

Standardul de aur in stabilirea profunzimii
arsurilor este evaluarea histologicd, dar aceasta
necesitd biopsierea pldgii, iar rezultatele se obtin
in minim 2448 de ore.

Flowmetria Laser-Doppler si monitorizarea
Laser-Doppler a perfuziei tisulare functioneaza
pe principiul modificarii frecventei razei laser
prin refexia undelor luminoase la contactul cu
eritrocitele aflate in miscare. Modificarea frec-
ventei este proportionald cu vascularizatia tesu-
tului respectiv. Metoda a fost aprobatd de FDA si
permite diferentierea arsurilor superficiale de
cele profunde in proportie de 90-99. (2)

Imagistica termald se numeste pe scurt termo-
grafie. Se bazeaza pe corelatia dintre temperatura
tisulard, vascularizatia tisulard si profunzimea
arsurii. In mod esential, cu cat arsura este mai
profundd, fiind mai slab vascularizat.
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influenced by degree and type of burn, as they
determine local development.

Determining the difference between super-
ficial and deep burns is extremely important from
the point of view of therapeutic conduct. It has
been established since the last century that the
evolution of a burned wound is much better and
the healing takes place faster and with less
functional and aesthetic sequelae if the burning
tissue rapidly escapes in deep burns. Surgery is
necessary to reduce local inflammation and allow
healthy tissue to ensure that the defect is covered
(by providing epithelialization in depth and from
the edges of the wound). Differentiation between
deep burns (which do not have sufficient
vascularization and reserves to allow for healing)
and superficial (in which the healing even
without outside intervention takes place in about
three weeks) is particularly important in order
not to lose the essential surgical moment in a
deep burning and to avoid unnecessary surgery
in a shallow wound.

Therefore, it has long been felt the need for an
objective method to determine as accurately as
possible the depth of burns. Several devices have
been developed that make an estimation of tissue
perfusion in the wound, knowing that lower
tissue vascularization is usually the result of a
deeper burn.

The golden standard in determining the
depth of burns is histological evaluation, but this
requires biopsy of the wound, and the results are
obtained in a minimum of 24-48 hours.

Flowmetria Laser-Doppler and Laser-
Doppler monitoring of the tissue perfusion
works on the principle of changing the laser
beam frequency by reverting the light waves
upon contact with the red cells in motion. The
change in frequency is proportional to the tissue
vascularization. The method has been approved
by the FDA and allows the differentiation of
superficial blemishes from the 90-99% deep cell.
@)

The Thermal imaging is called in short termo-
graphy. It is based on the correlation between
tissue temperature, tissue vascularization and
burning depth. Essentially, the deeper the burn is,
the less vascularized it is.
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Lawson a fost primul care a folosit termo-
grafia pentru a evalua profunzimea arsurilor la
caini, in 1961.(9.) In 1966, Mladick a folosit
imagistica termald pentru a evalua plégile arse la
pacienti umani.(8.)

Hacket a demonstrat, printr-un studiu clinic,
ca termografia evalueaza corect profunzimea
arsurilor in 90% din cazuri, in timp ce exami-
narea clinicd reuseste acest lucru in 67% din
cazuri. %. (1)

Analiza imagisticd a unei plagi permite evo-
lutiei acesteia, respectiv monitorizarea inde-
partdrii tesuturilor necrozate si aparitiei mugu-
rilor de granulatie. Dupa fotografierea cu ocazia
fiecdrui pansament si utilizarea programelor
statistice (Matlab) pentru a determina variatia
culorii pixelilor a fost posibild analiza anumitor
parametri care reflectd distributia pixelilor si
modificarea in evolutie a culorii lor.

In evolutia plagii din prezentarea noastra, s-a
putut constata ca:

— Graficul mediei a ajuns de la o valoare
numericd ce reprezintd starea de boald
(necroza) la o altda valoare numerica ce
reprezintd starea de sandtate.

— Simetria valorilor pixelilor in jurul mediei
a evoluat de la asimetric la simetric.

— Kaurtosis a pornit de la valori acute fata de
medie, iar in evolutia spre starea de
sdndtate nu au mai aparut valori acute.

— Entopia unei pldgi vindecate a devenit
minima.

— Energia pldgii a crescut, devenind
maxima.

~ In acelasi timp, omogenitatea a devenit
mai evidentd, odata cu vindecarea

In afara parametrilor statistici prezentati mai
sus, mai pot fi urmadriti in evolutie si parametrii
dinamici ai unei imagini: viteza, acceleratia si
energia cineticd. Viteza si acceleratia unei imagini
reprezintd diferenta dintre valorile a doi pixeli
alaturati. Cu cat diferenta intre valori este mai
mare, cu atdt viteza creste. Energia cineticd
reprezintd modificarea valorilor pixelilor intre
prima imagine de la inceputul evolutiei si
imaginea finala.
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Lawson was the first to use the thermo-
graphy to assess the depth of burns in dogs in
1961. (9.) In 1966, Mladick used thermal imaging
to assess burns in human patients.(8.)

Hacket has demonstrated in a clinical study
that thermography correctly evaluates the depth
of burns in 90% of cases, while clinical exami-
nation succeeds in 67% of cases. %. (1.)

The imaging analysis of a wound enables its
evolution, i.e. the monitoring of the removal of
necrotic tissues and the appearance of the
granulation buds. After photographing with each
ointment and using statistical programs (Matlab)
to determine the color variation of the pixels, it
was possible to analyze certain parameters
reflecting the distribution of pixels and their
changing color.

In the evolution of the wound in our
presentation, it was found that:

— The average chart has reached a numerical
value that represents the disease state
(necrosis) at another numerical value
representing the state of health.

— The symmetry of pixel values around the
average has evolved from asym-metrical
to symmetrical.

— The Kurtosis ranged from acute to
moderate values, and in the evolution to
health no more acute values occurred.

— The Entropy of a healed wound has
become minimal.

— The Energy of the wound increased,
becoming the maximum.

— At the same time, Homogeneity became
more evident with healing.

In addition to the statistical parameters
presented above, the dynamic parameters of an
image can also be traced: speed, acceleration and
kinetic energy. The speed and acceleration of an
image is the difference between the values of two
pixels joined. The higher the difference between
the values, the higher the speed. The kinetic
energy is the change in pixel values between the
first image at the beginning of the evolution and
the final image.




In cazul nostru algoritmul analizei imagistice
ne-a permis sd evaludm tesutul necrozat si
aparitia granulatiei cu mai multd precizie. Am
folosit aparatul de fotografiat Nikkon cu lentile
speciale atasate, efectudnd imagini de control ale
evolutiei clinice cu ocazia fiecdrui pansament.

Analiza computerizatd a imaginilor digitale a
oferit posibilitatea de a vizualiza variatiile de
culoare ale tesutului, care in mod normal nu sunt
vizibile ochiului.

Stabilirea mai exactd prin analiza imagisticd a
zonelor lipsite de viabilitate, diferentierea lor de
cele cu viabilitate incertd si de cele care evolueaza
favorabil a permis adaptarea tratamentului la
evolutia clinica. Prezenta zonelor cu o coloratie
apropiatd de cea a zonelor sandtoase, corelatd cu
repartitia acestora si cu mérimea teritoriilor in
care persistd necroza a fost monitorizatd in
permanentd si inregistratd in programul MatLab.
Pansamentele au fost continuate pana in
momentul In care imaginile au dovedit ca
omogenitatea si energia plagii permit realizarea
unei grefe cutanate.

Implementarea algoritmului de analiza fizica
imagisticd in evolutia arsurilor permite pe de o
parte aprecierea mai corectd a profunzimii
structurilor afectate si a viabilitétii tesuturilor.
Utilizand programul de statisticd, se poate
monitoriza mai corect evolutia pldgii, ceea ce va
duce la stabilirea conduitei terapeutice in functie
de fazele evolutive.

Analiza imagistica, prin digitalizarea ima-
ginilor si statistica reprezintd o modalitate de
studiere a datelor de la distantd, este repro-
ductibild, controlatd computerizat si cu eficienta
maximd. Un avantaj important este posibilitatea
de monitorizare a evolutiei unei pldgi prin
sistemul de telemedicina.
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