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MeTtoau ouwiHIOBaHHSA PO3MipiB
Ta rMMbunHM onikoBoOi paHn

Tapac ®apmara, Onekcin Jlykaseubkunin, Opect Yemepuc

JIbBIBCbKUK HaLiOHaIbHUM MEANYHNI YHIBEPCUTET
imeHi flannna anavybkoro, JlbBiB, YkpaiHa

Bctyn. OuiHka Ta nikyBaHHS BIAKPUTUX YLUKOAXKEHb M'AKUX TKa-
HWH, 30KpeMa TEPMIYHUX YpaXKeHb, € BaXJ/IMBUM 3aBAAHHAM Xi-
pyprii, agxe npaBuibHUIA BUOIp NiKyBanbHOI TaKTUKM 3aNeXnUTb
BiZl TOYHOIO BM3HAYEHHS PO3MIpiB i rMN6MHN paHn. HaaiHa ouiH-
Ka OMiKOBUX paH [A€ 3MOry KOpuryBaTWu JiKyBaHHs, 36epiratu
OaHi AN HAYKOBUX AOC/IAXEHb i MOKpALUTM NPOrHo3, CKOpPOoYy-
04K vac nepebyBaHHA NaLIEHTIB Ha CTaLiOHapHOMY NiKyBaHHi.

MerTa. [lpoBecTn ornaa MeToAdiB BU3HAYEHHS pPO3MipiB Ta riun-
61HKM WKipHOro gedekTy Ta, 30KpeMa, OMniKoBOi paHu.

Marepianu 1 metogm. [1na nposefeHHs ornaay 6yno npoa-
Hani3oBaHO NiTepaTypHi AXepena aHrNiNnCbKOo Ta YKPaiHCbKO
MoBaMu 3 6a3 gaHux PubMed, Cochrane Library, ResearchGate,
MEDLINE, Scopus Ta Web of Science. MNMowyk 3a4iicHi0OBaBCS 3a
KNHOYOBMMKU cnoBamu MeSH, Wwo oxonsoTb MMONHY onikoBux
paH, BUMIpIOBaHHA WKIpHUX AedeKTiB Ta HeiHBa3MBHI MeToau
Bi3yanisauii. AHani3 oxonntwoBaB nyb6nikauii 3 2000 no 2024
poKM, ane Takox 6ynu BpaxoBaHi neplioaxepena Anas NOBHO-
LiHHOroO ONUCy MeToAuK.

Pesynbtatv gocnipgdXeHHA. AHania MeTOAWMK BU3HAYEHHS MAAHIMETPUYHUX XAPaKTEPUCTUK i
rMMB6UHM ONIKOBMX paH BUSBMB NEBHI HEA0MIKK, Ccepel SKUX CKNaAHICTb Y BUKOPUCTaHHI Ta BUCOKa
BapTiCTb. BinbWicTb i3 UMX METOAMK BMMAratoTb 3HAa4YHMX BUTPAT 4Yacy Ta pecypcis, WO obMexye
IXHE NMPaKTUYHE 3aCTOCYBaHHA Y K/IHIYHMX yMOBax.

BucHoOBOK. oganblli AoCniaXeHHS MatoTb 6yTn 30cepeaxeHi Ha po3pobneHHi Ta BNpoBaAKEHHI
6inblW AOCTYMHUX, NPOCTUX Y BUKOPUCTAHHI i EKOHOMIYHUX METOAMK AN OLUIHKM OMiKOBUX paH.
IneanbHuM piwleHHAM 6yae BNpoBaAXeHHS HOBUX TEXHOSOrI abo BAOCKOHANEHHS iCHYUMX nig-
X0AiB, WO YMOXNMBNATb 3abe3neyeHHst TOYHOCTIi BUMipOBaHb, MPOCTOTY eKcnyaTauii Ta iHTerpa-
Lit0 B iCHYOYi MPOTOKONMN NiKyBaHHA. Lle CyTTEBO NOKpaLMTb AiarHOCTUKY Ta NiKyBaHHA NauieHTIB
3 onikamu.

KnrouyoBi cnoBa: onikoBa paHa, By/lbHepoMeTpisl, rMnbuHa OnikoBOI paHu, BUMIpIOBAHHS LUKIp-
HUX AedeKkTiB, OuiHKa 3aroEHHS paH.
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Methods for assessing the size
and depth of burn wounds

Taras Farmaha, Oleksiy Lukavetskyy, Orest Chemerys

Danylo Halytsky Lviv National Medical University
(Lviv, Ukraine)

Introduction. Assessment and treatment of open soft tissue
injuries, in particular thermal injuries, is an important issue
in surgery, as the correct choice of treatment tactics depends
on the accurate determination of the wound size and depth.
Reliable assessment of burn wounds allows for treatment ad-
justments, data storage for scientific research and improved
prognosis, reducing the length of hospital stay of patients.

Objectives. Review the methods of assessing the size and
depth of a skin defect and, in particular, a burn wound.

Materials and methods: To conduct the review, we analyzed
literary sources in English and Ukrainian found on PubMed,
Cochrane Library, ResearchGate, MEDLINE, Scopus, and Web
of Science databases. Searches were performed using MeSH
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Results. Analysis of methods for determining planimetric characteristics and depth of burn
wounds revealed certain disadvantages, including difficulty in use and high cost. Most of these
techniques require considerable time and resources, which limits their practical application in
clinical settings.

keywords covering burn depth, measurement of skin defects,
and non-invasive imaging techniques. The analysis included
publications from 2000 to 2024, but primary sources were also
considered for a complete description of methods.

Conclusions. Further research should prioritize the development and implementation of more
accessible, user-friendly, and cost-effective techniques for the evaluation of burn wounds. The
ideal solution would be the introduction of new technologies or improvement of existing ap-
proaches to ensure the accuracy of measurements, ease of operation, and seamless integration
into existing treatment protocols. This will significantly improve the diagnosis and treatment of
patients with burns.

Keywords: burn wound, vulnerometry, burn wound depth, skin defect measurement, wound
healing assessment.
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Bcryn. JlikyBaHHSA  BIAKPUTUX  YLIKO[XKEHb
M'AKMUX TKaHWH € OHMM 3 OCHOBHWX 3aBAaHb Xi-
pyprii, OCKifbkM 6iNbLIICTb NALEHTIB 3BEpTalOTh-
Cs1 MO AOMOMOry came 3 paHaMu. 3HaudHy 4acTky
cepef LWKipHUX AedeKTiB CTaHOBASATb TEPMiYHi
YPaXKEHHS, LLO 3a5MLIATLCA OAHIED 3 Ceprio3-
HUX Npo6neM K/iHIYHOI MeanunHM Yepes cknag-
HICTb AiarHOCTUKM Ta nikyBaHHA [1]. Mpu Brnbopi
NiKyBanbHOI TaKTUKM MOTPIGHO 3BepTaTtu ysary
Ha po3Mipu Ta MunbuHy oniky [2]. Mig yac anHa-
MiYHOIO CrOCTEPEXEHHS 3a MALEHTOM BaXX/IMBO
3HaTW LWBUAKICTb 3MEHLUEHHS PO3MIipiB Ta runbun-
HW OMiKOBOI paHu, o6 KopuryBaTu NikyBaHHS Ta
NPOrHo3yBaTh TePMiHM oayxaHHsA [3]. O6’ekTnB-
Ha OLjiHKa paHu HeobXigHa TaKoX Yy PEKOHCTPYK-
TUBHIN Xipyprii ANS TOYHOrO BU3HAYEHHS MJIOLLi
OniKy i KisIbKOCTi JOHOPCBLKOI LWKipy abo Bennun-
HW LWKIPHOro KNanTtd AN TpaHcnnaHTawil.

OpHak He nuwe y NpakTUYHI MeanUnHI Bax-
JIMBUMW € BYJIbHEPOJIOrivYHi NapamMeTpu. Y Haw
yac, KON BeCb AOKYMeHTOo0b6ir € undpposumM,
BUHMKNA HEOBXiAHICTb 36epiraHHsa iHpopmauii
y 6a3zax gaHuMX NaUiEHTIB K ANs PYTUHHOMO
BUKOPUCTAHHA NiIKapAMU, TaK i 3 HAYKOBOK Me-
TOK, HaNpuknaa, y KAiHiYHUX AOCNIAXEHHAX.

OnikoBi paHu xapaKTepu3ylTbCs HeoAHOopiA-
HICTIO | NOCTIMHUMM ANHAMIYHUMM 3MiHaMK, WO
YCKNAaAHIOE BU3HAUYEHHS 1X TAXKOCTI, @ OTXe i
BN6ip NpaBMAbHOrO NikyBaHHSA. YTiM, HaailHa
Ta AOCTOBipHa OLiHKA TAXKOCTI OMiKOBOI paHu
€ TMM (YHAAMEHTOM, Ha OCHOBI SKOro Xipypr
NpMMMAE OCTAaTOYHE PpilleHHS LWOAO0 TEPMIHIB
onepauii Ta BM6OpPY NpaBWUILHOIO MPOTOKO-
ny nikyeBaHHs [4]. A, O0TXXe, B NepcnekTuBi ue
[AcCTb 3MOry CKOPOTUTU Yac NiKyBaHHA y CTa-
uioHapi, WwWo HeabusKk BaXMBO.

BigTak BMBUYEHHA MeTOAIB OUIHKWU BYJNlbHEpPO-
JNIOriYHMX MapaMeTpiB OMiKOoBOI paHW HUHI €
BKpal BaXJIMBUM.

MeTa. llpoBecTn ornag MeToAiB BU3HAUEHHS
po3MipiB Ta rAnMbuHU WKipHOro AedekTy Ta,
30KpeMa, onikoBOI paHu.

Martepianu 1 MmeToam. [1ns npoBeaeHHs or-
napy 6yno peTpocnekTMBHO MpoaHanizoBaHo
niTepaTypHi g)xepena aHrnincbKow Ta yKpaiH-
CbKOI MoBaMu. owykK 34iMCHEHO Yy Takux [o-
kasoBux 6ibniorpadiuHnx 6asax, sk PubMed,
Cochrane Library, ResearchGate, MEDLINE,
Scopus Ta Web of Science.
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KniouoBi cnoBa ans nowyky 6ynm Bu3Haue-
Hi 3a pgonomorot cuctemm Medical Subject
Headings i MicTunu Taki TepMiHK, aK:

e «Burn wound depth» (rnmbuHa onikoBoi
paHu) — LLle OCHOBHE NOHATTS, Ke CTOCYETb-
CSl METU AOCHIAXEHHS.

e «Skin defect measurement» (BMMiptOBaHHS
WKipHUX AedeKTiB) — OXOMJIE 3arajbHUi
npouec OuiHKM pO3MipiB AedeKTiB LWKipK.

e «Burn injury assessment» (ouiHKa OMNiKOBUX
YLWKOAXEHb) — TEPMiH, O CTOCYETHCHA Cre-
UMIYHOT OLIHKM CTaHy LWKipW Nicns onikis.

e «Non-invasive imaging techniques» (He-
iHBa3MBHI MeToAM Bi3yanizauii) — OXOMNeE
TexXHOoNorii, Wwo JAarwTb 3MOry OLiHIOBaATH
paHu 6e3 XipypriyHoro BTpy4YaHHsa (Hanpu-
knaa, ¢oTtoakycTuyHa Bisyanizauisa, SFDI).

e «Wound healing assessment» (ouiHka 3aro-
€HHS paH) — KIOYOBUWA TEpPMiH AN cTtaten,
SAKI CTOCYIOTbCS HE nulle AiarHOCTUKK, a 7
NpoOrpecy 3aro€HHS.

BUKOpPUCTAHHA UMX KMNOYOBUX CNiB CNpUSano
3abe3neyeHHI0 afeKBaTHOro OXOMJIeHHSA He-
06xigHOI niTepaTypu 3 AOCAIAXYBaHOI TEMU.

[lo KpuTepIiiB BKIOYEHHSA HanexXanu:

e fOCnigXeHHs, onybnikoBaHi aHrNiNCbKOK
abo ykpaiHCbKOIO MOBaMu;

e po60TK, WO OXOM/IOKTb METOAOOrYHI ac-
MeKTM HayKOBUX OrNsa4iB, HAapaTUBHUX Or-
najis, HaykKoBe HamnMwucaHHA, MeToau AO0Chi-
JXKEHHS,;

e opuriHanbHi cTaTTi Ta peueHsii, onybnikosa-
Hi B peueH30BaHMX HAayKOBUX XypHanax.

[lo KpuTepiiB BUKIIOYEHHSA Haexanu:

e pob60TH, WO HE MalTb peLeH3inHOro xapak-
Tepy;

e CTaTTi, WO He MiCTATb iHopMauii npo MeTo-
AV HAayKOBOIrO HanucaHH4.

Ons 3abe3neyeHHs akTyaslbHOCTI AaHWX aHa-
Ni3 nepeBaxHO oxonnatwBas nybnikauii, Buaa-
Hi 3 2000 no 2024 pokun. OgHak, 3 ornsaay Ha
BaX/JIMBICTb nepLioaxXepen Ana rnoBHOLIHHOMO
ONUCy MeTOAMK, A0 AOCAIAXKEHHS TakoxX 6ynu
3anydeHi 6inblWw paHHi poboTK, WO BigirpalTb
K/1t04OBY POJib Y CTAHOBJIEHHI Ta PO3BUTKY CYy-
YacHUX nNigxoais.

Pe3ynbtaty ¥ 06roBopeHHs. 3rigHo 3 npo-
BeeHUM pPETPOCNEKTUBHUM aHanizoMm nyb6ni-
Kauin, BUOKpPEMNEHO ABi BENUKI rpynu BybHE-
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Introduction. Treatment of open soft tissue
injuries is one of the urgent issues in surgery
since most patients seek medical help with
wounds. Thermal damage accounts for a sig-
nificant portion of skin defects, which remains
one of the serious challenges of clinical med-
icine due to the complexity of their diagnosis
and treatment [1]. When choosing treatment
tactics, it is crucial to consider the size and
depth of the burn [2]. During the dynamic fol-
low-up of the patient, it is essential to monitor
the rate of reduction in the size and depth of
the burn wound to adjust the treatment and
predict the recovery time [3]. Accurate wound
assessment is also essential for reconstructive
surgery to precisely determine the burn area
and the amount of donor skin or the size of
the skin flap for transplantation.

However, vulnerological parameters are cru-
cial not only in practical medicine. Today,
when the entire document flow is digital,
there is a need to store information in patient
databases both for routine use by doctors
and for scientific purposes, for instance, in
clinical studies.

Burn wounds are characterized by heteroge-
neity and constant change in dynamics, mak-
ing it challenging to determine their severity
and choose the appropriate treatment. Never-
theless, an accurate and reliable assessment
of the burn wound severity is the foundation
for the final decision by the surgeon regarding
the timing of the surgery and the choice of the
correct treatment protocol [4]. Ultimately, in
the long run, it reduces the time of inpatient
treatment, which is crucial.

Thus, the study of methods for evaluating the
vulnerological parameters of a burn wound is
critical today.

Objectives. Review the methods of assess-
ment of the size and depth of a skin defect
and, in particular, a burn wound.

Materials and methods. To conduct the
review, we retrospectively analyzed literary
sources in both English and Ukrainian. The
search used evidence-based bibliographic da-
tabases such as PubMed, Cochrane Library,
ResearchGate, MEDLINE, Scopus, and Web of
Science.
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Search keywords were identified using the

Medical Subject Headings system and includ-

ed the following terms:

e “Burn wound depth” is the main concept re-
lated to the study objectives.

e “Skin defect measurement” covers the gen-
eral process of skin defect size assessment.

e “Burn injury assessment” refers to a specif-
ic assessment of skin condition after burns.

e “"Non-invasive imaging techniques” in-
clude technologies that allow for evaluating
wounds without surgical intervention (for
example, photoacoustic imaging, SFDI).

e “Wound healing assessment” is a key term
for papers dwelling on the diagnosis and the
healing progress.

The use of these keywords made it possible
to ensure adequate coverage of the necessary
literature on the researched topic.

The inclusion criteria included:

e studies published in English or Ukrainian;

e works covering methodological aspects of
scientific reviews, narrative reviews, scien-
tific writing, and research methods;

e original articles and reviews published in
peer-reviewed scientific journals.

Exclusion criteria included:

e works that are not reviews by nature;

e articles that do not contain information
about methods of scientific writing;

To ensure the relevance of data, the analysis
mainly covered publications published between
2000 and 2024. However, given the importance
of primary sources for a complete description of
the methods, earlier works that play a key role
in forming and developing modern approaches
were also included in the study.

Results and discussion. According to the con-
ducted retrospective analysis of publications, two
large groups of vulnerology methods were distin-
guished: the first, which concerns the planimetric
evaluation of wounds and can be used both for
burn wounds and wounds of another origin; and
the second, which is based on the assessment of
the burn wound depth, so as such, this type of
lesions has its own clinical features.

Clinical methods are considered to be the sim-
plest methods of assessing wound size, which,
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pOSIOriYHMX METOAMK: neplla, WO CTOCYETbCA
NIaHIMETPUYHOI OUIHKW paH i Moxe 6yTn BU-
KOpUCTaHa 4K ANg OniKoBOI paHu, Tak i Ang
paH iHLWOro reHesy, Ta Apyra, WO FPYHTYETb-
CSl BNaCHe Ha ouiHUi rAnbuHM OMiKOBOI paHu,
OCKIiNIbKM TaKUM BUJA ypaKeHb Ma€ CBOI KNiHIY-
Hi oco6nmBOCTI.

Hanbinbw npocTMMM MeToAaMWn OUIHKK Be-
JIVYMHN paHW BBaXKaloTb KIiHIYHI, 4Ki, OKpiM
LbOoro, Hambinbl 4YacToO BMKOPWUCTOBYBaHi Ha
npakTtuui. KniHiyHo paHy ouiHooTe ad oculus
Ha niacTaBi PyTUHHUX KNiHIKO-MOPMOIOriyHNX
KpuTepiie: nepndoKanbHOro 3anasaeHHs, o4n-
LWEeHHSA paHu, NosiBM Ta BUMOBHEHHS paHW rpa-
HYNAUISIMKW, KOHTPaKLia paHu, KpaoBsa enite-
nisauis [5; 6; 7]. Ui meToankun MicTaTb SAKiCHI
XapaKTEPUCTUKK, @ B IXHIO OCHOBY MOKJadeHa
cyb’ekTMBHa ouiHKa, TOMYy BOHU € Manoedek-
TUBHUMWU. [NMOUHY paHWM TakKoX Ha NpakTuui
HambinbWw 4YacTto BM3HaA4yalOTb Bi3yasbHO. Lle
noB’'A3aHO NepeayciM 3 AOCTYNHICTIO METOAVKMU
[8]. BisyanbHui MeTon 6a3yeTbcs Ha ornsagi
paHW Ta ouiHUi 1T TaKTUNbHUX XapaKTeEPUCTUK
(30BHILWHIN BUrNA4, KaninsgpHe HarnoBHEHHS Ta
yytnmeictb) [9]. OpgHak AOCTOBIPHICTb Takoi
MEeTOANKM € OBMEeXeHOK 4epes3 OUiHKY sika-
peM nuile NoBepxHi paHu, a TakoX Len cno-
Ci6 € cy6’ekTMBHUM, agiKe BiH He NigKpinaeHun
XKOAHUMU YiTKMMK Knacudikauiamm [10].

OKkpeMO BUAINAKTb Fpyny MJIaHIMETPUYHUX
MEeTOAiB, WO IPYHTYIOTbCA Ha KOHTAKTI 3 ypa-
XKEHOW LWKipoto. BignosigHo, HeaonikoMm 6e3-
rnocepenHbOro KOHTaKTy 3i LWKipoK NauieHTa
BUMipIOBanbHOro 3acoby € goaaTkoBa CTepu-
nisauiga, AOTpUMaHHA npaBus MOBOAXEHHSA Ta
yTunisauii y 3B’a3ky i3 3abpyaHeHHsaM 6iono-
riyHUMM pignHamu. o Takumx MeToAiB Hane-
»xnTb Metog J. I. Kundin [11] - BuMiptoBaHHS
HaMbiNbLWOI AOBXWMHM Ta WMPUHM paHW y Ta-
Kui cnocib, wob ui senuunHn 6ynun posrtaluo-
BaHi Ha NepneHanKYIApHUX o0CcaxX. Po3paxyHoK
NAOLWi paHM BUKOHYETLCS 3a OPMYNoto:

S=Lx Wx 0.785,

e S - nsowa paHu;
L — poBXwWHa paHu;
W - wmnpuHa paHu.

AHanoriyHum metoay J. I. Kundin € meton V.
Schubert [12], ane y uboMy MeToai KoedilieHT
€ Aeuo iHWNM:

Review

S=LxWx0.763

CxoxuM Ha nonepegHi € metog H. N. Mayrovitz
[13], oe nsowy paHu po3paxoBytoTb 3a dhop-
MYOH0:

S=LxWx0.93 x T1/4

Lli meToan € HegopornMMm i NPoCTUMMN Y BUKO-
PUCTaHHI, ane TOYHMMMK NuLle 3a YyMOBU iae-
aNlbHO MPAMOKYTHUX paH i He BpaxoBYHOTb Te,
wo dopMa paHM BKpah HepiBHOMipHa. ToMmy
NJoWy paHW MOXHa nepeouiHntT Ha 41 %
3rigHo 3 gocnigaxeHHamu Rogers L.C. 3i cni-
BaBT. [14] Ta Ha 29-43 % 3riaHo 3 Shetty R.
3i cnigaBT. [15].

HacTtynHa rpyna MeToAiB — LUe MeToau, LWo
'PYHTYIOTbCA Ha 3BaXyBaHHi. [Jo Takumx Ha-
nexutb metoa B. Hejda i J. Hejdova [16], ae
KOHTYpPW MOBEPXHi paHXW HAHOCATb Ha nanip,
OTpMMaHun WabnoH BMPI3alTb | 3BaXyTb.
[MonepeaHbO BU3HAYalOTb Macy KBaapaTy LbOo-
ro XX nanepy, ane Bigomoi nnowi. Hesigoma
naowa — ue pisHMua Mix gobyTkoMm macu wa-
6710HY Ha BiAOMY NAOLWY KOHTPOJSIBHOrO KBa-
ApaTy Ta Macu KOHTPOJIbHOro KBagpaTty. Taky
X MeToamky Mae Mmetog J. Ichimaru [17], me
BMKOPUCTOBYOTb A0AATKOBI HOCIT — moABilHi
NpO30pi apKyLUi, HWXKHIA 3 AKUX NpU3HAYeHUi
AN KOHTaMiHauii 3 paHoOl, a BepxHiin — ans
BUPIi3aHHA KOHTYPIiB paHW 3 HaACTynMHWUM BUMi-
poM ii Macu.

PyuyHuin nigpaxyHok nnowi nepepbadvae i me-
104 R. W. Sessions [18], wo nonsra€e y Ha-
CTYMHOMY: Ha paHy HaknajawTb ABOLLAPOBUMA
apKyLl, WO Ma€E MiTKM Ha BEPXHIA YacTuHI Ta
HU3KY HackpizHux nepdopadii, obManboBy-
I0Tb KOHTYp paHu, Aani uen apkyw knagyTb
Ha MiNiMETpOBMI Manip i WASXOM MiApaxyHKY
KBaApaTHUX MiNiMeTpiB B cCepeauHi KOHTYypy
BM3HAYalOTb MOLLY YPaXKEeHHSH.

Y Benukin KinbKOCTi MeToAiB BUKOPUCTOBY-
I0Tb a@BTOMATM4YHMI NigpaxyHoK. MeTtogom J.
L. Richard [19] KOHTYp paHW NepeHOoCsTb Ha
npo3opy MiBKY, CKaHYKOTb i 3a [40MNOMOrow
KOMM'IOTEPHOI NpOorpaMm OTPUMYIOTb pe3ybTaT
po3paxyHKy naowi paHn. Metog O. O. binaesoi
[20] aHanoriyHMin nonepenHbOMY, Ae KOHTYp
Ha nanip. KOHTyp paHu y cnocobi «Mouseyes»
[21], oTpuMaHuii Ha nNpo3opy MiBKYy, pO3Mi-
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in addition, are most often used in practice. Clin-
ically, the wound is assessed ad oculus based on
routine clinical and morphological criteria: per-
ifocal inflammation, wound cleansing, appear-
ance and filling of the wound with granulations,
wound contraction, and marginal epithelializa-
tion [5; 6; 7]. These methods include qualita-
tive characteristics and are based on subjective
evaluation, so they are ineffective. The wound
depth is also most often determined visually in
practice. This is primarily due to the availabil-
ity of the technique [8]. The visual method is
based on examining the wound and assessing
its tactile characteristics (appearance, capillary
filling, and sensitivity) [9]. However, the reliabil-
ity of this method is limited due to the doctor’s
assessment of only the wound surface, and this
method is also subjective because it is not sup-
ported by any clear classifications [10].

A group of planimetric methods based on con-
tact with the affected skin is separately dis-
tinguished. Accordingly, the disadvantage of
direct contact with the patient’s skin of the
measuring device is additional sterilization
and compliance with the rules of handling
and disposal in connection with contamina-
tion with biological fluids. Such methods in-
clude J. I. Kundin’s method [11] - measuring
the greatest length and width of the wound so
that these values are located on perpendicular
axes. The wound area is calculated according
to the formula:

S=Lx Wx 0.785,

where S -wound area,
L - wound length,
W - wound width.

Similar to J. I. Kundin’s method is V. Schubert’s
method [12], but in this method, the coeffi-
cient is slightly different:

S=LxWx0.763,

Similar to the previous ones is the method of
H. N. Mayrovitz [13], where the area of the
wound is calculated according to the following
formula:

S=LxWx0.93 x T1/4

These methods are inexpensive and easy to
use but accurate only with perfectly rectangu-
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lar wounds, and they do not consider the fact
that the shape of the wound is highly irregular.
Thus, the area of the wound can be overesti-
mated by 41%, according to research by Rog-
ers L.C. et al. [14], and by 29-43%, according
to Shetty R. et al. [15].

The next group of methods are methods based
on weighting. Among these is the method of V.
Hejda and J. Hejdova [16], where the outlines
of the wound surface are drawn on paper, and
the resulting template is cut out and weighed.
The mass of a square of the same paper but
of a known area is preliminarily determined.
The unknown area is the difference between
the product of the mass of the template by
the known area of the control square and the
mass of the control square. The method of J.
Ichimaru [17] has the same technique, where
an additional carrier is used - double trans-
parent sheets, the lower one is intended for
contamination with the wound, and the upper
one - for cutting out the wound outlines with
subsequent measurement of its mass.

Manual calculation of the area includes the
method of R. W. Sessions [18], which consists
of the following: a two-layered sheet with
marks on the upper part and several through
perforations is placed on the wound, the out-
line of the wound is drawn, then this sheet
is placed on graph paper, and by counting
square millimeters in the middle of the con-
tour the area is determined.

A large number of methods use automat-
ic calculations. According to the method by
J.L. Richard [19], the contour of the wound is
transferred to a transparent film and scanned,
and the result of wound area calculation is ob-
tained with the help of a computer program.
0. O. Bilyaeva’s method [20] is similar to the
previous one, where the contour of the wound
is obtained by fixing its impression on paper.
The contour of the wound in the “Mouseyes”
method [21] is received on a transparent
film placed on the computer screen, and the
wound area is calculated using the software.
In the method of S. Raab [22], a device for
measuring coordinates is used, connected to a
computer with position sensors. The operator
“draws” the contours of wound walls and sets
the points of the wound bottom, after which
the computer program creates a three-dimen-
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LWYOTb Ha eKpaHi koMn'toTepa i 3a 4ONOMOrok
nporpamMHoro 3abesneyeHHs 064UNCIOTL N0~
Wwy paHu. Y Metoai S. Raab [22] BukopucTo-
BYIOTb MPUCTPIA ANS BUMIpY KOOpAMHAT, LWO
nig'egHaHMin Ao KoMmn'toTepa, KU Ma€E gaTym-
KW po3TalwlyBaHHA. OnepaTop OKPeCtoE KOHTY-
pU CTIHOK paHW i BUCTaBASE TOYKM AHA paHu,
nicna UbOro KOMM't0TepHa nporpamMa CTBOPIOE
TPpUBUMIpHE 306paxkeHHs paHW. TakoxXx naoLly
paHM BUMIPIOOTb 3a AOMOMOrok niaHiMeTpa
[23] Ha cneudianbHOMY NpUCTPOI (Hanpuknag,
Planix 7 Tamaya Digital Planimeter). [0 KOH-
TaKTHUX MeToAiB Hanexuntb MeTton «Visitrak»,
wo nepenbayae BUKOPUCTAHHS ABOLLAPOBOI
Npo30poi MAiBKKU, WO 1i HaKIagalTb Ha paHy.
Ha BepXHbOMY LWapi NoO3Ha4YaTb KOHTYPU paHu
3a 4OMOMOro cneuianbHOro nepa i komn'totep
aBTOMAaTUYHO 0BUYMCAIOE NoLWwy paHu [24].

be3koHTaKTHIi MeToau — Le BesinKa rpyna cno-
cobiB BMMIipIOBaHHSA PpO3MIpiB paHu, WO ne-
peabayatoTb AUCTaHUINHE BUMIpHOBaHHSA na-
pameTpiB AedekTiB 3a AONOMOrol ¢oTo- uu
BigeoobnagHaHHA abo iHWMX cneuiaibHUX
npucTpoiB. HeponikamMu uUMX METOAIB MOXe
6yTK iXHA 3HayHa BapTICTb Ta MOX/MBI CMO-
TBOPEHHS PO3MIpiB TPUBUMIPHOro 306paxeHHs
paHu Npu NepeBefeHHi B ABOBUMIpHY ¢dopMy.

OkpeMy rpyny MeTOAIB CTaHOBASATb MeTo-
An 3 aHanoroBuM doTtorpadysaHHaM. Cnocib
L. Cees [25] nepepbauae dotorpadyBaHHS
paHW B HaTypasibHY BENUYMHY, BUKOPUCTOBY-
touM Npu uboMmy doTtoanapaT 3 MUTTEBUM OT-
puMaHHAM 3HiMKiB. OcobnusicTio mMetoay H.
A. Thawer [26] € BUKOpPUCTaAHHSA aHanoroBsoi
BileokamMepu, ounmdpyBaHHS 306paKeHHa 3
BUKOPUCTAHHAM MNiaTh BBeAEHHS 306paxxeH-
Ha (frame grabber) i aBTOMaTM4YHMM po3pa-
XYHKOM MapaMeTpiB paHu 3a A0MNOMOrow cre-
uianbHOro nporpamHoro 3abesneveHHsa (VeV
Measurement Documentation Vista Medical).

TakoX ANng BUMIpIOBAHHA NJOLWi paHW BWUKO-
pucToByloTb uudpoBe doTorpadyBaHHa 3
€TasZIoHOM nJowi, wo nonsrace y dotorpady-
BaHHi 3a ponomorot umdposoro dgoTtoana-
paTy CcaMOi paHW i YMOBHOIo €TasIoHYy MJOoLLi
6ina Hei. OTpuMaHi 306paxeHHs MepeHoCsATb
Ha KoMN'toTep i BiAHOLWEHHS KiNbKOCTi TOYOK B
306paxeHHi aedeKkTy WKipn A0 KiNbKOCTi TO-
YOK B 306pa>keHHi YMOBHOro eTasioHa oL,
MOMHOXEHEe Ha NJIoLWy eTasioHa, BU3HAYaETbCA
AK nnowa AedeKkTy WKipu.
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Cxoxuin meton pospobus @. I. lNonbMmamenos
[27]. Po3pobneHa HMM KoMM'loTepHa nporpaMa
[A€E 3MOry BUMMIPSTM M/OWYy paHW 3@ aHanisoMm
doTorpadii gocnigxysaHoOi NoOBepxHi, 3pobneHoi
nia npsMum KytoM. Crno4yaTKy MOKasHWK MO
06UYNCNIIOOTb Y BIAHOCHMX OAMHMLSAX BUMIpY, SIKi
nepeBoasiTb B abCOMOTHI LLNSXOM aHasisy npono-
pUii MITKM, WO po3MileHa Ha doTorpadii nopsa
i3 paHoto. Po3Mipn MITKW BigoMi 3a3aanerifb.

P. Foltynski, Wwo cnoyaTky npautBaB Ha4 yao-
CKOHaJIEHHAM iCHYIOUYMX METOAMK OLIHKW po3-
Mipy paHuM 3a pgonomorot doTtorpadyBaHHS
[28], 3ronoom 3anpornoHyBaB BacHWUI A0AaTOK
ans cmaptdoHa Planimator app, wo € 6inbLw
TOYHUM, Hix Visitrak [29]. CamMe MOXNUBICTb
BbyayBaTn TexHonorito Bilyanisauii, obuwnc-
NeHs, aHanisy Ta 36epiraHHsa B Takuii nopTta-
TUBHUIN NMPUCTPIA, 9K CMApPT@OH, € OCHOBHUM
3aBAaHHAM cboroaeHHs [30].

Takox po3pobneHo MeTon ABOMIpHOro cka-
HyBaHHSA [31]. Konn ABOMipHY MoAenb paHu
CTBOPIOKOTbH 3a A0OMNOMOro ABOMIpPHOro slasep-
HOro CKaHepa i po3paxoBylOTb MJAHIMETPUYHI
napaMeTpu paHu.

OKpeMo BUAINSAIOTb BUMiIpIOBaHHSA paH 3a 4ono-
Moroto 3D-TexHonorin — ctepeobaveHHs [32],
doTorpammeTpii [33] i nasepHoi TpiaHrynsauii
abo TpiaHrynsauii 6inoro ceitna [34, 35, 36],
OCKiNlbKM BOHW AatoTb 3MOry HaAinHO BUMIpto-
BAaTW TPMBUMIPHI NOBEPXHI, AKOIO € LIKipa.

HacTynHol rpyrno MeTOAMK € BOJIIOMETPUYHI,
AKi OXOMJIOI0Tb BM3HAYEHHA BCIX MaHiMeTpuy-
HWUX NapameTpiB, BK/IOYHO 3 rMnbuHo aedekTy,
a TaKOX YMOXJ/IMBIIIOIOTb CTBOPEHHSA TPUBUMIPHOI
MOZeni paHu 3a A0MOMOrol KOMM'IoTepHOro 3a-
6e3neveHHs. [0 TakMxX METOAMK HANEXWTb Me-
TO4 TPUBUMIPHOrO CKaHyBaHHA [37], ae cTBopto-
€TbCHA TPUBMMIpHa MoAeflb paHU 3a AOMOMOroko
TPUBUMIPHOIrO N1Ia3epHOro cKaHepa i, Ha OCHOBI
oTpuMaHoi iHdopMaLii, 3a 4ONOMOrol KoMmn'to-
TepHOro 3abesneyeHHs po3paxoByoTb NaaHiMe-
TPUYHI | BOSTIOMETPUYHI MapaMeTpu paHu.

Binomnii meTtoa BuMIiptoBaHHA 06’'eMy paHu 3a
AOMOMOrol0 TPMBUMIPHOI NiHiMkK (KoMn'toTep-
Ha nporpama «Woundgraph» I. . l'epunu, AO.
KopweBHtok [38, 39]), sknii nepeabadae Bu-
KOPUCTaHHS CneuianbHO CKOHCTPYMOBAHOro
30HA4a 3 HaCTYMHOK KOMMN'toTepHO 06pobKoto
umdpoBmx Ta rpadivyHux AaHux. Heponikom
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sional image of the wound. Also, the wound
area is measured using a planimeter [23] on
a special device (e.g., Planix 7 Tamaya Dig-
ital Planimeter). Contact methods include
the “Visitrak” method, which involves using
a two-layer transparent film applied to the
wound. On the upper layer, the wound con-
tours are marked with a special pen, and the
software calculates the wound area [24].

Non-contact methods are a large group of
methods for measuring wound dimensions,
which involve remote measurement of defect
parameters using photo or video equipment or
other special devices. Disadvantages of these
methods may be their significant cost and
possible distortion of the dimensions of the
three-dimensional wound image when con-
verted into the two-dimensional form.

A separate group of methods consists of
methods with analog photography. The L.
Cees method [25] involves photographing the
wound in natural size and using a camera with
instant image production. A peculiarity of H.
A. Thawer’s method [26] is the use of an ana-
log video camera, image digitization using an
image input board (frame grabber), and au-
tomatic calculation of wound parameters us-
ing special software (VeV Measurement Docu-
mentation Vista Medical).

Additionally, digital photography with an area
standard is used to measure the wound area,
which involves photographing the wound with
a digital camera and a conventional reference
area near it. The obtained images are trans-
ferred to the computer, and the ratio of the
number of points in the image of the skin de-
fect to the number of points in the image of
the conventional reference area, multiplied by
the reference area, is determined as the area
of the skin defect.

A similar method was developed by F.I. Gyul-
mamedov [27]. The computer software he de-
veloped allows for measuring the wound area
by analyzing a photo of the examined surface
taken at a right angle. First, the area indicator
is calculated in relative units of measurement,
which are converted into absolute units by an-
alyzing the proportions of the label, which is
located in the photo next to the wound. The
dimensions of the label are known in advance.
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P. Foltynski, who initially worked on improv-
ing the existing methods of assessing wound
size using photography [28], later proposed
his own smartphone application, the Planima-
tor app, which is more accurate than Visitrak
[29]. The main objective today is the possi-
bility of embedding visualization technology,
calculation, analysis, and storage technology
in a portable device like a smartphone [30].

A two-dimensional scanning method has also
been developed [31]. A two-dimensional
model of the wound is created using a two-di-
mensional laser scanner, and the planimetric
parameters of the wound are calculated.

Measurement of wounds using 3D technologies
- stereo vision [32], photogrammetry [33],
and laser triangulation or white light triangula-
tion [34; 35; 36] are separately distinguished,
as they allow reliable measurement of three-di-
mensional surfaces, such as the skin.

The next group of methods is volumetric.
They include determining all planimetric pa-
rameters, including the defect’s depth, and
allowing for creating a three-dimensional
wound model using computer software. Such
methods include the method of three-dimen-
sional scanning [37], where a three-dimen-
sional model of the wound is created using a
three-dimensional laser scanner, and, based
on the received information, the planimetric
and volumetric parameters of the wound are
calculated using computer software.

A well-known method of measuring the vol-
ume of a wound using a three-dimensional
ruler («Woundgraph» computer program I. D.
Gerych, D. Korshevnyuk [38; 39]), which in-
volves the use of a specially designed probe
with subsequent computer processing of digi-
tal and graphic data. The disadvantage of this
method is that it only allows for measuring
wounds of geometrically correct shape.

The method of “Structured lighting” [40] has
also been developed, which involves project-
ing laser diode beams onto the wound, creat-
ing a pattern in the form of a 16 x 16 element
grid on the wound surface. The wound surface
is photographed with a digital camera, then
grid elements located on the wound surface
are manually marked on the resulting photo,
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LbOro MeToAy € Te, WO MOro MOXHa 3acToco-
BYBaTW BMKJ/IHOYHO AJ19 BUMIpIOBAHHSA paH npa-
BWIbHOI FEOMETPUYHOI hopMU.

Takox po3pobneHo MeTos «CTPYKTYpHOro nia-
cBivyBaHHA» (Structured lighting) [40], wo no-
NAra€e B NPOEKTYBaHHI Ha paHy MpOMeEHIB na-
3epHUX AioAiB, CTBOPHOKOYM HA MOBEPXHi paHK
MasItoHOK Yy BUrNsA4I CiTkn 16 X 16 eneMeHTiB.
LUndposnum dotoanapatom doTtorpadytoTb pa-
HOBY MOBEpPXHIO, Aani Ha OTpuMaHil oTorpadii
BPY4YHY BiA3Ha4yaloTb €NeMeHTU CiTKM, po3Ta-
LOBaHi Ha MOBEpPXHi paHW, i BiAcCiBalOTb efe-
MEHTW, pO3TallOBaHi Ha iHTAKTHIN wWKipi. Tak
BUKOHYIOTb PO3pPaxyHOK Mowi paHu. MNnbuny
paHX pO3paxoBylOTb 3@ BIAXWUNEHHAM efleMeH-
TiB CiTKM Big po3TallyBaHHs, nepeabadvyBaHoro
y BUMaaKy NpOeKTyBaHHA CiTKWM Ha Mopyy po3-
TaloBaHy AiNAHKY Tina, Ae BiACYTHA paHa.

TexHonoria Medphos [41] - ue cucrtema, sKa
CKNAJA€ETbCS 3 TPbOX CUHXPOHI30BaHMX (OTO-
KaMmep 3 KOHBEPreHTHUMU ONTUYHUMU OCHMMU.
Y ueHTpi Kona, YyTBOPEHOro KamMepamu, po3Ta-
LoBaHe A)Xepeno ceiTna. Ha gocnigxysaHy no-
BEPXHIO MPOEKTYIOTb MAaCUB TOYOK, Aani pobnsaTb
CMHXPOHHWUI 3HIMOK TpbOMa KaMepaMmu, i Ha
KOMM'loTepi 3 BUKOPUCTAHHAM CneuianbHUX an-
rOpUTMIB CTBOPIOIOTb TPMBUMIPHY MOAESb PaHU.

TexHonoria Mavis [42] nonara€ y npoeKkTyBaH-
Hi Ha paHy CBIT/IOBMX CMYT Pi3HUX KOMbOPIB Mif
KyTOM OpieHTOBHO 45°. [ani undposum ¢doTo-
anapatoM doTorpadytoTb paHOBY MNOBEPXHIO.
Buxoas4u 3 BigOMOro postallyBaHHS NPOEKTOPA
i KaMepu 3a MicLueM 3MiHM HanpaMKy CBITI0BUX
NYYKiB y MiCUSIX BUMIPIOBAHHA penbedy nosepx-
Hi, HA KOMN'IOTepi CTBOPIOKOTb TPUBUMIPHY MO-
Aeflb paHu i BUKOHYIOTb PO3paxyHOK rMsaHiMe-
TPUYHUX | BOSTIOMETPUYHUX Ti MapaMeTpis.

Omxe, NpoBeAeHWn HaMu aHaniz MeToamK nna-
HiIMETPUYHOro aHanily AedeKTiB LWKipy nokasas,
O HambinbL YacTMMK Ta HAWNErwnMn y BUKO-
PUCTaHHI € HANMNpPOCTIiWi BMMiptOBasbHIi MeToaM-
KW, §Ki, NpoTe, € HalMeHW ToYHUMK. Cy4dacHi
MeToAMKWM b6inbll BigNoOBigaldTb BMMOraM TOMY-
HOCTi, € BUCOKOE(EKTUBHUMMK, ane noTpebytoTb
[0AaTKOBOro 06n1agHaHHA 4vM AOPOroBapTiCHO-
ro KOMMN'toTeEpPHOro 3abe3nedeHHs i y pyTUHHIN
NnpakTULUi BUKOPUCTOBYIOTLCA HEYaCTO.

HacTynHMM eTanoM Haworo A0CNiAXeHHS 6YJ'IO
BMBUYEHHA METOAIB, WO BUKOPUCTOBYIOTb ANd
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OLIHKW rANBMHM ONiKOBOI paHW, a OTXe i BaX-
KocTi oniky. MNoTpeba y TakoMy AOCAIAXKEHHI
nepeayciMm nos’s3aHa 3 HeobxigHicTio Biaan-
depeHUitoBaTU TKaAHMHK, WO 34aTHI A0 CaMo-
BiAHOBNEHHS (MOBEPXHEBUW OMiK), Ta HEKPO-
3y, IKUI NOBUHEH 6yTu BuaaneHui (rnnbokuni
onik). Xo4ya «30/10TUM CTaHAAPTOM>» HWUHi BBa-
XAETbCHA FICTONOMYHUI aHani3 NyHKUiNHOI 6i-
oncii, OTpMMaHOi 3 OMiKOBOI paHu, O4HAK Len
MeTo[ Ma€E HU3KY HeAosiKiB, TaKUX 9K BiaCcyT-
HiICTb CTaHAAPTWU30BaHOI FiCTOMOrYHOI iHTEp-
npeTauii, BUCOKY 4acToTy NMOMUAOK Yy Biabopi
3pas3KiB yepe3 HeoAHOPIAHICTb OMiKOBOI paHW,
ypaxeHHs micua 6ioncii [3].

3aans BiAHAWAEHHS flerkoro, AOCTYMHOro Ta
BoAHOYaC e(eKTUBHOro MeTOoAYy OLIHIOBAHHS
rAMB6UHM OMNiKOBOI paHM ONUCAHO HU3KY METO-
AvK, §Ki cebe 3apekoMeHAyBanu K Taki, WO
MOXYTb BUKOPUCTOBYBATUCS 3 LIIEID METOIO.

NasepHy ponnnepiBcbKy (OyMeTpil0 BUKO-
PUCTOBYIOTb ANS OUiHKWM nepdy3ii KpoBi B ypa-
XEHUX TKaHMHaX. BoHa 3acHoBaHa Ha edekTi
Jonnnepa, KoM nasepHWii NpoMiHb BigbuBa-
€TbCA BiJ PYXOMUX €puUTpouuTiB Yy KpoBi. LA
MEeToAMKa AA€E 3MOry OLIHWUTU KPOBOTIK i y Ta-
KW cnoci6 HenpsMO BWU3HAUYUTU XUTTE3AAT-
HICTb TK@HWH, a OTXe, | MMBKUHY OniKy, OCKiNb-
KN HEKPOTM30BaHa TKaHWHa Ma€ yrnoBiNbHEHWN’
KpoBOTiK. AHani3 nepdysii BinbyBaeTbCs 3a KO-
NbopoBOIO WKanot. Cepen Hefonikie Mmetoay -
HeobXxigHicTb 6e3nocepeAHboro KOHTaKTy 3i
LIKipoto. A TaKOXX MOXJ/IMBICTb BUMIpIOBATK Ma-
pamMeTpu nuLIEe B OAHIN KOHKPETHINM To4ui Ha no-
BEPXHi LWKipN B NEBHM MOMEHT 4yacy. Lle o3Ha-
4ae, WO ANSa OTPUMAHHS LiNiCHOro 306paxeHHs
paHu noTpibHO 6yae NMpoBOAUTU BUMIPHOBAHHS
B Pi3HUX TOYKaAX, | pe3ynbTaT 3 KOXHOI TOYKHM
mMatTb 6yTu npoaHanizoBaHi okpemMo. MeToa He
[a€ 3MormM aBToMaTM4yHO abo 6e3nocepelHbO
oTpuMyBaTU iHdOpMaLilo Npo FMOUHY OniKy
B AeKiflbKOX TOYKax o4HO4YacHo abo B WMPLUil
AinsHui wkipn [43; 44]. Ha TakoMmy X edekTi
'PYHTYETbCA Nla3zepHa AonnsepiBCcbKa Bilyani-
3auia, npoTe He noTpebye 6e3nocepefHbOro
KOHTaKTY 3i LKipOK XBOPOro i MOXe OUiHUTH
nepdy3sito Ha 6inbwii Nnowi nosepxHi. Ane €
[OpOroBapTiCHOK, YYT/IMBOKO A0 PyXiB navuieH-
Ta, noTpebye TpMBanoro 4yacy BUMIpIOBaHHS, €
npuctpin-cneundiyHoto [10; 44; 45].

TepMorpadiss 3acHOoBaHa Ha OUiHUI
TemnepaTtyp -

pi3HULI
MEeTo 4 AornoMara€e BU3HAUYUTKU
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and the elements located on the intact skin
are screened out. This is how the wound area
is calculated. The depth is calculated by the
deviation of grid elements from the location
predicted when projecting the grid on an ad-
jacent body area with no wound.

Medphos technology [41] is a system that
consists of three synchronized cameras with
convergent optical axes. A light source is lo-
cated in the circle center formed by the cam-
eras. An array of points is projected onto the
examined surface, then three cameras take
an image simultaneously, and a three-dimen-
sional model of the wound is created on the
computer using special algorithms.

The Mavis technology [42] involves projecting
light strips of different colors at an angle of
about 45° onto the wound. The wound surface
is photographed with a digital camera. Based
on the known location of the projector and
camera at the location of the change in the di-
rection of light beams in places where the sur-
face relief is measured, a three-dimensional
wound model is created on the computer, and
the planimetric and volumetric parameters of
the wound are calculated.

Thus, our analysis of methods of planimetric
analysis of skin defects demonstrated that
the most common and user-friendly are the
simplest measuring methods, which, however,
are the least accurate. Modern methods meet
the requirements and are highly effective, al-
though they require additional equipment or
expensive computer software and are rarely
used in routine practice.

The next stage of our research was to study
the methods used to assess the depth of the
burn wound and, therefore, the severity of
the burn. The urge for such research is pri-
marily related to the need to differentiate tis-
sues capable of self-healing (superficial burn)
and necrosis that must be removed (deep
burn). Although the “gold standard” today is
the histological analysis of a puncture biop-
sy obtained from a burn wound. This method
has several disadvantages, such as the lack
of a standardized histological interpretation, a
high frequency of errors in sample selection
due to the heterogeneity of the burn wound,
and damage to the biopsy site [3].
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Due to the urgent need to find a simple, af-
fordable, and, at the same time, effective
method of burn wound depth assessment,
several methods have been described that
have proven to be useful for this purpose.

Laser Doppler flowmetry is used to assess
blood perfusion in affected tissues. It is based
on the Doppler effect, when a laser beam is
reflected from moving red blood cells in the
blood. This technique allows for the assess-
ment of blood flow and, thus, indirectly deter-
mines the viability of tissues and, therefore,
the depth of the burn since necrotic tissue has
reduced blood flow. The analysis of perfusion
takes place according to a color scale. Among
the disadvantages is the need for direct con-
tact with the skin and the ability to measure
parameters only at one specific point on the
skin surface at a particular time. This means
that measurements should be taken at differ-
ent points to obtain a complete image of the
wound, and the results from each point should
be analyzed separately. The method does not
allow for automatic or direct obtaining of in-
formation about the depth of the burn at sev-
eral points at the same time or in a wider area
of the skin [43; 44]. Laser Doppler imaging
is based on the same effect but does not re-
quire direct contact with the patient’s skin and
can assess perfusion on a larger surface area.
However, it is expensive, sensitive to the pa-
tient’s movements, requires a long measure-
ment time, and is device-specific [10; 44; 45].

Thermography is based on the assessment
of the temperature difference - the method
helps identify areas with impaired blood circu-
lation (necrosis), which have a lower tempera-
ture, and viable tissues, which usually have a
higher temperature due to better blood sup-
ply. Temperature is recorded based on infra-
red radiation emitted by the tissue and cor-
relates with residual perfusion and/or loss of
cellular metabolism in the necrotic tissue. It
does not require contact with the skin, and the
result can be obtained immediately, for exam-
ple, through thermal images. It is considered
a fast method to obtain information about a
significant surface [46; 47; 48].

Photoacoustic imaging (microscopy) combines
ultrasound and optical imaging to produce
high-resolution images of tissues. The tech-
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30HM 3 NOpYLUEHMM KPOBOO6Irom (HeKpo3), sKi
MalOTb HMX4YY TemnepaTypy, Ta XUTTE3AaTHiI
TKaHWHW, AKi, K NMpaBuio, MakTb BULLY TEM-
nepatypy 4yepe3 Kpalwe KpoBOMOCTavYaHH4.
TeMmnepaTypa peeCTPYETbCA Ha OCHOBI iHdpa-
YEpBOHOr0 BUMPOMIHIOBaHHS, LLO BUMPOMIHIOE
TKaHWHA i KOpEesnoe i3 3anuwKoBo nepdyasi-
€0 Ta/abo BTpaToOl KAITMHHOrO MeTabonizmy
B HEKpPOTUYHIN TKaHWHi. MeToa He noTpebye
KOHTaKTY 3i LWKipol, a pe3ynbTaT MOxe 6yTu
OTPUMAHUN HeramHo, Hanpwuknag, y BUrASAi
Tennosux 306paxeHb. BBaXa€eTbCs LIBUAKUM
MeToAOM, L0 A03BONSE OTpMMaTH iHdbopMauito
Npo 3Ha4yHy NoBepxHto [46; 47; 48].

doToakycTuyHa Bi3yanisauia (Mikpockonis)
NoeAHYE y cobi ynbTpasByK i ONTUYHY Bi3ya-
nisauito ana oTpuMaHHsa 306paxeHb TKaHWH 3
BMCOKOIO PpO3A4iSIbHOKO 34aTHicTio. MeTtoauka
3acHOBaHa Ha NpuHUMNI, Wo ob6’ekTun, AKi BiA-
6vBaloTb CBIT/IOBY eHeprilo, BibpyloTb, KOMu
€Heprig NepeTBOPIETbLCA Ha Tensao, BUMNPOMi-
HIOOYM 3BYKOBI XBWJi. Lli 3ByKOBi XBWi MOX-
Ha BIOBUTU yNbTpa3ByKOBUM gatymkoM. CyTb
MeToAy I'PYHTYETbCS Ha BUSABNEHHI doToakKyc-
TUYHUX CUrHaNiB, AKi NOXOAATb 3 KPOBi B He-
YLWKOAXXEHOMY LWapi TKAHWHW, pO3TalLOBaHOMY
nig NOWKOAXEHUM LIapoM 3 KPOB'SHUM 3acTo-
€M. Lle n03BOISIE OTPUMATU BUCOKOKOHTPACTHI
CUrHanu, wWo BigobpaxarTb MMUOBMHY YLIKO-
J)KEHHSA Ha OCHOBI aHasi3y ONTUYHUX BNACTU-
BOCTEN Ta 3MiHM aKyCTUYHUX CUrHanis. MeTog
[A€ 3MOry §iK MEPBUHHO OUIHUTY rNMbuHy oni-
Ky, TaK i MOHITOPUTM NpoLEeC MOro 3aroeHHN. 3
HenoNiKiB BBaXXaEMo 6e3nocepeaHili KOHTaKT
3i wkipoto nig yac aHanisy [49; 50].

MeToa BigeoaHriorpadii 3 BUKOPUCTaHHAM iHAO-
kapbiHy 3eneHoro BUKOPUCTOBYE HETOKCUYHUI
6apBHUK, WO 3B'A3yeTbCcs 3 binkamu i 3aTpu-
MYETbCA B CyAMHaAX Micna BHYTPiLWHbOBEHHO-
ro BBeAeHHs. BiH nornvHae i dnyopecuioe B
61KHBOMY iH(DpayYepBOHOMY CMNeKTpi, Bi3ya-
nisyoun rnmboki aepmanbHi cyauHu. dnyopec-
LeHUis 6apBHMKa Moxe 6yTn BUSBNEHa, KinbKic-
HO ouiHeHa Ta nepeBefeHa B KOJIbOPOBi KapTu
nepdysii Ansa nerworo iHTepnpeTyBaHHA. [o
nepesar MeETOAy HanexXaTb LWBUAKE i MAaKpPOCKO-
niyHe ckaHyBaHHS, noaibHe p[o aonnsep-na-
3epHol Bi3yanisauii, Ha KOMMNaKTHOMY i MeHL
[OPOroMy MpUCTpOi, MOXe BiApPi3HATU FIMOOKI i
NOBEPXHEBI OMNIKM Ha pPaHHIX CTagisax, edekTms-
HO MNpauloe HaBIiTb 3@ HAABHOCTI IHLWMX MiKpOCYy-
OVHHKUX naTtosorin. Hegonikamm € notpeba BHY-
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TPiLLHbOBEHHOIro BBeAEHHS 6apBHMKA, LLIO MOXe
CAPUYNHUTK MOBIYHI edekTn — ronoBHUn Binb,
cBepbix abo aHadinakTMUHy peakuito, a 6e3ne-
Ka Ans Aiten, BariTHUX Ta XiHOK-roAyBasbHULb
HeLOoCTaTHbO AocniaXeHa. TakoX BigHOCHO
€ OUiHKa MeToAy, OCKI/IbKM MiXX HOpPMasbHOo,
3HMXKEHOK Ta nigBuLEeHO dyopecLeHLiED
Moxe 6yTK He3Ha4yHa pi3HuUs | pe3ynbTaT byae
CKnagHuM ans iHTepnpetauii [51].

[JepmaTtockonito 3a3Bmn4yan BUKOPUCTOBYIOTb AN1S
OLiHIOBaHHSA LWKIPHMWX 3axBOpIOBaHb i MOLUKO-
JXXeHb. Xo4ya BOHa He € CTaHAAPTHUM MeToAO0M
AN OUiHIOBaHHA OMikiB, AepMaTockonisa Moxe
6yt KOpuMCHOK Ans Bi3yanisauii noBepXHeBMX
3MiH WKipn. Ona AiarHOCTUKU rAMbuHW oniky
BUKOPUCTOBYIOTb HEBENWKUIM pPy4YHUA AepMa-
TOCKOMM, KM 3aCTOCOBYIOTb Yepes3 MnacTuko-
BY MNiBKY A9 KOHTAKTY 3i WKipoto. MeToa Aae
3MOry Bi3yasnisyBaTh KOJIbOPU Ta MIKPOCTPYKTY-
py MOBEPXHEBOI TKAHMHM 3a AOMOMOrol Herno-
NApM30BaHOro Ta nosigpusoBaHoro ceitna. lMpu
36inbLUeHHi AepMaTOCKONis OLIHIOE MPUCYTHICTb
MiKpOUMPKyNAaLii Ta BU3Ha4YaE AepMaTOCKOMiIYHi
03HaKWM, AKi MOXYTb 6yTM onucaHi 3a 4ONOMOrow
CUCTEMMW OLIHKM LiNicHOCTI Kaninapis. Xoya Me-
TOA HaJa€ HeravHi pe3ynbTaTu i Aa€ 3Mory crno-
CTepirat rmbuwi Wwapw 3aBasakn NoNSpPU30BaHii
AepMaTockonii, BiH € Cyb6'€KTMBHWUM, OCKiNbKM
3anexwuTb Bifg iHTepnpeTauii cnoctepiradva [52].

CxX0XnM € MeToa KaninspHoi Mikpockonii. Me-
TOA € BiAHOCHO HepjoporuMm i notpebye nopra-
TMBHOro obnagHaHHSA, ke Bi3yanisye kanins-
py Ha nosepxHi onikis. [0 OCHOBHWX nepesar
MOXHa BIiAHECTU HEe3aNeXHiCTb Bif4 KPWUBU3HMU
WKipXU Ta WBWAKICTb BUMIipOBaHb, WO He BU-
Mara€ TpMBasioro HEPYXoOMOro CTaHy nauieHTa.
OpHak, MeTog, Ma€E Kinbka Hefonikis: noTpebye
NPSAMOro KOHTAKTYy 3 paHOo, MOXe Bi3yanildyBa-
TV NMe HEBENMKY YacTUHY paHW OA4HOYAaCHO,
O NiABULLYE MMOBIPHICTb MOMUOK Mpwu BUbGIp-
ui. IHTepnpeTauia pesynbTtaTiB € Cy6'EKTMBHOIO
i BUMarae cneuiasnbHMX 3HaHb. KpiM Toro, icHye
HeAOCTaTHSA KiNbKiCTb AoCniaXeHb y cdepi oni-
KiB, i HEMAE YiTKMUX AaHUX MPO TOYHICTb MeToay
nicna TpaBMn abo BNAMBY iHdeEKLUiN i CynyTHIX
3aXBOpPHOBaHb. TakKoX He BUBYEHO 3aCTOCYBaH-
HA MeToAy ANns Aiten Ao 13 pokiB i BiH He Bpa-
XOBYE perioHanbHi BiaMiHHOCTI B nepdysii [53].

MeTon 61MXHBLOI iH(payepBOHOI CNEKTPOCKO-
nii BAKOPUCTOBYOTb ANA OUIHKW OKCUreHauii i
KpPOBOMOCTa4yaHHs TKaHWH. MeToa nepenbavae
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nigue is based on the principle that objects
that reflect light energy vibrate when the en-
ergy is converted into heat, emitting sound
waves. These sound waves can be picked up
by an ultrasonic probe. The essence of the
method is based on detecting photoacoustic
signals originating from blood in an undam-
aged layer of tissue located under a damaged
layer with blood stasis. This makes it possible
to obtain high-contrast signals reflecting the
depth of damage by analyzing optical prop-
erties and changes in acoustic signals. The
method allows to initially assess the depth
of the burn as well as to monitor the process
of its healing. Among the disadvantages, we
consider direct contact with the skin during
the analysis [49; 50].

The method of video angiography using indo-
carbin green uses a non-toxic dye that binds
to proteins and is retained in blood vessels fol-
lowing intravenous administration. It absorbs
and fluoresces in the near-infrared spectrum,
which allows visualization of deep dermal
vessels. Dye fluorescence can be detected,
quantified, and translated into color-coded
perfusion maps for easier interpretation. The
method’s advantages include fast and macro-
scopic scanning on a compact and less expen-
sive device, similar to Doppler laser imaging.
It can distinguish between deep and superfi-
cial burns in the early stages and works ef-
fectively even in the presence of other micro-
vascular pathologies. Drawbacks are the need
for intravenous injection of the dye, which can
cause side effects such as headache, itching,
or anaphylactic reaction. In addition, safety
in children and pregnant and lactating wom-
en has not been sufficiently studied. Another
disadvantage is a relative assessment of the
method since there may be a slight difference
between normal, reduced, and increased flu-
orescence, and the results will be difficult to
interpret [51].

Dermatoscopy is commonly used to evaluate
skin diseases and injuries. Although it is not
a standard method for evaluating burns, der-
matoscopy can be useful in visualizing super-
ficial skin changes. To diagnose the depth of a
burn, a small hand-held dermatoscope is used.
This device is applied through a plastic film
for contact with the skin. The method allows
visualization of colors and microstructures of
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superficial tissue using unpolarized and polar-
ized light. Dermatoscopy uses magnification
to evaluate the presence of microcirculation
and determines dermatoscopic features that
can be described using the capillary integrity
scoring system. Although the method provides
immediate results and allows observation of
deeper layers due to polarized dermatoscopy,
it is subjective as it depends on the interpre-
tation by the observer [52].

The method of capillary microscopy is similar.
It is relatively inexpensive and requires porta-
ble equipment allowing visualization of capil-
laries on the burn surface. The main advantag-
es include independence from the curvature
of the skin and the speed of measurements,
which does not require an extended immobile
state of the patient. However, the method has
several disadvantages: it requires direct con-
tact with the wound. It allows visualization of
only a small part of the wound simultaneous-
ly, which increases the probability of sampling
errors. The interpretation of the results is sub-
jective and requires special knowledge. Addi-
tionally, there is a lack of studies regarding
burns and no clear data on the accuracy of the
method after trauma or exposure to infections
and comorbidities. In addition, the application
of the technique for children under 13 years of
age has not been studied, nor does it consider
regional differences in perfusion [53].

Near-infrared spectroscopy is used to assess
tissue oxygenation and blood supply. The
method uses infrared rays to illuminate the
tissue and fiber optic probes to collect the re-
flected light. This allows for gathering infor-
mation on the structural and chemical compo-
nents of the tissue, such as oxygen saturation,
hemoglobin, and water content. Measuring
the oxygen saturation of tissues in the burn
area compared to normal areas serves as an
indicator of the depth of the burn. This meth-
od provides fast data acquisition and has con-
tact with the skin through a plastic film, which
makes it effective for assessing the depth of
burn injuries [54].

Video microscopy is a method that allows the
visualizing of derma capillaries using images
obtained in the visible light spectrum of a fi-
ber optic source and a magnifying lens. The
technique provides immediate contact with
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BUKOPUCTAHHSA iHppavyepBOHMUX MPOMEHIB, SKi
OCBIT/IIOIOTb TKaHWHY, a BiabuTe cBiTNO 36U-
PaETbCA BOJSIOKOHHO-OMTUYHUMU 30HAAMU. Lle
[AE MOXIMBICTb OTpMMaTK iHdoOpMaLilo npo
CTPYKTYpPHiI Ta XiMi4YHi KOMMOHEHTU TKaHWHMWU,
TakKi 49K HaCU4YeHIiCTb KWCHeM, BMICT remor-
nobiHy Ta BOAM. BWMIipOBaHHSA HaCWYEHOCTI
KWUCHEM TKaHWH B AiNgHUi ONiKy B MOPIBHAHHI
3 HOpMasIbHUMU AiNAHKAMW CIYrye iHAMKaTO-
poM rnnbuHu oniky. Llen meTon 3abesneuye
WBMAKE OTPUMAHHA AAaHMX Ta MaE KOHTAKT 3i
LWKipOK Yepes naacTMKOBY MIiBKY, WO pobutb
noro edekTUBHUM ANSA OLHKW rANBMHK oniko-
BUX YLWKOAXeEHb [54].

Bineomikpockoniga — MeToa, WO A€ 3MOry Bi-
3yanisyBaTtu Kaningapu AepMu 3a LOMNOMOroro
306paxeHb, OTPUMaHUX Yy BUAMMOMY Chek-
Tpi CBiTNa BOJSIOKOHHO-OMNTUYHOIO AXepena i
36inbLWwyBanbHOI NiH3M. MeToa 3abe3nevye He-
ravHUN KOHTaKT 3i LWKipoK yepes3 nnacTukoBy
NAIBKY i YMOXIUB/OE OUIHKY HasBHOCTI abo
BiACYTHOCTI BiA€OMIKPOCKOMIYHUX O3HaK He-
Kpo3y TKaHWH. OuiHKa BUMKOHYETbLCS 3a A0MOo-
MOrOl0 rpafynoBaHOi CUCTEMMW LiMICHOCTI Kani-
nsapiB. Xo4a MeTon HaAda€ sKicHy iHdpopMauito
Npo MiKpOUMPKYNSALUIO B 30Hi OMiKy, AOro aHa-
ni3 € cyb’eKTUBHMM | 3anexuTb Bia4 iHTepnpe-
Tauii pocnigHuka [3; 55].

CnekTpomMeTpia BigbUTTS OUIHIOE BNacTUBOCTI
MOBEPXHi WKipN Yepe3 BMMIpIOBaHHA CNeKTpa
BiAbuToro ceitna. MeToa BUKOPUCTOBYIOTb AN
AIarHOCTUKN TAMBMHKM OMiKy WNAXOM aHanisy
BiAbuToro abo nepenaHoro ceitna B AgianasoHi
noBXWH xBunb Biga 400 o 1100 HM. Ue pae
3MOry OTpMMyBaTW KapTu XpoModopiB, Takux
sIK reMornobiH i MenaHiH, B OMikoBiM 30Hi. Me-
TOA He NoTpebye KOHTAKTY 3i WKipoto. 3ibpaHi
CNeKTpM aHani3ylTbCsa KOMM'IOTEPHOK Mpo-
rpamMoto 3 BUKOPUCTAHHSAM LUTYYHOI HEMPOHHOI
Mepexi ANnA MPOrHo3dyBaHHA Yacy 3arOo€EHH4.
Xo4ya MeToA Haja€ KOMMJIEKCHI AaHi, BiH 4yT-
nmBUN Ao dOHY OCBITNEHHS i BiACTaHi 30HAQ,
a TakoXx 3abesneyye nuwe NooANHOKI TOUKOBI
BUMiptoBaHHSA [56; 57].

YnbTpacoHorpadis onsa AiarHoCTUKU rAMbuHM
OniKy BUKOPUCTOBYE Y/IbTPa3BYKOBi XBWi Yac-
TOTOKO 5 MI'U, AKi NnepenaloTbCa yepes WKIpy i
BiAbMBalOTLCS Bi4 KPOBOTOKY Mig paHot. Me-
Toa 3abe3neuye HeralHi pesynbTaT 6e3 KoH-
TaKTYy 3i WKipoto, 3 BUMiIPIOBAHHAM Ha BiACTaHi
2.5 cM Big noepxHi oniky. OTpuMaHi XBUAi

64

Review

3aMnuUCyoTb 9K OKpeMi A-NiHii i NepeTBoproTb
Ha 306pa)keHHs 3a A0MNOMOrol KOMMN'HOTEPHOI
06pobkKn, saKke iHTEepnNpeTyeTbCA crnocrepira-
yeM. Xo4ya uUel MeTo4 MAE HU3bKY BapTIiCTb i
3abe3neyye WBMAKY iHdDopMauito, Moro aHanis
€ cyb’ekTnBHuM [58].

OnTu4yHa KorepeHTHa ToMmorpadia ansa gia-
FHOCTUKM rNMBUHM ONiKy BUKOPUCTOBYE CUCTE-
MY 3 LEHTpasbHOK AOBXWHOK XBWAI 850 HM
ONa 3axXOMnfIeHHsa CBiTNa, AKe pPO3CIt0ETLCA Bif
TKaHuHKU. O6pobky curHany abo cupux cnek-
TpanbHUX AaHUX MPOBOAATH 3a AOMOMOroH
KOpOTKOYacHOro nepersopeHHs Pyp’e (short
time Fourier transform) abo MeToay nNoABiiHO-
ro BikHa (dual window), a TKaHUHY Knacuiky-
I0Tb K 06bneyeHy abo 340poBYy 3a AOMOMOrOH
napameTpiB, OTPUMaHuUX 3 Mogenen knacudi-
Kauii Ha ocHOBi cTeneHeBUX abo NOriCTUYHUX
perpeciin. Metoa Haga€e CKNagHMA aHanis i
3abe3neyye TiIbKM MOOAMHOKI TOYKOBiI BUMi-
ptoBaHHs [59; 60]. OnucaHa TakoX MeToauKa
NOABIMHOIro 306pa>eHHs, WO NOEAHYE ONTUY-
Hy KOrepeHTHy ToMmorpadito Ta Bisyanizauito
nynbcoBoro crnektpy. ONTUYHa KOrepeHTHa
TOoMorpadisa 3axone CBIiT/0, po3cCiaHe Big
TKAHUHW, A719 CTBOPEHHS BWUCOKOSAKICHOro
306paxeHHs, ke A03BOJSISE OUiHUTM TOBLUM-
HY WKipM 3a BepTMKanbHUMMK 306pakeHHAMU
(B-ckaHamun). BogHouyac BinbyBa€eTbcsa aHanis
KOJ/IMBAHHA Yy CNeKkTp-naTepHi, Wwo Bignosiga-
I0Tb PYXy KPOB'SHUX KJ/IiTUH, NPU OCBITNEHHI
Nla3epHMM CBIT/IOM 3 JOBXWUHOK XBUJi 785 HM.
MeToamka pna€e 3MOry nMnopiBHIOBATU cepeaHi
3HauyeHHs nepdysii, 3abe3nevye BUMipOBaHHS
BEJIMKOI MOBEpPXHi 04HOYACHO Ta KiNbKOX Ka-
ApiB Ha cekyHay. OgHak BOHa Mae obMexeHy
FANB6UHY MPOHUKHEHHS (MeHLWe HixX 1.2 MM),
yyTnvMBa A0 pyXiB nauieHTa Ta BUMarae cknaj-
HOro aHanisy [61].

MeToamka MNPOCTOPOBOr0 4acToTHOro 3o6pa-
XXEHHS € BAOCKOHANIEHHSAM TEXHONOrin 6mx-
HbOi iH(dpayepBOHOI cnekTpockonii, Wo 3a-
6e3neuye getanbHUi aHania rAMbuHK oniky.
BoHa BMKOPUCTOBYE <«MPOCTOPOBi 4acCTOTU»,
Wo SABNAKTb CO6OK pi3Hi NnaTepHU 6ANXHbLO-
iHppayepBOHOro CBiTNa AN OCBITNEHHSA TKa-
HUHKW. Lle pae 3Mory BM3HAYaTU KOHKPETHI
rMMB6UHM NPOHUKHEHHS CBIiTNa i y Takuii cnoci6
BUMiptoBaTh abcopbuito cBiTNna Ha NeBHUX A0B-
XMHaX XBWUMb, TaKUX K OoKcuremornobiH, ae-
okcuremornobiH i Boga, Ha pi3HUX rnmbuHax,
CTBOPIOKOYN TPUBUMIPHI KapTu nepdysii i me-
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the skin through a plastic film and allows for
assessing the presence or absence of vid-
eo microscopic signs of tissue necrosis. The
assessment is performed using a graduated
system of capillary integrity. Although the
method provides qualitative information about
microcirculation in the burn zone, its analysis
is subjective and depends on the interpreta-
tion by the researcher [3; 55].

Reflectance spectrometry assesses the prop-
erties of the skin surface by measuring the
reflected light spectrum. The method is used
to diagnose the depth of the burn by ana-
lyzing reflected or transmitted light in the
wavelength range from 400 to 1100 nm. This
makes it possible to obtain maps of chromo-
phores, such as hemoglobin and melanin, in
the burn zone. The method does not require
contact with the skin. The collected spectra
are analyzed by a computer program using an
artificial neural network to predict the healing
time. Although the method provides compre-
hensive data, it is sensitive to background il-
lumination and probe distance and provides
only single-point measurements [56; 57].

Ultrasonography to diagnose the depth of a
burn uses ultrasound waves with a frequency
of 5 MHz, which are transmitted through the
skin and reflected from the blood flow under
the wound. The method provides immediate
results without contact with the skin, with the
measurement at a distance of 2.5 cm from
the burn’s surface. The resulting waves are
recorded as individual A-lines and converted
into an image by computer processing that
is interpreted by the observer. Although this
low-cost method provides quick information,
its analysis is subjective [58].

Optical coherence tomography for the burn
depth diagnosis uses a system with a central
wavelength of 850 nm to capture light scat-
tered from the tissue. Processing of the sig-
nal or raw spectral data is performed using
a short-time Fourier transform or a dual win-
dow method, and the tissue is classified as
burned or healthy using parameters obtained
from classification models based on pow-
er-law or logistic regressions. The technique
provides complex analysis and produces only
single-point measurements [59; 60]. A dual
imaging technique combining optical coher-
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ence tomography and pulse spectrum visu-
alization is additionally described. Optical co-
herence tomography captures light scattered
from tissue to produce a high-quality image
that allows the skin thickness from vertical
images (B-scans). At the same time, there is
an analysis of oscillations in the spectrum pat-
tern corresponding to the movement of blood
cells when illuminated by laser light with a
wavelength of 785 nm. The technique allows
for comparing the average perfusion values
and provides simultaneous measurement of a
large surface and several frames per second.
However, it has a limited penetration depth
of less than 1.2 mm, is sensitive to patient
movements, and requires complex analysis
[61].

The technique of spatial frequency imaging is
an improvement of near-infrared spectroscopy
technologies, which provides a detailed analy-
sis of burn depth. It uses “spatial frequencies”
representing different patterns of near-infra-
red light to illuminate tissue, allowing to de-
termine specific depths of light penetration
and thus to measure the absorption of light
at particular wavelengths, such as oxyhemo-
globin, deoxyhemoglobin, and water, at differ-
ent depths, creating three-dimensional maps
of perfusion and metabolic activity of the tis-
sue. The method provides quantitative spatial
maps of the optical properties of tissues and
biochemical composition, particularly chromo-
phores (total hemoglobin and oxygen satura-
tion). The technique does not require physical
contact with the skin and can measure large
areas (from 1 sgq. cm to over 100 sq. cm).
It also allows for quantitative assessment of
changes in light scattering caused by collagen
denaturation. Animal studies have demon-
strated that this method clearly differentiates
between superficial and deep wounds, and
preliminary results from human studies sup-
port the above findings [62].

The fiber-optic confocal imaging technique is
used to assess the burn depth by detecting
autofluorescence, which occurs due to colla-
gen denaturation in tissues under exposure
to laser illumination. For this, a laser with a
wavelength of 488 nm is used to induce flu-
orescence, and detection occurs at a wave-
length of more than 505 nm. The method
measures the autofluorescent layer thickness
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TaboniyHOi aKTUBHOCTI TKaHUHW. MeTo 3abe3-
neyvyye KinbKiCHi MPOCTOPOBi KapTW OMNTUYHUX
BNACTUBOCTEN TKaHWH Ta 6ioxiMiyHOro cknaay,
30KkpeMa, xpomodopis (3aranbHuin remornobiH
i HAaCMYeHHSA KUCHeM). MeToauka He BuMMarae
i3NYHOr0 KOHTaKTy 3i LWKIpOK i MOXe BU-
MiptoBaTK Benuki nnowi (Big 1 cM? go noHaj
100 cm?). BoHa TakOX [A€ 3MOry KinbKiCHO
OUiHIOBATM 3MiHW B PO3CiAHHI CBiT/1a, CNpU4n-
HeHi AeHaTypauieo KosnareHy. [ocnigXeHHs
Ha TBapMHax MoKa3asnwu, WO Len MeTon 4iTKO
pO3pi3HSAE NoBepxHeBi Ta rMMboOKi paHu, i no-
nepeaHi pesynbTaTW AOC/IAXEHb Ha nAax
niaTBEPAXYOTb Lji BUCHOBKMK [62].

MeToaMKa ONTOBO/IOKOHHOI KOH(OKanbHOI Bi-
3yanisauii BUKOPUCTOBYETLCA ANA OUIHKW IN-
6MHM oNiKy WNAXOM BUABNEHHS ayTodnyopec-
LeHUii, 9Ka BWHWKAE 4epe3 JeHaTypauiro
KofnareHy B TKaHUHax, nig BrnJaMBOM J1a3€pHOro
OCBIiT/IeHH4. [lng ubOoro 3aCTOCOBYETLCA Nasep
3 JOBXMHOK XxBuni 488 HM ans 36yaXeHHSs
dnyopecueHuii, a getekuia BiabyBa€eTbCca npu
OOBXWHI XxBWi noHaa 505 HM. MeTon 3abes-
neyye BUMIipIOBaHHSA TOBLUMHK ayTodnyopec-
LeHTHOro wapy, OUiHI4YM BiACTaHb MiX
HalnbinblW NOBEPXHEBUMMW i HAUMNMOWNMK BU-
ABNEHNUMU (hNTyOpeCLEeHTHUMN 306paxkKeHHSaMN
B nnowunHi XY. Xo4ya MeToa AAa€E 3MOry OTpUMy-
BaTW TOYHI AaHi Npo TOBLWMHY ayTodnyopec-
LEeHTHOro wapy, BiH Ma€e neBHi ObMeXeHHSs,
30KpeMa 34aTeH 3abe3nedyBaT TiNbKM M0OO-
OVHOKiI TOUKOBI BUMiptoBaHHSA [63].

MeToamka MyJibTUCNEKTPanbHOro 306paxeHHs
ONs AiarHOCTUKK rNMbuHM oniky BUKOPUCTOBYE
cnekTpu abcopbuii TKaHWH 475 OLHKK CTaHy
oniky. BoHa 34iMCHIOETbCS LWASXOM BigbutTs
YepBOHOro, 3e51eHoro Ta 6AMxHbOIH(payYepBo-
HOro CBiTNa 3a AOMNOMOrok ONTUYHOro 30HAA i
€/IeKTPOHHOr0 KOHTPOJbHOro 6s10Ky. [daHi oT-
pUMYIOTb 6€3 (Pi3MYHOr0 KOHTaKTY 3i LWKIipoto, i
pe3ysbTaTu MOXHa 6e3nocepefHbo 34UNMTYyBaTU
3 npuiaay Ta Bigobpa)katn y BUrnsaai citkm ans
XapaKTepuctmk oniky. OgHak MeToa YyTAnBUMN
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[0 BiabuTTa CBiTNa BiA4 WKipK, WO MOXe BMNJnN-
BaTW Ha TOYHICTb pe3ynbTaTiB [56].

BukoHaBLWM aHanis, Mn BCTaHOBWMAM, WO BiNnb-
WicTb METOAUMK € AOpOoroBapTiCHMMU, noTpe-
Oyl0Tb 404ATKOBOI TEXHIKN YN € CKNAAHUMU Y
BMKOPUCTaHHI, @ NpoCTi MeToAM 3a/ULLIATLCSA
CYy6'EKTUBHUMM Ta HETOYHUMU. 3aC/TYrOBYE Ha
yBary mMeToj TepMOMETPIi, 9K AOCTYMNHWI, Npo-
CTUA Ta Hepoporun, ane Moro AiarHOCTUYHA
LiHHICTb NOTpeby€e A0AaTKOBUX AOCNIAXKEHD.

BucHoOBOK. Y npoaHanizoBaHUxX MeToAuKax
BM3HAYEHHSA MJIaHIMETPUUHNX XapaKTEPUCTUK
paHu Ta OLUiHKW rNMBMHK ONiKOBOI paHW BUSAB-
NeHOo NeBHi HeJoMiKu, cepel AKUX — CKNaaHICTb
Yy BUKOPUCTaHHI Ta BMCOKA BapTiCTb. binbLwicTb
i3 uMx MeToamK noTpebyloTb 3HAUYHUX BUTPAT
yacy Ta pecypcCiB, WO MOXe 0B6MeXWUTU iXHE
MpaKTUYHE 3aCTOCYBaHHA Y KNiHIYHNX YMOBaXx.

Ba>xMBO HaronocnTn Ha HeobXxiaHOCTI Nnoaanb-
LWMX AOCNiAXeHb Ta po3p0oboK y LIbOMY HanpsaMi
Ans nowyky 6inblw AOCTYNHUX, NPOCTUX Y 3a-
CTOCYBaHHI Ta eKOHOMIYHMX MeToAiB. Iaeanb-
HUM pileHHAM 6yno 6 BMpoOBaAXeHHS HOBUX
TexHonorin abo BAOCKOHANEHHS iCHYIOUMX Me-
TOAMK, L0 YMOXJIMBNATb OAHOYACHO TOYHO OLi-
HIOBATW MNAHIMETPUYHI XapaKTEPUCTUKN paHMU
Ta rAnbuHy oniky. Lle Moxe cyTTeBO nokpaliu-
TV AiarHOCTUKY Ta JIiKyBaHHSA NauieHTIB 3 onika-
Mun, 3abesneuvyroum 6inbll TOUHE AiarHOCTyBaH-
HSA Ta edeKTUBHILLE NliIKyBaHHS IXHbOIO CTaHy.

Mopanblii gocnig)eHHs MatoTb 6yTu 30cepe-
JKeHi Ha po3pobui i BNpoBagXXeHHI MeToauK,
SKi He nuwe 3abe3neyaTb BUCOKY SKIiCTb BUMi-
ptoBaHb, ane n 6yayTb AOCTYMHUMU ANS LWMPO-
KOro 3aCTOCYBaHHS y K/iHIYHIN npakTuui. Bax-
NIMBO TaKOX BpPaxoBYBaTU MPAKTUUHI acnekTy,
TaKi AK MPOCTOTAa B eKCr/lyaTalii Ta MOX/INBICTb
iHTerpauii B iCHyt4i NpOTOKO/IN JliKyBaHH4A. Lle
3abe3neuynTb onNTMMasibHe MOEAHAHHSA TOYHOC-
Ti, AOCTYMHOCTI Ta e)eKTUBHOCTI B HaAaHHI Me-
OWYHOT AO0MNOMOrM nauieHTam 3 onikamu.
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by estimating the distance between the most
superficial and the deepest detected fluores-
cent images in the XY plane. Although the
method allows for accurate data on the thick-
ness of the autofluorescent layer, it has cer-
tain limitations; in particular, it only provides
single-point measurements [63].

The multispectral imaging technique for diag-
nosing burn depth uses tissue absorption spec-
tra to assess the state of the burn. It is carried
out by reflecting red, green, and near-infrared
light using an optical probe and an electronic
control unit. Data is obtained without physi-
cal contact with the skin, and results can be
read directly from the device and displayed as
a grid for burn characteristics. However, the
method is sensitive to the reflection of light
from the skin, which can affect the accuracy
of the results [56].

After analysis, we found that most methods
are either expensive, require additional equip-
ment, or are difficult to use. On the other
hand, simple methods remain subjective and
imprecise. Thermometry is gaining attention
as it is accessible, simple, and inexpensive.
However, its diagnostic value requires further
research.

Conclusions. The analyzed methods of de-
termining planimetric characteristics of the

Review

wound and assessing the wound burn depth
reveal certain disadvantages, including diffi-
culty in use and high cost. Most of these tech-
niques require considerable time and resourc-
es, which may limit their practical application
in clinical settings.

It is crucial to emphasize the necessity for fur-
ther research and development in this area to
discover more accessible, user-friendly, and
cost-effective methods. The ideal solution
would involve introducing new technologies
or improving existing techniques, enabling
simultaneous, accurate assessment of the
wound’s planimetric characteristics and the
burn’s depth. This can significantly improve
the diagnosis and treatment of burn patients,
providing more precise diagnosis and more ef-
fective treatment of their condition.

Further research should focus on the develop-
ment and implementation of techniques that
will not only ensure high-quality measure-
ments but also be accessible for broad use in
clinical settings. It is also important to consid-
er practical aspects such as ease of operation
and the possibility of integration into existing
treatment protocols. This will provide an op-
timal combination of accuracy, accessibility,
and efficiency in managing burn patients.
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