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Abstract

Aim - to carry out a comparative assessment of the accuracy and time of
calculating the area of the wound surface using mobile applications.
Material and methods. Wound areas were measured using mobile
applications +WoundDesk, ImitoWound and V2F in four blocks of the
study: schematic 2D image of soft tissue wounds (block I), volumetric
(83D) models of wounds in fractures of the shoulder and leg (block II),
experimental wounds in laboratory animals (block IIT) and assessment of
combined wound defects upper and lower jaws in patients (IV block). In
the first block, four groups were identified: the 1st group was measured
by the area of schematic wounds on a flat surface; in the 2nd, 3rd and 4th
groups, by the area of schematic wounds painted on cylindrical surfaces
with a diameter of 7, 10 and 20 cm, imitating the surfaces of the forearm,
shoulder and head, respectively.

Results. In block I, there is a direct relationship between the curvature of
the examined wound surface and the accuracy of determining its area. In

the second block, the measurements obtained using the ImitoWound mobile
application turned out to be the most accurate, 96.22+3.41% and 97.80+2.37%.
In the III block of the study conducted on laboratory rats of the Wistar line,
the average deviation when using +WoundDesk was 90.84+7.51%, V2F —
88.96+9.52%, ImitoWound — 92.51+2.54%. In the IV block of the study, when
analyzing the accuracy of determining the area of defects of superficial soft
tissues in patients with facial defects, the ImitoWound mobile application and
the Autoplan complex showed similar results.

Conclusion. Most wounds encountered in medical practice have a complex
configuration that changes during treatment, changing from one form to
another, which calls into question the expediency of using the presented mobile
applications as the main method of conducting planimetric studies in medicine.
Keywords: wounds, wound area, planimetry, mobile applications, Autoplan,
reconstruction of facial defects.
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CpaBHUTesNbHbIA aHaNN3 TOYHOCTU U BPEeMeHU pacyeTa
nJowanm paHeBo NOBEPXHOCTU C UCMNOJSIb30BaHUEM
MOOUNbHbIX NPUNOXEHUN

H.O. Muxaitnos!, A.A. Nyxos?, A.A. Auppees!, A.10. JlanTtuésa’,
0.B. CynakoB!?, B.HO. UBawkoB?, A.C. [leHuceHko?

1 PIBOY BO «BopoHexckuin rocyaapCTBeHHbIN MeauuMHCKUA yHusepeuteT numenn H.H. BypaeHko»
MuHsgpasa Poccun (BopoHex, Poccuitickas ®enepaums)
2 dIrbOY BO «CaMapckuii rocygapCTBeHHbI MeAULMHCKMIA yHUuBepcuTeT» MuHsgpasa Poccum
(Camapa, Poccuiickas depepauust)

AHHOTaums

Lens — IPOBECTH CPAaBHUTENBHYIO OIIEHKY TOYHOCTH W BpEeMeHH pacdeTa Iio-
1I1a/TA PaHeBO# TIOBEPXHOCTH C UCIIOIb30BAHUEM MOOMITbHBIX TIPHIIOXKEHHH.
Marepuai u MeTonbl. BrinosHeHO W3MepeHue IWIONazei paH C UCIOJb30-
BaHMeM MOOWIbHBIX puiioxeHui +WoundDesk, ImitoWound u V2F B ye-

www.innoscience.ru

Thipex cepusix uccienosanusi. Cepus I — cxemarndeckoe 2D nzobpakenue
paH Msrkux TkaHeid. Cepus 11 — o6bemHble (3D) MyJsDKU paH Ipu riepesyiomMe
wieda 1 Horu. Cepust [1I — skcrieprMeHTanbHbIe paHbl Y 1Ta60PAaTOPHBIX JKU-
BoTHBIX. Cepust IV — oneHka KOMOMHMPOBAaHHBIX PAaHEBbIX Je(peKTOB BepxHeit
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Y HIKHel YeJTF0CTel y MaIlMeHTOB C IOMOIIbI0 IIPOrPAMMHOTO KOMIUIEKCA
«ABroriany. B cepuu | Bbieniim 4eTsipe TPyMNIbL: B IIEPBOM IPYIIIe TIPO-
BOJIWJIM M3MEepeHHe IUIOIIA/IA CXeMaTUIeCKUX PaH Ha IUI0CKOM IIOBEPXHOCTH;
BO BTOPOM, TPETBEM, YeTBEPTOM IPYIIIAaX U3MEPSUIMCh CXeMaTHYeCKHe PaHbl,
HApHMCOBAHHBIE HA [IWJIMH/PUYECKUX [IOBEPXHOCTSX quameTpoM 7, 10 u 20 cmM,
MMUTHPYIOLIUX IOBEPXHOCTH MPE/IJIedbs, IJIeYa ¥ FoJIOBbI COOTBETCTBEHHO.
Pesysbrarel. B cepuu I npocnexxuBaercs npsiMasi CBSI3b My KPUBHU3HOM
WCCIIeTyeMOU PaHEeBOI TOBEPXHOCTH U TOYHOCTBIO OIIPeIeNIeHus] ee TUIOIAIH.
B cepun 11 HanGosee TOYHBIME OKA3aJTCh U3MepeHHs, ITOTyYeHHbIEe C TIOMO-
b0 MOOWILHOTO npuiIokeHust ImitoWound — 96,22+3,41% u 97,80+2,37%.
B cepun 111 nccnenoBanusi, npoBeieHHOT0 Ha TabOPaTOPHBIX KPbICAX JIMHUU
Wistar, cpenHee oTKJIOHeHHe NP Ucrionb3oBaHuy +WoundDesk cocraBuiio
90,84+7,51%, V2F — 88,96+9,52%, ImitoWound — 92,51+2,54%. B cepun

IV uccnenoBanus py aHajiM3e TOYHOCTH OIpeJieleHus oAy 1edekToB
TTOBEpPXHOCTHBIX MSATKUX TKaHEH y MalyeHToB C AedeKTaMH 1A MOOUIIb-
Hoe nipuiioxkenue ImitoWound 1 komriekc « ABTOIIIaH» [TOKA3ajld CXOXKHUE
PpesyJIbTaThHl.

BeiBoabl. BosIbIIMHCTBO paH, BCTPEYAONIMXCS BO BpayeOHOI IpaKTHKe,
HMMEIOT CJIOXKHYIO, U3MeHsIeMyI0 B ITpoIiecce JieueHHst KOHQUTyparuio, repe-
XOJISIIYIO U3 OAHOM GOPMBI B IPYT'YIO, YTO CTaBUT II0J] COMHEHHe I1eyleco-
00pa3HOCTb UCIIOJIb30BaHUS MPECTABIeHHBIX MOOWIBHBIX MPUIIOXKEHUH
KaK OCHOBHOT'O METO/ia IIPOBeieHus [IJIaHUMeTPHUUeCKUX UCCIIeIoBaHUM B
MeITUITHe.

KurioueBsbIe cJI0Ba: paHbl, IUIONA/Ib PaH, INIAHUMETpPHsl, MOOWJIbHbIE TTPU-
JIOXKeHUs1, « ABTOIIIAaH», PEKOHCTPYKIIHS 1epeKTOB JIMIa.
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Cnucok cokpalueHuin
CP — cxeMaTuyeckas paHa.

m INTRODUCTION

Treatment of soft tissue wounds is one of the costliest
items of surgical care worldwide that increases greatly in
case of complications [1-3]. The cost of care of patients with
this kind of pathology comprises expenses on medications,
patient’s stay in the hospital, treatment itself, medical
manipulations, rehabilitation, etc. [4]. These facts, as well
as high rate of incidence of onset of surgical site infections
indicate a necessity of development of new methods of
treatment of this condition.

Studies of effectiveness of various methods of treating
soft tissue wounds increases the need for an objective
assessment of the wound surface area and monitoring the
dynamics of defect closure [5-6]. This data is necessary
for clinical work, experimental and scientific practice.
The calculation of the area of soft tissue defect makes it
possible to calculate the amount of dressing material or
medications needed to treat the wound surface, which
may assist standardization of various surgical procedures
or monitor economic efficiency of different methods of
treatment [7-9]. Considering the difficulty of planning
the reconstructive stage for patients with combined facial
defects, this data can be used to calculate the required area
of the flap skin paddle to repair defects of skin cover [10,
11]. Given the rapid development of modern technology,
there are many IT approaches to the task that are gaining
momentum: applications for mobile devices and computer
programs including laser grids and three-dimensional

scanning [12-16]. The mobile applications generate much
interest: patients and doctors have mobile phones, which
facilitates remote monitoring of regenerative processes of
the wounds [17]. According to the website of the developer
of the mobile application ImitoWound, their product is used
in more than 30 clinics worldwide!.

m AIM

To carry out a comparative assessment of accuracy and
time of calculating the area of the wound surface using
mobile applications.

m MATERIAL AND METHODS

We measured wound surface areas using mobile
applications +WoundDesk, ImitoWound and V2F most
frequently mentioned in scientific literature [18-22]. To
calculate the area, a special target is required that is placed
next to the wound, after which a photo is taken with the aid
of the application (Fig. 1). In the +WoundDesk application,
the target is a 2x2 cm black square on a white background
with a centimeter scale on the sides; ImitoWound uses a
target sized 1.5x1.5 cm; V2F uses a 1x1 cm white square
within a 3x3 cm black square. After capturing the image, the
user confirms the contours of the wound defect recognized
automatically or makes manual adjustments. After this, the
area is calculated, and the data is saved in the patient’s
profile or in the history of measurements depending on the
functionality of the app.

! Available online: https://imito.io/en/references-and-partners#clinicalresearch
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Figure 1. Measurement of wound surface area using the mobile applications under inquiry.
PucyHok 1. ViamepeHue niowadu paHeBoll noBepXHOCMU C UCNOJIb30BaHUEM ucciiedyeMblix MOBWIbHbIX NpuiokeHul.

The study did not include measurements of the depth and
the volume of wounds due to the lack of such functions in
the apps under inquiry.

When taking photos for subsequent processing with
mobile apps, the same distance of 25 cm from the lens to
the wound surface was observed, the same positioning of
targets to determine scale relative to the wound surface,
the defect contours were manually adjusted in all cases,
and any foreign objects were removed from the frame. The
photos were taken using the Google Pixel 7 mobile phone
with Android 14 operating system. The main camera was
50+12 megapixels.

The study was performed in four blocks: schematic 2D
image of soft tissue wounds (Block I), three-dimensional
(3D) wound models of arm and leg fracture (Block II),
experimental wounds in laboratory animals (Block III), and
evaluation of combined wound defects of the maxilla and
mandible of patients (Block IV).

Block I of the study was performed in four groups. In the
first group, areas of wound schemes (WS) on flat surface
were measured; in groups two, three and four, the WS were
measured drawn on cylindrical surfaces with diameters of
7, 10 and 20 cm simulating the surfaces of the forearm,
shoulder and head, respectively.

In each group, subgroups were made which studied the
round, oval, square, rectangular, triangular and trapezoidal
WS of soft tissues with known area drawn on paper.

The WS area was calculated using L.N. Popova’s method,
using the mobile apps +WoundDesk, ImitoWound, V2F. The
obtained data were compared with the base area calculated
using standard geometric equations: round, 12.5+0.003
cm?, oval, 39.2£0.007 cm?, square, 4.8£0.002 cm?,
rectangular, 12.3+0.004 cm?, triangular, 13.7+0.006 cm?,
and trapezoidal, 14.9+0.004 cm?.

Among the obtained areas of WS, the average area
values were taken as 100% to be used as reference values;

Figure 2. Models of arm fracture wounds and leg wounds used in the second series of the study.
PucyHok 2. Mynsu paH nepenoMa njeda U paHbl Ha Hoee, Ucnosib3yeMbix Bo Il cepuu uccnedoBaHus.
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after which measurements were performed using mobile
apps.

Block II of the study was performed at the
multidisciplinary accreditation and simulation center of
the N.N. Burdenko Voronezh State Medical University.
This block included models of wounds of shoulder
fracture (Simulaids compound fracture humerus) and leg
amputation wound for accident simulation kit, fragment
(Fig. 2).

Block III of the study (experimental wounds in
laboratory animals) was performed in the Experimental
Biology and Medicine Research Institute of the N.N.
Burdenko Voronezh State Medical University. For the
purposes of the experiment, Wistar line rats were used.
The experiment is an addition to the scientific research
in various fields whose objectives did not include
measurement of wound area; e.g. studies of wounds after
laparotomy or thoracotomy access to allow main stages of
surgeries. The length of laparotomy wounds was 9.7+1.4
cm, and the length of thoracotomy wound was 4.7+0.5
cm. After the linear incision was made, the edges of the
wound were spread out, forming the wound contour of
a complex arbitrary shape, and the obtained defect was
measured using L.N. Popova’s method, and then using
the mobile apps.

Block IV of the study was performed in the Clinics
of the Samara State medical University. It involved an
analysis of precision of the apps under consideration in
the measurement of defects of cover tissues of the head.
The range of defects analyzed with the above mentioned
apps and the “Autoplan” software suite included defects
of the cover tissues of the head of post-traumatic and
post-cancer treatment type, and defects of the skin due
to post-surgery cicatrical deformations. Some defects had
an end-to-end component that was not regarded due to
the lack of the respective functionality of the programs.
Intra-oral defects of the mucosa were not accounted.
Clinical data of 100 patients with combined wound
defects of the head were used, including post-cancer
treatment (70) and post-traumatic (30) defects of the
maxilla and the mandible.

The study is implemented in accordance with the
plan of research work of the N.N. Burdenko Voronezh
State Medical University within the complex topic
“Vital Problems of Prevention and Treatment of Surgical
Diseases” (State registration No. 121060700037-3) in
compliance with the effective regulations of work with
laboratory animals.

The method of L.N. Popova was chosen as the gold
standard to evaluate the efficiency of using mobile apps
in Blocks II, IIT and IV of the study due to the high
precision of the former not depending on the curvature of
the surface [23]. At first, measurements were taken using
L.N. Popova’s method, the results of which were taken
as 100%, afterwards, the results obtained with mobile
apps were compared. The measurement of the wound
surface area by L.N. Popova’s method included covering
the wound with a transparent sterile millimeter-squared
plastic sheet, making an outline of the defect, and manual
calculation of its area [24-26].

164

Block IV of the study used the “Autoplan” software
suite, since it is the base of a three-stage algorithm of
performance if reconstructive plastic surgeries for patients
with combined facial defects.

Statistic processing of obtained data. Methods of
descriptive statistics with preliminary assessment of
normality of distribution were used both for the accuracy
of measurement of wound surfaces using the proposed
methods, and for the time required to perform the study:
graphical, numerical and quantitative tests (Kolmogorov-
Smirnov, Shapiro-Wilk). Calculations were performed
of the average value of the obtained results, mean root
square deviation, standard error of mean within the studied
groups. The first stage included one-way ANOVA. After
the differences were identified, the Student’s t-test was
applied to identify significance of differences in the
samples. The level of validity of obtained result difference
was taken to be 5% (p<0.05).

The data processing was performed in the Statictica
10.0 and Microsoft Office Excel 2010 software suites.

The total number of measurements using all suggested
methods was 4480 in the four blocks of the study: Block
I, 960; Block II, 80; Block III, 1440; Block IV, 2000,
respectively. Each wound defect was measured with the
mobile apps under inquiry and with the L.N. Popova’s
method (Blocks II, III and IV). The obtained results are
presented as percent ratios for the following reasons:
in the course of the study, we were interested in the
accuracy of measurement of the wound surface area
with the suggested methods with respect to the original
area and to the L.N. Popova’s method, which is the most
important factor from the standpoint of looking into the
posiibility of using these apps in clinical practice. In
Blocks IIT and 1V, 3440 measurements were performed
(190 unique wounds). The use of other methods would
result is a significant increase of amount of results; the
numerical expression of area measurements prevents
their graphic interpretation.

m RESULTS AND DISCUSSION

Group 1 of Block I of the study included measurements
of WS of soft tissues on a flat surface using the methods
under consideration (Table 1).

In the measurement of area of round and oval WS, the
+WoundDesk app showed the highest accuracy as compared
to other apps, 98.92+6.55% and 98.57+8.32% from the
base area, respectively. In the calculation of area of square
and rectangular WS, V2F and ImitoWound demonstrated
accuracy above 95%. The use of +WoundDesk in the
calculation of the area of triangular WS results in a
significant overestimation of area, 158.78+4.71% from the
base value. The V2F app shows the lowest accuracy, 70%,
in the measurement of area of triangular and trapezoidal
WS.

In the second group of the study, WS were placed on a
cylinder with a diameter of 10 cm to simulate wounds of
the shoulder (Table 2).

We see a decrease in accuracy in all of the apps used.
At the same time, ImitoWound yielded the average
accuracy value above 85% in all subgroups, the use of

www.innoscience.ru
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Mobile apps used to measure WS area

WS Type

98.92+6.55 72.05+15.34 92.43+8.82
Round (p1=0.068) (p1=0.024) (p1=0.041)
(p3-0.038) (p2-0.038) (02-0.048)
(p4=0.048) (p4=0.045) (p3=0.045)
98.57+8.32 71.97+13.92 92.5+9.41
oval (p1=0.071) (p1=0.019) (p1=0.034)
(p3=0.032) (p2=0.032) (p2=0.041)
(p4=0.041) (p4=0.024) (p3=0.024)
79.25+5.17 97.81+9.12 96.25+6.47
Square (p1=0.045) (p1=0.053) (p1=0.026)
q (p3=0.028) (p2=0.028) (p2=0.031)
(p4=0.031) (p4=0.074) (p3=0.074)
o0 oi0038) 0078

p1=0. p1=0. p1=0.
Rectangular (03=0.039) (p2=0.039) (02=0.042)
(04=0.042) (p4=0.055) (p3=0.055)
A0s)  (oicoor (0120042

. p =U. p =U. p =U.!
Triangular (p3=0.015) (p2=0.015) (p2=0.024)
(p4=0.024) (p4=0.026) (p3=0.026)
(P320.643) Oo0.070) Grobigy

A pl=0. pl=0. pl=0.
Trapezoidal (p3-0.019) (p2=0.019) (p2=0.045)
(p4=0.045) (p4=0.023) (p2=0.023)

Notes: p! — significance of differences vs. L.N. Popova’s method;
p2 — significance of differences vs. WoundDesk app; p? — significance of
differences vs. V2F app; p* — significance of differences vs. ImitoWound app.

Table 1. Accuracy of WS measurement on a flat surface in the 1st
group of the 1st block of the study in relation to the initial area, %

Tabnuya 1. TouHocmb uamepeHust CP Ha nnockol noBepxHocmu
B 1-U epynne | cepuu uccnedoBaHusi N0 OMHOWEHUI K UCXOOHOU
niowaodu, %

+WoundDesk in the measurement of square and rectangular
WS produces accuracy of 67.51% to 85.13%, and still
gives overestimation of the area of triangular defects. V2F
demonstrated the greatest mean square root deviation in
all groups of the study, and accuracy above 85% was only
obtained to square and rectangular WS.

In the third group, WS were placed on a cylinder with
the diameter of 7 cm to simulate wounds of the forearm
(Table 3).

With a further decrease in the diameter of the cylindrical
surface and an increase in the curvature of the object, the
measurement accuracy of the proposed methods continues
to decrease. The greatest accuracy in the measurement of
WS area is still shown by +WoundDesk for round, oval
and trapezoidal WS, V2F for square and rectangular
WS, ImitoWound for all types, the average accuracy was
91.73+8.58%.

In the fourth group, WS were placed on a cylinder with
the diameter of 20 cm, simulating the surface of the head
(Table 4).

We observe an increase in the accuracy of measurement
results in this group in comparison with the first and third
groups of Block I of the study; this relates to a lower
curvature of the object. In comparison with the third
group, we see a minor increase in accuracy of the value
in question. Therefore, there is a direct correlation between
the curvature of the examined wound and the accuracy
of measurement of its area. It follows from the obtained
results that the ImitoWound app is the all-purpose tool
to perform planimetry measurements of wound schemes
thanks to its high accuracy, which is 92.81+6.52%, on
average.

www.innoscience.ru

Mobile apps used to measure WS area
WS Type
+WoundDesk | ___v2F | ImitoWound |

97.2148.44 70.15£16.26 90.17+13.55
Round (p1=0.059) (p1=0.020) (p1=0.018)
(p3=0.039) (p2=0.039) (p2=0.047)

(p4=0.047) (p4=0.031) (p3=0.031)

96.83+5.31 69.34+26.81 89.58+14.73

oval (p1=0.055) (p1=0.024) (p1=0.015)
(p3=0.026) (p2=0.026) (p2=0.045)

(p4=0.045) (p4=0.036) (p3=0.036)

76.32+8.81 93.34+9.48 97.3245.63

Square (p1=0.034) (pl= 0.017) (p1=0.027)
q (p3=0.041) (p2=0.041) (p2=0.028)
(p4=0.028) (p4=0.056) (p3=0.056)

74.27+4.63 89.77+7.29 96.31+7.85

(p1=0.029) (p1=0.023) (p1=0.033)

Rectangular (03=0.048) (02=0.048) (02=0.023)
(p4=0.023) (p4=0.054) (p3=0.054)

161.78+11.52 64.53+28.25 89.44+14.48

. (p1=0.021) (p1=0.028) (p1=0.035)
Triangular (p3=0.008) (p2=0.008) (p2=0.015)
(p4=0.015) (p4=0.039) (p3=0.039)

e | G | o

. p1=0. p1=0. pl=0.

Trapezoidal (p3=0.012) (p2=0.012) (p2=0.019)
(p4=0.019) (p4=0.017) (p3=0.017)

Notes: p! — significance of differences vs. L.N. Popova’s method;
p? — significance of differences vs. WoundDesk app; p3 — significance of
differences vs. V2F app; p* — significance of differences vs. ImitoWound app.

Table 2. Accuracy of WS measurement on cylindrical surfaces with
a diameter of 10 cm, simulating the surface of the shoulder, %

Tabnuua 2. TouHocmb u3mepeHust CP Ha yunuHOpu4yecKkux
nosepxHocmsix duamempom 10 cM, uMUMUpPYOWUX NOBEPXHOCMb
nneva, %

Block II of the study is performed on wound models of
shoulder and leg fractures. Using L.N. Popova’s method
to measure the area of the soft tissue defects, we obtained
the following measurement results 34.7+1.2 cm? and

Mobile apps used to measure WS area

96.21+4.14 70.15+19.48 90.17+11.38
Round (p1=0.036) (p1=0.024) (p1=0.031)
(p3=0.015) (p2=0.015) (p2=0.047)
(p4=0.047) (p4=0.033) (p3=0.033)
97.145.48 69.34:+21.22 89.58+8.29
- (p1=0.047) (p1=0.037) (p1=0.022)
(p3=0.011) (p2=0.011) (p2=0.042)
(p4=0.042) (p4=0.026) (p3=0.026)
76.32+4.51 93.34+9.27 97.3247.15
Square (p1=0.029) (p1=0.023) (p1=0.026)
q (p3=0.022) (p2=0.022) (p2=0.044)
(p4=0.044) (p4=0.064) (p3=0.064)
G0 (eilooi ei0.0i)

p1=0. pl=0. p1=0.
Rectangular (p3=0.040) (p2=0.040) (2=0.037)
(p4=0.037) (p4=0.039) (p3=0.039)
1(58.781(-)9.85)2 6(4.533%4.5)1 8(9.446_%1.7)3
, p1=0.01 p1=0.041 p1=0.037
Triangular (03=0.016) (p2=0.016) (02=0.034)
(p4=0.034) (p4=0.025) (p3=0.025)
103+6.18 68.71+31.16 87.58+8.30
, (p1=0.045) (p1=0.033) (p1=0.043)
Trapezoidal (03=0.019) (p2=0.019) (02=0.045)
(p4=0.045) (p4=0.018) (p3=0.018)

Notes: p! — significance of differences vs. L.N. Popova’s method;
p? — significance of differences vs. WoundDesk app; p3 — significance of
differences vs. V2F app; p* — significance of differences vs. ImitoWound app.

Table 3. Accuracy of WS measurement on cylindrical surfaces
with a diameter of 7 cm, simulating the surface of the forearm, %

Tabnuya 3. ToyHocmb usmepeHust CP Ha yunuHopuyeckux
noBepxHoCcMsix duaMempomM 7 CM, UMUMUPYHOWUX NOBEPXHOCMb
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HayKa n MHHoOBauun B MmeguuunHe

XUPYPIUs
WS Type Mobile apps used to measure WS area
96.47+4.59 71.05+17.34 91.55+9.19
Round (p1=0.065) (p1=0.029) (p1=0.038)
(p3=0.023) (p2=0.023) (p2=0.047)
(p4=0.047) (p4=0.034) (p3=0.034)
95.14+8.74 70.72+21.44 90.3446.11
. (p1=0.063) (p1=0.027) (p1=0.031)
(p3=0.025) (p2=0.025) (p2=0.051)
(p4=0.051) (p4=0.031) (p3=0.031)
76.326.04 95.78+7.15 98.034.32
S (p1=0.028) (p1=0.081) (p1=0.062)
q (p3=0.021) (p2=0.021) (p2=0.039)
(p4=0.039) (p4=0.054) (p3=0.054)
Z4.8%¢gé4% s(ao.w(;):gé%s; ?8.6%18.%4;
p1=0.021 pl=0. p1=0.05
Rectangular (03=0.028) (02=0.028) (02=0.033)
(p4=0.033) (p4=0.041) (p3=0.041)
158.7845.12 65.56+28.42 90.76+9.01
) (p1=0.016) (p1=0.035) (p1=0.027)
Triangular (p3=0.014) (p2=0.014) (p2=0.042)
(p4=0.042) (p4=0.025) (p3=0.025)
PI0072)  (plo0058  (vic00%)
) pl1=0. p1=0. pl=0.
Trapezoidal (03=0.020) (02=0.020) (02=0.047)
(p4=0.047) (p4=0.039) (p3=0.039)

Notes: p! — significance of differences vs. L.N. Popova’s method;
p? — significance of differences vs. WoundDesk app; p? — significance of
differences vs. V2F app; p* — significance of differences vs. ImitoWound app.

Table 4. Accuracy of WS measurement on a spherical surface with
a diameter of 20 cm, simulating the surface of the head, %

Tabnuuya 4. TovHocmb usMmepeHusi CP Ha cgepuyeckol
nosepxHocmu duamempom 20 cM, UMUMUPYUWUX NOBEPXHOCMb
20n08Bbl, %

9.5+0.8 cm?, respectively. After this, measurements were
taken using other methods (Table 5).

In both models, the measurements taken with the
ImitoWound app had the highest accuracy: 96.22+8.05%
and 97.80+7.46%. +WoundDesk and V2F yielded the
accuracy of 86.83+12.74% and 70.86+18.11% for the
model of the shoulder fracture wound and 85.26+9.13%
and 82.21+£15.62% for the model of the leg wound,
respectively.

In Block IIT of the study performed on Wistar line
laboratory rats, the average deviation when using
+WoundDesk was 90.84+9.48%, V2F, 88.96+13.41%,
and ImitoWound, 92.51+£6.94% (Table 6). Another
important parameter was the time required to perform the
measurements: the +WoundDesk app required the least time,
because manual adjustment of outlines requires matching of
a lower number of defect boundary to identify it.

In Block IV of the study, the following average
deviations were registered in the analysis of accuracy
of the measurement of the area of superficial defects of

Mobile apps used to measure WS area

LN.
Popova’s

, 86.83t12.74  70.86:18.11 96.22:8.05
B - (p1=0039)  (pl=0.022) (pl=0.061)
shoulde (p3=0.045)  (p2=0.045) (p2=0.041)
(p4=0.041)  (p4=0.027) (pl=0.027)
_—r

p1=0. p1=0. p1=0.
Legwound  100% (03=0.057)  (p2=0.057) (p2=0.044)
(p4=0.044)  (p4=0.043) (p3=0.043)

Notes: p! — significance of differences vs. L.N. Popova’s method; p2 —
significance of differences vs. WoundDesk app; p® — significance of differences
vs. V2F app; p* — significance of differences vs. ImitoWound app.

Table 5. Accuracy of determining the area of wound models for
shoulder and leg fractures, %

Tabnuuya 5. TouHocmb onpedeneHus nnowadel Mynsxel paH npu
nepernome nneya u Ha Hoee, %

facial soft tissue using the mobile apps and the “Autoplan”
software suite: +WoundDesk, 89.86+10.31%, V2F,
86.56+18.94%, ImitoWound 91.34+9/52%, Autoplan,
91.48+10.14% (Table 7).

m CONCLUSIONS

The results of measuring the area of wounds using the
studied mobile applications in conditions close to ideal in
terms of illumination, distance from the object and camera
fixation, which is not always feasible in clinical conditions,
often differ significantly from the actual sizes of defects
and depend on their shape and degree of curvature of the
surfaces.

In Block I of the study, the +WoundDesk app showed
the lowest accuracy in the measurement of area of square,
rectangular and triangular wound schemes; the V2F
app showed low accuracy in round, oval, triangular and
trapezoidal wound schemes. The most accurate average
results in measurements of different wounds were produced
in the ImitoWound app.

The analysis of accuracy of measurement of wound
areas on models showed that the +WoundDesk app yielded
better results than V2F, however, they reliably differ from
the values obtained by the L.N. Popova’s method, by
14.27+7.51% and 21.85+13.85% on average, respectively.

The most accurate app to measure wound area in
laboratory animals was ImitoWound showing 92.51+5.93%
from the values obtained by the L.N. Popova’s method.
The +WoundDesk and V2F apps measure the wound area
with the accuracy of 90.84+12.77% and 88.96+15.36%,
respectively.

_ o Popova’s etos FHOHnEBESK m

Accuracy of mound area measurement, % 100%
. ) 3.05
Time required for measurement, min +0.22

90.84:9.48 88.96+13.41 92.51+6.94
(p1=0.041) (p1=0.023) (p1=0.021)
(p3=0.066) (p2=0.066) (p2=0.053)
(p4=0.053) (p4=0.081) (p3=0.081)
0.67 0.98 1.11
+0.07 +0.15 £0.12

Notes: p! — significance of differences vs. L.N. Popova’s method; p? — significance of differences vs. WoundDesk app; p® — significance of differences vs. V2F app;

p* — significance of differences vs. ImitoWound app.

Table 6. Accuracy and time of measuring wound areas using L.N. Popova’s method and mobile applications in Wistar laboratory rats in the IlI

block of the study, %

Tabnuua 6. ToyHocmb U BpeMsi usaMepeHusi niowadel paH MemoooM J1.H. [MonoBoll u ¢ ucnosb3oBaHUEeM MObWIbHbIX npunoxeHul y

nabopamopHbix Kpbic nuHuu Wistar B Il cepuu uccnedosaHusi, %
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?9.86%1823% ?6.561613.9? (91.346:%.255) &(31.481618.211);
pl = 0.025 pl = 0.031 pl =0. pl = 0.025
Defects of the maxilla and mandible 100% (p3 = 0.062) (p2 = 0.062) (p2 = 0.054) (p2 = 0.081)
(p4=0.054) (p4 = 0.055) (p3 = 0.055) (p3 = 0.073)
(p5=0.081) (p5 = 0.073) (p5 = 0.063) (p4 = 0.063)

Notes: p! — significance of differences vs. L.N. Popova’s method;
p? — significance of differences vs. WoundDesk app;

p? — significance of differences vs. V2F app;

p* — significance of differences vs. ImitoWound app;

p® — significance of differences vs. Autoplan software suite..

Table 7. Accuracy of determining the area of defects in superficial soft tissues in patients with facial defects using mobile applications and the

Autoplan software, %

Ta6nuua 7. TouHocmb onpedeneHus nnowadu deekmoB NOBePXHOCMHbLIX Msi2kux mKaHell y nayueHmoB ¢ degpekmamu nuya ¢
ucnoJ1b30BaHUEM MOBUWILHLIX NPUWIOKeHUl U NpozpaMMHO20 KoMniiekca «AsmonnaH», %

It has been proven that most of the results we obtained
differ significantly from the known initial area (Block I) and
the area measured by the L.N. Popova’s method (Blocks II,
IIT and IV), which calls into question the appropriateness
of using the presented mobile apps as the main method
of conducting planimetric studies in medicine, since most
wounds encountered in medical practice have a complex
configuration that changes during treatment, changing from
one shape to another.

In calculating the area of wound surfaces in patients
with defects of the upper and lower jaws, the ImitoWound
mobile app shows a similar result to the Autoplan software

suite, however, the latter has significantly greater potential
in planning and performing reconstructive plastic surgeries
in patients with head defects, and therefore it can be
recommended for use in assessing these defects.

Based on the conducted research, it is obvious that
both the development of new methods or applications for
calculating the area of the wound defect and the refinement
of existing algorithms are required. A possible alternative
to the studied mobile apps could be the laser grid and 3D
scanning; however, these methods are complicated for use
in practical healthcare, which leaves the L.N. Popova’s
method the main tool for planimetric studies. »=
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