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Abstract

The absence of an established standard both for remote measurement of the dynamics of temperature fields on the
surface of the human skin and for corresponding data processing is one of the serious reasons limiting the using of a
unique non-invasive thermal imaging method in clinical medicine. We proposed an original procedure for measuring and
quantifying the temperature data array obtained by thermal imaging examination of a group of cancer patients during the
course of radiation therapy (RT). This procedure is intended as well as for quantitative monitoring of the current level of
local side effect (oral mucositis — OM) of the patients treated with RT and for the early prediction of individual patient’s
tolerance to irradiation. Because of human thermoregulation characteristics, a relative temperature scale was used for each
patient for quantitative estimate of the skin radiation intensity. The average temperature over a specific region is chosen as
the reference temperature, also the temperature field in area of interest of each patient prior to RT start is chosen as the
baseline. The accuracy of the relative temperature measurements is determined by the temperature sensitivity of the thermal
imaging system AT = & 0.07 °C. The correlation coefficients R = (0.76 <+ 0.81) between the thermal and clinical parameters
as well as the index “good quality” (AUC = 0.79) of prognosis method have been obtained. These results indicate the
possibility of using proposed approach for measuring and processing the dynamical temperature field data on the human
skin surface including for quantitative monitoring and prediction of the level of side toxic reactions in patients treated with

RT. The authors note the study should be continued to increase the statistical power of the results.
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Introduction

Today, in clinical medicine there is no accepted
standard for remote measurement of the dynamics of
temperature fields on the surface of the human skin
and quantitative processing of the temperature data.
As usually, the results of the thermal imaging exa-
mination are presented as thermograms with the in-
dicated clinical diagnosis established by other medi-
cal methods. In most cases, the quantitative analysis
of thermal data is limited to the absolute temperature
scale placed under the thermogram or absolute tem-
perature values marked at the points of interest on
the thermogram [1]. However, the thermal field of
the skin of even a healthy person is constantly chang-
ing in time caused by various external and internal
factors in accordance with the individual features
of thermoregulation. In case of a disease, specific
additional abnormal thermal fields appear, caused,
for example, by fever and other manifestations of a
pathological condition. Therefore, the authors con-
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sider it incorrect to use the absolute temperature
scale in medical thermography. Moreover, an accura-
cy of absolute temperature remote measurement does
not exceed 2 % of the measured temperature (i. e.
8T = + 0.7 °C for human temperature range), while
the accuracy of relative temperature measurements
is determined by the temperature sensitivity of the
used thermal imaging device, so the error does not
exceed (87 = £ 0.1 °C).

Analysis of recent researches and publication

Relative temperature scale is successfully used all
over the world for the quantitative analysis of thermal
asymmetry in the diagnosis of breast tumors, but the
size of the area of interest on which the amplitude of
thermo asymmetry depends is also not standardized
[2]. An example of quantitative processing of thermal
data in a relative temperature scale can be a measure-
ment of the skin temperature difference in the projec-
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tion of the diseased organ and the temperature of the
“adjacent healthy” regions [3]. This approach seems to
the authors incorrectly both methodologically (the sizes
of the “sick” and “healthy” regions and the distance
between them are not specified), and informatively (for
example, any neoplasm has a region of adjacent tissues
with own changing anomalous hyperthermal field). At
the thermal imaging examination of the patient during
treatment, the authors propose normalizing the current
values of the relative temperature in the area of inte-
rest to the corresponding values of the thermal field
measured before treatment start in order to exclude
residual anomalous fields caused by previous treatment
(in our case, residual hyperthermia in some patients af-
ter chemotherapy). Also, the authors consider incorrect
to measure the temperature of one pixel of the image
and so use averaged temperatures over the region of
interest and over the reference region. With this ap-
proach, the correct choice of the sizes and locations
both for reference region and area of interest is one of
the important tasks of the development the procedure
of thermal measurement and data processing [4].

Formulating the purpose of the article

The purpose of this article is briefly description
of the simple approach to the quantitative processing
of temperature data obtained at the thermal imaging
examination of oncological patients during RT. The
main goal of whole study is the development a thermal
imaging methods of thermal monitoring and predicting
the level of side reactions caused by irradiation.

Presenting the main material

19 male patients aged 4468 with cancer of head/
neck location (predominantly oropharynx), being trea-
ted with identical RT regimen at the Kharkov Regional
Clinical Cancer Center (Ukraine), were under study.
Each patient was imaged for not less than 5 times: prior
to RT start (infrared (IR) session #0) and weekly be-
fore each subsequent cycle of RT (IR sessions #1...4).
Prior to each thermal imaging session, the current level
of oral mucositis (OM — one of the local toxicity kind
caused by RT, and means inflammation of the mucosa)
was estimated by another (clinical) method [5].

The original thermal imaging system developed
in B.I. Verkin Institute for Low Temperature Physics
and Engineering of NAS of Ukraine was utilized for
temperature mapping. The device, based on uncooled
(384x288) pixels focal-plane array, features spectral
range of 8—14 micrometers, temperature sensitivity
of 0.07 °C, spatial resolution of 1 milliradian, and an
original software package specialized for medical ap-
plication [6].

Taking into account the results of [4], the area
(5x2) cm? in the outer surface of the lower lip was
chosen as the area of interest (Fig. 1) because:

+ this area is nearest projection of the mucosa
to the skin;

* this area is not subjected to radiation, therefore
the temperature changes caused by OM, do not mix
with the hyperthermia caused by radiation dermatitis
(significant at used method of RT);

+ according to the results of [1], the association
between early temperature changes and subsequent se-
verity of OM was statistically significant (P = 0.03)
for this area.

A relative temperature scale was employed for
quantitative analysis of the thermal images. The aver-
age temperature of the eyelid segments in the region of
the nose bridge was used as the reference temperature
(Fig. 1). It’s a maximum temperature of the thermal
field on the whole skin surface of healthy human. In
addition, it correlates with the internal temperature,
so changes in skin temperature caused by general pa-
tophysiological changes were excluded from the quan-
titative analysis [7]. The reference regions were not
exposed to radiation.

Fig. 1. Location and size of special areas on the patient's half-
profile thermogram: (1x1) cm? square near eyes — reference
regions; (5x2) cm? a rectangle on outer surface of the lower
lip — area of interest, and (8x12) cm? a rectangle on the neck —
area of irradiation.

In according with the previous results [4], ave-
raged relative temperature measured on each IR session
was normalized to the corresponding baseline value in
the IR session #0. Thus, for each patient the following
values were calculated:

AT =A(T,,.); = AT, ),
A(T;we )i :(nve)i - (T;ef )i
A(Tave )0 = (Te;ve )O - (Tref )0 s

where (7 ), and (T ), are the temperatures averaged

ave I

over the area of interest and reference area, respective-
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ly, in the IR session #i; A(T ), is the relative average
temperature in the IR session #i; AT, is the relative
average temperature in the IR session #i normalized
to the corresponding temperature in the IR session #0.

In the patients under study, a correlation be-
tween the current normalized relative temperatures in
the area of interest and the corresponding OM grades
was found: correlation coefficients R (AT: OM)), , =
= 0.775; 0.756; 0.787 and 0.807 in IR sessions #1...4.
This result is positive for the assumption about using
thermal imaging method for quantitative monitoring
of the current mucositis. Moreover, we observed a
clear association between the temperature rise in the
IR session #1 (accumulated dose = 10 Gy) and both
maximum and average mucositis grades during RT, for
example R (AT: OM,_ ), , = 0.817. The first of the
two seems especially important because the attainment
of unforeseen severity mucositis OM > 3 leads to the
necessity of providing aggressive supportive care or in-
terrupting RT. To confirm the presence of the observed
connection, Spearman’s nonparametric correlation was
applied for samples of AT, and OM_ . We obtained
Spearman correlation coefficient » = 0.76 and esti-
mated its statistical significance Tkp= 0.33, Tkp <,
that confirms a strong and direct association between
the normalized temperatures in the area of interest in
the IR session #1 and values of OM__ up to which
mucositis could develop afterwards.

Based on these results, a prediction method was
formulated, namely:
at AT, > 0.9 °C, the development of mucositis is ex-
pected up to OM__ > 3;
at AT, < 0.9 °C, the development of the severe mu-
cositis grade is not expected:

OM, < 3.

To estimate the informativity and resolution of the
proposed prediction method, we organize the available
data in the conjugation table (Table), which shows the
correlation between the errors of type 1 and type 2.

The contingency to assess the informativity
of the diagnostic test

Number | The presence | Lack of high
atients with: | of high levels level
of mucositis | of mucositis
Normalized (OM > 3) (OM < 3)
thermal parameters
AT > 09 °C 4 (a) 3 (¢)
AT < 0.9 °C 1 (b) 11 (d)
Total 5 14

As a result, the following parameters were cal-

culated:

* sensitivity of the method = 0.8;

 specificity = 0.78;

« accuracy = 0.79.

Based on this values, a ROC (receiver operating
characteristic) curve, that demonstrates the number of
correctly predicted existing OM__ > 3, vs. the number
of incorrectly predicted non-existent OM,__ > 3, was
constructed [8], (Fig. 2).
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Fig. 2. Receiver Operating Characteristic (ROC) curve

The area under the characteristic curve (Area Un-
der Curve, AUC = 0.79) demonstrates “good quality”
of the method. Unfortunately, the number of patients
under study was limited by the Project timeframe, so
sufficient statistical power of the analysis was not pro-
vided. To confirm the evidence of this method, further
research is needed.

Conclusions

The correlation coefficients R = (0.76 + 0.81) be-
tween the thermal and clinical parameters as well as
the index “good quality” (AUC = 0.79) of prognosis
method have been obtained using proposed approach
for measuring and quantifying the dynamical temper-
ature field on the human skin surface. Based on these
algorithms the thermal imaging methods can be used
both for clinical monitoring of current level of OM
and for early prediction the maximal value of OM for
each patient.

The results of the study in more detail are pub-
lished in [9] (in Russian).
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AHoTauis

BincyTHicTb BCTAaHOBJIEHOTO CTaHIAPTY SIK JIJISI AMCTAHLIIHOTO BUMIpIOBAaHHS IMHAMIKM TeMIIepaTypHUX MOJ1iB Ha MOBEPXHI LIKipU
JIIOAMHM, TaK i JJIs1 BIIMOBIIHOI KiJIbKiCHOI OOpOOKM TaHMX € OJHIEI0 3 CEPUO3HUX MPUYMH, SIKi 0OMEXYIOTh BUKOPUCTAHHST YHiKaJb-
HOT'O HEeiHBa3MBHOIO TepMOrpadiyHOro MeTony B KJIiHIYHINA MeAUIMHI. MU 3anponoHyBajii OpUTiHAIbHY METOIUKY BUMipIOBaHHS
Ta KiJIbKICHOTO aHasli3y MacuBY TeMIIepaTypHUX JaHUX, OTPUMMAHMX MPOTSATOM TepMOorpadiuHOro 00CTeXXEeHHs TPy OHKOJIOTTYHUX
naiieHTiB mig yac npomenenoi tepartii (I1T). Lig meTonuka rnpuszHaueHa ajsl KiIbKiCHOTO KOHTPOJIIO TMTOTOYHOTO PiBHSI JIOKATbHOTO
no6iyHoro edekry (opajibHoro Myko3uty — OM), sSiKuii BUHMKAE y MallieHTiB pu oTpuMaHHi HUMM [1T, a Takox [1s1 MpOrHo3yBaH-
Hsl Ha paHHiii ctamii [1T iHIMBiAyanbHOTO PiBHS “TIEPEHOCHMMOCTI” OMPOMiHIOBaHHS TaitieHToM. Yepes crielndiky TepMoperyssiii
JIIONMHU JJIS1 KiJTbKICHOT OLIIHKYM iHTEeHCUBHOCTI BUIIPOMiHIOBAHHS LIKipY OYyJI0 BUKOPUCTAHO iHAMBIMYaJIbHY [UII KOXKHOTO MallieHTa
BiTHOCHY 1lKayy TemnepaTypu. CepenHs TeMIlepaTtypa MOBEpXHi MeBHOI AISTHKU LIKipy OyJia oOpaHa sIK €TaJIoHHa TeMriepaTypa,
a TeMIiepaTypHe IoJjie B 30Hi iHTepecy KOoxHoro natieHra 10 nodatrky [1T BukopuctoByBasiocs rpu po3paxyHkax sk 6a3zose. TOUHICTb
BUMIpIOBaHHS BITHOCHOI TeMIiepaTypy MpU TaAKOMY ITiIXOIi 0OMeKyBaiacst TeMIepaTypHOIO YYTJIUBICTIO TepMorpadiuHoi cucTeMu
AT = £ 0,07 °C. Byno orpumano koediuientu kopemsuii R = (0,76 <+ 0,81) MiX TelIoBUMM Ta KIHIYHMMHU ITapaMeTpaMH,
a TakoX IMOKa3HMK “xopoina sikictb” (AUC = 0,79) metony nporHosyBaHHs1. Lli pe3ynbTaTi BKa3ylOTh Ha MOXJIMBICTbH BUKOPHUC-
TaHHS 3aIIPOTIOHOBAHOTO ITIXOMy IS BUMIpIOBAaHHSI Ta OOPOOKM HaHMX TpU TepMorpahidyHOMY MOHITOPMHTY ITOTOYHOTO PiBHS
OM i n1s1 paHHBOTO TPOTHO3YBAHHS MakKCUMabHOrO piBHI OM JUIsi KOXHOIO Ialli€eHTa. ABTOpU Bi3HAYalOTh HEOOXiIHICTh
MPOIOBXEHHS JOCTIIKEHb JUIS 30UTBIIEHHS CTATUCTUYHOI MOTY>KHOCTI pe3y/ibTaTiB.

KimouoBi cioBa: iHdpayepBoHa Tepmorpadis, AMCTaHIliiiHe BUMipIOBaHHSI TeMIlepaTypy, MEIUIIMHA.
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AHHOTAIMS

OTCyTCTBUE YCTAaHOBJIEHHOTO CTAaHIApTa ISl TUCTAHIIMOHHOTO M3MEPeHMs AMHAMUKY TeMITepaTypHBIX TOJIei Ha TTIOBEPXHOCTH
KOXH YeJIOBEKa U JIJIsi COOTBETCTBYIOIIEH KOJIMYECTBEHHON 0OpaObOTKU JAHHBIX SIBJSIETCSl OMHOW U3 CEPbe3HBIX MPUUYUH, OrpaHUYU-
BalOIIMX MCIIOJb30BaHUE YHUKAIBHOIO HEMHBA3MBHOTO TepMOIpacuyeckoro MeTona B KIMHUYECKOM MeauliMHe. Mbl MpeToKIIIn
OPUTUHAIBHYIO0 METOIVKY M3MEPEHUST M KOJIMIECTBEHHOTO aHaIM3a MacCcuBa TeMIIePaTypHBIX JAHHBIX, TIOJTYIEHHBIX IPU TEPMOTpa-
(pnueckom 00C/IEIOBaHUM TPYMITbl OHKOJOIMYECKUX TMAlMEHTOB BO Bpems JydeBoii Tepanuu (JIT). Dra MeTomuka rnpeaHazHaueHa
IUI KOJIMYECTBEHHOTO KOHTPOJISI TEKYILIETO YPOBHS JIOKAILHOTO TOOOYHOro 3(pdekTa (opaibHOro Mykosuta — OM), KOTOpBIi
BO3HMKAET y MallMEHTOB Mpu TpoxoxknaeHud umu JIT, a Takke Wi MPOrHO3MpoBaHusl Ha paHHeil ctamuu JIT uHIMBUIYyaIbHOTO
YPOBHST “TIEPEHOCUMOCTH” OOJIy4eHUsT MalmeHToM. B cuty cnelimduky TepMopery siiiiy YejloBeKa I KOJMUECTBEHHOM OLCHKN
MHTEHCUBHOCTU M3JTy4eHMsI KOXHU ObLTa MCIOJIb30BaHa MHAMBUIYATbHAS 11 K&KIOro MalMeHTa OTHOCUTEbHAS 1KaIa TeMIepaTyphbl.
CpenHsst TemrepaTypa TIOBEpXHOCTU OIPeNeJICHHOTO yJacTKa KOXM Oblla BbIOpaHa Kak STaJlOHHAs TeMIIepaTypa, a TeMIlepaTypHoe
MoJjie B 30He MHTepeca Kaxmoro naimeHTa no Havyaua JIT ucrosb3oBaioch Mpu pacyeTax B KayecTBe 0a30Boro. TOUHOCTh M3Mepe-
HUS OTHOCHUTEJIBbHOI TeMIIepaTypbl MPH TaKOM ITOAXOAE OrpaHMYMBaliaCh TEMITEPATYpHOM UYBCTBUTEIBHOCTBIO TepMoOrpadryecKoit
cuctembl AT = £ 0,07 °C. bou nomydensl Koadduimentsl koppensiimn R = (0,76 < 0,81) Mex1y TeIUIOBBIMU U KIIMHUYECKUMK
rapameTpaMi, a Takxke TokazaTesb “xopoiiee KadectBo” (AUC = (,79) MeTona mMporHo3upoBaHus. DTU pe3y/ibTaThl YKa3bIBAlOT Ha
BO3MOXHOCTb MCIOJIb30BaHUS MPEAIOXEHHOTO MOIX0ona Uil U3MEPEHUs] U 00pabOTKU NaHHBIX MPU TepMOrpahMueckoM KOHTpOJie
TeKylero ypoBHsi OM U 111 paHHEro MPOrHO3MPOBAHMS MaKCUMAaIbHOrO ypoBHSI OM Ul KaXJI0ro naipdeHTa. ABTOPbl OTMEYaloT
HEOOXOOMMOCTh TIPOIOJDKCHHUS MCCIICIOBAHUI IS YBEIMUCHUS CTATUCTUUECKONM MOITHOCTU PE3yJIbTaTOB.

Kiouessie cioBa: nHbpakpacHOe TEIIOBOE M300pakeHUe, U3MEpPeHNe TeMIlepaTyphbl, MEIUINHA.
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