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PE3IOME

AxTyanbHicTb. [apaHTia pagiauiiHOro 3axvcTy nauieHTiB Mif Yac NikyBaHHS i3 3acTocy-
BaHHSAM JiHINHMX MPUCKOPIOBaYiB enekTpoHiB, 6a3yeTbcsi Ha 3abe3neyeHHi cTanocTi
napamMeTpiB 06rnagHaHHs, BCTAHOBMEHWX Nif Yac BBeOEHHS B eKcryaTauito. ToMy BUBYEH-
HS MOXIMBOCTI ONepaTMBHOMO OLHIOBaHHSA CTabinbHOCTI CnekTpanbHUX XapaKTepucTuK
CcdOpMOBaHOro ranbMiBHOrO BUMPOMIHIOBAHHA € JOCWUTb akTyanbHOW 3ajadelo nopsg
i3 npouedypaMu KOHTPOMIO CTaHAAPTHUX OO3MMETPUYHMX NapameTpiB. MoBa nepuw 3a
BCE e NPO BU3HAYEHHS CepefdHbOi 3BaXKEHOI eHeprii ranbMiBHOrO BUMPOMiHIOBaHHS,
siKa [Jae O00’eKTMBHY OLUIHKY CTanocTi BCbOrO XBWITbOBOIMO TpaKTy MNpUCKOpoBaya.
OpHak, creuianbHOro AiarHOCTUYHOrO obnagHaHHA AN BM3HAYEHHS LbOro rnapameTpa
He iCHye. Y TOM Xe Yac AaHi nitepatypu cBigyaTh Npo 3pOCTalo4mi iHTepec A0 3aCTOCYyBaHHSA
CdTe-patunkie ans aHanisy BUCOKOEHEepPreTUYHOro BUMPOMIHIOBAHHSA, B TOMY 4uchi
i y MEAUYHMX NpUCKoploBaYax.

MeTa po60oTu — po3pobutin Ta onpobysaT crewianbHy AiarHOCTUYHY anapaTypy Ha OCHOBI
HaniBnpoBigHuKoBux CdTe-gatuwkiB, sika 6 peanizoByBana OLiHKY CepefHbOi 3BaXXeHOl
eHeprii ranbMIiBHOTO BUWMPOMIHIOBAHHA MeOUYHOro npuckoptoBada 6 MeB, wnsxom
NOPIBHAHHSA MacoBux KoedilieHTiB ocrnabneHHs y CBUHL Ta antoMiHii.

Marepianu Ta meToau. Y poboTi NpoBeaeHa ekcrnepMMeHTanbHa OLiHKa CneKTparbHUX
XapaKTepucTuK MmegunyHoro npuckoptosada Varian Clinac 600C (CLUA) BipaineHHs pagia-
LinHOi oHkomorii [lepxaBHOi ycTaHOBWU «IHCTUTYT MedM4YHOI papionorii Ta OHKomoril
im. C.IN. Mpurop’eBa HauioHanbHOI akagemii MEANMYHMX HayK YKpaiHW» LUMAXOM BU3Ha-
YEHHS1 cepefHbOi 3BaXKeHOi eHeprii ranbMIiBHOrO BUMNPOMIiHIOBaHHA. BusHadeHHst cepea-

OpuwuriHanbHi AOCNioKEHHS

9 Original research
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Onsa uMTyBaHHA:

HbOT 3BaXKEHOI eHeprii raribMiBHOrO BUMNPOMIHIOBaHHSI NMPUCKOpIOBaYya 3AiCHIOBaNocCh Ha
OCHOBi NOPIBHSIHHST OBOX MacoBUX koedilieHTiB ocnabneHHs BUNPOMIHIOBaHHA marepi-
anamu 3 CyTTEBO pi3HMMU aTOMHUMK HOMepamu — Al Ta Pb. OuiHka macoBux koedillieH-
TiB ocrnabneHHs 3AiNcHIOBaNacb Ha OCHOBI BUMIpIHOBAHHA CepefHiX amnniTyh curHanis
CdTe-gaTunka, Sk npauoBaB y iMNynbCHOMY PEXUMi CymicHO 3 16-po3psigH1M aHanoro-
BMM undposumMm nepetsoptoBadem (ALIT). IMnynbcu ranbmMiBHOro BUNPOMIHIOBaHHS Bif
niHiNHOro npuckoptoBaya Bynu 3apeecTpoBaHi NikoBUM aeTekTopom npotaroMm 10 cekyHA
BUMIpIOBaHHA anapaTtHo-nporpaMHuM komnnekcoMm npuv 400 MOHITOPHUX OOMHULAX
CdTe-gaTunkom 3 antoMiHieBUM Ta CBUHLEBWM MornuHayeM. [locnigkeHHs NpoBOAMIOCh Ha
BiACTaHi «axeperno-noepxHs» 100 cm 3 nnowleto nons onpomiHeHHst 20x20 cm. Jocnia-
YKEHO cnekTpanbHuii Npodink eHeprii chopMOBaHOro Nosis ranbMiBHOTO BUNPOMIHIOBAHHS.
PesynbraTt Ta ix o6roBopeHHs. lNpoBegeHa anpobauis po3pobneHoi anapaTypu 3
CdTe-patunkom, sika Oyna cTBOopeHa 3 ypaxyBaHHAM $K €HepreTU4Hoi YyTrMBOCTI
camoro fgartyuka, Tak i 3i CnekTpanbHO-4acOBWMM XapaKTepUCTUKaMW iMMyrbCHOrO
BUNPOMIHIOBaHHS MpuckoptoBada. EkcnepuMeHTanbHO niaTBepAXeHMn Niaxia 4O OUiHKM
cepenHbOi 3BaXKeHOI eHeprii rarbMiBHOTO BUMPOMIHIOBAHHS FiHIMHOMO NpUCKoptoBava
€neKTPOHIB, sIKMIA 6a3yeTbCA Ha 3aneXHOCTi ocrabrneHHs BUMPOMIHIOBAHHS LUAPOM
nornvHava Bif eHeprii BUNpomiHioBaHHs. OTpyMaHa TeopeTuyHa 3arnexHicTb cepeaHboro
3HaYEHHS 3BaXXKEHOI eHeprii raribMiBHOrO BUMPOMIHIOBAHHS MiHIMHOIO NpuUCKopoBaYva Bif,
BiJHOLLEHHS MacoBuX KoedilieHTiB ocnabneHHs CBUHLO Ta antoMmiHito. EHepreTyHomy
Aianasony Big 0,1 go 6 MeB Bignosigae BiAHOLWEHHA MacoBUX KOemilieHTIB NOrMUHaHHSA
CBUHLIKO A0 antoMiHito, Ski 3aMiHIOITbCSA HeniHiiHo Big 33,8 no 1,639. CepepaHini 3BaxeHin
eHepril niHiiHoro npwvckoptoBava y 0,8 MeB BignoBigae BigHOWEHHA MacoBux koedili-
eHTiB 6nusbko 1,23 ana pgaHux matepianis. OuiHeHa abcontoTHa noxubka (Big BCTa-
HOBMEHOTO 3Ha4YeHHS Nif Yac BBeAEHHS B eKCrnyaTaLiio MiHinHOro npMckoproBaya) BU3Ha-
YeHoi cepefHbOi 3BaXKEHOI eHeprii ranbMiBHOTO BUMPOMIHIOBaHHS, sika He NepeBuLLye
12% (0,72 MeB), wo BignoBigae BiAHOLIEHHIO MacoBKX koedilieHTiB ocrnabneHHs — 1,340.
BucHoBku. OO6rpyHTOBaHa Ta MpakTMYHO peanidoBaHa creuianbHa [AiarHOCTUYHa
anapaTypa peecTpauii CneKTpanbHWX XapakTepucTWK MiHIMHOro npuckoptoBada Varian
Clinac 600C (CWA) Ha ocHoBi HaniBnpoBigHukoBux CdTe-gaTyukiB, siki cymicHO 3
16-pospsagHum AL [03BOMAOTL OUIHUTU CEPEAHI0 3BaXKEHY eHepritlo ranbMiBHOro
BUMNPOMIHIOBaHHS, LUMSXOM MOPIBHSIHHA MacoBux koediuieHTiB ocnabneHHs y Al ta Pb.
OuiHka MacoBux koecpilieHTiB ocrnabneHHst 34IACHIETLCA Ha OCHOBI BMMIpHOBAHHS
cepegHix amnnitya imnynbsciB CdTe-gaTymkiB, NPaLOYNX Y iMNYNbCHOMY PEXUMI.
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ABSTRACT

Background. Radiation protection of patients undergoing radiation therapy using linear
electron accelerators is based on ensuring the constancy of the equipment parameters set
during commissioning. Therefore, studying the possibility of operational assessment of the
spectrum characteristics consistency of the generated bremsstrahlung is a priority along
with standard dosimetric parameter control procedures. Primarily, this refers to specifying
the average measured energy of bremsstrahlung which provides an impartial assessment
of the constancy of the whole wave path of the accelerator. However, there is no special
diagnostic equipment to determine this parameter. At the same time, the literature data
represent a growing interest in the use of CdTe sensors for the analysis of high-energy
radiation, including the ones in medical accelerators.

Purpose — developing and testing special diagnostic equipment based on semiconductor
CdTe sensors, which would implement the assessment of the average measured energy
of bremsstrahlung of the medical accelerator 6 MeV via comparing the mass attenuation
coefficients in lead and aluminum.

Materials and Methods. The paper deals with experimental evaluation of the Varian
Clinac 600C linear accelerator (USA) spectrum characteristics carried out at Radiation
Oncology Department of State Organization «Grigoriev Institute for Medical Radiology
and Oncology of the National Academy of Medical Sciences of Ukraine» via determining
the average measured energy of bremsstrahlung. The assessment of the average
measured energy of the bremsstrahlung of the accelerator was performed based on
comparing two mass attenuation coefficients of radiation with materials having significantly
different atomic numbers, i.e. Al and Pb. The assessment of the mass attenuation
coefficients was performed on the basis of measuring the average amplitudes of
CdTe signals of the sensor, operating in the pulse mode in conjunction with a 16-bit ADC.
Pulses of bremsstrahlung from the linear accelerator were recorded by a peak detector
for 10 seconds of measurement by the hardware-software complex at 400 monitor units
by CdTe sensor with aluminum and lead absorber. The study was performed at a distance
of «source-surface» 100 cm with an area of the irradiation field of 20x20 cm. The spectral
energy profile of the generated field of bremsstrahlung was studied.
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Results. The developed equipment was tested by CdTe sensor, which was created
taking into account the energy sensitivity of the sensor itself as well as the spectral-
temporal characteristics of the pulsed radiation of the accelerator. The approach dealing
with assessing the average measured energy of bremsstrahlung of the linear electron
accelerator, based on the dependence of the attenuation of radiation by the absorber layer
on the radiation energy, has been experimentally confirmed. The theoretical dependence
of the average measured energy of bremsstrahlung of the linear accelerator on the
ratio of the mass attenuation coefficients of lead and aluminum has been obtained.
The energy range from 0.1 to 6 MeV corresponds to the ratio of mass absorption
coefficients of lead to aluminum, varying nonlinearly from 33.8 to 1.639. The average
measured energy of the linear accelerator of 0.8 MeV corresponds to a mass coefficient
ratio of about 1.23 for these materials. The assessed absolute error (from the set
value during commissioning the linear accelerator) of the specified measured average
energy of bremsstrahlung is up to 12.5% (0.72 MeV), corresponding to the ratio
of mass attenuation coefficients — 1.340.

Conclusions. The special diagnostic equipment for recording the spectrum characteris-
tics of the Varian Clinac 600C linear accelerator (USA) based on semiconductor CdTe
sensors, which along with 16-bit ADC make it possible to estimate the average measured
energy of bremsstrahlung via comparing mass attenuation coefficients in Al and Pb has
been substantiated and reduced to practice. The assessment of mass attenuation
coefficients is carried out based on measuring the average amplitudes of pulses of CdTe
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BCTYN

MeTol KOHTPOIIO SIKOCTI MPOMEHEBOI Tepanii i3 3acTo-
CYBaHHSIM NiHIMHUX NPUCKOpPIOBaYiB ENEKTPOHIB € 3abe3ne-
YEHHS cTanocTi napameTpiB obnagHaHHSA, BCTAaHOBIEHUX
nig Yac BBeAEHHS B eKcryaradito, Lo 6e3yMOBHO € KIo4o-
BUM efnleMeHTOM pafiauinHoro 3axucty nadieHTis [1]. ba-
raTopiyHUI OOCBi4 eKkcnnyaTauii Ta TexHiYHoro obcnyroBy-
BaHHA niHiMHOro npwuckoptoBada Varian Clinac 600C y
BiAAiNeHHI NpomMeHeBoi Tepanii [lep>kaBHOT yCTaHOBM «IHC-
TUTYT MeanyHoi pagionorii Ta oHkonorii im. C.IM. Mpurop’eea
HauioHanbHoOi akagemii MeguyHux Hayk YkpaiHu» 3a yMoB
LLIOAEHHOTO iIHTEHCMBHOIO HAaBaHTaXEHHS! Ha pajioTepanes-
TUYHY cucTtemy (noHag 40 nauieHTiB), BKa3ye, LLO HETOUHICTb
BiATBOPEHHS [030BOro Npodifito B Nosi ONPoMiHEHHS MOXe
OyTn 3ymMOBIieHa He TiNbKn HecTabinbHICTHO IHTEHCUBHOCTI
chopmoBaHOro NOTOKY, ane i CnekTpanbHOK HeOOHOPIAHIC-
THO eHeprii POTOHIB ranbMiBHOro BUNPOMIHIOBaHHS. 3a pa-
XYHOK 3MiHV TOBLUMHM NOMMUHAKYOro Martepiany BUPIBHIO-
umnx pinetpie (Pb, W, Fe, Al Ta iH.), 3MEHLLYOTb iIHTEHCUB-
HiCTb POTOHHOIO BUMPOMIHIOBAHHS Y HanpsiMKy reHepadii
nyyka 0O cepenHboro piBHa [2, 3]. Y pesynbraTti cnektp
chopMOBaHOro BMNPOMIHIOBaHHS (puc. 1) y GoKyci nons
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INTRODUCTION

Radiation therapy quality control with the use of linear
electron accelerators is aimed at ensuring the constancy
of the equipment parameters set during commissioning,
which is certainly a key element of radiation protection of
patients [1]. Many years of experience in operation and
maintenance of the Varian Clinac 600C linear accelera-
tor (USA) at Radiation Therapy Department of State
Organization «Grigoriev Institute for Medical Radiology
and Oncology of the National Academy of Medical Sciences
of Ukraine» under daily intensive load on the radiotherapy
system (more than 40 patients), indicates that the inaccu-
racy of reproducing the dose profile in the irradiation area
can be determined not only by the instability of the genera-
ted flow intensity, but also by spectral inhomogeneity of
bremsstrahlung photon energy. By changing the thickness
of the absorbing material of the flattening filters (Pb, W, Fe,
Al, etc.), they reduce the intensity of photon radiation in the
direction of beam generation to the average level [2, 3].
As a result, the spectrum of the generated radiation (Fig. 1)
in the focus of the field also has the highest intensity with
some average value of bremsstrahlung energy.
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TaKOX Mae HanmbinblUy iHTEHCKMBHICTb 3 OEeAKUM CepeHim
3Ha4YeHHSIM eHeprii ranbMiBHOro BUNPOMIHIOBaHHS.

[aHun cepefHin piBeHb eHeprii TakoX MOXe 3MiHto-
BaTUCb 3 4acoM ekcrnyaTauii reHepylo4doi cuctemu Ta
yepe3 HecTabinbHICTb pobOTN CUCTEMM  OXONOXKEHHS
MiLLeHi NiHINHOro MpuckoproBaya, Lo 3MyLLye onepaTuBHO
KOHTPOIIOBATW BiOXUINEHHSI CMEKTPanbHUX XapaKTepucTuk
ranbMiBHOrO BWMPOMIHIOBAHHSA Bif, BCTAHOBIIEHUX HOPM.
Y umx Bunagkax AOUINMbHO KOHTPOMOBATK HE CTifbKM cam
€eHepreTMYHUn po3nodin BMNpomiHioBaHHS (puc. 1), a came
CepefHI0 3BaXKEHY EHEPrito rarlbMiBHOTO BUNPOMiHIOBaHHS.

0.5 4

This average energy level can also change in the
course of the operating time of the generating system
and due to instability of the cooling system of the target
of the linear accelerator, forcing it to quickly control
the deviation of the spectrum characteristics of brem-
sstrahlung from the established normal range. In these
cases, it is advisable to control not so much the energy
distribution of radiation (Fig. 1), but the average mea-
sured energy of bremsstrahlung.

05+
o4 '

0349,

Photon spectrum

Helical tomotherapy
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Puc. 1. CnektpanbHuin po3nogin eHeprii oOTOHHOro BUNPOMIHIOBAHHS MiHIMHUX NpuckoptoBadiBs [3]
Fig. 1. Spectral distribution of photon radiation energy of linear accelerators [3]

HenpsMmuin KOHTPONb ChNekTpa BUMPOMIHIOBAHHA Ans
nnaHyBanbHOI CUCTEMW 3LINCHIOETLCS LUMAXOM Monepea-
HbOT OLiHKM BigCOTKOBOI MUOWHHOI [03M — po3nogin 4o3n
B3[OBX LEHTPanbHOI OCi ranbMiBHOrO BUNPOMiHIOBaHHS [4].
Lle HanawTyBaHHA 3apas 34INCHIETLCS Y pe3ynbTaTi 03u-
MeTpii y BoOHOMY cbaHTOMi, i € CKNagHO i BUCOKOBaPTICHO
npouenypol 3 BWKOPUCTAHHSAM BUCOKOTOYHWX KMiHIYHMX
posumeTpiB UNIDOS y koMnnekci 3 ioHi3auinHo kaMepoto.
Y ToW Xe vac icHyl4a y TepaneBTUYHMX NMPUCKOproBavax
noAdBiMHa TpaHCMiICiMHa iOHi3auiiHa kamepa [3, 5],
[O3BOMSE NULLE OnepaTMBHO BUMMKATM MPUCKOPIOBaY Npu
3MiHi piBHSA 3annaHOBaHOI y NnaHyBarbHil CUCTEMI eHeprii.
Tomy 00’eKTMBHY iHhOpMaLito LWoAO0 SKOCTi reHepOBaHOro
CreKkTpa ranbMiBHOMO BUMPOMIHIOBAHHSA MEOWYHOro MiHin-
HOro MpucKoproBaya MOXYTb AaTy TiNbKW crelianbHO pos-
pobrieHi AiarHOCTUYHI cucTeMmn, ki MpU3HadeHi ansa arec-
Tauii (BepudikaLii) pexxumis poboTu npuckoptoBaya, Ans
KOHTPOIto CTabinbHOCTI NapaMeTpiB BUNPOMiHIOBaHHS [6, 7].

TakMM YMHOM, BMBYEHHSI MOXITMBOCTI ONepaTMBHOIO
OLjiHIOBaHHA CTabiNbHOCTI CNEKTparbHUX XapaKTePUCTUK
CcHOpPMOBAHOrO ranbMiBHOrO BUMPOMIHIOBAHHS € [OCUTb
aKTyanbHOK HayKOBO i NPUKNaAHOo 3a4a4qeto.

MeTa po60Tun — po3pobka Ta onpobyBaHHs cneLianbHOi
[OiarHOCTMYHOI anapaTypy Ha OCHOBI HaniBMPOBIOHNKOBUX
CdTe-gatuukiB, sika 6 peanisoByBana OLiHKY CepegHboi
3Ba)KEHOI €eHeprii ranbMiBHOTO BWMPOMIHIOBAHHS Meany-
HOro npuckoptoBada 6 MeB, LLNSXOM NOPIBHAHHS MacOBUX
KoeqiLieHTiB ocnabneHHs y CBUHLLI Ta antoMmiHii.

MATEPIAJIN TA METOOU OOCNIAXEHHA

AHani3 nitepatypHux gxepen

i nocTaHoBKa npo6nemum

Y HaykoBil niTepaTypi iCHye HW3ka AOCRifKeHb LWoao
OLHKM CneKkTpanbHUX XapakTepUCTUK MiHINHUX NPUCKOPHO-
BauiB. Y poboti [8] OocnimkeHo eHepreTUYHUIn CrnekTp

Indirect control of the radiation spectrum for the
planning system is carried out by preliminary assessment
of the percentage depth dose — dose distribution along
the central axis of bremsstrahlung [4]. This setup is now
performed as a result of water phantom dosimetry, which
is a complex and costly procedure using high-precision
UNIDOS clinical dosimeters in combination with an ioniza-
tion chamber. At the same time, the existing dual accelera-
tion ionization chamber in therapeutic accelerators [3, 5]
makes it possible only to quickly turn off the accelerator
when the level of energy planned in the planning system
changes. Therefore, objective information about the quality
of generated bremsstrahlung spectrum of a medical linear
accelerator can be provided only by specially developed
diagnostic systems that are designed to certify (verify)
the modes of the accelerator to control radiation para-
meter stability [6, 7].

Thus, studying the possibility of operative assessment
of the stability of the spectrum characteristics of the
generated bremsstrahlung is a rather important scientific
and applied task.

Purpose — developing and testing special diagnostic
equipment based on semiconductor CdTe sensors, which
would implement the assessment of the average
measured energy of bremsstrahlung of the medical
accelerator 6 MeV via comparing the mass attenuation
coefficients in lead and aluminum.

MATERIALS AND METHODS

Analysis of literary sources

and problem statement
There are a number of studies in the literature dealing
with assessing the spectrum characteristics of linear
accelerators. The paper [8] is focused on studying the
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niHinHoro npuckoptoBava 6 MeB 3a gonomoroto npucTpoto
CMEKTPOCKONii KOMMTOHIBCbKOTO pPO3CiloBaHHA 3 BUWKO-
puCTaHHAM iMMNynbCHOTO AeTektopa 3 repmaHito (HPGe).
[ns TOYHOro BM3HAYeHHS CrnekTpa BWHUKAE CKMNafHICTb
y OMTUMI3aLii HanawTyBaHHA CNEKTPOMETPUYHOIO AeTek-
TOpa Ta B LiNOMY CMEKTPOMETPUYHOIO KaHary.

MeToa BMMIplOBaHHS cepefHbOi eHeprii KBaHTIB npwu-
ckoptoada JINY-30, 3acHOBaHWI Ha BUKOPUCTaHHI OeTek-
TOpIB 3 MiHIMHMMW CREKTpanbHUMK XapaKTepUCTUKaMu
BUKNageHo y pobori [9]. B poborti [10] onucanuin meton
BUMIPIOBaAHHA CcepeaHboi eHepril  KBaHTIB  ranbMiBHOMO
BMMPOMIiHIOBaHHSA NMPUCKOPHOBaya Ha OCHOBI BUKOPWCTaHHS
KOHBepTOpa, SKWM Bkroyae y cebe cuMHTUNATOp Ta
BCTAHOBIEHWI nepes HUM KOMGIHOBaHWI Luap peYoBUHM.
PeanizoBaHa cxema isnyHOro nigcymoByBaHHSA iHEOP-
Mauii, y SKi 34INCHIOETbCA peecTpauia OOHWM  CLWH-
TUNAUIMHUM [EeTEKTOPOM PO3CiSIHUX KOHBEPTOPOM KBaH-
TiB, PO3MOBCIOAXEHUX Yy MOBITPi, i CBITNOBOro cnanaxy
BiJ CUMHTUNSITOpPa KOHBEPTOpa, NepeAaHoro No BOIOKOHHO-
ONTWUYHIN NiHiT 3B’A3KY.

Y pobori [11] npoBeaeHO AiarHOCTYBaHHsSI €NEeKTPOHHUX
nyykis npuckoptoBayva JIMY-10M, JINY-30 3a cnekTpanbHo-
YaCOBUMY XapaKTepPUCTUKaMK, SKi TeHepyrTbCs rarb-
MIBHMUM BUMPOMIHIOBaHHAM y pfdianasoHi go 60 MeB.
ABTOpM BWKOPUCTOBYIOTb akTuBauiiHMn meton [12] Ta
METOA NOrNUHaKYMX INbTPIB 3 BUKOPUCTAHHAM inbTpiB
3 pi3HNX MaTepianis.

Y [13] npoBegeHO MoAerntoBaHHA npoueaypu BUMIpHO-
BaHHS eHeprii HEMOHOXPOMATUYHOIO My4yka EneKTPOHIB
METOAOM OCnabneHHs ranbMiBHOrO  BMMNPOMiHIOBaHHS
nornuHat4dmMM 6ap’epom. BrkoHaHO NOpPIBHSIHHA 3HAYEHHS
eHeprii, sKka BUMIPIOETLCA JaHUM METOOOM, i3 cepeaHbOoo
eHeprieto i eHeprielo MakCMMyMy CMeKTpa eneKTPOHHOro
nyyka. Y pocnifKeHHi Ana BUSBNEHHS cepefHbol eHeprii
OaHvi nigxig peanisyeTbCs TiMbKM Ha Nerkux matepianax,
SAKMA  noTpebye HapoLlyBaHHA TOBLUMHW MOIMHAYOI
peyvoBMHN Anst NobyaoBu rpadivHOl 3anexXHOCTi MiHIMHOro
koedpiuieHTa ocnabneHHs Big TOBLUMHWM MaTepiany, ToMy
He € onepaTMBHUM Ta HaZINHUM.

Y TOM e yac BiAOMO, IO Yy NOrfMHadvi 3 anoMiHilo y
LUMpoKoMy iHTepBani eHeprin oToHiB 50 keB<hv<15 MeB
OOMiHYE KOMNTOH-edpekT. Y nornuHadi 3i cBuHU ¢oTo-
edekT Xe € pomiHyouum go edeprii 0,5 MeB, a npu
hv>5 MeB oOCHOBHY porfb rpae npouec YTBOPEHHA nap.
[MornnHaHHA OOTOHIB 3a paxyHOK boToeeKTY y antoMiHito
OyXe marne npv 3agaHux eHeprisix rarnbMiBHOrO BUNPOMIiHIO-
BaHHA npuckoptoBaya. KoediuieHT macoBoro ocriabneHHs
ONs YCiX eneMeHTiB, 3a BUKMOYEHHSAM BOAHIO, Ma€E Pi3Kuin
Niguom y OiNsHUi HU3bKUX eHeprin, SKUA BKasye, Lo Yy Uin
OiNsHUi AOMiHYIO4MM npoLecoM B3aEMOAIT € (poToenekT-
pVvYHE MOMMWHAaHHA, a po3TallyBaHHA [aHOro niguomy
3Ha4yHO 3anexuTb Big aTOMHOro Homepa pedoBuHM [14].
B antomiHii BiH cnocTepiraeTbca npu eHeprii NpubnmsHo
20 MeB, y migi — npn 8 MeB Ta y cBuHUto — 3,4 MeB.

TakvM YMHOM, Yy 3B’A3KY 3 TAKOK Pi3HMLEI0 B 3a3Haye-
HUX edpekTax B3aemogii BUMNPOMIHIOBAHHS 3  Jerkum
marepianom — antoMiHiem (Al) Ta 3 Baxkkum — cBuHuem (Pb),
3'ABMAETHCA TEOPETUYHA MOXIUBICTb BU3HAYUTU CEPEHIO
3BaXKEHY €Heprilo ranbMiBHOTO BUMPOMIHIOBAHHS LUMISIXOM
NOPIBHSAHHA 4BOX MAcoBUX KoeqilieHTiB ocnabneHHs umx

maTepianis An /#rﬁl- Y pob6ortax [15, 16] 6yno niaTBepa-
XEHO, O KpuBa MNpPOMyCKaHHA MaTtepianisa 3 BUCOKAM
NOpsiAKOBMM HOMEPOM Z BAMBAE HA TOYHICTb BIQHOBMEHHS
crnekTtpa Ginblie, Hik 3 HU3bkMM Z. OgHak ue nuTaHHSA
HeJOCTaTHbO BUBYEHO SIK Y TEOPETUYHOMY, TaK i B npak-
TUYHOMY MnaHi. [na peanisadii gaHOro niaxogy BUHMKAE

energy spectrum of 6 MeV linear accelerator by means of
Compton scattering spectroscopy device using a pulsed
germanium detector (HPGe). To accurately determine the
spectrum, there is a difficulty in optimizing the settings
of the spectrometric detector and the spectrometric
channel as a whole.

The method of measuring the average energy of
the quanta of LIU-30 accelerator based on the use of
detectors with linear spectrum characteristics is described
in [9]. The paper [10] describes a method for measuring
the average energy of bremsstrahlung quanta of the
accelerator based on the use of a converter, which includes
a scintillator and a combined layer of matter installed
in front of it. The scheme of physical summation of infor-
mation, in which the registration of converter-scattered
quanta, spread over the air and a flash of light from
the converter scintillator transmitted over the fiber-optic
communication line, is carried out via one scintillation
detector, has been implemented.

In [11], the electron beams of LIU-10M and LIU-30
accelerators were diagnosed by spectral-temporal
characteristics generated by bremsstrahlung in the
range up to 60 MeV. The authors use the activation
method [12] and the method of absorbing filters involving
the filters made of different materials.

In [13], the procedure for measuring the energy
of a nonmonochromatic electron beam by the method
of attenuation of bremsstrahlung by an absorption
barrier was performed. The comparison of the value of
energy measured by this method with the average
energy and the maximum energy of the electron beam
spectrum is carried out. In the paper, in order to detect
the average energy, this approach is being implemen-
ted only on light materials, which requires increasing
the thickness of the absorbent to build a graphical depen-
dence of the linear attenuation coefficient on the thick-
ness of the material, so it is not fast and reliable.

At the same time, it is known that the Compton
effect dominates in the aluminum absorber in a wide
range of photon energies of 50 keV <hv <15 MeV.
In a lead absorber, the photoeffect is dominant to the
energy of 0.5 MeV, and at hv> 5 MeV the main role is
played by the process of vapor formation. The absorp-
tion of photons due to the photoeffect in aluminum is very
small at given energies of the accelerator bremsstrah-
lung. The mass attenuation coefficient for all elements,
except hydrogen, has a sharp rise in the low-energy
region, which indicates that the dominant interaction
process in this region is photoelectric absorption, and
the location of this rise depends on the atomic number
of the substance [14]. In aluminum it is observed at
the energy of about 20 MeV, in copper at 8 MeV and
in lead — 3.4 MeV.

Thus, due to such difference in these effects of
interaction of radiation with light material — aluminum (Al)
AND with heavy one — lead (Pb), there is a theoretical
possibility to assess the average measured energy of
bremsstrahlung by comparing two mass attenuation

coefficients of these materials #4242 . In [15, 16],
it has been confirmed that the material transmission
curve with a high sequence number Z affects the
accuracy of spectrum recovery more than with a low Z.
However, this issue is insufficiently studied, both theore-
tically and practically. To implement this approach, there
is an urgent need to have special diagnostic equipment
designed in accordance with the spectral-temporal
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Ta6nuus 1. TeopeTnyHa 3anexHicTb cepeAHbOi 3BaXXeHOI eHeprii ranbMiBHOro B1unpomiHioBaHHSA (MeB) niHinHoro npuckoptoBaya
Bifl BiAHOLLEHHs1 MacoBmx koedilieHTiB ocnabnenHs cauHuto (p=11,34 r/cm®) Ta antomiHito (p=2,70 r/cm®)
Table 1. Theoretical dependence of the average weighted braking energy (MeV) of a linear accelerator on the ratio
of the mass attenuation coefficients of lead (p = 11.34 g/cm?®) and aluminum (p = 2.70 g/cm?)

E, MeB 4 z“,::z/,rg Ho Z“ﬂfz’/rg w3
0,1 5,32 0,157 33,88
0,145 2,17 0,134 16,19
0,15 192 0,132 12,8
02 0,242 0,119 791
0,279 0,410 0,106 3,86
05 0,150 0,0839 1807
06 0,17 00774 1511
0,662 0,104 0,0743 1399
08 0,0840 0,0681 1233
1,0 0,0680 0,0612 1,111
125 0,0580 0,0550 1,054
15 0,0509 0,0500 1018
2,0 0,0448 0,0431 1,039
275 0,0420 0,0368 1,141
30 0,0413 0,0355 1163
4,0 0,0416 0,0310 1341
50 0,0424 0,0283 1498
6,0 0,0459 0,0266 1639

roctpa HeobxigHiCTb MaTu cneuianbHy AiarHOCTUYHY anapa-
TYpy, po3pobneHy 3a cnekTpanbHO-4aCoOBMMMN XapaKTepuc-
TMKaMn BWCOKOIHTEHCMBHOIO iMMYMbCHOTO ranbMiBHOIO
BMMPOMIHIOBaHHA NPUCKOPIOBaYa, Ska CrpoMOXHa BUMIPIO-
BaTW CepedHi0 3BaXKEHY EHeprilo rarnbMiBHOTO BUMPOMi-
HIOBaHHS MpUCKopioBaya.

3anexHicTb MacoBux KoeilieHTiB ocnabrneHHst Big
eHeprii ramma-BMNpPOMIHIOBaAHHA ANA Pi3HUX MaTepianis
Bigoma B niTepatypi 3 noxubkow npubnusHo 1-2%.

. - . Al
BigHOLLEHHS MAcoBUX KOeilliEHTIB OCabneHHs Ly / Hm
MOXHa BUMIPSITU 3 BENUKOK TOYHicTiO [14], a noxubka
BM3HaYeHHs eHeprii Oyae 3anexatM Big BenuMYMHK
noxiamoi du,, /dE, .

Y T1abnuui 1 npencrtaBneHi pesynsraty OUIHKWM BifHO-

WEeHHS MacoBMX KoeqilieHTiB Ly /ﬂ,ﬁl CBMHUIO Ta
anoMiHil0 And CchnekTpa ranbMiBHOTO BUMNPOMIHIOBaAHHSA
nininHoro npuckoptoBaya Varian Clinac 600C [3].

EHepreTnyHoMy AdianasoHy ranbMiBHOTO BWMPOMIHIO-
BaHHS NiHinHoro npuckoptosayasig 0,1 4o 6 MeB Bignosigae
BiJHOLLEHHS1 MacoBMX KOeiLieHTIB OCnabneHHs1 CBUHLIIO
[10 antoMiHito, AKi 3MiHIOOTbCS HeniHirnHo Big 33,8 o 1,639.
[lns cepeOHbOI 3BaXXEHOI eHeprii NiHIMHOro NnpuckoproBaya
y 0,8 MeB BigHoweHHA MacoBux KoediuieHTiB Mae
cknagaty 6nusbko 1,233 ansa gaHux matepianis.

Ane Ha npakTuui iCTOTHMUM [Kepenom MoxXubok npu
BM3HAYEHHi CcepeaHbOl 3BaXKeHOl eHepril ranbMiBHOMO

BUNPOMIHIOBAHHS 3@ 1? / MOXe CTaTu HeoCTaTHBO
XOpoLla «reoMeTpisi» eKCNepuMEeHTY, NPy SKOMY Y AaTynk
MOXe MOTpannAaTM YacThHA PO3CISHOrO BUNPOMIHIOBaHHS.
o6 3mMeHWNTM MOXMMBICTL MOro nonagaHHs HeobxigHo
abo BMKOPUCTOBYBATW MO MOXINMBOCTI BY3bKMWA MYy4OK
ranbMiBHOro BUMPOMIHIOBAHHS, (Neped AaTYMKOM BUKO-
puctoByBaTM Konimatop), abo BMKOPMUCTOBYBaTWM AaTyMK
mManux posmipis. [pu Benukin TOBLUMHI LWapy nornuHaya,

characteristics of high-intensity pulsed bremsstrahlung
of the accelerator which is able to measure the average
measured energy of accelerator bremsstrahlung.

The dependence of the mass attenuation coefficients
on gamma radiation energy for different materials is
known in the literature with an error of about 1-2%.

The ratio of mass attenuation coefficients £ / Hy can be
measured with a great accuracy [14], while the error in
determining the energy will depend on the value of the
derivative du,/dE, .

Table 1 represents the outcomes of assessing the ra-

tio of the mass coefficients m /ﬂrﬁl of lead and aluminum
for the bremsstrahlung spectrum of the Varian Clinac 600C
linear accelerator (USA) [3].

The energy range of bremsstrahlung of the linear
accelerator from 0.1 to 6 MeV corresponds to the ra-
tio of the mass attenuation coefficients of lead to alumi-
num, which varies nonlinearly from 33.8 to 1.639. For the
average measured energy of the linear accelerator
of 0.8 MeV, the ratio of the mass coefficients should
be about 1.233 for these materials.

However, in effect, a significant source of errors in
determining the average measured energy of bremsstrah-

lung 2 /i’ can be the experiment «geometry» which
is not quite good, in which the sensor can get part of
the scattered radiation. To reduce the possibility of its
impact, it is necessary to either use as narrow beam
of bremsstrahlung as possible (use a collimator before
the sensor), or use a small sensor. With a large thickness
of the absorber layer, due to repeated scattering of
radiation, soft radiation occurs. This scattered radiation
can enter the sensor even with good collimation.
That is why the thickness of the absorber layer should
not exceed the average free path length of bremsstrah-
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3a paxyHoK 6araTtopa3oBOro po3CitoBaHHA BUMPOMIHIO-
BaHHA, BMHMKAE M’sike BUMNPOMiHIOBaHHA. Lle po3scisHe
BMMPOMIHIOBaAHHA MOXe NOTPannsaTu y AaTyuK HaBiTb Mpu
Xopouwlin konimadii. ToMy TOBLiMHA wWapy NornuHava He
MOBMHHA MEepeBWLLYBaTW CeEPedHI0 [AOBXMWHY BiNlbHOroO
npobiry ranbMiBHOTO BUMPOMIHIOBAHHS (MakcMMarnbHa

ToBWwMHa Ans Pb popiBHioe 2 cm, ana Al — 13,8 cm).
3 METOK YCYHEHHsI BMAMBY PO3CISHUX KBaHTIB, MOrMUHadi
3 anoMmiHito i cBMHUK Bynu 3pobneHi uuniHapu4Hoi cop-
Mu ToBLUMHO 1,3 cm (Bara Al nornmuHava 770, Pb — 954 1),
(po3mipom

SKi - NOBHiCTIO  HakpuBatoTb  CdTe-gatumk
5 x 5 x 2 mm) 3 ycix 6okiB (puc. 2).

lung (maximum thickness for Pb is 2 cm, for Al — 13.8 cm).
In order to eliminate the influence of scattered quanta,
absorbers made of aluminum and lead were made
cylindrical with the thickness of 1.3 cm (the weight of Al
absorber — 770 g, Pb — 954 g), which completely cover
the CdTe sensor (5 x 5 x 2 mm) on all sides (Fig. 2).

Puc. 2. leomeTpisi ekcnepuMMeHTY nif Yac BU3HAYEHHS1 cCepeaHbOI 3BaXEHOI eHEpril raribMiBHOrO BUMPOMiHIOBaHHS
niHiHOrO NpuckoptoBaya (CBMHLEBWIA MOMMUHaY)
Fig. 2. Geometry of the experiment in determining the weighted average braking energy of a linear accelerator (lead absorber)

[atunk Gyno posTalioBaHO y MOIMMWHA4Yi Ha BigCTaHi
O[HOTO CaHTMMETPY Big MOro noBepxHi. Ha BigMiHHICTb
Bi4 3acTocoBaHmx Yy poboti [10] pgaTtumkiB (36ipka
cumHtunarop — ®EM) CdTe-patumk mae mani rabaputu
Ta Bary, LWMPOKUA OUHAMIYHMIA [Oiana3oH BUMIpOBaINbHMX
eHepriin, Ginbl BMCOKMI KBAaHTOBUWM BUXI4 Ta HagilHICTb
po6otu. Kpim Toro BiH Mae GinbLuy pagiauiiHOK CTilKICTb
Ta Kpally €eHepreTMyHy po3ginbHy 3gaTtHictb [17-22].
Ha BigMiHHICTb BiOg gaTyMKkiB Ha OCHOBI CLUMHTUNATOPIB
CdTe-gaTuuk 3aiicHIOE NpsIMEe NEPETBOPEHHST eHepril ranb-
MiBHOFO BMMPOMIHIOBAHHS Yy €NEKTPUYHUI CUrHan 3 ypaxy-
BaHHAM eHeprii POTOHIB rarbMiBHOrO BUMPOMIHIOBaHHS.

Y ekcnepumMeHTi peecTpaLlis cepeaHbOi 3BaXKeHOT eHeprii
ranbMiBHOrO BUMPOMIHIOBAHHSA MiHIMHOrO MpUCKOpoBaya
3[iicHIOBanach anapatHo-NporpaMHUM KOMMIEKCOM BUMi-
ptoBaHHst ITM (Bepcis 4.4.1.2) B OCHOBi SKOTO € KOM't0-
TEPHWIA BUMIpIOBanbHUA Npynag — enekTPOHHWUIA 6ok, SKni
BKIMOYAE YoTupMKaHanbHum 16-pospsaHun AL, mikpo-
KOHTpoRep, iHTepdenc CnonyyYeHHs 3 Komm'totepom (puc. 3).
[lo enekTpoHHOro 6roky Yepes nigcunoBad nig'eqHyeTbCA
CdTe-gatuuk, SKMiA Npauoe B iMMyNbCHOMY PEXUMI.

[Ona TOYHOrO BUMIPHOBAHHA aMnaiTyan OKPEMOro
iMMynbCy ranbMiBHOIO BUMPOMIHIOBaHHSA OyB BKITHOYEHWUN

The sensor was located in the absorber at a distance
of one centimeter from its surface. Unlike the sensors
(scintillator-FEP) used in [10], the CdTe sensor has a small
size and weight, a wide dynamic range of measuring
energies, a higher quantum yield and reliability. In addition,
it has greater radiation resistance and better energy
separating power [17-22]. Unlike sensors based scin-
tillators, CdTe sensor directly converts bremsstrahlung
energy into an electrical signal, taking into account the
energy of bremsstrahlung photons.

In the experiment, the registration of the average
measured bremsstrahlung of the linear accelerator was
carried out by the hardware-software complex of ITM
measurement (version 4.4.1.2) based on a computer
measuring device — an electronic unit that includes a four-
channel 16-bit ADC, microcontroller, interface of connec-
tion with a computer (Fig. 3). CdTe sensors operating in
pulse mode are connected to the electronic unit
via intensifier.

A peak detector was included to accurately measure
the amplitude of a single bremsstrahlung pulse. In the pulse
scheme of involving the CdTe sensor with a peak detector,
the rate from bremsstrahlung will be determined by the
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IMITy TECHIH PeXUM
pulse mode 1

|
| - . .
| CdTe MICHIIOBAY MKOBUU AL S EOM
| intensifier ACTEKTOP | ADC computer
: Al (Pb) peak detector |
|
' |
: |

Puc. 3. ®yHkuioHanbHa cxema [iarHOCTUYHOT YCTaHOBKU AOCNIOAXKEHHS CNEeKTpanbHNX XapaKTepUCTUK NpuckopioBaya
Fig. 3. Functional diagram of the diagnostic installation for the study of the spectral characteristics of the accelerator

nikosun pgetektop. [lpu iMNYNbCHI CxeMi BKMAOYEHHSA
CdTe-gatunka 3 nikoBMM [OETEKTOPOM LUBMAKICTb Mivou
Bi ranbMiBHOro BWNPOMiHIOBaHHA ©Oyae BuU3HavaTucs
amnniTyg4oto iMnynbey, ToAai nig yac sukopuctaHHa Al Ta Pb
MornuHadiB, MOXIMBO 3anuncaTtui BUpas:

AmAI '/IAI

=

A Pb  Pb

m (1)
ae AN (A ) — awnnityga imnynbcy (y BiOHOGHMX
oouHuusax ALIM) 3 antomiHieBMM normvHayemM BU3HAYEHOI
TOBLUMHM (r/cm®) Ta CBUHLEBUM BiANOBIAHO.

CniBBigHOLWIEHHS 3HaYeHb y,ff/ﬂ,f,' BM3Hayanocb 3a
BIOHOLIEHHAM CepefHiX 3HadYeHb amnniTyg iMnynbcis

Al Pb o . .
A, /A,,, 3a BM3HAYEHMI MPOMDKOK Yacy. TOYHICTb BU-
3Ha4YeHHs1 cepeaHbOl 3BaXKEHOI eHepril ranbMiBHOro BUNPO-
MIHIOBaHHS  NIHINHOrO  MpUCKOptoBada, 3anexitb  Big
noxmbkn 3actocoBaHoro 16-po3psigHoro ALIM (0,06%) Ta

. . . r
BpaxyBaHHsi pisHuLi Baru nornuHadie K, = TA/ =0,807 .
Pb

CyTb BUW3HAYeHHA CepedHbOl  3BaXeHOoi  eHeprii
rarbMiBHOrO BUMNPOMIHIOBAHHA MiHINHOrO MpUcKoproBaya
nondrae y peanisauii Bupasy:

/J:f //'InA;I = (AmAI/Ame) X Knonp (2)

Takum ynmHOM, 3anpornoHoBaHWW Nigxia nondrae y no-
CnigoBHOMY BUMIPIOBaHHI cepeAHbol aMnniTyau iMnynbCis
3 antoMiHieBUM Ta CBUHLEBUM MNOrMUHa4YeM Ta nogarnbLuo-
MY MOPIBHSAHHI OTPMMaHOro CMiBBIAHOLIEHHSA 3 ICHYHYOH
3anexHicTio  MacoBuxX koedilieHTiB ocrnabneHHs Big
eHeprii BUNpOMiHIOBaHHs1 (Tabn. 1).

PE3YNbTATU TA IX OBFOBOPEHHS

ExkcnepumeHTanbHa oOuiHKa cepeaHboi  3BaXKEHOI
€eHeprii  ranbMiBHOTO BUMNPOMIHIOBAHHS  MpUCKoptoBada
npoBoaunachk y BioAiNeHHi pagiauifnHol OHKONOrIT IHCTUTYTY
Ha niHinHomy npuckoptoBadi Varian Clinac 600C Ha BigcTaHi
100 cm 3 nnowweto nonst 20 x 20 cm. Ha puc. 4 Ta 5 HaBeaeHi
dopmMK iMNYnbCiB, 3apeeCTPOBaHUX MIKOBUM OETEKTOPOM
npotarom 10 ceKkyHO BMMIpIOBaHHS  3arponoHOBaHUM
anapaTHo-nporpamHumM Komnsnekcom npu 400 MOHITOPHMX
oaMHUUSX (NOTYXHICTb Ao3u 4 [p/xB).

CepefiHe 3Ha4YeHHs aMmnniTyau cknano 6nuaeko 15777
Ta 9500 BigHOCHMX oguHuub AL 3 antomiHieBum Ta 3i
CBMHLIEBMM MornuHa4yem BignosigHo. BigHoweHHa maco-
BUX KoediuieHTiB ocnabneHHs — 1,340, wo Bignosigae
CepeaHin  3BaxeHin eHeprii ranbMiBHOrO BUMPOMIHIO-
BaHHA y 0,72 MeB (puc. 6) Ta BigpisHATbCA Ha 12,5% Big
BCTAHOBIIEHOIO 3HAYeHHs1 Nia 4Yac BBEAEHHS NiHIMHOro
npuckoptoBaya B ekcrnyartaLlito.

LLInsaxom 3miHM po3TaluyBaHHsI AaT4uKa BOOBX pagiarnb-
HOI OCi PO3NOBCIOMKEHHS raribMiBHOIO BUMPOMIHIOBAHHSA Y

amplitude of the pulse, then when using Al and Pb
absorbers, it is possible to write the expression:

AmAI _lu:/ _ Ame _/JZb

(1
where A_* (A_P?) — pulse amplitude (in relative ADC units)
with an aluminum absorber of certain thickness (g/cm?)
and lead, respectively.

The ratio of values #?/u was determined by the
ratio of the average values of the pulse amplitudes

AY/AP for a certain period of time. The accuracy
of determining the average measured energy of
bremsstrahlung of the linear accelerator depends on
the error of the applied 16-bit ADC (0.06%) and the

r
difference in weight of the absorbers K,,,, = FiAI =0,807 .
Pb
The essence of determining the average measured
energy of bremsstrahlung of the linear accelerator
consists in implementing the expression:

w1 = (AL AL )5 Koy 2)

Thus, the suggested approach is to sequentially
measure the average pulse amplitude with aluminum
and lead absorber and then compare the obtained rela-
tionship with the existing dependence of the mass
attenuation coefficients on the radiation energy (Table 1).

RESULTS AND DISCUSSION

Experimental evaluation of the average measured
energy of bremsstrahlung of the accelerator was performed
by means of the Varian Clinac 600C linear accelerator (USA)
at Radiation Oncology Department of the Institute at
a distance of 100 cm with a field area of 20x20 cm. Figures 4
and 5 show the forms of pulses registered by the peak
detector during 10 seconds of measurement by the
proposed hardware and software complex at 400 monitor
units (dose rate 4 Gy/min.)

The average amplitude values were about 15777 and
9500 relative units of ADC with aluminum and lead
absorber, respectively. The ratio of mass attenuation coeffi-
cients was 1.340, which corresponds to the average
measured energy of bremsstrahlung of 0.72 MeV (Fig. 6)
and differs by 12.5% from the set value during the
commissioning of the linear accelerator.

By changing the location of the sensor along the radial
axis of spreading bremsstrahlung within the formed field
(20x20 cm), we obtained the dependence of the average
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CepeaHd aMIINTYIa IMIVIECIB
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Puc. 4. CepeaHsi amnnityga 3apeectpoBaHux imnynbscis CdTe-gatymMkom 3 antoMiHiEBUM NOrnvHadYemM

(A AM=15777 BigHocHnx oguHuub ALIM)

Fig. 4. The average amplitude of the registered CdTe pulses by a sensor with an aluminum absorber

(A A'=15777 relative units of ADC)
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Puc. 5. CepegHs amnnityga 3apeectpoBaHux imnynbcis CdTe-gaTunkom 3i CBUHLEBUM NOrMUHAYEM
(A ?° =9500 BigHOCHMX oanHMLE ALLM)
Fig. 5. The average amplitude of the registered CdTe pulses by the sensor with a lead absorber
(A * = 9500 relative units of ADC)

‘_I\J
[¥,]

M2

1,5

Average measured energy
cepeaHsi 3BaxkeHa eHepris, MeB

[
|
|
[

1,340

BiJTHOIICHHA BAroBiX Koedimientis =2
B

Weiaht coefficient ratio

791 386 1,807 1,511 1,399 1,233 1,111 1,054 1,018 1,039
B

Puc. 6. 3anexHicTb cepeaHbOI 3BaXKeHOI eHeprii ranbMiBHOro BUNPOMIHIOBaHHS

Bif BiJHOLLEHHS1 MacoBUX koediLieHTiB ocnabneHHst

Fig. 6. Dependence of the average weighted energy of bremsstrahlung on the ratio of mass attenuation coefficients
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mexax ccpopmoBaHoro nons (20 x 20 cm) Hamu oTpUMaHa
3anexHicTb cepeaHbOi 3BaXXeHOI eHeprii Big paaiycy (puc. 7).
OTpvMaHWii BaXXnMBUI NapameTp, SKUA BNNMBaE Ha eHep-
reTUYHUI CnekTp cOpMOBaHOro MOns ranbMiBHOMO BU-
NMPOMIHIOBaAHHA NiHIMHOMO MnpucKoptoBada — Le cepeaHs
eHeprig Ak yHKUIA pagiycy Bif UeHTpanbHOI Oci BUMNpO-
MiHIOBaHHSA. [laHa 3anexHicTb HeoOXigHa Anst OLUiHKK
edeKkTy «3rnagKyBaHHA» CreKkTpa ranbMiBHOrO BUMPOMI-
HIOBAHHS iICHYHOYMM QPiNETPOM.

measured energy on the radius (Fig. 7). The obtained
important parameter that affects the energy spectrum
of the generated field of bremsstrahlung of the linear
accelerator is the average energy as a function of the
radius from the central axis of radiation. This dependence
is necessary to assess the effect of «smoothing» the
spectrum of bremsstrahlung by an existing filter.

Average radial energy

0,8 . .
CepenHs paiiajibHa €HEpris
0,7 4
—_ \\ |
A% 06 - \
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2 %05
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[CRNT) \
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Puc. 7. 3anexHicTb cepeaHbOi 3BaXeHOi eHeprii Bi4 BiACTaHi BiA LeHTparnbHOi OCi Nons ranbMiBHOrO BUNPOMIHIOBAHHS
Fig.7. Dependence of the average weighted energy on the distance from the central axis of the field of bremsstrahlung

3 MeTolo Binbll onepaTMBHOI OUHKM CheKTpanbHUX
XapakTepUCTWK MiHIMHOTO MpUCKOplOBa4a, BPaxOBYHOYM
ocobnMBOCTI pagianbHOro posnoginy (puc. 7), a Takox
iCHytodi  BiNbHI  kaHanu ALI, MoOXnuBO ofHOYacHO
BMKOPWUCTOBYBaTWU 3anpoOnoHOBaHi LUMMAIHAPWUYHI NornunHavi
0e3 3MEeHLUEeHHsI TOYHOCTi BMMIpIOBaHHS CepeaHbOl
3BaXKeHOI eHeprii raribMiBHOro BUNPOMIHIOBaHHS.

TakMMm 4YMHOM, €eKCrnepuMEHTanbHO NiATBEPOKEHUN
niaxig 4O OUiHKM cepefHbOoi 3BaXXeHOI eHeprii ranbMiBHOMO
BMNPOMIiHIOBaHHS MiHIMHOTO NpucKoploBaya, Akuii 6asyeTb-
Csl Ha 3anexHocTi ocnabneHHss BUNPOMIHIOBAHHS LLUApPOM
nornunHaya Big, eHeprii BUNPOMIHIOBaHHS.

BUCHOBKHU

1. OTpymaHa TeopeTnyHa 3anexHiCTb CepeaHbol 3Ba-
XKEHOI eHeprii ranbMiBHOrO BUMPOMIHIOBAHHS NiHINHOIO
npuckopioBaya Bif, BIOHOLWIEHHS MacoBWX KoediLieHTIB
ocrnabneHHs CBMHLIO Ta antomiHito. EHepreTuyHomy giana-
30Hy Big 0,1 go 6 MeB BignoBigae BigHOLEHHST MacoOBMX
Koe@ilieHTIB ocnabreHHst CBMHLIO [0 anioMiHilo  sike
3MiHIOETbCA HenininHo Big 33,8 oo 1,639. [Ina cepeaHboi
3BaXKEHOI eHeprii niHinHoro npuckoptosaya y 0,8 MeB Bia-
HOLLEHHS MacoBux KoediuieHTiB ckrnagae 6numabko 1,23
4N gaHux matepianie.

2. OGrpyHTOBaHa Ta MPaKTWYHO pearizoBaHa cnewi-
anbHa fdiarHocTuyHa anapaTtypa peecTpauii cnekTpanb-
HUX XapaKTepucTuK TiHIMHOro npuckoptoBada Varian
Clinac 600C (CLUA) Ha oOCHOBi HaniBNpoOBIgHUKOBUX
CdTe-paTtumkiB, ski cymicHo 3 16-pospsgHum AL,
[03BOMSATE OLUHUTU CEepPefHI0 3BaXEHY €Heprilo ranb-
MIBHOTO BMMPOMIHIOBaHHS, LUMSXOM MOPIBHAHHA MacoBMX

In order to more quickly assess the spectrum charac-
teristics of the linear accelerator, taking into account the
peculiarities of the radial distribution (Fig. 7), as well as
existing free ADC channels, it is possible to use the
suggested cylindrical absorbers without reducing the
accuracy of measuring the average measured energy
of bremsstrahlung.

Thus, the approach to estimate the average measured
energy of bremsstrahlung of the linear accelerator,
based on the dependence of attenuation of radiation by
the absorber layer on the radiation energy, has been
experimentally confirmed.

CONCLUSIONS

1. The theoretical dependence of the average measu-
red energy of bremsstrahlung of the linear accelerator
on the ratio of the mass attenuation coefficients of lead
and aluminum has been obtained. The energy range from
0.1 to 6 MeV corresponds to the ratio of the mass attenu-
ation coefficients of lead to aluminum, which varies
nonlinearly from 33.8 to 1.639. For average measured
energy of the linear accelerator of 0.8 MeV, the ratio of
mass coefficients is about 1.23 for these materials.

2. The special diagnostic equipment for recording the
spectrum characteristics of the Varian Clinac 600C linear
accelerator (USA) based on semiconductor CdTe sensors,
which along with 16-bit ADC make it possible to estimate
the average measured energy of bremsstrahlung via
comparing mass attenuation coefficients in Al and Pb, has
been substantiated and reduced to practice. The assess-
ment of mass attenuation coefficients is carried out
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koedpiuieHTiB ocnabneHHs y Al Ta Pb. OuiHka macoBux
KoeqiLieHTiB ocnabneHHs 3aiNCHI0OETLCST HAa OCHOBI BUMI-
plOBaHHs cepefHix amnnityg imnynecis CdTe-gatywkis,
npauoYmnx y iMnynsCHOMY pexumi. AHania nokasas, Lo
iCTOTHUM [XEeperiomMm MoXMbOoK Npu BU3HAYEHHI cepeaHboi
3BaXXEHOI eHeprii ranbMiBHOrO BUMPOMIHIOBaHHS MOXe
cTaTu HegoCTaTHbO XOpoLla «reOMETPIS» EKCNIEPUMEHTY,
npu SKOMY Yy AaTyvMK MOXe MOTpanfisTy YacTMHa po3cis-
HOro BWMPOMIHIOBAHHS. [ns 3MEHLIEHHS M’SKOro pos-
CiSIHOrO BUNPOMIHIOBAHHA MOrfMHaYi 3 antoMiHit0 i CBUHLIIO
Oynu 3pobneHi uuniHapu4HOI hopmMMm.

3. AGBcontoTHa noxmbka (BigHOCHO BCTAHOBIEHOIO 3Ha-
YeHHs nig 4Yac BBEAEHHs B eKcnnyarauito niHiHoro
npuckoploBaya) BU3HaYeHOI cepenHbOi 3BaXKeHOi eHeprii
ranbMiBHOrO BUMPOMIHIOBaHHst He nepesuwye 12,5%
(0,72 MeB), wo Bignosigae BiOHOWEHHIO MacoBUX
KoeqiuieHTiB ocnabnerHs — 1,340.

4. AHani3 oTpuMaHOi 3aneXHOCTi po3noainy cepeaHbol
3BaXKEHOI eHeprii BAOBX LEeHTparibHOI OCi Nons ranbMiBHOMoO
BUMPOMIHIOBAHHS A€ MOXMMBICTb OUiHIOBaTU eqeKT
«3rnajxyBaHHA» CNeKTpa ranbMiBHOTO BMMNPOMiHIOBaHHS
iCHYHOUMM  DINBTPOM Ta OZHOYACHO BMKOPUCTOBYBATU
3anpornoHoBaHi LMNIHAPWYHI NOrnuHadi 6e3 3MeHLLeHHSsI
TOYHOCTI BMMIpIHOBaHHS CepedHbOl 3BaXKEHOI eHepril ranb-
MIBHOMO BWMMPOMIHIOBaHHS. Lle BigKpuBae LUMPOKI MOXnn-
BOCTi 3actocyBaHHA CdTe-gaTumkiB [Ans  CTBOPEHHS
0iarHOCTUYHUX cCUCTEM NIHIMHOrO MpuUCKoptoBavya Meauny-
HOro MPU3HAYEHHS.
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based on measurement of average amplitudes of pulses
of CdTe of the sensors operating in a pulse mode.
The analysis has shown that a significant source of
errors in determining the average measured energy

of

bremsstrahlung can be the experiment «geometry»

which is not quite good, in which the sensor can get
part of the scattered radiation. Aluminum and lead
absorbers were made in a cylindrical shape to reduce
soft scattered radiation.

3. The absolute error (towards the set value during

the commissioning of the linear accelerator) of the speci-
fied average measured energy of bremsstrahlung is up
to 12.5% (0.72 MeV), corresponding to the ratio of mass
attenuation coefficients — 1.340.

4. The analysis of the obtained dependence of the

average measured energy distribution along the central
axis of the bremsstrahlung field makes it possible to
assess the effect of «smoothing» the bremsstrahlung
spectrum by the existing filter and simultaneously use
the suggested cylindrical absorbers without reducing
the accuracy of measuring the average bremsstrahlung
energy. This offers the potential for the use of CDTe
sensors to create diagnostic systems for linear accelera-
tors for medical purposes.
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Prospects for further research

Prospects for further research consist in improving the hardware
of the diagnostic complex by using all four ADC channels.
The complex is able to detect the percentage contribution of
different ranges of bremsstrahlung energies of the medical accele-
rator by means of different levels of ADC discrimination.
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PE3IOME

AxTyanbHicTb. [udepeHuiioBaHuin pak wwmtonoaioHoi 3anosu (OPLU3) € Hanbinbl
MOLLUMPEHOID MYXITMHOK EHAOKPUHHOT cucTeMu. Moro po3noBCIOmKEHICTh KONMBaETLCS Y
mexax 1,0 — 2,2% Big ycix 3nosikicHux HoBoyTBopeHb. CTaH4apTHa TakTuKa cneuianbHoro
nikysaHHa OPLLU3 cknagaeTbca 3 NOCMiQOBHOMO 3acCTOCYBaHHS XipypriYHOro BTPYYaHHs,
pagioHyknigHoi Tepanii i ropmoHoTepanii (I'T). TeopeTU4HO KOXHa naHka NikyBanbHOro
npotecy Moxe 6yTu iHiLiaTopoM NosiBU B MabyTHEOMY HeEGaXKaHUX COMaTUYHMX HacniakiB
nikyBaHHS, BUBYEHHS SIKUX MOXeE CNPUSITY TX 3anobiraHHio Ta KopekLii.

MeTa po60Tu — OLiHUTU MOXNUBI BiAAaneHi HeratuBHi edpekTy nikysaHHs APL3 y Burnsai
naronorin cevoBmainbHoi cuctemu (CBC) Ha nigcTaBi KaTaMHECTUYHWUX JaHUX TPUBaNoro
CMOCTEPEXEHHSI 3 BUKOPUCTAHHAM Cy4acHWUX iHPOPMaLiNnHMX TEXHOMOTIN.

Matepianu Ta metoaum. MigcTaBoio Ans NpoBeAEHHST AOCHIMKEHHS Oynu KaTamMHECTUY-
Hi AaHi 157 @isnuHmMx ocib, ski npoxoaunu kombiHoBaHe nikyBaHHs OPLL3 y kniHiui
iHcTUTYTY 3 1993 no 2015 poku y NoBHOMY 06cA3i Ta perynsipHi CKpUMHIHIOBI OBCTEXEHHS
nicna noro 3aBeplueHHs. Ba3a gaHux, cdopmoBaHa AnA NPOBEAEHHSI AOCHIMXEHHS,
MicTUNa y MakcumarnbHO [OCTyMHOMY o06csi3i UMdpoBaHi MacuBM KaTaMHECTUYHUX
OaHux nanepoBux iCcTopii XxBopobu npo nepebir Ta Hacnigku 3axBOPIOBaHHS NaLieHTIB
i3 mepiogoM crnocTepexeHHsi, Wo nepesullyBaB 1 pik nicna cneuianbHOro nNikyBaHHS.
KinbkicTb noriyHnx 3anucie npo BigaaneHi Hacniakv y cpopmMoBaHin 6asi gaHux ctaHoBuna
463 oaMHUUI — OAMH 3anuc Ha OAMH BWA BigganeHoro Hacnigky KoxHoro 3 157 nauieHTis.
CratuctuyHy obpobKy AaHUX NMPOBOAMMM 3@ ABOMa HanpsiMKamu: MOPIBHSHHS 4acToTu
3ycTpivanbHocTi natonorin CBC go noyaTky nikyBaHHS Ta Ha BigdaneHux TepMiHax nicns
cneuianbHOro nikyBaHHS 1 BUSIBMIEHHS )akTopiB CTaTUCTUYHO 3HAYYLLOro BNAUBY Ha NOsiIBY
nartonorin CBC cepea xapakTepuUcTuK nikyBaHHs. [ns BUCYHEHHs rinoTe3 Ta ix nepesipku
BukopuctoByBanu naketn WizWhy (kateropis Data Mining) Ta nakeT nporpam 3aranbHoro
npusHadeHHs STATISTICA.

PesynbraTM Ta iX OOroBOpeHHA. AHamia [OCTynHUX [pkepen nitepatypu npo-
OEMOHCTPYBaB, Lo iCHye nuwe obmexeHa KinbkicTb pobiT, npuceaveHux ctaHy CBC
y xBopux Ha [PLL3. lpoTe komnnekcHWM aHani3 BigganeHux HacnigkiB nikyBaHHs
TaKMX NauiEHTIB BUSIBUB CYTTEBE CTAaTUCTUYHO 3HaYyLle NiABULLEHHS PiBHS 3axXBOpIOBaHb
opraHis CBC y nepiog 3,75—4,8 poku nicns cneuianbHOro nikyeaHHs. [lokasaHo, wWo
3aranbHa kinbkictb natonorin CBC 36inbwwunacs B 2,04 pa3n no BiOHOLIEHHIO [0
3axBoptoBaHocTi CBC nepeg nmoyaTkoMm creuianbHoOro nikyBaHHs. BikoBOi 3aneXHocCTi
Ui BiAMIHHOCTI He Manu: MefiaHa BiKy MauieHTiB 4O nikyBaHHs — 51 pik, nicns HbOro —
50 pokie. [JonaTtkoBo Gyno 3'sicoBaHO, O OcobnuBOi yBarM 3 ornsigy Ha BUHUKHEHHS
cevokaM’siHOi  XBOpPOOW nOTpebytoTb MNauieHT, B sKMX Ha (OHi ropmoHoTepanii
crnocTepiraloTbCa  eni3ogn AekoMneHcauii nicnsonepauiiHoro rinotupeo3dy Ha  oHi
npunomy o3mn L-TMpokcuHy, Wwo He nepesuilyBana 2,5 MKr/Kr.
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ABSTRACT

Background. Differentiated thyroid cancer (DTC) is the most common endocrine tumour.
Its prevalence varies from 1.0% to 2.2% of all malignant neoplasms. The standard
strategy of special treatment of DTC consists of surgery, radionuclide therapy and
hormone therapy being sequentially applied. Theoretically, each component of the
treatment process can cause adverse somatic consequences in future, the study of
which can help to prevent and correct them.

Purpose — to evaluate possible long-term effects of the treatment of differentiated
thyroid cancer in the form of the urinary system (US) pathologies on the basis of
follow-up data of long-term observation using sophisticated information technologies.
Materials and methods. The study was based on follow-up data of 157 individuals
who were undergoing combination treatment of DTC at the Institute clinic from 1993
to 2015, received it in full and underwent regular screening examinations after treatment.
The database created for the study contained, as much as possible, digitized arrays
of follow-up data of paper case-records on the disease and its consequences in patients
with a follow-up period exceeding 1 year after special treatment. The number of logical
records of long-term consequences in the generated database was 463 units — one record
for one type of long-term consequences of each of 157 patients. Statistical processing
of data was carried out in two ways: comparing the incidence of US pathologies before
treatment and at a long time after special treatment and identifying factors of statistically
significant influence on the occurrence of US pathologies among the treatment
peculiarities. WizWhy packages (Data Mining category) and the general purpose
software package STATISTICA were used to make hypotheses and test them.

Results and discussion. The analysis of the available references has shown that there
is only a limited number of papers dealing with the US status of DTC patients. However,
a comprehensive analysis of the long-term consequences of treatment of DTC patients
revealed a statistically significant increase of US disease cases within the period
of 3.75 — 4.8 years after special treatment. It was shown that the total number of US
pathologies was 2.04 times higher in comparison with US incidence before the oncet
of special treatment. These differences did not depend on age: the median for age
of patients before treatment was 51 years, after treatment — 50 years. Additionally,
it has been found that patients with or without episodes of postoperative hypothyroidism
decompensation with a dose of L-thyroxine not exceeding 2.5 pg/kg need special
attention due to the occurrence of urolithiasis.

The obtained dependences are quite predictable, since, firstly, it is known that thyroid
hormones affect kidney development and physiology, and secondly, the major percent
of ' in radioiodine therapy is excreted with the urine and deposited in the bladder,
that can result in a radio-induced carcinogenic effect.

Conclusions. Special treatment of DTC increases US pathologies more than twice.
The term of post-treatment pathologies is 2.5 (3.75 — 4.8) years. Patients who have
episodes of postoperative hypothyroidism during hormone therapy with a dose of
L-thyroxine not exceeding 2.5 pg / kg represent the high-risk group.

Vasyliev LYa, Radzishevska YeB, Savchenko AS, Kulinich HV, Solodovnikova OO. Assessing the influence of
special treatment of differentiated thyroid cancer on the urinary system long-term effects. Ukrainian journal of radiology
and oncology. 2021;29(3):22-30. DOI: https://doi.org/10.46879/ukroj.3.2021.22-30

3B’A30K po60TK 3 HAyKOBMMM NporpaMamm,

nnaHamu i Temamm

Ctatta € hparMeHTOM MMaHOBOI HayKOBO-4OCMIAHOI
po6otu [depxaBHOi yCTaHOBU «|HCTUTYT MeaunyHOI pagio-

Relationship with academic programs,
plans and themes

The paper is a fragment of the planned research
project «To evaluate risks of late oncological and somato-
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norii Ta oHkonorii im. C.M. Mpurop’eBa HauioHanbHOI aka-
nemii MmeguyHnx Hayk YkpaiHuy» «OUiHUTU pU3MKM NOsiBY
BifdaneHnx OHKOMOrMYHMX | COMaTOHEBPONOriYHUX Ha-
CnigKiB mnikyBaHHS paKy LUMTOBUAHOI 3ano3u ans obrpyH-
TYBaHHS KIiHIKO-METOAOMOrYHOro cynpoBogy creLianbHoi
Tepanii». Homep pepxaBHoi peecTpauii: 0118U001713,
npuknagHa, Tepmid BukoHaHHs: 01.01.2019 — 31.12.2021.
HaykoBuin KepiBHUK — FONOBHUI Nikap, KaHAUAAT MeAUYHUX
Hayk Bacunbes J1.4.

BCTYN

3rigHo 3i CBITOBOK CTaATUCTWKOW, AudbepeHuinoBaHuin
pak wuTonoAibHoi 3anosu (OPLL3) € HanbinbLw nowmpeHoo
NYXMUHOK EHAOKPUHHOI cucTemMu. Moro poanoscromke-
HIiCTb KonuBaeTbes y Mexax 1,0-2,2% Big ycix 3nosikicHnx
HoBOyTBOpPEeHb. KinbKiCTb yneplue BWUSIBMEHWX BUNaAKiB
3pOCTae MpPOTArOM OCTaHHIX TPbOX AECATUNiITb Ha BCiX
KOHTUHeHTax, Buknovarum Adpuky. OCTaHHE, MOXIUBO,
NoB’A3aHO 3 HeOCTaTHIM CTyNEeHeM BUSIBNIEHHS AaHOI naTo-
norii Ha i TepeHax. AndepeHuiiosanni PLL3 BBaxaeTbes
MATUM 33 NOLUMPEHICTIO 3aXBOPIOBaHHAM Ha pak Yy XiHOK,
a 'y feskux kpaiHax (Hanpuknag, ITanii) € HanbinbwWw YyacTum
pakoMm Yy XiHOK Bikom go 45 pokis. Jluwe y Aekinbkox
niBHiYHUX KpaiHax (Hopseriq, LLBeuis) piBeHb 3axBopioBa-
HocTi Ha [PLU3 nocTynoBo 3HMXKYETbCA | CTaHOBUTL
6nusbko 3,0 Bunagkis Ha 100 Tuc. xuTtenis [1].

Bigomo, Wo crtaHgapTHa TakTMKa cneuianbHOro mniky-
BaHHA [PLL3 cknapaetbca 3 NOCMNiQOBHOMO 3aCTOCYBaHHSA
XipypriyHOro BTpyYaHHsi, papioHyknigHoi Tepanii (PHT) i
ropmoHoTepanii. TeopeTuyHo, KOXHa naHka nikyBanbHOro
npouecy moxe Oyt iHiLiaTopom nosiBu B ManbyTHLOMY
HebaxkaHMX COMaTUYHUX HacnigkiB nikyBaHHs [2—4], cepen
SKUX HaWbinbll TMNOBMMM € Hacnigkm 3 BGOKy cepueBo-
CcyavHHoI cuctemun [5-8], xiHouoi ctatesoi cdepu [9, 10],
OMnopHoO-pyxoBoi  cuctemn [11-13], e€HAOKPUHHOI cucTe-
mu [14], opraHis 3opy [15,16].

3 nikyBanbHOI METOI BMKOPUCTOBYHOTb pajioakTuB-
Hun 3!l 3 nepiogom HaniBpo3nagy 8,05 fi6. *'l € amiwaHum
OeTa- Ta raMMa-BUNPOMIHIOBaYeM, WO [O03BOMSE NigBECTU
BENvKy pasoBy A03y BMNPOMIHIOBAHHA [0 MNaTOMNoriYHoro
ocepeaky 6e3 MOLIKOMKEHHA HaBKONULLHIX CTPYKTYp [17].
PapgioaktuBHui i3oton noagy-131 Hakonuuyetbcs, nepe-
BaXHO, Yy WmMTONOoAioHIn 3anosi (LL3) abo meTtactasax paky
uboro opraHa. KiHeTvka nornmHaHHs 3!l wmTonoaibHow
3ano3ot0 (o4O BBEOEHOI KiMbKOCTI) CTaHOBUTL, B cepef-
HbOMY, 2 roanHn — 14%, 4 rognHn — 19%, 24 roanHn — 27%.
Mpotarom pobwn 6nu3bko 60% npenapaTy BWBOAUTLCH
HUpKaMK i 4Yepes KULIEYHWK. 3HaYeHHS BEerUYMH Hakomu-
YEHHs | LWBWMAKOCTI BMBEAEHHSA npenapaty 3 oOpraHis
i TKaHWH 3anexartb Big MeTaboniamy HeopraHiyHoro
nopy-131 i TMPEOIAHNX FTOPMOHIB Yy HKX, 0B’EMY 3anuLLKO-
BOi TkaHuHu L3, dpyHkuioHansHoro crany L3, HasBHOCTI
mMertacTasiB, BiKy i cTaTi nmauieHta. Bigomo, wo nob6iyHi
edbekTn papioHyknigHOI Tepanii 3anexartb, Hacamnepen,
Big (i3MKO-XiMIYHMX XapaKTepuCTMK pagiodapmnpena-
paTy Ta A03u OnpoMmiHeHHsA. B pisHi poku B nitepatypi
JocrigHMKamMn ONMcaHO paHHi YCKNagHEHHsA pagionopo-
Tepanii (PT) Taki, Ak 3aranbHnii iIHTOKCUKALIAHWIA CUHAPOM,
cianoageHiT, racTpuT, KiCTKOBOMO3KOBa Aenpecisi (remaTtono-
riYHiyCKnagHeHHA—aHeMiq, NenKoneHis, TPoMOoUUTONEHiIS),
LUMCTMT, NYNbMOHIT, AMCMEHOpPEes, ameHopes, acnepMoreHis,
HabpsIK roNOBHOMO Ta CMMHHOIO MO3KY, FrinonapaTnpeos.

MMi3Hi 1 BigaaneHi (ki po3smHynucsa vepes 100 i Ginb-
we Ai6) edekTn pagionogoTepanii BUBYEHI HEAOCTATHBO,

neurological effects of the treatment of thyroid cancer for
the substantiation of clinical and methodological support
of special therapy», performed at State Organization
«Grigoriev Institute for Medical Radiology and Oncology
of the National Academy of Medical Sciences of Ukraine».
State registration No: 0118U001713, applied, period for
performance: 01.01.2019 — 31.12.2021. Led by Chief
Physician, Candidate of Medical Sciences, L.Ya. Vasyliev.

INTRODUCTION

According to world statistics, differentiated thyroid
cancer (DTC) is the most common endocrine tumor.
Its prevalence varies from 1.0% to 2.2% of all malignant
neoplasms. The number of new cases has been rising
over the past three decades on all continents except Africa.
The latter may be due to the insufficient degree of
detection of this pathology in its territory. DTC is considered
to be the fifth most common cancer in women, and,
in some countries (such as ltaly), DTC is the most
common cancer in women aged less than 45 years. Only in
a few northern countries (Norway, Sweden), DTC
incidence is gradually declining and is about 3.0 cases
per 100 thousand inhabitants [1].

The standard strategy of special treatment of DTC is
known to consist of surgery, radionuclide therapy (RNT) and
hormone therapy being sequentially applied. Theoretically,
each component of the treatment process can cause
adverse somatic consequences in future [2—4], among
which the most typical ones affect the cardio-vascular
system [5, 8], female genital area [9, 10], musculoskeletal
system [11, 13], endocrine system [14], visual organs [15, 16].

Radioactive *'| with a half-life of 8.05 days is used for
therapeutic purposes. ™'l is a mixed beta and gamma
emitter that makes it possible to apply a large single dose
of radiation on the pathological focus without damaging
the surrounding structures [17]. The radioactive isotope
iodine-131 accumulates mainly in the thyroid gland or
thyroid cancer metastases. The absorption kinetics of
iodine-131 by the thyroid gland (relative to the administered
amount) is, on average, in 2 hours — 14%, in 4 hours — 19%,
in 24 hours — 27%. During the day about 60% of the drug
is excreted by the kidneys and intestines. The values of
accumulation and rate of excretion of the drug from organs
and tissues depend on the metabolism of inorganic
iodine-131 and thyroid hormones in them, the volume
of residual thyroid tissue, functional status of the thyroid
gland, the presence of metastases, age and sex of the
patient. It is known that the side effects of radioactive iodine
therapy depend primarily on the physicochemical properties
of the radiopharmaceutical and the radiation dose. Over the
years, early RIT (radioiodine therapy) complications such
as general intoxication syndrome, sialadenitis, gastritis,
bone marrow depression (hematological complications like
anemia, leukopenia, thrombocytopenia), cystitis, pulmo-
nitis, dysmenorrhea, dysmenorrhea, amenorrhea, aspermo-
genesis, cerebral and spinal cord swelling, hypoparathyroi-
dism were being described by researchers in literature.

Late and long-term effects (developed in 100 days or
more) of radioiodine therapy have not been studied enough,
however there are data regarding radiation salivary gland
fibrosis, radiation pulmonary fibrosis, leukemia, hepato-
cellular carcinoma, salivary gland cancer, breast cancer
occurring in patients.
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npoTe HaKoMUYeHO AaHi MPO BUHMKHEHHS Yy XBOPMX Npo-
MeHeBoro ibpo3sy CnmHHMX 3ano3, npoMeHeBoro ibposy
nereHb, NENKO3iB, renaToLentonapHOro paky, paky CrMHHUX
3arnos, paky rpygHoi 3anosu.

Ha doHi akTMBHOro 0GroBOpPEHHsI OnMcaHWX BULLE
yCKagHeHb icHye oOMexeHa KinbkicTb pobiT, MpucBAYeHnX
cTaHy cevoBuginsHoi cuctemn (CBC) y xBopux Ha OPLL3.

Hanpuknaa, pesynstatv pgocnigkeHHs [18] wogo
YHKUIT HUPOK Y TakuX NauieHTiB NPOAEMOHCTPYBanu 3HU-
KEHHs 3aranbHoi yHKLii HUpok nicna PUT. 3Mminn Bus-
BMITUCA MOMIpHO cTabinbHOro xapakrepy i Oynu noe’s3aHi
SK 3 riNOTUPEO30M, Tak i 3 pagiauinHum bakTopom.

Po6oTty [19] npnucBAYEHO BMBYEHHIO LIMCTUTIB, yCKnaa-
HeHux PUT. ABTOpPU TBEPASATb, OCKIfIbKM OCHOBHUW LUASX
knipeHcy ¥l npoxoauTb Yepes HUPKU Ta CEYOBUIA MiXyp,
HaKOMMYEHHA Cedi, fka MICTUTb pagionon, MNOTEeHUiINMHO
MOX€e CMPUYMHUTU 3anarneHHs B LLbOMY OpraHi.

OpHak pesynbratv Halwux [OoChigXeHb, OTPUMaHUX
nig Yyac BUKOHAHHS HaykoBO-4OCNiAHOI poboTn «OuiHWTK
pV3UKN MOSBU BiaAaneHux OHKOSOriYHMX i COMaTOHEeBpO-
NOriYHNX HacnigkiB nikyBaHHS paky WMTOMOAIGHOT 3anosu
ONnsi oGrpyHTYBaHHS KIiHIKO-METOAO0MOrYHOIo CynpoBoay
creujanbHOI Tepanii» cBigYaTb MNPO AOCUTb  BiAYYTHY
YacToTy 3yCTpivanbHOCTI Liel naTonorii.

[ocnigXeHHs OUiHKM  PU3NKYy COMAaTOHEBPOSIONYHUX
HacnigkiB (OPCH) rpyHTyeTbCA Ha BUKOPUCTaHHI TEXHOMOTT
Data Mining Ta ctaTMCTMYHOro aHarnisy no BiAHOLUEHHO
0O UMdppoBaHMX MacuBIiB KaTaMHECTU4YHOI iHopmauil
nanepoBux iCTOpii XBOpPOOW AONs BUSBMEHHSA paHiwe
HEBIJOMWX HETPMBIANBHUX AaHWUX, AOCTYMHUX i NPaKTUYHO
KOPUCHUX, HEOBXIOHMX ANSA NPUAHATTS pilleHb Y MeanUMHI.

[epxaBHa yctaHoBa «lHCTUTYT MeawuHol pagionorii
Ta oHkonorii iM. C.MN. Mpurop’eBa HauioHanbHoOi akagemii
MeanYHUX Hayk YKpaiHu» € ofdHieto 3 NpoBigHNX B YKpaiHi
3 nikyBaHHA naTonorii wwuTonodibHoi 3ano3n i mMae B
CBOEMY PO3MNOPSAIKEHHI BEMMKMIA apXiB nanepoBux icTopin
XBOpobwu, sKi iHOekcyBanuca y cnyx0osin 6asi gaHux,
nounHatroum 3 1992 p. daktnyHo, gocnimkeHHss OPCH 6yno
CNpsiMOBaHe Ha BUSIBMIEHHS MPUXOBaHUX 3HaHb 3 iCTOPIN
xBopobu nauieHTiB 3 OPLU3 i3 BUMKOPUCTAHHAM Cy4acHMX
iHdbopMaUiiHMX TexHOMori, a poboTa, Lo MPOMNOHYETLCS,
€ (hparMeHTOM LibOro AOCHimKeHHS 3 ornsagy Ha ctaH CBC.

MeTa po6oTK — OUIHUTU MOXNUBI BigaaneHi edekTn
nikyBanHsa OPLW3 y surnsaai natonoriv CBC Ha nigcTasi
KaTaMHECTUYHMX [aHWX TPUBANoOro CrNOCTEPEXEHHSA 3
BUKOPUCTAHHAM CydacHUX iHpOpMaLinHUX TEXHOSOTIN.

MATEPIANIX TA METOAU OOCHNIAXEHHA

MigcTraBoto Ans NpoBeAeHHs AochiaxXeHHs Oynu kaTtam-
HeCTUYHi gaHi 157 isnyHux ocib, ski npoxoamnm Komoi-
HoBaHe nikyBaHHA OPLU3 y kninidi iHcTuTyTy 3 1993 no
2015 poku, oTpumanu 1oro y noBHomy obcssi Ta Gpanu
yyacTb Yy PEerynspHuUX CKPUHIHIOBUX OOCTEXEHHsIX nicns
3aBEpLUEHHSI NiKyBaHHS.

basa paHux, ccopmoBaHa Ansi NpoBeAEHHs Aocnia-
»eHHst OPCH, micTuna Taki xapakTepuCTUKN XBOPUX: CTaTb
XBOPOro, MOro Bik HA MOMEHT BCTaHOBMEHHS AiarHo3y i Ha
MOMEHT MOsABWU BigganeHux Hacnigkis, cTafis OCHOBHOIO
3aXBOPIOBAHHS, FCTONOrMYHA CTPYKTYpa NyXJIMHWU, CYMyTHI
3axBOPOBaHHSA, LUKIOMBI 3BUYKKM, CNAOKOBICTb, AaHi NiHEKO-
noriyHoro aHamHesy, xapaktepuctuka PUT Ta ropmoHo-
Tepanii Ha Bcix etanax nicnst PUT oo octaHHboro MOMEHTY
cnoctepexeHHsl (cynpecuBHa (CI'T), 3amicHa (3IT)), cTy-
niHb KOMMeHcaLii nicnsionepawiiHoro rinoTMpeo3y (KOMNeH-

In the setting of active discussion of the complications
described above, there is a limited number of papers
dealing with the state of the urinary system (SUS) in DTC
patients. For example, the results of the study [18] on
renal function in DTC patients showed a decrease in
overall renal function after RIT. The changes were
moderately steady and were associated with both hypo-
thyroidism and radiation.

The paper [19] is devoted to studying cystitis as a RIT
complication. The authors suggest that because the major
clearance pathway of 131l is through the kidneys and
bladder, the accumulation of radioiodine-containing urine
can potentially cause inflammation in this organ.

However, the results of our research, obtained within
the scope of the research work «To evaluate risks of late
oncological and somato-neurological effects of the treat-
ment of thyroid cancer for the substantiation of clinical
and methodological support of special therapy», indicate
significant frequency of this pathology.

Studying the assessment of somatic neurological
consequence risk is based on using Data Mining techno-
logy and statistical analysis in relation to digitized arrays
of follow-up information on paper case records to identify
previously unknown non-trivial «raw data», available and
practically useful for decision-making in medicine.

State Organization «Grigoriev Institute for Medical
Radiology and Oncology of the National Academy of
Medical Sciences of Ukraine» is one of the leading insti-
tutions in Ukraine specializing in the treatment thyroid
pathologies and has a large archive of paper case records,
which have been indexing in the official database since
1992. In fact, studying the assessment of somatic neuro-
logical consequence risk was aimed at uncovering hidden
knowledge in the case records of DTC by means of
modern information technology, and the paper is a fragment
of studying the urinary system status.

Purpose — to evaluate possible long-term effects of
the treatment of differentiated thyroid cancer in the form
of the urinary system (US) pathologies on the basis of
follow-up data of long-term observation using sophisticated
information technologies.

MATERIALS AND METHODS

The study was based on follow-up data of 157 indivi-
duals who were undergoing combination treatment of
DTC at the Institute clinic from 1993 to 2015, received
it in full and underwent regular screening examinations
after treatment.

The database formed for studying the assessment
of somatic neurological consequence risk contained the
following patient data: sex, his age at the time of diagnosis
and at the time of distant consequences, stage of the
underlying disease, histological structure of the tumor,
comorbidities, bad habits, heredity, gynecological history,
detailed characteristics of RIT, characteristics of hormone
therapy at all stages after RIT until the last moment of
observation (hormone-suppressive therapy (HST), hormone-
replacement therapy (HRT)), the degree of compensation
of postoperative hypothyroidism (compensated, uncom-
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coBaHui, HekomneHcoBaHui (HIM)). CTyniHb komneHcauii
OLliHIOBanN® Ha nigctaBi AWMHaMIKW NMOKa3HWKIB TMPEOoTpOon-
Horo ropMoHy (TTI) i 03K TUPOKCKHY.

3a reHaepHO 03HaKoo rpyna cknaganacs 3 27 4yono-
BikiB (17,2%) Ta 130 iHok (82,8%) Bikom 13 — 76 pokis
(vepiaHa — 48 pokiB). Crapgii 3axBoploBaHHA XxapakTe-
pu3yBanucs Takum ynHom: T1bNOMO — 62 (39,5%) ocobu,
T2NOMO - 57 (36,3%), T1-3NO-1aM0 — 24 (15,3%),
T1-4N0-1a,6M0 — 14 (9%) nauieHTiB.

lcTtonoriyHo y 126 (80,3%) oci6 6yno giarHoctoBaHO
naninapHui pak i y 25 (16%) — conikynapHui, 6 nauieH-
TiB (3,7%) — naninapHo-onikynapHUiA pak. IHBasilo B
kancyny L3 6yno BusieneHo y 38 nauieHTiB (24,2%).

Y nopanbliomy BUKNageHi BUOGIPKOBI XapaKTepUCTUKM
nogatoTeca y Burmagi Me (LQ; UQ), ne Me — megiaHa,
LQ — HmxHg kBapTinb, UQ — BepxHs KBapTinb.

CymapHa nikyBanbHa akTUBHICTb npenapaty 'l B
pocnigkysanbeHin rpyni ctaHosuna 4440 (3050; 7400) MBk
i3 KinbkicTio kypciB 4 (2; 6), 3aranbHOK TPUBAnICTIO
20 (7; 55) wmic., TpuBanicTio Mmix kypcamu 6(5; 6) wmic.
Tpusanicte 3I'T crtaHoBuna 10 (1; 16,5) mic. npu Aoa3i
ropmoHy Ha 1 kr macwu Tina 2,6 (1,25; 3) MKr/kr i piBHEM
TTr 1,66 (1,47; 2,1) MMO/n. Tpusanicte CI'T cTtaHoBuna
6,7 (2; 14) mic. npu po3i ropMoHy Ha 1 kr macu Tina
2,5 (2,04; 2,34) mkr/kr i piHem TTTI" 0,29 (0,15; 0,5) MMO/n.
Tpusanicte HIN ctaHoBuna 10,3 (3,3; 14,5) mic. npu Ao3i
ropmoHy Ha 1 kr macu Tina 2,34 (1,9; 2,9) Mkr/kr i piBHEM
TTI 25,8 (16,19; 33,2) MMO/n.

KinbkicTb noriyHmMx 3anucis npo BigganeHi Hacnigku
y cdopmoBaHii 6asi gaHux ctaHoBuna 463 oguHuui —
OOMH 3anvc Ha OavH BWUZA BiO4aneHoro Hacriky KOXXHOro
3i 157 naujieHTiB.

CratuctnyHy obpobKy AaHUX JOCNISKEHHS NPOBOAUNN
3a ABOMa HanpsiMKaMu: MOPIBHSHHS 4acToOTW 3ycTpiyarb-
HocTi natonorin CBC go novyatky nikyBaHHA Ta Ha Bigaane-
HUX TepMiHax nicns NpoBefeHOoro cnewjianbHOro NikyBaHHA
M BUABMEHHSA (DaAKTOPIB CTATUCTUYHO 3HAYYLLOro BMMMBY
Ha nosey natonorin CBC cepen xapakTepucTuk nikyBaHHs.

[na BUCYHEHHs1 rinoTe3 Ta X NepeBipkM BUKOPUCTO-
ByBanu naketn WizWhy (kateropis Data Mining) Ta naket
nporpam 3aranbHoro npusHadeHHs STATISTICA (License
Number: 139-956-866). 3actocoByBanu HenapameT-
pyYHi MeToau — KpuTepin «xi» — kBagpart [ipcoHa (KXIT)
i kpuTepin ManHa—YiTHi (KMY)

PE3YNbTATU TA IX OBFOBOPEHHS

Matonorii CBC, wo BMBYanucs y AOCRIAXEHHI, Knacu-
dikyBanu 3a HanpsMkamu: 3ananbHi 3axsBoptoBaHHA (33),
ceyokaMm’'siHa xBopoba (CKX) Ta kicta Hupkn (KH). Yactotu
iX NosiBM AK CynyTHIX MaTonorin Ha nodvatky niKyBaHHS
craHoBunu: 33 — 39 Bunagkie, CKX — 13 Bunagkis,
KH — 3 Bunagku. [licna npoBedeHHs cnedianb-
HOro NikyBaHHS 3aranbHa Kinekicte natonorin CBC 36inbLwum-
nacs B 2,04 pasu.

3okpema, 3aranbHa KinbkicTb Bunagkis 33 nigBuLLm-
nacs Ha 28 Ta gocsarna pisHa 14,5 npotu 8,4% Ha noyatky
nikyBaHHa (KX, p=0,0001). Kinekicte Bunagkis CKX
3pocna Ha 15 Ta pocarna piBHa 6,1 npotn 2,8% Ha
novatky nikysaHHa (KX, p < 0,01). KinbkicTb Bunagkis
KH 36inbwunaca Ha 9, T106TO nNigBuwmnaca 3 0,7
0o 2,6 % (KX, p < 0,01). ¥ 2 nauieHTiB BUABUNN XPO-
HiYHY HUPKOBY HedoCTaTHICTb (puc. 1).

BikoBoi 3anexHocCTi BUABMEHI pO3BiKHOCTI He Manw,
nepeBaxHa OGinbliCTb NauieHTiB A0 MiKyBaHHS Ta mnicng
Hboro Gynu Bikom Big 46 go 55 pokiB, megiaHa 51 pik,

pensated (UH)). The degree of compensation was
assessed on the basis of the changes of measures of
thyroid-stimulating hormone (TSH) and thyroxine dose.

The group consisted of 27 men (17.2%) and 130 women
(82.8%) aged 13 — 76 years (median — 48 years). Stages
of the disease were characterized as follows: T1bNOMO 62
(39.5%), T2NOMO 57 (36.3%), T1-3NO-1aM0 24 (15.3%);
T1-4 NO-1a, bM0-14 (9%) patients.

Histologically, 126 (80.3%) patients were diagnosed
with papillary cancer and 25 patients (16%) with follicular
cancer, and 6 patients (3.7%) with papillary follicular
cancer. Invasion of the thyroid capsule was detected in
38 patients (24.2%).

Further, the sample characteristics are presented in
the form of Me (LQ; UQ), where Me is the median, LQ is
the lower quartile, and UQ is the upper quartile.

The total therapeutic activity of 131l in the study group
was 4440 (3050; 7400) MBq with the number of courses
4 (2; 6), the total duration of 20 (7; 55) months, the duration
between courses of 6 (5; 6) months. The duration of
HRT was 10 (1; 16.5) months at a dose of hormone
per 1 kg of body weight 2.6 (1.25; 3) pug/kg and TSH level
1.66 (1.47; 2.1) mlU/I. The duration of SHT was 6.7 (2; 14)
months at a dose of hormone per 1 kg of body weight
2.5(2.04;2.34)ug/kgandaTSHIevel 0f0.29 (0.15;0.5) mIU/I.
The duration of hormone deficiency (HD) was 10.3 (3.3; 14.5)
months at a dose of hormone per 1 kg of body weight
2.34(1.9; 2.9) yg/kg and TSH level 25.8 (16.19; 33.2) mIUI/I.

The number of logical records of long-term consequen-
ces in the generated database was 463 units — one record
for one type of long-term effect of each of 157 patients.

Statistical processing of the study data was carried out
in two ways: comparing the incidence of US pathologies
before treatment and at a long time after special treatment
and identifying factors of statistically significant influence
on the occurrence of US pathologies among the treatment
characteristics.

WizWhy packages (Data Mining category) and the
general purpose software package STATISTICA (License
Number: 139-956-866) were used to make hypotheses
and test them. Nonparametric methods were used
such as Pearson’s chi-square test and the Mann-Whitney
test (MWT).

RESULTS AND DISCUSSION

The urinary system pathologies under study were classi-
fied into the following areas: inflammatory diseases (ID),
urolithiasis and renal cysts (RC). The frequencies of
appearance of those as concomitant pathologies at the
beginning of treatment were: ID — 39 cases, urolithiasis —
13 cases, RC — 3 cases. After special treatment, the total
number of urolithiasis pathologies was 2.04 times increased.

In particular, the total number of ID cases increased by
28 cases and reached the level of 14.5% vs 8.4% at the
beginning of treatment (Pearson’s chi-square test,
p = 0.0001). The number of cases of urolithiasis increased
by 15 cases and reached the level of 6.1% vs 2.8% at the
beginning of treatment (Pearson’s chi-square test, p <0.01).
The number RC cases increased by 9 cases and increased
from 0.7% to 2.6% (Pearson’s chi-square test, p <0.01).
Two patients developed chronic renal failure (Fig. 1).

There were no age-related differences, the vast majority
of patients before and after treatment belonged to the
age range from 46 to 55 years, the median age of patients
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y rpyni xBopux nicng nikysaHHA — 50 pokiB. MepgianbHe
3Ha4YeHHs TepMiHy nosiIBU MicnamnikyBanbHUX MaTomnorin
CBC craHoBwuno 2,5 poku 3 IP = 3,75 — 4,8 poku.

CratuctnyHo 3Hauvywi BigmiHHocTi (KMY, p=0,0141)
MK XapaKTepucTMkammn npoBeAeHOro MiKkyBaHHS Yy MauieH-
TiB 3 NaTonoriel cev4oBuAiNbLHOI cnuctemn Ta 6e3 Hei Byrno
BMSIBMEHO MO BigHoLWweHH0 Ao CKX 3a xapaktepuctukamu
[o3u L-tupokcuHy Ha tni HI™ (puc. 2).

before treatment was 51 years, in the group of patients
after treatment — 50 years. The medial value of the term of
appearance of post-treatment US pathologies was 2.5 years
with interquartile range IR = 3.75 — 4.8 years.

Statistically significant differences (MWT, p = 0.0141)
between the features of the treating patients with urinary
system pathology and without it were revealed in relation
to urolithiasis according to characteristics of the dose of
L-thyroxine on the background of HD (Figure 2).

W [0 AikyBaHHA MicAs AikyBaHHA
Before treatment After treatment
14,5%
16,0% .
//J
6,1%
2,8% 2,6%
0,7% '
33 {p<0,01} CHX (p<0,01) KH (p=0,01}

Puc. 1. MopiBHanbHI giarpamu kinebkocTi natonorii CBC fo noyatky nikyBaHHSA Ta nicnsi NpoBeAeHHs cnewianbHoro NikyBaHHSA
Fig. 1. Comparative diagrams of the number of US pathologies before treatment and after special treatment
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Pwuc. 2. [lo3a ropmoHiB Ha 1 kr Barv y nauieHTis i3 HI™ nig yac ropmoHoTepanii
Fig. 2. The dose of hormones per 1 kg of body weight in patients with HD during hormone therapy

Ak moxHa 6aunTh, y nauieHTiB i3 CKX 3Ha4eHHs 0o3un
L-TpokcnHy cTtaHoBuno 2,3 (1,7-2,4) MKr/kr, y nauieHTiB
6e3 natonorii — 3,6 (2,6—4,3) MKr/Kr.

36inbLueHHs YacToTu ycknagHeHs 3 6oky CBC y xBopux
Ha OPLL3 Ha BigmaneHux TepMiHax nicns npoBedeHOoro
creujianbHOro nikyBaHHA € A0BOMi NPOrHO30BaHUM, OCKiflbKU
BiJOMUM € haKT, L0 BNANB TUPEOIAHNX FOPMOHIB Ha HUPKK

As was obvious, in patients with urolithiasis, the dose
of L-thyroxine was 2.3 (1.7-2.4) pg/kg, in patients without
pathology — 3.6 (2.6—4.3) pg/kg.

The increase in the incidence of US complications
in patients with long-term DTC after special treatment is
quite predictable, since thyroid hormones are known to
affect the kidneys and thus provide regulation of electro-
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3abe3neuye perynauito enekTporniTHOro obMmiHy i NigTPUMKY
CYOVHHOTO TOHYCY, LU0 B KiHLLEBOMY MiACYMKY NPU3BOAUTL 0
36inbLUEHHS LIBUAKOCTi KDOBOTOKY, LUBUAKOCTI KIy6OYKOBOI
dinetpadii (LWK®) i giypesy. MNpu rinotupeosi B HuMpkax
BioOyBalTbCA 3HayHi yHKUiOHANbHI 3MiHW: MOPYLUEHHS
npoueciB ekckpeLii i peabcopbuii, 3MmiHa CyaUHHOTO TOHYCY,
CYNPOBOMKYHOTLCS 3HVKEHHAM LLKD i uBnakocTi HMpKoBoro
KPOBOTOKY. HasiBHi BiZOMOCTi Npo B3aEMO3B’s130K (pyHKL,iO-
HanbHOro CTaHy LUMTOMNOAIOHOI 3ano3u, 3okpema ii rinep-
dbyHKUii, | poBOTU HMPOK MOKW Lie He [alTb LINKOBUTOrO
YSBMEHHSA LWOoAO0 MNPOrHo3y YyHKUiOHanbHOI aKTUBHOCTI
CEYOBUINbHOI CUCTEMM B YMOBaX TPUBANOro TMPEOTOKCH-
kody. [laHi nitepatypu npo 4acToTy, XapakTep MopyLUEHb
YHKUIT HAPOK Yy XBOPUX 3 TUPEOTOKCMKO30M HEUYUCIIEHHI
1 cynepeynuei, BUBYEHI HEOOCTATHLO.

Kpim Toro, BinoMum € dakT BnnvBy PUT Ha opranu
CEeYOBUAINbHOI cUcTeMU. Tak, piBEHb 3aXBOPIOBaHb Ha pak
CEYOBOro Mixypa, 3a NMPOrHO3HWMMK pO3paxyHKamu, MoXxe
3pocTaTtui B 6 pasiB, y MOPIBHSHI i3 3aranbHO0 NONynsuieto,
3a paxyHOK NpuWNyLLEeHHS pagioiHOyKOBaHOro KaHuepo-
reHHoro edekty "', ocobnmMBo Npu KyMynsTUBHIA [03i
1000 mKi (37 'Bk), oTpUMaHOi 3a KOPOTKMIA MPOMIKOK Yacy.
[o Toro X, naTeHTHWIA nepiog PO3BUTKY paKky CEYOBOro
Mixypa gopisHioe 15-20 pokis [17].

TakMM YMHOM, HE MOXKHA BUKITHOYATW HEraTUBHWUIA BNNMB
KOMMOHEHTIB CreLjanbHOro nikyBaHHSA paky LMTOonoaioHoi
3ano3un Ha pyHKLUii HUPOK Ta BUHUKHEHHS natororin CBC.

[locuTb NPOrHO30BaHOK € TaKOX 3aNeXHIiCTb MK nos-
Boto CKX 1a fo30to L-TMpOKCUHY y nauieHTiB 3 enisogamu HI
nig Yac ropMoHanbHOro NiKyBaHHS: 3HMKEHHSI 0OMiIHHMX NPo-
LeciB y nauieHTiB 3 4EKOMMNEHCOBaHUM FiNOTMPEO30M NpU3-
BOOWTb [0 3aCTOH0 Cevi, Lo MoXe NpoBoKyBaTh nosiBsy CKX.

BuknageHe BuLLe [O3BONSAE KOHCTATyBaTH, LLO OOrpyH-
TOBaHWM €fleMeHTOM MIiCAANiKyBanbHOro CKPUHIHIY NauieH-
TiB, SIKi npoxoamnu cneuianbHe nikysanHa JPLU3, mae 6yTu
060B’s3koBe BcebiyHe 0OCTEXEHHSA CTaHy OpraHiB ce4oBU-
AinbHoi cuctemu. Ocobnmeoi yBaru noTpebyoTb NauieHTw,
B SIKMX YNPOAOBX ropMoHoTEpanii MaloTb MicLie enisoan Ae-
KoMMeHcauii nicnsgonepauinHoro rinoTupeosy Ha goHi npu-
NoMy 103n L-TMpOKCHHY, LLO He nepeBuLLyBana 2,5 MKI/KT.

BUCHOBKHU

CneuianbHe nikyBaHHA xBopux Ha OPLU3 npussognTtb
0o 36inbweHHa natonorin CBC 6inbl HiX yaBivi. TepMiH
BVMHWKHEHHSI  MICNAMiKyBanbHUX MaToforii  CTaHOBUTb
2,5 (3,75 4,8) poku. [pynow nigBMLLEHOrO pPU3NKY
BM3HaHI MauieHTn, y Akux nig Yac ropmoHoTepanii MarTb
Micue enisogn AekoMneHcadii nicrsonepauinHoro rinoTu-
peo3y Ha (OHi MpuinomMy [03UM L-TMPOKCKMHY, WO He
nepesuLLye 2,5 MKr/Kr.
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lyte metabolism and maintenance of vascular tone,
which ultimately leads to increased blood flow rate,
glomerular filtration rate (GFR) and diuresis. In case of
hypothyroidism, there are considerable functional changes
in the kidneys: disturbances in excretion and reabsorption
processes, vascular tone changes accompanied by
decreased GFR and speed of the renal blood flow.
The available information on the relationship between
the functional state of the thyroid gland, in particular its
hyperfunction, and renal function do not yet give a complete
idea of the prognosis of the functional activity of the
urinary system under long-term thyrotoxicosis. Literature
data on the frequency and nature of renal dysfunction
in patients with thyrotoxicosis are few and contradictory,
insufficiently studied.

In addition, it is known that RIT affects the US organs.
Thus, bladder cancer is predicted to increase 6-fold
compared to the general population, due to the supposed
radio-induced carcinogenic effect of 3'l, especially at
a cumulative dose of 1000 mCi (37 GBq) obtained in
a short period of time. The latent period of bladder cancer
is 15—-20 years [17].

Thus, the influence of special treatment components of
thyroid cancer on renal function and the occurrence of US
pathologies should not be ruled out.

The relationship between the occurrence of urolithia-
sis and the dose of L-thyroxine in patients with episodes
of HD during hormonal treatment is also quite predictable:
a decrease in metabolic processes in patients with decom-
pensated hypothyroidism leads to urinary stagnation, which
can provoke the occurrence of urolithiasis.

The foregoing allows us to state that a reasonable
element of post-treatment screening of patients who
have undergone special treatment for thyroid disease
should be a mandatory comprehensive study of the US.
Particular attention should be paid to patients with episo-
des of decompensation of postoperative hypothyroidism
associated with hormone therapy at a dose of L-thyroxine
not exceeding 2.5 pg/kg.

CONCLUSIONS

Special treatment of DTC increases US pathologies
more than twice. The term of post-treatment pathologies
is 2.5 (3.75 — 4.8) years. Patients who have episodes
of postoperative hypothyroidism during hormone therapy
with a dose of L-thyroxine not exceeding 2.5 ug/kg
represent the high-risk group.
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Prospects for further research

The conclusions presented in the paper are not final and need
further research. It is essential to continue further study and
analysis of the long-term results of combined treatment of diffe-
rentiated thyroid cancer.

It is possible to make adjustments to the standards of treatment
and post-treatment monitoring of patients with differentiated
thyroid cancer.
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PE3IOME

AkTyanbHicTb. CUHYCUTHU, SIK BEPXHbOLLENEenHi, Tak i iHWN1X nasyx, € MynstuancumnniHap-
HOl MpobnemMoto, 3 SIKOK MOCTINHO CTMKAKTLCA NiKapi-OTONapUHIONorM, CToMaTornoru,
HeBponoru, odransmonoru. IcHye Heabusika AiarHOCTUYHA LiiHHICTb aHTPONOMETPUYHNX
NnokasHWKIB BEpXHbOLLENenHnx nasyx ocib pi3Hoi cTaTti i 3pinoro Biky 3a [OMNOMOrot
KT-ckaHyBaHHs.

MeTta po60TU — BCTAHOBUTU B3AEMO3B’SI30K MiX (DOPMOIO BEPXHBLOLLENENHMX Nasyx Ta
MOXNUBUMM KOHTaKTaMWU KOPEHiB 3y6iB BepxHbollenenHoro 3ybHoro psigy (BLU3P) y
300pOBUMX YOSOBIKIB Ta XIHOK 3pinoro Biky.

Matepianu Ta ™metoamu. [oCnigXeHHs BWKOHaAHO 3a pesynbratamu OfpautoBaHHSA
102 KOHYCHO-NPOMEHEBMX KOMM'IOTEPHMX TOMOrpam 3 BapiaHTaMu HOPMU BepXHbOLLen-
neHmx nasyx (BLLIM) y oci6 3pinoro Biky y hpoHTanbHii Ta caritanbHii NpoekLii Ha KOHYCHO-
npomeHeBomy Tomorpadi Point 3D Combi 500. JocnigXeHHs HanexuTb OO KaTteropii
«onuc cepii BUNagkiB» — BUA AOCNIMKEHHS, WO BU3HAETbCA A0KA30BOK MeaWLMHOLD i
He NpeTeHAye Ha CTaTUCTUYHY 3HAYYLLICTb pe3ynbTaTis.

PesynbraTy Ta ix o6roBopeHHs. [pn po3rnsai KoMM'IoTepHUX TOMOrpaM YOroBiKiB Ta
XIHOK JocnimkyBaHoi rpynu Gyno 3'sicoBaHo BMAMB (hOpMU BEPXHBLOLLEMEMHMX Ma3yX
Ha KOHTaKT KOpEHIB 3ybiB i3 KOPTMKanbHOK MNMAacCTMHKOK Ta CINM30BOK O0BOMOHKOH
BepXHboLLenenHux nasyx. BusHayeHo wWicTb ocHoBHWMX dopm BLUIM: TpaneuieBnaHa,
KBagpaTHa, Kpyrna, oBanbHa, NPsIMOKyTHa Ta TPUKYTHa.

Y dpoHTanbHin npoekuii KMNKT HanvacTiwmin KOHTaKT 3 KOPTUKanbHO MracTuHkow BLLUMM
crnocTepiraemMo npu TPUKYTHIA Ta NpsaMoOKyTHIn cdopmi BLUIM, a came: npu npsiMOKYTHin
dopmi BLUM koHTakTye 3 15, 25-M kopeHem 3y6a y 13 ocib (56,5% Bunagkis) Ta npu
TPUKYTHIN dopmi BLLIM koHTakTye 3 15, 25-m kopeHem 3yba y 17 ocib (56,5% Bunaakis).
Y caritanbHin NpoeKLii Han4acTilMN KOHTAKT 3 KOPTUKaNbHOK MnacTuHKow niBoi BLUMM
crnocTepiraemo npu TpuKyTHIA cdopmi BLUIM, a came — nadyxa KOHTakTye 3 25-m Kope-
Hem 3yba y 38 ocib (59,4% Bunaakie). Hawpigwe y caritaneHii npoekuii KMNKT cnocre-
piraBcs KOHTaKT i3 KOpeHsiMM 3y6iB Npy kKBaapaTHI Ta kpyrnii opmi BLUIM. Mpu kBagpaTHiin
dopmi BLUM 13- Ta 14-1 kopeHi 3y6iB B3arani He KOHTaKTYTb 3 i KOpPTMKanbHON
NNacTUHKO, a 3i CrN30BO OBOMOHKOI BiCYTHIl KOHTAKT YCiX KOpeHiB 3ybiB kpiMm 16-ro,
npu Yomy nuwe y 1-i ocobu.

BucHoBku. Pe3ynstati npoBefeHUX Hamu OOCNiAXEeHb [03BOMUIN MPOCTEXWUTU HU3KY
3aKOHOMIPHOCTEN BNAMBY POPMU BEPXHLOLLENENHOI NasyXu Ha KOHTaKTyBaHHSA KOPEHIB
3y6iB i3 Heto. KoHTakT kopTukanbHoi nnactuHki BLUM HalvacTiwe crnoctepiraetbes
3 16-m Ta 26-m kopeHsimu 3y6iB, a cnm3oBoi o6omnoHku BLUM — 3 17-M Ta 27-M KOpeHsiMu
3y6iB BepXxHboOLLenenHoro 3y6Horo psigy. BectanoBneHo, wo npu 6yab-sikii hopmi nasyxu
y (PpOHTanbHIN Npoekuii He Byno BUSBNEHO >XOAHOTO KOHTaKTy KopeHiB 13-ro, 23-ro i
24-ro 3y6iB BLU3P 3i crnn3oBoto 060MOHKOK BEPXHBLOLLENENHOT Nasyxu. Y (OpOHTanbHin
npoekuii KIMKT 6yno BuABNeHo, WO HaW4acTilUM KOHTaKT 3 KOPTMKamNbHOK NNacTUHKO
BLUIM cnocTtepiraemo npu TPUKYTHIWA, TpaneuieBuaHin Ta npsAMOKyTHin dopmi BLLIM,
a HavpigLWwmn — Npy oBanbHiN, KBagpaTHin Ta kpyrniv coopmi BLLMM.

Boanocb BcTaHoBMTW, WO Yy caritanbHii npoekuii KIMKT HanyacTilwmm KOHTakT 3
KOopTuUKanbHow nnactuHkoto BLUIM cnoctepiraemo npu TpukyTHin ¢opmi BLUM, a Hawn-
piawmn — npw Kpyrmin.
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ABSTRACT

Background. Rhinosinusitis, affecting both maxillary and other sinuses, is a multi-
disciplinary issue which otolaryngologists, dentists, neurologists and ophthalmologists
are constantly dealing with. There is a remarkable diagnostic value of anthropometric
indicators of maxillary sinuses of people of different genders, using CT scan images
of mature age patients.

Purpose — establish a relationship between the shape of the maxillary sinuses and
possible contacts of the tooth roots of the maxillary dental arch in healthy mature men
and women.

Materials and methods. The study was performed based on the results of 102 CBCT
with normal maxillary sinuses variations in adults in the frontal and sagittal plane.
The examinations were performed on Point 3D Combi 500 cone-beam tomograph.
The paper belongs to the «description of case series» category whis is a type of
study recognized by evidence based medicine and does not claim statistical significance
of the results.

Results and discussion. When examining the computer tomograms of men and women
in the study group, it has been found out how the shape of the maxillary sinuses (MS)
affects the contact of the tooth roots with the cortical plate and the mucous membrane of
the maxillary sinuses. Six main shapes of the MS are defined: trapezoidal, square, round,
oval, rectangular and triangular.

In the frontal plane of CBCT, the most frequent contact with the MS cortical plate is
observed in the triangular and rectangular shape of the MS, that is: in the MS rectangular
shape it is in contact with the 15th, 25th tooth root in 13 people (56.5% of cases) and
in the triangular shape — with the 15th, 25th tooth root in 17 people (56.5% of cases).
Analyzing CBCT in the sagittal plane, the most frequent contact with the cortical plate
of the left MS is observed in the MS triangular shape, namely — the sinus is in contact
with the 25th tooth root in 38 people (59.4% of cases). In the sagittal plane of CBCT,
the contact with the tooth roots was rarely observed in the MS square and round shape.
In the MS square shape, the 13th and 14th tooth roots do not come into contact with
its cortical plate, and, with the mucous membrane, there is no contact of all the roots
of the teeth except the 16th, in 1 person only.

Conclusions. The results of the study have made it possible to trace a number of
patterns of influence of the maxillary sinus shape on the tooth roots contacting it.
The contact of the MS cortical plate is most often observed with 16th and 26th tooth roots,
while the MS mucous membrane — with 17th and 27th tooth roots of the upper jaw.
It was found that in any shape of sinus in the frontal plane, no contact of the 13th, 23rd
and 24th tooth roots of the maxillary dental arch with the mucous membrane of the
maxillary sinus was detected. In the CBCT frontal plane, it has been found that the
most frequent contact with the MS cortical plate is observed in triangular, trapezoidal and
rectangular form of the MS, and the rarest one — in oval, square and round form of MS.
The study has established that in the sagittal plane of CBCT the most frequent
contact with the MS cortical plate is observed in the MS triangular shape, and the
rarest — in the round one.

shapes and their contacts with upper jaw tooth

roots according to computer tomography. Ukrainian journal of radiology and oncology. 2021;29(3):00-00.
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BCTYN

CuHycuUTH, AK BepxHbOLUenenHi, Tak i iHWuX nasyx
(no6Hoi, pewiTyacToi, knMHonodibHoi) € MynbsTMauCUMN-
nNiHapHOtO NpobrnemMoto, 3 $IKOK MOCTIMHO CTUKaTbCS
nikapi — oTonapuHronoru, cromaTornory, iMnnaHTonoru,
HeBpornoru, odTanbmonorn. MpuynHaMu pUHOCKUHYCUTIB
MOXYTb OyTn 30ygHWKW, SKi MOTpPanmnstoTb Yy NPUHOCOBI
nasyxu pUHOTEHHVWMMW Ta OOOHTOreHHUMK wnaxamu [1, 3,
4,5,9, 10, 22, 35, 36].

BaxnuBy pomb Yy nartoreHesi CUHYCUTIB Bigirpae
OnoKyBaHHsi MPUPOOHMX OTBOPIB Masyx BHACNigoOK Habps-
Ky Cnun3oBoi OOOMOHKM, MOPYLUEHHS MYyKOLMMiapHOro Kni-
PEHCY, BWKPMBMEHHS HOCOBOI MeperopogkM Ta notpan-
NSIHHSA 30yAHUKIB Y BEPXHbOLLENENHY Nasyxy 4Yepe3 KopeHi
3y6iB BepxHboLLenenHoro 3ybHoro pagy (BLU3P) [1, 2, 4, 6,
7, 8,14, 16, 28, 32, 38].

IcHye piarHOCTMYHa  UiHHICTb  @HTPOMOMETPUYHUX
NOKa3HUKIB BEPXHbOLLENENnHUX nasyx ocib pisHoi cTari
3a pgonomorot 3o6paxeHb KT-ckaHyBaHHsi nalieHTiB
3pinoro Biky [7, 9, 10, 11, 13, 23, 29, 30, 31, 36, 37, 39].
CrtaTeBi NOKa3HWKU BidirpaloTb BaXMMBY POMb Y KNiHIYHIN
KapTUHi CUHYCUTIB.

dopma BEPXHBOLLENENHOT Nasyxu TaKoX € AyXKe BaXnu-
BO0 y NaTtoreHesi pisHOMaHITHUX NaTonoriYyHux crtaxis. 3rig-
HO 3 Cy4acHOI0 Kracuaikauieto icHytoTb Taki doopmu BLLIM:
HenpaBwrbHa, cpepuyHa, TPUKyTHa, YOTUpKKYTHa [41].

Hamu onvcaHa metoauka Ans AetanbHOro AOChigXKeH-
HA Ha 2D- ta 3D-BidyanbHUX Mogensax BepXHboLenenHoi
nasyxu. [ns uboro BMKOPWUCTOBYBanu nporpamMHe 3abes-
neveHHs DICOM Image Viewer i 6yaysanu Ha MK o6’emHy
MoZenb BepxHbollenenHoi nasyxu (BLLUM). Ha Takin mogeni
MOXHa nobauntn dopmy, po3mip i koHdirypauito BLLI
Ta BUMIpATK iT po3mipu: o6’eMHi Ta niHinHi [3, 12, 17, 21,
24, 25, 27, 30, 32, 33]. Mogeni Sk nauieHTiB 3 NpUCYTHIMK
3ybamy BepxHboLLenenHoro 3y6Horo psagy, Tak i 3 Big-
CYTHICTIO X, MOXYTb OyTW BMKOpUCTaHi ANsa AeMoHcTpauii
aHaToMiyHux BigMiHHocTen BLUIT i BigHOLWEHHST KOpeHiB
3y6iB 0o HWXKHBLOI cTiHkm BLUMM [9, 10, 15, 18, 19, 20, 26,
34, 36, 39].

HesBaxatoun Ha vucneHHi nybnikadii, gaHa TemaTtuka
€ aKkTyanbHOW, OCKINbKM BUBYEHHS MOPGOMETPUYHHUX
NOKa3HWKIB BepXHbOLLENenHNX nasyx Ta ix B3aeMO3B 30K
3 kopeHamu 3y6iB BLU3P € pyxe Baxnueow Ans nocra-
HOBKM [iarHo3y nikapem-otonapuHroniorom abo cromarto-
NoroMm Ansi nnaHyBaHHs OMNepaTUBHONO BTPYYaHHsl Ha
nasyxax Hoca, nfnaHyBaHHi Ta NpoBedeHHi AeHTanbHOI
iMnNNaHTauii, a TakoX 4ns BUPILUEHHS BipOrigHOI TaKTMKK
Be[leHHs naujieHTa.

Meta po6GoTM — BCTAaHOBUTM B3AEMO3B’A30K MiX
(POPMOI0  BEPXHLOLLENENMHNX Na3yx Ta MOXIUBUMMU
KOHTaKkTaMn KOpeHiB 3y6iB BepXHbOLLENenHoro 3yOHOro
psay (BLU3P) y 300poBux YoMoBikiB Ta >iHOK 3pinoro Biky.

MATEPIAJIU TA METOAU OOCHIAXEHHA

[ocnigpXeHHs1 BUKOHAHO 3a pesynsTatamm onpauoBaH-
HA 102 cepii KOMM'IOTEPHMX TOMOrpam nauieHTiB 3 Bapi-
aHTamn Hopmu BLUM (55 >xiHok Ta 47 4onoBiKiB) BiKOM
21-65 pokis. JaHum ocobam Oyno npoBegeHO KOHYCHO-
npomeHeBy Komm'toTepHy Tomorpacito (KIMKT) y dpon-
TanbHiW Ta cariTanbHii NPOEKUiSX 3a HanpaBneHHAM
nikapiB-oTopMHOnapuHronoris abo crtomaTonorie y 3B’s3Ky
3 nartonorieto 3y6iB BepxHbOLLENenHoro 3y6Horo psiay,
rineptpodbieto  nigHeGiHHMX Murganukie, rinepTpodieto

INTRODUCTION

Rhinosinusitis, affecting both maxillary and other sinu-
ses (frontal, ethmoidal, sphenoidal) is a multidisciplinary
issue which otolaryngologists, dentists, implant surgeons,
neurologists and ophthalmologists are constantly dealing
with. The causative agents of rhinosinusitis can be the
ones getting into the paranasal sinuses via rhinogenic
and odontogenic ways [1, 3, 4, 5, 9, 10, 22, 35, 36].

Blocking the natural sinus orifices due to mucosal edema,
mucociliary clearance disorder, deviated septum and
pathogens entering the maxillary sinus through the roots
of the maxillary dental arch are of great importance in sinu-
sitis pathogenesis [1, 2, 4, 6, 7, 8, 14, 16, 28, 32, 38].

There is a remarkable diagnostic value of anthropo-
metric indicators of maxillary sinuses of people of different
genders, using CT scan images of mature age patients [7,
9,10, 11, 13, 23, 29, 30, 31, 36, 37, 39]. The gender pecu-
liarities are essential to clinical presentation of sinusitis.

The shape of the maxillary sinus is also very important
in pathogenesis of various pathological conditions. Accor-
ding to the modern classification, the MS shapes are as
follows: irregular, spherical, triangular, quadrangular [41].

The paper is focused on describing the technique for
detailed studying the maxillary sinus on 2D and 3D visual
models. To achieve this, DICOM Image Viewer software
was used along with building a 3D model of the maxillary
sinus on a PC. The model like this makes it possible to see
the shape, size and configuration of the MS and measure
its dimensions: 3D and linear ones [3, 12, 17, 21, 24, 25, 27,
30, 32, 33]. The models of patients with teeth of the maxillary
dental arch, as well as the ones with missing teeth of the
maxillary dental arch, can be used to demonstrate the
anatomical differences of the MS and connection of the
tooth roots with the MS lower wall [9, 10, 15, 18, 19, 20, 26,
34, 36, 39].

In spite of numerous contributions, this subject area
is relevant since studying the morphometric parameters
of the maxillary sinuses and their relationship with the roots
of the teeth of the maxillary dental arch is an essential
for diagnosis made by otolaryngologist or dentist for
planning surgery on the sinuses, planning and fulfilling
dental implant procedures, as well as choosing the strategy
for patient management.

Purpose - establish a relationship between the
shape of the maxillary sinuses and possible contacts of
the roots of the maxillary dental arch in healthy mature
men and women.

MATERIALS AND METHODS

The study was performed based on the results of 102 CT
series with normal maxillary sinuses variations in adults
(55 women and 47 men) aged 21 to 65 years. The patients
underwent cone-beam computerized tomography (CBCT)
in the frontal and sagittal planes with the referral from
otorhinolaryngologists or dentists associated with maxillary
dental arch pathology, hypertrophy of palatine tonsils,
hypertrophy of the adenoid vegetations, deviated septum,
temporomandibular joint pathologies.
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afleHOIAHMX BereTauiin, BUKPUBIEHO NEPEropoaKoro Hoca,
naTosorisMn, MOB’A3aHMMM i3  CKPOHEBO-HWXXHbOLLENen-
HUM cyrno6om.

B obcrtexyBaHux nauieHTiB He Oyno naTonorin, SKi
0 BNnMBanM Ha po3Mip 4 00’eM Masyx, BOHW He mManu B
aHaMHes3i MaTonoriyHMX CTaHiB, SKi Mornyn 6 BANUHYTM Ha
CTaH nasyx (XPOHiYHi Y roCTpi PUHOCUHYCUTU, MOMINO3Hi,
kictonopibHi ytBopenHs BLLUM), 6e3 onepaTvBHMX yTpy-
YyaHb B aHaMHesi.

OOcCTexeHHs nauieHTiB BUKOHYBanM Ha KOHYCHO-
npomeHeBomy Tomorpadi Point 3D Combi 500 y «LleHTpi
MeawnyHoi 3D [HiarHoctukm» y JIbBoBI. [porpamHe 3abes-
nevyeHHs Aong Bisyanisauii — Software Xelis dental. OJaHuin
Tomorpad BXOAMUTb 40 KOMIT' OTEPHMX TOMorpadiB npemMiym-
Knacy, WO A03BONisie pobuTy AOCNIMKEHHST Ha LUenenHo-
NUUEBIN [iNgHUi 3 BUCOKMM pPIBHEM pPO3pPi3HIOBAIbHOT
3partHocTi Ta 6ynyBatn 3D-mopeni cTpykTyp, siKi HEOOXiaHi
Ons onucy nauieHTiB.

[ocnigXeHHs HanexuTb A0 KaTteropii «onuc cepii Bu-
nagkiey — BWA AOCNIAXEHHS, O BM3HAETbCS [J0OKa30BOH
MEAVLMHOK i HEe MpEeTEeHAYE Ha CTaTUCTUYHY 3HauYYLLiCTb
pesyneraTiB. Ha Bubipkax Takoro obcsry kputepin CTblo-
neHTa—diwepa He 3aCTOCOBYETLCS.

PE3YNIbTATU TA IX OBFOBOPEHHS

Mpn po3rnsai KOMM'IOTEPHUX TOMOrpamM 4OroBikiB Ta
XIHOK JgocnigkyBaHoi rpynu 6yno 3'scoBaHo BnvMB hopmu
BepxHboLuenenHux nasyx (BLLIM) Ha koHTakT KopeHiB 3y6iB
i3 KOpPTMKANbHOK MMacTUHKOK Ta CIIN30BOI OBGOMOHKOMD.
JocnigkeHHst BepxXHbOLLENenHMx nasyx npoBoAWnun Y
OBOX MPOEKLisAX — PpOHTanNbHIN Ta caritanbHin.

Byno BM3HayeHo LWicTb ocHoBHMX hopm BLUI, a came:
TpaneuieBnaHa, KBagpaTHa, Kpyrna, oBarnbHa, NpsIMOKYTHa
Ta TPUKYTHa.

BcTtaHoBneHo, wo npu Oyab-akii  dopmi  nasyxwu
y poHTanbHin npoekuii Ha BCiX AocChigXKyBaHMX
HaMM KoMM'loTepHMX Tomorpamax nisoi BLUM He 6yno
BUSIBNIEHO XOOHOIO KOHTAKTY KOPEHiB 23-ro i 24-ro 3y6is
BepxHboLenenHoro 3ybHoro psagy (BLU3P) 3i cnuzosoto
060MOHKOI BEPXHbOLLENENHOT Nasyxu (Tabn. 1)

Mpn dopmi «Tpaneuia» HaNYaCTIWWA KOHTaKT  3i
cnu3oBoto obonoxkoto BLUM cnocTtepiraemo y 27-ro ko-
peHsi 3yb6a BLU3P, a came y 19 oci6 (70,3% Bunagkis) —
puc.1, 2.

KoHTakT 3i cnusosoto obonoHkoto BLUM 25-ro ta 28-ro
kopeHiB 3y6iB BLLI3P cnoctepiraemo y 6 ocib (22,2% sunaa-
kiB). KopiHb 26-ro 3y6a BLU3P koHTakTye 3i CnusoBoto
obonoHkoto y 14 ocib (51,8% Bunagkis).

Lo cTocyeTbCss KOHTAKTY 3 KOPTMKaNbHOW MracTWH-
koto BLUIM kopeHiB 3y6iB npu cdopmi «Tpaneuis», To Haw-
yacTilwe cnocTepirany KOHTakT 25-ro Ta 26-ro KopeHiB 3y6iB
BLU3P, a came y 11-Tn Ta 9-T1 oci6 BignosigHo (40,7%
Ta 33,3% BunagkiB), a Hanmpigwe — 23-i kopiHb 3yba —
y 2 ocib (7,4% BunagkiB). 24-n, 27-i Ta 28-i kopeHi 3ybiB
BLU3P koHTakTylOTb 3 KOpTMKanbHOW nnactuHkoto BLLUIM
y 7 oci6 (25,9% Bunagkis), 5 oci6 (18,5% Bunagkis)
Ta 6 ocib (22,2% sunagkiB) BignosigHo (Tabn.1, puc. 2).

Mpwn kBagpaTHI OPMi KOHTAKT 3 KOPTMKaNbHOK nnac-
TuHKoto BLUIM piBHOMIpHO PO3NOBCIOMKYETECA Ha 24-i4,
25-1n, 26-1 Ta 27- KopeHi 3y6iB — no aBoe ocib (33,3% Bu-
nagkis), a 23-i Ta 28- kopeHi 3y6iB KOHTaKTYOTb 3 KOPTU-
KanbHO nNnacTuHkot y 1 ocobu koxeH (16,7% Bunagkis).
KoHTakT 3i cnmsoBoto obGonoHkoto BLUM piBHOMipHO pos-
NOBCIOPKYETLCS Ha 26- Ta 27-11 kopeHi 3y6iB — no 3 ocobu
(50% Bunagkis).

The examined patients had no pathologies that
would affect the size or volume of the sinuses, neither
had they history of pathological conditions that could
have influenced the state of the sinuses (chronic or acute
rhinosinusitis, polyposis, MS cyst formations), without
pre-existing surgery.

The examination was performed by means of Point 3D
Combi 500 tomograph at Medical 3D Diagnosis Center
in Lviv. The software for visualization was Software Xelis
dental. This tomograph is one of the premium computed
tomographs which makes it possible to study the maxi-
llofacial area with a high level of resolution and build
3D models of structures necessary to describe patients.

The paper belongs to the «description of case series»
category whis is a type of study recognized by evidence
based medicine and does not claim statistical significance
of the results. The Student-Fisher test is not applied to
samples of such volume.

RESULTS AND DISCUSSION

When examining the computer tomograms of men
and women in the study group, it has been found out how
the shape of the maxillary sinuses (MS) affects the contact
of the tooth roots with the cortical plate and the mucous
membrane of the maxillary sinuses. The maxillary sinuses
were studied in 2 planes: frontal and sagittal.

Six main shapes of the MS were defined: trapezoidal,
square, round, oval, rectangular and triangular.

It was found that, in any form of the sinus, the frontal
plane on all our computed tomograms of the left MS
under study did not show any contact of the roots of the
23rd and 24th teeth of the maxillary dental arch with
the mucous membrane of the maxillary sinus (Table 1).

In the «trapezoid» shape, the most frequent contact
with the mucous membrane of the MS is observed in
the 27th root of the tooth of the maxillary dental arch,
that is in 19 people (70.3% of cases), Fig. 1, 2.

The contact with the mucous membrane of the MS of
the 25th and 28th roots of the maxillary dental arch is
observed in 6 people (22.2% of cases). The root of the
26th tooth of the maxillary dental arch is in contact with
the mucous membrane in 14 people (51.8% of cases).

Regarding the contact with the cortical plate of the
MS tooth roots in the «trapezoid» shape, the most common
was the contact of the 25th and 26th roots of the teeth of
the maxillary dental arch, that is in 11 and 9 people, respec-
tively (40.7% and 33, 3% of cases), while least often —
the 23rd root of the tooth — in 2 people (7.4% of cases).
The 24th, 27th and 28th roots of the teeth of the maxillary
dental arch are in contact with the MS cortical plate in
7 people (25.9% of cases), 5 people (18.5% of cases) and
6 people (22.2% of cases), respectively (Table 1, Fig. 2).

In case of the square shape, the contact with the MS
cortical plate is evenly distributed on the 24th, 25th, 26th
and 27th roots of the teeth — two people per each
(33.3% of cases), while the 23rd and 28th the roots of the
teeth are in contact with the cortical plate in 1 person each
(16.7% of cases). The contact with the MS mucous
membrane is evenly distributed on the 26th and 27th root
of the teeth — 3 people per each (50% of cases).
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Tabnuusa 1. Moxnusi BapiaHTN KOHTaKTiB KOpeHiB 3ybiB BepXxHboOLLernenHoro 3ybHoro psay
i3 NiBOIO BEPXHBOLLIENENHOK Nasyxoto y hpoHTanbHin npoekuii KMNKT
Table 1. Possible variations of contacts of the tooth roots of the maxillary dental arch
with the left maxillary sinus in the frontal plane of CBCT

KoHTaKT i3 kopeHsiMu 3y6iB |  KoHTakT kopeHis 3y6is BLLISP i3 kopT1kanbHowo KoHTakT kopeHiB 3y6is BLLI3P 3i cnu3osoto
. BLLU3P nnactuHkoto BLUM, KinbkicTb/% o6onoHkoto BLU, KinbkicTb/%
Contact with tooth roots of the | Contact of tooth roots of the maxillary dental arch | Contact of tooth roots of the maxillary dental
maxillary dental arch with MS cortical plate, amount / % arch with MS mucous membrane, amount/ %
®opwma BLLM 23 24 25 26 27 28 |23 |24 | 25 26 27 28
MS shape
Tpaneuiesunra bopma BUM | 57 4 | 7105 9| 11/40,7 | 9/33.3 | 51855 | 6222 | 0i0 | 010 | 6/22,2 | 14/51,8 | 19/70,3 | 6122,2
Trapezoidal shape of MS
Ksanparra chopma BLLT 16,7 2/33.3 | 21333 | 21333 | 2/33.3 [ 11167 | 00 | 00 | 11167 | 350 | 350 | 1167
Square shape of MS
Kpyrna cpopma BLLM 00 |2/22,2| 4/44,4 | 4/144,4 | 31333 [2/22,2| 0/0 | 0/0 | 2/22,2 | 3/33,3 | 41444 | 1/11,1
Round shape of MS
Osanbra gopma BLU 1114,3|3/142,9| 5714 | o0 | 1143 | 2/28,6 | 0/0 | 0/0 | 2/28,6 | 6/85,7 | 6/85,7 | 4/57,4
Oval shape of MS
MpsimokyTHa dhopma BLU 00 | 28,7 |13/56,5| 11/47,8 | 7/30,4 | 7/30,4 | 00 | 00 | 14,3 | 1/4,3 | 7/30,4 | 12/52,8
Rectangular shape of MS
TpukyrHa dpopma BILIM 4/13,3| 4/13,3 | 17/56,7 | 11/36,7 | 13/43,3 | 12/40 | 0/0 | 0/0 | 2/6,7 | 13/43,3 | 13/43,3 | 5/16,7
Triangular shape of MS

Puc. 1. dpoHTansHa npoekuia KIMKT xiHkn, 28 pokiB, HasBHWI KOHTaKT 25—-28-ro kopeHis 3y6is BLLI3P
3i cnnsoBoto obonoHkoto BLUIM TpaneuiesnaHoi dopmun
Fig. 1. Frontal plane of the CBCT of a 28-year-old woman with a contact of the 25—-28th roots of the teeth
of the maxillary dental arch with the mucous membrane of the trapezoidal MS

TpukyTHa Triangular
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M pamokyTHa Rectangular

B OBanbHa Oval
Kpyrna Round

B HeagpatHa  Square

H Tpaneuina Trapezoidal

Konraxr xopesis 3y6is BII[3P Koutakr kopenis 3y6is BIII3P
3 KOPTHKAILHOK ILTACTHHKOO 31 CIIH30BOIO 000I0HKOID
The contact of the tooth roots of the The contact of the tooth roots of the
maxillary dental arch with the cortical plate maxillary dental arch with the mucous membrane

Puc. 2. Bnnue dopmu niBoi BEpXHLOLLENENHOI Na3yXu Ha KOHTaKTW 3 KopeHsiMK 3y6iB y dpoHTanbHin npoekuii KMKT
Fig. 2. Impact of the shape of the left maxillary sinus on the contacts with the tooth roots in the CBCT frontal plane
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25-n Ta 28-n kopeHi 3y6iB BLU3P koHTakTylOTb 3i
cnm3oBoto 060roHko Mo 1 0cobi y KOXHOMY BUMNagKy
(16,7% Bunagkis) — Tabn. 1, puc. 2.

Mpu Kpyrnin OpMi KOHTaKT 3 KOpPTUKanbHOKW nnac-
TUHKOK TaKOX € PIiBHOMIpPHMM Ha 25- Ta 26-h  KOpEHi
3y6iB — no 4 ocobu koxeH (44,4% Bunagkis). 24-n Ta
28- KopeHi 3ybiB KOHTaKTYlTb 3 KOpTMKanbHOW nnac-
TuHkoto BLUIM y 2 oci6 koxeH (22,2% Bunagkis), a y 3 ocib
(33,3% BuNagkiB) KOHTaKT npunagae Ha 27-A KOpiHb
3y6a BLL3P.

HanuacTiwe cnocrtepiraemMo KOHTakT 27-r0 KOpeHs
3yba 3i cnu3oBol obonoHkow kpyrnoi dopmu BLUM —
y 4 oci6 (44,4% BunagkiB), HavpifLle — KOHTaKT 28-ro Ko-
peHs 3yba — y 1 ocobn (11,1% Bunagkie), a 25-n Ta
26-11 KopeHi 3y0iB KOHTaKTYylOTb 3i CIUM30BOK OOOMOHKO
y 2 (22,2% Bunagkie) Ta 3 (33,3% Bunagkie) ocid Bigno-
BigHO (Tabn.1, puc.2).

Mpn oBanbHIN OpMi HaNYaCTILUMA KOHTAKT 3 KOPTW-
KanbHow nnacTtuHkow BLUIM npunagae Ha 25-1 KOpiHb 3y-
6a — y 5 ocib (71,4% Bunagkis), Hanpigwe — Ha 23-1 Ta
27-n kopeHi 3y6iB — no 1 ocobi BignosigHo (14,3% Bu-
nagkiB) Ta B3ararni BiACYTHi Yy 26-ro kopeHsa 3yba. 24-ii Ta
28-1n kopeHi 3y6iB BLU3P KoHTakTylOTb 3 KOpTMKarbHOK
nnactuxkoro BLUM oBanbHoi dhopmn y 3 (42,9% Bunagkis)
Ta 2 ocib (28,6% Bunagkis) BignoBigHoO.

KoHTakTyBaHHA KOpeHiB 3y6iB 3i crnvM3oBo 0O6OMOH-
koto BLIM piBHOMIpHO pPO3NOBCIOOKYETLCA Ha 26-n Ta
27-n 3ybun — no 6 oci6 (85,7% sunagkis). 25-i1 Ta 28-1 ko-
peHi 3y6iB BLU3P kOHTaKTylTb 3i CMM30BOK OBGOMOHKO
BLIM oBanbHOi dopmu y 2 (28,6% Bunagkis) Ta 4 ocib
(57,4% Bunagkis) BignosigHo (Tabn. 1, puc. 2).

Mpyn NpAMOKYTHIN (POPMi KOHTAKT 3 KOPTUKanbHOM
nnactuikoto  BLUIM e HanvacTiwumm gna  25-ro Ta
26-ro kopeHis 3ybis BLLU3P — y 13 (56,5% Bunagkis) T
a 11(47,8% BunagkiB) ocib BignoBigHo. KoHTakT 24-ro Ko-
peHs 3yba 3 KopTukanbHOw nnactuHkoto BLUM 3ycTpi-
yaeTbca Havipigwe — y 2 ocib (8,7% BunagkiB) Ta B3arani
BiocyTHiN 3 23-m kopeHem 3yba. KoHTakT 27-ro Ta
28-ro KopeHiB 3y6iB i3 KOPTMKANbHOK MMACTMHKOK Cro-
cTepiraBcsa anst KoxkHoro no 7 oci6 (30,4% Bunagkis).

3i cnn3oBo0 ODOOMOHKOK HaWyacTile CrnocTepiraemo
KOHTaKT 28-ro KopeHsi 3yba — y 12 oci6 (52,8% sunagkis).
Ons 25-ro Ta 26-ro KOpeHiB 3y6iB KOHTaKT po3nofins-
€TbCs ofHakoBO — Mo 1 ocobi (4,3% BuNagkiB) KOXEH.
Onsa 7 oci6 (30,4% BunagkiB) KOHTAKT crocTepiraBcst
3 27-m kopeHewm 3yba (Tabn.1, puc. 2).

[Ons  TpuKyTHOI dopmMK HanyacTile cnoctepiranu
KOHTaKT 3 KOPTUKarbHO NNAaCcTUHKOW 25-ro KopeHs 3yba —
y 17 oci6 (56,7% BwnapgkiB), a Hampigwe pna 23-ro
Ta 24-ro kopeHiB 3ybiB — no 4 ocobu koxeH (13,3% Bu-
nagkiB). 26-n, 27-n Ta 28- KOpeHi 3y0iB KOHTAKTYHOTb
3 KopTukanbHow mnnacTtuHkoto y 11 (36,7% Bunagkis),
13 (43,3% BunagkiB) Ta 12 (40,0% Bunagkis) ocid
BiOMoBiaHO.

3i cnv3oBO OOOMOHKOK PIBHOMIPHO KOHTAKTYHOTb
26-1n Ta 27-1 KopeHi 3y6iB — no 13 ocib (43,3% Bunagkis).
Harpigwe cnoctepirann koHTakT 25-ro KopeHs 3yba —
y 2 oci6 (6,7% Bunagkis). 28-1 KopiHb 3yba KOHTaK-
TyBaB 3i cnu3oBow ob6onoHkoto BLUM y 5 oci6
(16,7% Bunagkis) — Tabn. 1, puc. 2.

Y cpoHTanbHin npoekuii KMNKT Han4acTiwmnin KOHTaKT
3 KOpTUKanbHOKW nnactuHkot nisoi BLUI  cnocrtepira-
€MO MpKW TPUKYTHIA Ta NpsaMoKyTHin cpopmi BLUIM, a came:
npu NpAMOKYTHIN dopmi BLUIM koHTakTye 3 25-m Kope-
HeMm 3y6a y 13 ocib (56,5% Bunagkis) Ta 3 26-M KOpPeHEM
3yba — y 11 oci6 (47,8% BunagkiB) Ta npu TPUKYTHIN

The 25th and 28th roots of the maxillary dental arch
are in contact with the mucous membrane, i.e. 1 person
in each case (16.7% of cases) — Table 1, Fig. 2.

In case of the round shape, the contact with the cortical
plate is also uniform on the 25th and 26th root of the
teeth — 4 people each (44.4% of cases). The 24th and
28th roots of the teeth are in contact with the MS cortical
plate in 2 people each (22.2% of cases), and while 3 people
(33.3% of cases) the contact is on the 27th root of the
tooth of the maxillary dental arch.

The most frequent is the contact of the 27th root of the
tooth with the mucous membrane of the round shape of the
MS —in 4 people (44.4% of cases), the least frequent is the
contact of the 28th root of the tooth —in 1 person (11.1% of ca-
ses), while the 25th and the 26th root of the teeth are in con-
tact with the mucous membrane in 2 (22.2% of cases) and
3 (33.3% of cases) persons, respectively (Table 1, Fig. 2).

In case of the oval shape, the most frequent contact
with the MS cortical plate occurs on the 25th root of the
tooth — in 5 people (71.4% of cases), the least often —
on the 23rd and 27th root of the teeth — 1 person, res-
pectively (14.3% of cases) and are generally absent in the
26th root of the tooth. The 24th and 28th roots of the
teeth of the maxillary dental arch are in contact with the
MS oval-shaped cortical plate in 3 (42.9% of cases) and
2 people (28.6% of cases), respectively.

The contact of the roots of the teeth with the MS
mucous membrane is evenly distributed on the 26th and
27th teeth — 6 people (85.7% of cases). The 25th and
28th roots of the teeth of the maxillary dental arch are
in contact with the MS mucous membrane of the oval shave
in 2 (28.6% of cases) and 4 people (57.4% of cases),
respectively (Table 1, Fig. 2).

In the rectangular shape, the contact with the MS
cortical plate is the most common for the 25th and
26th roots of the teeth of the maxillary dental arch —
in 13 (56.5% of cases) and 11 (47.8% of cases) people,
respectively. The contact of the 24th root of the tooth with
the MS cortical plate is the least common — in 2 people
(8.7% of cases) and is completely absent with the 23rd
root of the tooth. The contact of the 27th and 28th roots of
the teeth with the cortical plate was observed in 7 people
each (30.4% of cases).

The contact with the mucous membrane is most
frequently observed in the 28th root of the tooth — 12 people
(52.8% of cases). For the 25th and 26th roots of the teeth,
the contact is distributed equally — 1 person (4.3% of cases)
each. For 7 people (30.4% of cases), the contact was
observed with the 27th root of the tooth (Table 1, Fig. 2).

For the triangular shape, the contact with the cortical
plate of the 25th root of the tooth was most often observed —
in 17 people (56.7% of cases), and least often — for the 23rd
and 24th roots of the tooth — 4 people each (13.3% of
cases). The 26th, 27th and 28th roots of the teeth are in
contact with the cortical plate in 11 (36.7% of cases), 13
(43.3% of cases) and 12 (40.0% of cases) people, respectively.

The 26th and 27th roots of the teeth are evenly in
contact with the mucous membrane — 13 people each
(43.3% of cases). The contact of the 25th root of the tooth
was observed the least often — in 2 people (6.7% of cases).
The 28th root of the tooth was in contact with the MS
mucous membrane in 5 people (16.7% of cases) —
Table. 1, Fig. 2.

In CBCT frontal plane, the most frequent contact
with the cortical plate of the left MS is observed in the
triangular and rectangular shape of the MS, that is: in the
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cdopmi BLUM koHTakTye 3 25-m kopeHem 3yba y 17 ocib
(56,5% Bunagkis), 3 26-m kopeHem 3yba — y 11 oci6
(36,7% Bunapkis), 3 27-m KopeHem 3yb6a — y 13 ocib
(43,3% Bunagkie) Ta 3 28-m kopeHem 3yba — y 12 ocib
(40,0% BwnapgkiB). Hampigwe KOHTakT 3 KOPTMKanbHO
nnactuHkoto  BLUIM cnoctepiraemo npu  oBanbHin  Ta
kpyrnin cpopmi BLUIM, a came: npu oanbHin dopmi BLLI
B3arani He KOHTaKTye 3 26-M kopeHeMm 3yba Ta KOHTak-
Tye 3 23-m Ta 27-M kopeHamu 3y6iB — nuwe y 1 ocobu
koxeH (14,3% BunagkiB) Ta npu kpyrnin copmi BLUM
B3arani He KOHTaKTye 3 23-M KopeHeM 3yba Ta KOHTak-
Tye 3 24-m Ta 28-m kopeHsmu 3ybiB — nuwe y 2 ocib
KoxeH (22,2% Bunapgkis) — Tabn.1, puc. 2.

OuiHioBaTM  B3aEMO3B’A30K MK KOpeHaMM  3y6iB
BW3P i HwkHbowo cTiHkoto BLUM gyxe BaxnuBo ans
KNiHILMCTIB  Npu  nnaHyBaHHi  Oyab-Akoi  npouenypwu
(giarHoCTMYHOI 4M  miKyBamnbHOI) 3 METO YHUKHEHHS
ycknagHeHb. lMoTeHuiiHO icHye Garato pu3wkiB, WO Mo-
B'A3aHi 3 kopeHsmu 3y6iB BLU3P. Hanpuknag, nig 4ac
npouenypv imMnnaHTauii 3yba € puank nepdopadii gHa
nasyxu XipypriyHMM iHCTpyMeHTapieMm. Y BuUMagKy BUHUK-
HEHHS] CUHYCWTIB HepigKo nauieHTU MepBMHHO Manwu
npouenypyn Ha 3ybax BepXHbOLLENEnHoro 3yOHoro psay,
SKi | cnpuumHMnn 3ananexHsa BLUTM.

LLlo cTocyeTbCA KOHTaAKTIB 3i CIM30BOK OOOOHKOK
nisoi BLWI y dpoHTanbHin npoekuii KMKT, To Hanyac-
TILWMA KOHTaKT cnocTepiraemMo npu TpaneuieBuaHin Ta
TpUKyTHIn cpopmi BLUIM, a came: npu TpaneuieBUAHIN
cdopmi BLUM koHTakTye 3 26-mM KopeHeM 3yba y 14 ocib
(51,8% Bunagkie) Ta 3 27-m kopeHem 3yba — y 19 ocib
(70,3% Bunagkis), a npu TpuKyTHiN dopmi BLUM koHTak-
Tye 3 25-m Ta 27-m KopeHsamu 3y6iB no 13 ocib koxeH
(43,3% BunapgkiB). Halpiglwe KOHTaKT 3i  CrU30BOMO
obornoHkoto BLUM cnocTtepiraemo npu kBagpatHin dopmi
BLUIM, a came: BLUI B3arani He koHTakTye 3 23-M Ta
24-m kopeHsaMM 3y6iB Ta KOHTaKTye 3 23-M Ta 27-M KO-
peHsamn 3y6iB — nuwe y 1 ocobu koxeH (16,7% Bunagakis)
Ta 3 26-M i 26-m KopeHsmum 3y6iB — no 3 ocobu
(50% BunagkiB) — Tabn. 1, puc. 2.

Cnig 3asHauuTW, WO NPV BUKOPUCTAHHI 3BUYANHUX
OpTOMaHTOMOrpaM HEMOXIIMBO  BU3HAYUTU  MOXITUBUX
pusukiB nepdopauii gHa BLUI, came TomMy OOHO3HA4YHO
peKoMeHO0BaHO BWKOPUCTOBYBaTM  KOHYCHO-NPOMEHEBY
KOMM’toTepHY ToMorpadito.

Mpn ananisi KIKT nig 4ac BWMKOHaHHA HaLOro
pocnigkeHHss Oyno BCTaHOBMEHO, WO [AyXe BaxvBO
BM3HaA4YaTM KOHTaKTU KopeHiB 3ybiB BLLU3P sk 3 koptu-
KanbHot nnactuHkoro BLUIM, Tak i 3 i cnv3oBoo 060M0H-
Koto. Bigomo, LWo MiKpoopraHiaMy Ta TOKCUYHI peYOBMHM,
SKi € AK | B nepianikanbHUX OinsiHkax kopeHiB 3y6iB, Tak
i B camin BLIM, mMoxyTb MirpyBatm u4epes KpOBOHOC-
Hi/nimpaTnyHi cyoMHu Ta iCHye no3uTMBHa Kopensuis
MK Ypa)KeHHSIM MapafoHTy Ta MOTOBLUEHHSIM CIM30BOI
060MOHKM BepXHbOLLENenHoi nasyxu [42].

Mpu poarnaai Ta aHanisi npasoi BLUIM y dpoHTanbHin
npoekuii, Oyno BusSBneHo, wWo npu Oyap-Skin  dopmi
nas3yxu BiACYTHiN koHTaKT 13-ro kopeHs 3yba 3i Crn3oBoto
obonoHkoto BLUI, Takoxx He BUSIBMEHO XXOOHOIO KOHTAKTY
KopeHs 14-ro 3yba 3i crnm3oBor obGoroHkowo BLUM npu
Kpyrniv, oBarbHi, NPAMOKYTHIN Ta TPWUKYTHIA T dopmi
(tabn. 2, puc. 3, 4).

Mpn opmi  «Tpaneuis» HaWYacTilLMA  KOHTAKT
cnoctepiraemo 16-ro kopeHs 3yba 3i Crnn3oBoto 06OMOHKO
BLWIM -y 17 oci6 (51,5% Bunagkis) — Tabn. 2, puc. 3.

KoHTakT 3i cnusoBoto obonoHkoto BLUM 14-ro, 15-ro,
17-ro ta 18-ro kopeHiB 3y6iB BLU3P cnoctepiraemo vy

rectangular shape, the MS is in contact with the 25th root
of the tooth in 13 people (56.5% of cases) and with the
26th root of the tooth in 11 people (47.8% of cases) and
in case of the triangular shape, the MS is in contact with
the 25th root of the tooth in 17 people (56.5% of cases),
with the 26th root of the tooth — in 11 people (36.7% of ca-
ses), with the 27th root of the tooth — in 13 people
(43.3% of cases) and with the 28th root of the tooth —
in 12 people (40.0% of cases). The rarest contact with
the MS cortical plate is observed in the oval and round
shapes of the MS, namely: in the oval shape, the MS
does not come into contact with the 26th root of the
tooth while it comes into contact with the 23rd and
27th roots of the teeth — only 1 person each (14.3% of
cases) and, in the round form, the MS does not come
into contact with the 23rd root of the tooth while it comes
into contact with the 24th and 28th roots of the teeth —
only 2 people each (22.2% of cases) — Table 1, Fig. 2.

Assessing the relationship between the roots of the
teeth of the maxillary dental arch and the lower wall of the
MS is very important for clinicians when planning any
procedure (diagnostic or therapeutic) in order to avoid
complications. Potentially, there are a great number of risks
associated with tooth roots of the maxillary dental arch.
For example, during a tooth implantation procedure,
there is a risk of perforation of the sinus floor with surgical
instruments. In case of sinusitis, patients often had primary
procedures on the teeth of the maxillary dental arch, which
caused inflammation of the MS.

Regarding the contacts with the mucous membrane

of the left MS in the CBCT frontal plane, the most com-
mon contact is observed in the trapezoidal and triangular
shape of the MS, that is: in the trapezoidal form, the MS
is in contact with the 26th root of the tooth in 14 people
(51.8%) and with the 27th root of the tooth — in 19 people
(70.3% of cases), while in the triangular shape, the MS
is in contact with the 25th and 27th roots of the teeth —
13 people each (43.3% of cases). The rarely contact
with the mucous membrane of the MS is observed in the
square shape of the MS, namely: the MS does not come
into contact with the 23rd and 24th roots of the teeth at
all while it comes into contact with the 23rd and 27th roots
of the teeth — only 1 person per each (16.7% of cases)
and with the 26th and 26th roots of the teeth — 3 people per
each (50% of cases) — Table. 1, Fig. 2.

It is worth mentioning that standard dental panoramic
radiography does not make it possible to determine
the possible risks of perforation of the MS floor, that is
why it is clearly recommended to use cone-beam com-
puted tomography.

When analysing CBCT during our study, it has been
found that it is very important to determine the contacts
of the roots of the teeth of the maxillary dental arch with
the MS cortical plate, and with its mucous membrane.
It is known that microorganisms and toxic substances
that are present both in the periapical areas of the tooth
roots and in the MS itself can migrate through blood/
lymphatic vessels and there is a positive correlation
between periodontal lesions and thickening of the maxi-
llary sinus mucosa [42].

When examining and analyzing the right MS in the fron-
tal plane, it has been found that in any form of sinus there
is no contact of the 13th root of the tooth with the mucous
membrane of the MS as well as no contact of the root of
the 14th tooth with the MS mucosa in round, oval, rectan-
gular and triangular shapes is detected (Table 2, Fig. 3, 4).

OpuwuriHanbHi AOCNioKEHHS

Original research



YkpaiHCbKuiA pagionoriyHni Ta oHkonorivHum xypHan. 2021, T. 29. Ne 3. C. 31-50 ISSN 2708-7166 (Print)
Ukrainian journal of radiology and oncology. 2021;29(3):31-50 ISSN 2708-7174 (Online)

Tabnuusa 2. Moxnuei BapiaHTN KOHTaKTiB KOpeHiB 3ybiB BepXxHbOLLernenHoro 3ybHoro psay
3 MPaBOK BEPXHbLOLLENENHOI Na3yxot y ppoHTanbHin npoekuii KMKT
Table 2. Possible variations of contacts of the tooth roots of the maxillary dental arch
with the right maxillary sinus in the frontal plane of CBCT

KoHTaKT i3 kopeHsiMM1 3Y6iB |  KoHTakT kopeHiB 3y6iB BLL3P i3 kopTyKanbHO KoHTakT kopeHiB 3y6is BLLI3P 3i cn3oBoto
. BLU3P nnacTtuHkoro BLUM, kinbkicTs / % o6onoHkoto BLLM, kinbkicTs / %
Contact with tooth roots | Contact of tooth roots of the maxillary dental arch | Contact of tooth roots of the maxillary dental
of the maxillary dental arch with MS cortical plate, amount / % arch with MS mucous membrane, amount/ %
®opma BT 13 | 14 15 16 | 17 18 |13 14 | 15 | 16 17 18
MS shape
Tpaneuiesupra coopma BUNT | 515 4| 6/18 2 | 18/54,5 | 7/21,2 | 14/42,4 | 13394 | 010 | 1/3,0 | 97273 | 17/51,5| 13139,4 | 6/18 2
Trapezoidal shape of MS
Keapparha dopma BLUM 00 | 0/0 | 5556 |4/44,4| 4444 | 2/22,2 | 0/0 |1/11,1] 0/0,0 | 3/33,3 | 5/55,6 |3/33,3
Square shape of MS
Kpyrna cbopma BLLM 1143|1143 | 41571 | 31429 | 2/28,6 | 22856 |00 | 010 |1/14,3| 31427 | 31427 | 27283
Round shape of MS
Osansra dhopma BUI 174 | 174 | 750 |8/57,1| 4286 | 21143 |00 | 00 | 171 | 31214 | 750 | 31214
Oval shape of MS
MpAmokyTHa hopma BLLM 171 | 17,1 | 91643 | 4286 | 51357 | 6/42,9 |00 | 010 | 17,1 | 142,09 | e1a2,9 | or0
Rectangular shape of MS
TpukyTHa cpopma BLU 218,3 | 5/20,8 | 11/45,8 | 8/33,3 | 4/16,7 | 9/37,5 | 0/0 | 0/0 |4/16,7|14/58,3 | 19/79,2 | 6/20,8
Triangular shape of MS
100% i
o U0 R D
80% |
70%
60% TpukytHa  Triangular
50% B MpamokytHa Rectangular
40% H OsanbHa Oval
30% Kpyrna Round
20% H {pagpatHa Square
10 T i Ti dal
® Tpaneuja rapezoida
0% paneyy p
13
14 45 16 17 s
17 18
Konrakr kopenis 3yGis BII[3P Konrakr xopenis 3yGis BII[3P
3 KOPTUKAIEHOIO [UIACTHHKOIO 31 CIH30B010 060I0HKOID
The contact of the tooth roots of the The contact of the tooth roots of the maxillary dental

maxillary dental arch with the cortical plate arch with the mucous membrane

Puc. 3. Bnnue chopmu npaBoi BepXHbOLLENENHOT MNasyXu Ha KOHTaKTK 3 KopeHsmu 3y6iB y copoHTanbHin npoekuii KMKT
Fig. 3. Impact of the shape of the right maxillary sinus on the contacts with the tooth roots in the CBCT frontal plane

Puc. 4. ®dpoHTtanbHa npoekuisi KMNKT yonosika, 22 poku, 3 BiACYTHICTIO kOHTakTy 13-ro, 14-ro kopeHis 3y6is BLL3P
3i cnusooto o6onoHkoto BLUM TpukyTHOT dhopmm
Fig. 4. Frontal plane of CBCT of a 22-year-old man, with no contact of the 13th, 14th roots of the teeth
of the maxillary dental arch with the mucous membrane of the MS of the triangular shape
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1 ocobu (3% Bunagkis), 9 ocib (27,3% Bunagkis), 13 ocid
(39,4% BunapgkiB) Ta 6 ocid (18,2% Bunagkis) Bigno-
BigHO. LLlo cTOCYETbCSl KOHTAKTIB 3 KOPTMKanbHOK nnac-
TMHKoo BLUM kopeHiB 3y6iB npu copmi «Tpaneuia»,
TO HamyacTiwe cnocTepiranuM KoHTakT 15-ro, 17-ro Ta
18-ro kopeHiB 3y6iB BLLU3P, a came y 18, 14 1a 13 ocCib
BignosigHo (54,5%, 42,4 Ta 39,4% Bunagkis), a Hawpig-
we — 13- KopiHb 3yb6a — y 3 ocib (12,1% Bunagkis).
14-1 Ta 16-n KkopeHi 3y6iB BLU3P koHTakTyiOTb 3 KOp-
TUkanbHoto nnactuHkoto BLUM y 6 oci6 (18,2% Bunagkis)
Ta 7 ocib6 (21,2% Bunagkis) BignosigHo (Tabn. 2, puc. 3).

Mpn kBagpaTHin (POpPMi KOHTaKT 3 KOPTUKanbHOK
nnactuHkoto BLUIM HanyacTiwe npunagae Ha KOpPiHb
15-ro 3yba — y 5 ocib (55,6 % Bunagkis) Ta HE3HAYHO MEH-
wurm Ha 16-n Ta 17-n KopeHi 3yb6iB — no 4 ocobu
(44,4% BunagkiB). KoHTakT 3i Crnv3oBo OGOMOHKO
BLIM kopeHsa 18-ro 3yba BusBneHo y 2 ocib (22,2% Bu-
nagkiB). KopeHi 13-ro ta 14-ro 3y6iB B3arani He KOHTak-
TYIOTb 3 KOPTUKANbHOK MracTUHKOK kBagpatHoi BLUM.

KoHTakT 3i cnmnsoBoto oboroHkoto kBagpaTHoi BLUMM
PiBHOMIPHO PO3MNOBCIOMXYETbCA Ha 16- Ta 18- KopeHi
3y6iB — no 3 ocobu (33,3% Bunagkis). 14-n Ta 17-n Ko-
peHi 3y6iB BLU3P kOHTaKTylTb 3i CMM30BOK OBGOMOHKO
y 1 ocobu (11,1% Bunagkis) Ta y 5 ocib (55,6% Bunagkis)
BiOMOBIAHO Ta He cnocTapiranochb >OLHOMO KOHTaKTy
15-ro kopeHs 3yba BLU3P (tabn. 2, puc. 3, 4)

Mpn Kkpyrnin OpMi KOHTaKT 3 KOpPTMKanbHOKW nnac-
TUHKOK TaKOX € PiBHOMIpHMM Ha 13-n Ta 14-ii KOpeHi
3y6iB — no 1 ocobi koxeH (14,3 % Bunagkis) Ta Ha
17-n Ta 18- KopeHi 3y6iB — no 2 ocobu KoxeH (28,6% Bu-
nagkiB). 15-n kopiHb 3yba KOHTaKTye 3 KOpTuKalb-
Hoto nnacTuHkoto BLUIM y 4 oci6 (57,1 % Bunagkis), a y
3 ocib (42,9 % BunagkiB) KOHTaKT npunagae Ha 16-i Ko-
piHb 3y6a BLL3P.

KopeHi 3y6iB BLU3P 3 npaBoro Goky [ocuTb pigko
KOH-TaKTYlOTb 3i CNn30BOI0 OOOMOHKOK NpaBoi Kpyrnoi
BLWIM y dppoHTanbHin npoekuii, a came nuwe no 3 ocobu
(42,7% BunapgkiB) npunagae Ha kopeHi 16-ro Ta
17-ro 3yba, y 2 oci6 (28,3% BuNagkiB) — KOHTaKTye
KopiHb 18-ro 3yba Ta y 1 ocobu (14,3% Bunaakis) — KOPiHb
15-ro 3y6a (tabn. 2, puc. 3).

Mpwn oBanbHin popmi BLLUIM HanyacTilWnM KOHTaKT 3 Kop-
TUKanNbHOK MMACTMHKOK npunagae Ha 16-i kopiHb 3yba —
y 8 ocib (57,1% Bunagkis) , Hanpigwe — Ha 13- Ta 14-1 Ko-
peHi 3y6iB — no 1 ocobi BignosigHo (7,1% BuNagkis).
15-4, 17-1 Ta 18- kopeHi 3ybiB BLLI3P KoHTakTyloTb 3 KOp-
TUKanbHOK nnactuHkoo BLUIM oBanbHOi dopmu y 7
(50% Bunagkis), 4 oci6 (28,6% BunagkiB) Ta 2 ocib
(14,3% Bunagkis) BignoBigHo.

KoHTakTyBaHHS KOpeHiB 3y06iB 3i cnn3oBolo 060MOHKOK
BLIM piBHOMipHO po3noBctogXyeTbca Ha 16 Ta 18 3ybu —
no 3 ocobwn (21,4% Bunagkis). 15-n Ta 17-i kopeHi 3y6iB
BLU3P koHTakTyloTb 3i crninsosoto obonoHkor BLUM osanb-
Hoi dopmun y 1 (7,1% Bunagkis) Ta 7 ocib (50% Bunagakis)
BignosigHo (Tabn. 2, puc. 3).

Mpyn NpAMOKYTHIN (POPMi KOHTAKT 3 KOPTUKanbHOM
nnactuHkoto BLUIM € HanvacTiwum ana 15-ro KopeHs
3y6a BLW3P -y 9 oci6 (64,3% Bunagkis). KoHTtakT 13-ro
Ta 14-ro KopeHiB 3y6iB 3 KOPTMKANbHOK MMACTUHKOK
BLIM sycTpivaeTbca Havipigwe — no 1 ocobi (7,1% Bu-
nagkiB), a koHTaktn 16-ro, 17-ro Ta 18-ro kopeHiB 3y6iB i3
KOpTMKanbHOK NNacTUHKO cnocTtepirascs y 4, 5 ta 6 ocib
(28,6, 35,7 Ta 42,9% Bunagkis).

3i cnnsoBo 06OMOHKOK MPSIMOKYTHOI dhopmu BLLIM
KOpeHi 3ybiB KOHTAKTYIOTb PiAKO, @ CaMe: KOHTaKT KOPEHIB
13-ro, 14-ro Ta 18-ro 3yba B3arani BiacyTHin, a 16-ro, 17-ro—

In case of the «trapezoid» shape, the most frequent
contact is observed on the 16th root of the tooth with
the mucous membrane of the MS — in 17 people (51.5% of
cases) — Table. 2, Fig. 3.

The contact with the mucous membrane of the MS
of the 14th, 15th, 17th and 18th roots of the teeth of the
maxillary dental arch is observed in 1 person (3% of cas-
es), 9 people (27.3% of cases), 13 people (39.4% cases)
and 6 people (18.2% of cases), respectively. Regarding
the contacts with the MS cortical plate of the tooth roots
in the «trapezoid» shape, the most common contact was
observed on the 15th, 17th and 18th roots of the teeth of
the maxillary dental arch, namely in 18, 14 and 13 people,
respectively (54.5%, 42.4 and 39.4% of cases), and the
least often — the 13th root of the tooth — in 3 people (12.1%
of cases). The 14th and 16th roots of the teeth of the max-
illary dental arch are in contact with the cortical plate of the
MS in 6 people (18.2% of cases) and 7 people (21.2% of
cases), respectively (Table 2, Fig. 3).

In the square form, the contact with the cortical plate
of the MS most often occurs on the root of the 15th tooth —
in 5 people (55.6% of cases) and slightly less at the 16th
and 17th root of the teeth — 4 people (44.4% of cases).
The contact with the MS mucosa of the 18th tooth root
was detected in 2 people (22.2% of cases). The roots of
the 13th and 14th teeth do not come into contact with the
cortical plate of the square MS at all.

The contact with the mucous membrane of the square
MS is evenly distributed on the 16th and 18th roots of the
teeth — 3 people per each (33.3% of cases). The 14th and
17th roots of the maxillary dental arch are in contact with
the mucous membrane in 1 person (11.1% of cases) and
in 5 people (55.6% of cases), respectively, and no contact
of the 15th root of the tooth of the maxillary dental arch
is observed. 2, Fig. 3, 4).

In the round shape, the contact with the cortical plate
is also uniform on the 13th and 14th roots of the teeth —
1 person per each (14.3% of cases) and on the 17th and
18th roots of the teeth — 2 people per each (28.6% of
cases). The 15th root of the tooth is in contact with the
MS cortical plate in 4 people (57.1% of cases), while in
3 people (42.9% of cases) the contact is on the 16th root
of the tooth of the maxillary dental arch.

The roots of the teeth of the maxillary dental arch
on the right are rarely in contact with the mucous
membrane of the right round MS in the frontal plane, that
is only 3 people (42.7% of cases) account for the roots of
the 16th and 17th tooth, in 2 people (28.3% of cases) —
the root of the 18th tooth is in contact and in 1 person
(14.3% of cases) — the root of the 15th tooth (Table 2, Fig. 3).

In the oval shape of the MS, the most frequent contact
with the cortical plate occurs on the 16th root of the tooth —
in 8 people (57.1% of cases), rarely — on the 13th and
14th root of the teeth — 1 person per each, respectively
(7.1%). cases). The 15th, 17th and 18th roots of the teeth
of the MS are in contact with the cortical plate of the MS
of the oval shape in 7 (50% of cases), 4 people (28.6% of
cases) and 2 people (14.3% of cases), respectively.

The contact of the roots of the teeth with the mucous mem-
brane of the MS is evenly distributed on 16 and 18 teeth — 3 pe-
ople (21.4% of cases). The 15th and 17th roots of the teeth
of the maxillary dental arch are in contact with the mucous
membrane of the MS of the oval shape in 1 (7.1% of cases)
and 7 people (50% of cases), respectively (Table 2, Fig. 3).

In the rectangular shape, the contact with the cortical
plate of the MS is the most common for the 15th root of the
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no 6 oci6 (42,9% Bunaakis) Ta 15-ro KopeHsi 3yba — nuiue
y 1 ocobwm (7,1% Bunagkis) — Tabn. 2, puc. 3.

Ons TpukyTHOI cbopmn BLUIM HanvacTiwe cnocte-
piranu KOHTaKkT 3 KOPTUKarbHOW MnacTuHKow 15-ro kope-
Ha 3yba — y 11 oci6 (45,8% Bunagkie), a Hawmpigwe
ans 13-ro kopeHs 3yba — y 2 ocib (8,3% Bunagkis). 14-i,
16-in, 17-# Ta 18-M KOpeHi 3ybiB KOHTAKTYIOTb 3 KOPTU-
KanbHOW nnactuHkot y 5 (20,8% eunagkis), 8 (33,3% Bu-
nagkis), 4 (16,7% sunagkiB) Ta 9 (37,5% Bunagkis)
ocib BignoBigHo.

3i cnmM3oBO0 OOOMOHKOK HaMYacTIle KOHTaKTye KO-
piHb 17-ro 3yba — y 19 oci6 (79,2% Bunagkis) Ta KOpiHb
16-ro 3y6a — y 14 ocib (58,3% Bunaakis). KopeHri 15-ro ta
18-ro 3y6iB kOHTaKkTylOTb y 4 Ta 6 ocib BignosigHo (16,7 Ta
20,8% Bunapgkis) — Tabn. 2, puc. 3.

Y dpoHTanbHin npoekuii KMNKT Han4acTiwmnin KOHTaKT
3 KOPTUKanbHOM nnactuHkot npasoi BLUM cnoctepiraemo
npu TPUKYTHIN Ta Tpaneuiesugrin copmi BLUM, a came:
npu TpUKyTHI cpopmi BLLUIM koHTakTye 3 15-M KOopeHeM 3yba
y 11 oci6 (45,8% BunagkiB) Ta npu TpaneuieBUAHIN
cdopmi BLUM koHTakTye 3 15-m KopeHem 3yba y 18 ocib
(54,5% BunapgkiB), 3 17-m kopeHem 3yb6a — y 14 ocib
(42,4% Bunagkis) Ta 3 18-m kopeHem 3yba — y 13 ocib
(39,4% BunapgkiB). Hampigwe KOHTakT 3 KOPTMKanbHO
nnactuHkoto BLUIM cnocTtepiraemo npw KBagpaTHi Ta Kpyr-
nin dopmi BLUM, a came: npu kBagpaTtHin copmi BLUI
B3arani He KoHTakTye 3 13-m Ta 14-m KopeHsmu 3ybiB Ta
KOHTaKkTye 3 16-m Ta 27-M KopeHsamMu 3ybiB — y 4 ocib KoxeH
(44,4% Bunagkis) Ta npu kpyrnin dopmi BLUI koHTakTye 3
13-m Ta 14-m KopeHsamu 3ybiB — nuwe y 1 ocobn KoxeH
(14,3% Bunagkie) Ta no 2 ocobu (28,6% Bunagkis) npuna-
Aae Ha kopiHb 17-ro Ta 18-ro 3y6is BLLU3P (tabn. 2, puc. 3).

LLlo cTocyeTbCcA KOHTaAKTIB 3i CNM30BOK OOOIOHKOK
npasoi BLUM y dpoHTaneHin npoekuii KIMKT, 1O Haw-
YacTilWMIA KOHTAKT CrocTepiraeMo npu TpaneuieBugHin ta
TpUKyTHIn cpopmi BLUIM, a came: npu TpaneuieBUAHIN
cdopmi BLUM koHTakTye 3 16-mM KopeHeMm 3yba y 17 ocib
(51,5% Bunagkis) Ta 3 17-m kopeHem 3yba — y 13 ocib
(39,4% BunagkiB), a npu TpukyTHin copmi BLUIM KkoH-
Taktye 3 16-m Ta 17-M kopeHsamu 3y6iB y 14 Ta 19 ocib
BignosigHo (58,3 Ta 79,2% Bunagkis). Hanpigwe KoHTakT
3i cnusoBoto obonoHkoto BLUIM cnoctepiraemo npu nps-
MOKYTHIn copmi BLUM, a came: BLUIM B3arani He KoH-
TakTye 3 13-M, 14-m Ta 18-M KOpeHsMM 3y6iB Ta KOHTAKTye
3 15-m nmwe y 1 ocobu (7,1% Bunagkis) Ta 3 16-m
i 17-m KopeHamn 3y6iB — no 6 ocib (42,9% BunagkiB) —
Tabn. 2, puc. 3.

HalyacTiwmn koHTakT KopeHiB 3y6iB BLU3P 3 kopTu-
KanbHOK MMacTUHKOK CMNOCTEpPiraeMo MNpu MNPSMOKYTHIN
dopmi BLUIM, a 3i cnn3oBoto 06ONMOHKOK — NPU TPUKYTHIN
chopwmi BLUIM cnpaea (puc. 3).

Mpu aHanisi KOHYCHO-MPOMEHEBMX  KOMITOTEPHUX
TOMOrpam [OCHifKyBaHOi rpynu oci® BBakanu [ouinb-
HAM BUW3Ha4YUTU MOXIMBI BapiaHTW KOHTAKTIB KOpEeHiB
3y6iB 3 BEpxXHbOLLENEnHO Mnasyxow i Yy caritanbHin
npoekuii npaeBoro Ta niBoro Goky BignoigHo. Ockinbku
came Ha Ui npoekuil nikapi-oTonapuHronorn 4acTo
ouiHtoTh cTad BLUIM gk npu roctpux, Tak i Npu XpoOHiY-
HUX npouecax BLUMM.

CrtocoBHo nieoi BLUM y caritanbHOMy KOHYCHO-
npomeHeBomy 3pi3i Oyno BcTaHOBReHo, WO npu Oyap-
AKin - popMi  nasyxm  BIACYTHIN  KOHTaKT  KOpeHsi
23-ro 3yba BL3P 3i crnm3oBoi 06OMoHKoW Ta BKpan
piOKO BUSIBNAETBCA KOHTAKT KopeHs 24-ro 3yba, a came
nvwe npu osanbHin dopmi BLM - y 1 ocobu
(7,1% Bunagkis). — Tabn. 3, puc. 6.

tooth of the maxillary dental arch —in 9 people (64.3% of ca-
ses). The contact of the 13th and 14th roots of teeth with the
cortical plate of the MS is the least common — 1 person per
each (7.1% of cases), while the contacts of the 16th, 17th
and 18th roots of the teeth with the cortical plate were ob-
served in 4, 5 and 6 people (28.6, 35.7 and 42.9% of cases).

The roots of the teeth are rarely in contact with the
MS mucous membrane of the rectangular shape, namely:
the contact of the roots of the 13th, 14th and 18th teeth
is absent, while the 16th, 17th — 6 people per each
(42.9% of cases) and the 15th root of the tooth —in 1 person
only (7.1% of cases) — Table. 2, Fig. 3.

The triangular shape of the MS most frequently showed
the contact with the cortical plate of the 15th root of the
tooth — 11 people (45.8% of cases), and least frequently —
for the 13th root of the tooth — 2 people (8.3% of cases).
The 14th, 16th, 17th and 18th roots of the teeth are in
contact with the cortical plate in 5 (20.8% of cases),
8 (33.3% of cases), 4 (16.7% of cases) and 9 (37.5% of
cases) of persons, respectively.

The root of the 17th tooth is most often in contact
with the mucous membrane in 19 people (79.2% of cases)
and the root of the 16th tooth in 14 people (58.3% of cases).
The roots of the 15th and 18th teeth are in contact in 4
and 6 people, respectively (16.7 and 20.8% and cases) —
Table. 2, Fig. 3.

In the frontal plane of CBCT, the most frequent contact
with the cortical plate of the right MS is observed in the
triangular and trapezoidal shape of the MS, namely: in
the triangular shape, the MS is in contact with the 15th root
of the tooth in 11 people (45.8% of cases) while, in the
trapezoidal shape, the MS is in contact with the 15th tooth
root in 18 people (54.5% of cases), with 17th tooth root —
in 14 people (42.4% of cases) and with 18th tooth root —
in 13 people (39.4% of cases). Rarely, the contact with
the cortical plate of the MS is observed in the square and
round shape of the MS, that is: in the square shape, the
MS does not come into contact with the 13th and 14th roots
of teeth while it comes into contact with the 16th and
27th roots of teeth — in 4 people each (44.4% of cases) and,
in the shape, the MS is in contact with the 13th and
14th roots of the teeth — only in 1 person each (14.3% of
cases) and 2 people (28.6% of cases) is observed on
the root of the 17th and 18th teeth of the maxillary dental
arch (Table 2, Fig. 3).

Regarding the contacts with the mucous membrane
of the right MS in the frontal plane of CBCT, the most
common contact is observed in the trapezoidal and
triangular shape of the MS, that is: in the trapezoidal shape,
the MS is in contact with the 16th root of the tooth in
17 people (51.5%)and the 17th root of the tooth —
in 13 people (39.4% of cases), while in the triangular
shape, the MS is in contact with the 16th and 17th roots
of the teeth in 14 and 19 people, respectively (58.3 and
79.2% of cases). The least frequent contact with the mucous
membrane of the MS is observed in the rectangular shape
of the MS, that is: the MS does not come into contact with
the 13th, 14th and 18th roots of the teeth and it comes into
contact with the 15th one only in 1 person (7.1% of cases)
and with the 16th and 17th roots of the teeth — 6 people
(42.9% of cases) — Table. 2, Fig. 3.

The most frequent contact of the roots of the teeth
of the maxillary dental arch with

the cortical plate is observed in the rectangular shape
of the MS, while with the mucous membrane — in the trian-
gular shape of the MS on the right (Fig. 3).
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Tabnuusa 3. Moxnuei BapiaHTU KOHTaKTiB KOpeHiB 3ybiB BepXHbOLLernenHoro 3ybHoro psay
3 NiBOKO BEPXHbOLLENENHO Na3yxoto Yy caritanbHin npoekuii KMNKT
Table 3. Possible variations of contacts of the tooth roots of the maxillary dental arch
with the left maxillary sinus in the sagittal plane of CBCT

KoHTaKT i3 kopeHsiMn KoHTakT kopeHiB 3y6is BLLU3P i3 kopTukanbHo KoHTakT kopeHiB 3y6is BLLU3P 3i cnm3osoto
3y6is BLL3P nnactuHkoto BLLUIT, kinbkicts / % obonoHkoto BLUMM, kinbkicTb / %
Contact with tooth roots of | Contact of tooth roots of the maxillary dental arch Contact of tooth roots of the maxillary dental
the maxillary dental arch with MS cortical plate, amount / % arch with MS mucous membrane, amount/ %
®dopma BLLUMM 23 24 25 26 27 28 23 24 25 26 27 28
MS shape
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Puc. 5. Bnnue popmMm niBoi BepxHbOLLEnenHoi nasyxy Ha KOHTaKTu 3 kKopeHsimn 3y6iB y caritanbHin npoekuii KMNKT
Fig. 5. Impact of the shape of the left maxillary sinus on the contacts with the tooth roots in the CBCT sagittal plane

Mpn dopmi «Tpaneuig» HaN4acTilWMA KOHTaKT Cro-
cTepiraemo 26-ro kopeHsi 3yb6a 3i crnvM3oBol 06OMOHKOH
BLUM, a came y 4 oci6 (50% Bunagkis). 23-n, 24-n Ta
28-n kopeHi 3ybiB B3aranmi He KOHTaKTylTb 3i CMnM30-
Bolo obonoHkoto BLIM y caritanbHii npoekuii, a 25-n
Ta 27-1 KopeHi 3ybiB —y 1 1a 3 ocib (12,5 Ta 37,5% Bunag-
KiB) BignoBiaHO. KOHTaKT KopeHiB 3ybiB i3 KopTukanb-
Hoto nnactuHkoto BLUIM piBHOMIpHO po3noginueca Ha
24-n, 25- Ta 26- 3y6u — no 3 ocobu (37,5% Bunapgkis),
He Oyno XOOHOrO KOHTaKTy i3 23-mM KopeHem 3yba, Ta
y 4 oci6 (50% BunNagkiB) BiA3HaAYaBCs KOHTAKT KOPTU-
kanbHOi nnactuHkm BLUIM i3 27-m kopeHem 3y6a BLU3P
(tabn. 3, puc. 5).

Mpwn kBagpatHin copmi BLUIM KoHTaKT 3 1i KOpTUKanb-
HO MAACTUHKOI TPaNNAeTbCA Pigko, a came: KopeHi 23-ro,
24-ro Ta 28-ro 3y6iB B3arani He KOHTaKTYIOTb 3 Heto, a 25-1,
26-% Ta 27-% KopeHi 3y6iB nuwe y 1 ocobu (25% Bunagkis)
KoxeH. KoHTakT kopeHs 25-ro Ta 27-ro 3y0iB 3i Cnn3oBoto

When analyzing cone-beam computed tomograms
of the study group, it was considered appropriate to
identify possible options for contact of the roots of the
teeth with the maxillary sinus in the sagittal plane as well
on the right and left, respectively. Since it is exactly the
plane, where otolaryngologists often assess the state of
the MS in both acute and chronic processes of the MS.

Regarding the left MS in the sagittal cone-beam section,
it has been found that in any form of sinus there is no con-
tact of the root of the 23rd tooth of the maxillary dental arch
with the mucous membrane and the contact of the root of
the 24th tooth is extremely rare, namely in the oval shape
of the MS — in 1 person (7.1% of cases) — Table. 3, Fig. 6.

In the «trapezoidal» shape, the most frequent contact
is observed on the 26th root of the tooth with the MS
mucous membrane, namely in 4 people (50% of cases).
The 23rd, 24th and 28th roots of the teeth do not come i
nto contact with the MS mucosa in the sagittal plane, while
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Puc. 6. CaritanbHa npoekuis KIMKT xiHku, 31 pik, 3 BigcyTHICTIO KOHTaKTIB 23-ro, 24-ro Ta 28-ro kopeHis 3y6is BLL3P
3i cnm3oBoto 060MOHKOD Ta KOpPTUKanbHO nnacTuHkoto BLUIM kpyrnoi dhopmu
Fig. 6. Sagittal plane of CBCT of a 31-year-old woman, with no contact of the 23rd, 24th and 28th roots of the teeth of the MS
with the mucous membrane and the cortical plate of the MS of the round shape

obornoHkoto kBagpaTHoi dpopmu BLUIM 3ycTpivaBcsa y 2 ocib
(50% BuMNapkiB) koxeH, 24-ro Ta 26-ro kopeHiB 3ybiB —
no 1 ocobi (25% Bunapakis) Ta 28-ro kopeHs 3yba —y 3 ocib
(75% BunapgkiB). 23- KkOpiHb 3yba He KOHTaKTyBaB 3i
cnm3osoto obonoHkoto BLUM (Tabn. 3, puc. 5).

Mpu «kpyrnin copmi BLIM, 9k i 3 kopTukanbHo0
NNacTMHKOK, Tak i 3i Cnu3oBO OOOMOHKOW, He Bia-
3HaYanoch XO0OHOro KOHTaKTy 23-r0, 24-ro Ta 28-ro KOpeHiB
3y6iB. PiBHOMipHO po3snoginunuca KoHTakTh 26-ro Ta
27-ro kopeHiB 3y6iB — no 1 ocobi koxeH (33,3% Bunaakis)
Ta 25-1 KopiHb 3yba KOHTaKTyBaB 3i CN30BOK 0OOMOHKO
y 1 ocobu (33,3% BuNagkis), a 3 KOPTMKANBHOK MNACTUH-
Koto y 2 ocib (66,7% Bunagkis — Tabn. 3, puc. 5, 6.

Mpu oBanbHii dopmi BLUM HanuacTiwmin KOHTaKT 3i
CNn30BOK OBOMNOHKOK Npunagae Ha 26-n Ta 27- kope-
Hi 3y6iB — y 7 Ta 8 oci6 BignosigHo (50% Ta 57,1% Bu-
napkis), Hampigwe — Ha 24-i KopiHb 3yb6a — y 1 ocobwu
(7,1% Bunagkis). 25- Ta 28-n kopeHi 3y6is BLU3P
KOHTakTyloTb 3i cnu3oBolo obomnoHkoto BLUM oanbHoi
dopmmn y 3 (21,4% Bunagkis) Ta 4 ocib (28,6% Bunaakis)
BignosiaHo. KoHTakT 23-ro kopeHs 3yba 3i Crv3oBoto
obonoHkoto BLUM BiacyTHin. KoHTakTyBaHHA KOpeHiB
3y6iB 3 KopTuKanbHOW nnacTuHkoto BLUM piBHOMipHO
PO3MNOBCIOMKYETLCA Ha 24-11, 27-1 Ta 28-1 KopeHi 3ybiB —
no 2 ocobwn (14,3% Bunagkis). 25-n Ta 26-1 KopeHi 3y6is
BLU3P koHTakTylTb 3 KOPTUKanbHOW nnactuHkowo BLLUM
oBanbHOi dopmn y 5 T1a 4 ocib BsignosigHo (35,7% Ta
28,6% Bunagkis — Tabn. 3, puc. 5).

Mpn NPAMOKYTHIN OPMi KOHTaKT 3 KOPTUKarnbHO
nnactnHkoto BLUIM € HanvacTtiwum gna 26-ro  KopeHs
3yba BLU3P —y 8 ocib (77,8% Bunagkis). KoHTaktn 23-ro,
24-ro Ta 27-ro KopeHiB 3y6iB 3 KOpTMKanbHOK nnac-
TuHkoto BLUIM 3sycTpivatotbea Hauvpigwe — no 1 ocobi
(22,2% BunagkiB), a KoHTakTM 25-r0 Ta 28-r0 KOpEHiB
3y6iB 3 KOpTMKanNbHOK NMAacTUHKOK crocTepiranucs y
2 ocib (22,2% BunagkiB). 3i crnm3oBoto 060MOHKOK Nps-
MOKyTHOI dpopmu BLUIT kopeHi 23-ro, 24-ro Ta 28-ro 3y6is
B3arani He KOHTAaKTYlTb, KopeHi 25-ro Ta 26-ro 3y6iB —
nvwe y 1 ocobu koxeH (11,1% sunagkis). MNMpote 27-n ko-
piHb 3yb6a KOHTaKTye 3i CrvM30BO0 OBOMOHKOW npsi-
MOKyTHOI ¢opmmn BLUM y 7 oci6 (77,8% Bunagkis) —
Tabn. 3, puc. 5.

Mpu TpukyTHIK dopmi BLUM y caritanbHin npoekuii
HanyacTile crnocTepirany KOHTakTW 3 KOPTMKarnbHO

the 25th and 27th roots of the teeth — in 1 and 3 people
(12.5 and 37.5% of cases ) respectively. The contact of the
roots of the teeth with the cortical plate of the MS was
evenly distributed on the 24th, 25th and 26th teeth —
3 people (37.5% of cases), there was no contact with the
23rd root of the tooth, and in 4 people (50% of cases) there
was contact of the cortical plate of the MS with the 27th root
of the tooth of the maxillary dental arch (Table 3, Fig. 5).

In the square shape of the MS, the contact with its cortical
plate is rare, that is: the roots of the 23rd, 24th and 28th teeth
do not come into contact with it at all, while the 25th, 26th
and 27th roots of the teeth —only in 1 person (25% of cases)
each. The contact of the root of the 25th and 27th teeth
with the mucous membrane of the square shape of the MS
occurred in 2 people (50% of cases) each, the 24th and
26th roots of the teeth — 1 person per each (25% of cases)
and the 28th root tooth — in 3 people (75% of cases).
The 23rd root of the tooth did not come into contact with
the MS mucosa. (Table 3, Fig. 5).

In the round shape of the MS, both with the cortical plate
and with the mucous membrane, no contact of the 23rd,
24th and 28th roots of the teeth was observed. The contacts
of the 26th and 27th roots of the teeth were evenly distri-
buted — 1 person each (33.3% of cases) and the 25th root
of the tooth came into contact with the mucous membrane
in 1 person (33.3% of cases), while with the cortical plate —
in 2 people (66.7% of cases) — Table 3, Fig. 5, 6.

In the oval shape of MS, the most frequent contact
with the mucous membrane occurs on the 26th and
27th root of the teeth — in 7 and 8 people, respectively
(50% and 57.1% of cases), the least often one — on the
24th root of the tooth — in 1 person (7.1% of cases).
The 25th and 28th roots of the teeth of the maxillary
dental arch are in contact with the mucous membrane
of the MS of the oval shape in 3 (21.4% of cases) and
4 people (28.6% of cases), respectively. The contact of
the 23rd root of the tooth with the mucous membrane of
the MS is absent. The contact of the roots of the teeth
with the cortical plate of the MS is evenly distributed on
the 24th, 27th and 28th roots of the teeth — 2 people per
each (14.3% of cases). The 25th and 26th roots of the
maxillary dental arch are in contact with the oval-shaped
cortical plate of the MS in 5 and 4 people, respectively
(35.7% and 28.6% of cases — Table 3, Fig. 5).
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NnacTMHKOK Ta Cnu3oBok obornoHkoto BLUM. 13 kop-
TMKanbHo nnactuHkoo BUIM HanyacTilwe KoHTakTye
25-1 kopiHb 3yba — y 38 ocib (59,4% Bunagkis), a Havpigwe
23-n kopiHb 3yba — y 6 oci6 (9,4% Bunapkis). 26-n Ta
27-n kopeHi 3y6iB KOHTakTyloTb — no 21 ocobi KoXeH
(32,8% BunagkiB), a 28-, WO € [OCWUTb PIgKO Mpu
HWKUX dopMax, KOHTAKTYE i3 KOPTUKaNbHOK MNMnacTuH-
Kot TpuKyTHOI dopmm BLUIM y 20 oci6 (31,2% sunagkis).
Harpigwnin koHTakT crocTepiraBcs 24-x KopeHiB 3y0iB,
a came y 13 oci6 (20,3% Bunagkis). 3i crnusoso o6o-
MOHKOKO HamyacTille KOHTaKkTye KopiHb 27-ro 3yba —
y 37 oci6 (57,8% Bunagkis) Ta KopiHb 26-ro 3yba —
y 32 oci6 (50% Bunapkis). KopeHi 25-ro ta 28-ro 3y6is
KOHTakTyloTb ¥y 7 Ta 15 oci6 BignosigHo (10,9 Ta 23,4%
BMNazkis) — tabn. 3, puc. 5.

LlikaBum Byno BusBneHHs came Toro akTy, Lo HaBiTb
23-11 KopiHb 3yba koHTakTye 3 BLLUI, wo YacTto nponyckaTb
KNiHILMCTK, BBaXaro4u, WO came 23-1 i 24-n kopeHi 3y6iB
piako KoHTakTytoTb 3 BLUM. lNpoTe Hawe gocnigXeHHA
poseno, wo came y caritaneHin npoekuii KMNKT uitko
3acpikcoBaHo y 6 ocib koHTakT 23-ro kopeHsi 3yba, Ta y
13 ocib koHTakTye 3 BLUI 24-11 kopiHb 3yba BLL3P.

Y caritanbHin npoekuii KIMKT HanyacTilwum KOHTakT
3 KopTuKkanbHO nnacTtuHkoro nisoi BLUIM cnoctepiraemo
npu TpUKyTHI dopmi BLUIM, a came — nasyxa KOHTakTye
3 25-m kopeHem 3yba ax y 38 ocib (59,4% swunagkis),
a 3 26-m, 27-m Ta 28-m KopeHsamu 3y6iB — y 21, 21 Ta
20 oci6 BignosigHo (32,8%, 32,8% Ta 31,2% Bunaakis).

Hawnpiglumnin KoHTaKT 3 KOpTMKanbHOW niacTuHKow BLLUM
crnoctepiraemo npu kpyrnin ¢opmi BLUM, a came BLUMM
B3arasi He KOHTaKTye 3 23-M, 24-M Ta 28-M kopeHsimMu 3y6iB
Ta KOHTaKTye 3 26-M Ta 27-M KopeHsiMu 3ybiB — nuiue no
1 ocobi koxeH (33,3% Bunagkis) — Tabn. 3, puc. 5, 6.

LLlo cTocyeTbCA KOHTaAKTIB 3i CNM30BOK OOOOHKOK
nisoi BWIM y caritanebHin npoekuii KMNKT, 1o HanyacTi-
LM KOHTAKT CROCTepiraeMo nNpu TpUKyTHIN cdoopmi BLLIM —
y 37 oci6 (51,8% BunagkiB) KOHTaKT npunagae Ha
27-n kopiHb 3yba Ta y 32 ocib6 (50% BunagkiB) — Ha
26-n KopiHb 3yba. Hawnpigwe KOHTakT 3i crmM3oBol 060-
noHkoto BLUIM cnocTepiraemo npu KBagpaTHin, Kpyrnin
Ta npaMokyTHin copmi BLUIM, a came: BLUIM B3arani
He KOHTakTye 3 23-M, 24-m Ta 28-M KOpeHsMu 3yb6iB
Ta KOHTaKTye 3 25-m Ta 26-m — nuwwe no 1 ocobi KoxeH —
Tabn. 3, puc. 5, 6.

KIMKT BBaxkaeTbCcA HaAiMHUM METOAOM AN MNocTaB-
NEHNX Linen uporo AOoChigKeHHs. 3a OOMOMOro LbOoro
METOAY MOXHa YiTKO OUIHWTW TOBLUMHY crn3oBoi o6o-
FNIOHKN Nasyxu, WO € HEeMMOBIPHO BaXNWBMM ANA nikapis-
nopuHromnoris  Ta cTomatonorie. ETionoriyHi  ¢paktopu
NnoB’A3aHi 3 NEBHVMM BUAAMW MOAPA3HEHHSA, TaKUMWU K
O[OHTOrEHHi  KiCTW, MOMINO3HI pPO3POCTAHHA CrM30BOI,
3anarneHHsl, TakoX MOXHa BidyanisyBatu 3a [OMOMO-
roto KIMNKT. B ToM camunin 4yac nerke NOTOBLUEHHSI CMNKX30-
BOI BEpXHbOLLENnenHoi nasyxu € HOpMarnbHUM SBULLEM
y 6e3cMMNTOMHMX nauieHTiB, ane MOTOBLEHHA MnoHag
3 MM moxe 6yTu acouiioBaHe 3 BiANOBIAHOK naTomno-
rieto masyxw, Lo Crig BpaxoByBaTu AnNs BMOOPY TakKTWKM
nikysaHH4 [43].

AHani3yloum KOHTaKTU KOpeHiB 3y6iB i3 BignosigHoOO
cdopmoro npasoi BLUM y caritanbHii npoekuii  6yno
3'coBaHO, WO npu Oyab-skin opMi Nasyxu BiOCYTHIN
KOHTakT 13-ro KopeHsi 3yba 3i crnvM30BOK OBOMOHKOW Ta
13-ro, 14-ro KopeHiB 3y0iB i3 KOPTUKANbHOK MMACTUHKOK
npv KBagpaTHin, Kpyriii Ta NpsMoKyTHiN doopmi BLLIT.

[MpoTe, cnig 3ayBaxutu, Wo came kpyrna dopma BLUM
3ycTpivaeTbCsa Havpigle y ocib 3pinoro Biky 3 o6CTexeHoi

In the rectangular shape, the contact with the cortical
plate of the MS is the most common for the 26th root of the
tooth of the maxillary dental arch — in 8 people (77.8% of
cases). The contacts of the 23rd, 24th and 27th roots of the
teeth with the cortical plate of the MS are the least common —
1 person (22.2% of cases) per each, while the contacts of the
25th and 28th roots of the teeth with the cortical plate were
observed in 2 people (22.2% of cases). The roots of the 23rd,
24th and 28th teeth do not come into contact with the mu-
cous membrane of the rectangular shape of the MS at all,
the roots of the 25th and 26th teeth — only in 1 person each
(11.1% of cases). However, the 27th root of the tooth is in
contact with the mucous membrane of the rectangular sha-
pe of the MS in 7 people (77.8% of cases) — Table. 3, Fig. 5.

In the triangular shape of the MS in the sagittal plane,
the contacts with the cortical plate and the mucous mem-
brane of the MS were most often observed. The cortical
plate of the MS is most often in contact with the 25th root of
the tooth — in 38 people (59.4% of cases), and least often
is the 23rd root of the tooth — in 6 people (9.4% of cases).
The 26th and 27th roots of the teeth are in contact —
21 people each (32.8% of cases), while the 28th one, which
is quite rare in other shapes, is in contact with the cortical
plate of the triangular shape of the MS in 20 people
(31.2 % of cases). The rarest contact was observed in
24 roots of teeth, that is in 13 people (20.3% of cases).
The root of the 27th tooth is most often in contact with
the mucous membrane — in 37 people (57.8% of cases)
and the root of the 26th tooth — in 32 people (50% of cases).
The roots of the 25th and 28th teeth are in contact in 7
and 15 people, respectively (10.9 and 23.4% and cases) —
Table. 3, Fig. 5.

It was interesting to discover the fact that even the 23rd
root of the tooth is in contact with the MS, which is often mis-
sed by clinicians, believing that it is the 23rd-24th roots of
the teeth that rarely come into contact with the MS. However,
our study has proved that it is in the sagittal plane of CBCT
that the contact of the 23rd root of the tooth is clearly re-
corded in 6 people, and, in 13 people, the 24th root of the
tooth of the maxillary dental arch is in contact with the MS.

In the sagittal plane of CBCT, the most frequent contact
with the cortical plate of the left MS is observed in the trian-
gular shape of the MS, namely — the sinus is in contact with
the 25th root of the tooth in 38 people (59.4% of cases),
and with the 26th, 27th and 28th tooth roots — in 21, 21 and
20 people, respectively (32.8%, 32.8% and 31.2% of cases).

The rarest contact with the cortical plate of the MS is
observed in the round shape of the MS, i.e. the MS does
not come into contact with the 23rd, 24th and 28th roots
of the teeth and it comes into contact with the 26th and
27th roots of the teeth — only 1 person per each (33.3% of
cases) — Table. 3, Fig. 5, 6.

Regarding the contacts with the mucous membrane of
the left MS in the sagittal plane of CBCT, the most common
contact is observed in the triangular shape of the MS —
in 37 people (51.8% of cases) contact is on the 27th root of
the tooth and 32 in people (50% of cases) — on the 26th root
of the tooth. The least frequent contact with the MS mucous
membrane is observed in the square, round and rectangular
shape of the MS, i.e.: the MS does not come into contact
with the 23rd, 24th and 28th roots of the teeth and it comes
into contact with the 25th and 26th — only 1 person each —
Table. 3, Fig. 5, 6.

CBCT is considered as a reliable technique for the
purposes of this study. Using this method, one can clearly
assess the thickness of the sinus mucosa, which is
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rpynu nauieHTiB — Big 2,9 go 8,8% BunagkiB 3 yciei
JocnigxysaHoi rpynu.

Mpu copmi BLUM «Tpaneuis» Han4acTilLM KOHTaKT
3i cnnsoBol ob6onoHkoto BLIUM y caritanbHin npoekuiji
cnocTepiraemo y 17-ro kopeHsi 3yba — y 5 ocib (62,5% Bu-
napgkis) — Tabn. 4, puc. 7.

KoHTakT 3i cnusoBoto obonoHkoto BLUM 14-ro, 15-ro,
16-ro Ta 18-ro kopeHiB 3ybiB BLU3P cnoctepiraemo vy
1 ocobu (12,5% Bunagkis), 2 oci6 (25% Bunagkis), 3 ocid
(37,5% Bunagkis) Ta 1 ocobwm (12,5% Bunagkis) BignosigHo.
LLlo cTocyeTbCA KOHTaKTIB 3 KOPTUKArNbHOK MNIACTUHKO
BLUIM kopeHiB 3y6iB npu hopmi «Tpanewis», To HanyacrTiwe
cnoctepiranu koHTakT 18-ro kopeHsi 3yba BLU3P, a came
y 4 oci6 (50% sunagkis), 14-in, 15-i1 Ta 16-n KopeHi 3y6iB
KOHTaKTyloTb MopiBHY — no 3 ocobu (37,5% Bunagkis),
a 13- Ta 17-n KopeHi 3y6iB — no 2 ocobu (25% Bunagkis) —
Tabn. 4, puc. 7.

BBaxxaemo  OouinNbHMM  akueHTyBaTM  yBary Ha
KOHTakTyBaHHi 18-ro kopeHs 3y6a 3 BLUI y caritanbHin
npoekuii y 4 oci6 (50% BunagkiB), OCKiMbkM Le AOyxe
BaXKNMBO MPUIHATA OO yBaruM nikapam Ans nraHyBaHHSA
onepauin Ta iHWKX JiarHOCTUYHMX YTPYyYaHb.

lMpn kBagpatHin Ta Kpyrnin dopmi Yy caritanbHin
npoekuii BIACYTHIN KOHTaKT $IK 3 KOPTUKanbHOK nnac-
TvHkoto BLUM, Tak i 3i crnm3oBoto oboroHkow 13-ro Ta
14-ro kopeHiB 3y06iB.

Mpu ksBagpatHin copmi BLUIM Takox BiACYTHIN KOH-
TaKT 3 KOPTUKamnbHOK NNacTuHkow 16-ro kopeHs 3yba
Ta nuwe y 1 ocobun HasBHWUI KOHTaKT 18-ro kopeHs 3yba
(50% Bunagkis). Mo 2 ocobu Mamnm KOHTaKTW KOPEeHIB
3y6iB 3 KopTuKamnbHOW nnactuHkoo BUIM 15-ro T1a
17-ro 3y6iB, wo popiHioBano 100% Takux BUSIBMEHMX
BunagkiB. 3i cnusooto obornoHkoto BLUM npu i kBag-
paTHi (OpPMi KOHTaKTyE nuLue KopiHb 16-ro 3yba (50% Bu-
nagkis) Tabn. 4, puc. 7.

Mpu Kpyrnin OpMi KOHTaKT 3 KOpPTUKanbHOKW nnac-
TUHKOIO CrocTepiraeTbca nuvile Ans kopeHs 16-ro 3yba
(50% BunagkiB), a 3i CnM30BOK OOOMOHKOK — KOHTaKTK
piBHOMIpPHO po3noAinstTbes Ha 16-1 Ta 17-1 KopeHi 3y6iB —
no 1 ocobi (50% Bunagkis) Ta y 2 oci6 (100% Bunagakis)
KoHTakTye 15-11 KopiHb 3yba (Tabn. 4, puc. 7).

Mpn oBanbHin dopmi BLUM — HanyacTiwmnm KOHTaKT
3i crnnm3oBoto 060MoHKOK Npunagae Ha 16-1 Ta 17- KopiHb

incredibly important for laryngologists and dentists.
The etiological factors associated with certain types of
irritation, such as odontogenic cysts, polyposis, inflam-
mation, can also be visualized by means of CBCT. At the
same time, mild thickening of the maxillary sinus mucosa
is normal in asymptomatic patients, but thickening of
more than 3 mm may be associated with specifiC sinus
pathology, which should be considered when choosing
the treatment strategy [43].

Analyzing the contacts of tooth roots with the specific
shape of the right MS in sagittal plane, it has been found
that in any shape of sinus, there is no contact of the
13th tooth root with the mucous membrane and the one
of the 13th, 14th tooth roots with the cortical plate in square,
round and rectangular shapes of the MS.

However, it is worth pointing out that the round
shape of the MS is the least common in adults from the
examined group of patients — from 2.9 to 8.8% of cases
from the entire study group.

In case of the «trapezoidal» shape of the MS, the most
frequent contact with the MS mucous membrane in the
sagittal plane is observed in the 17th root of the tooth —
in 5 people (62.5% of cases) — Table. 4, Fig. 7.

The contact with the mucous membrane of the MS of
the 14th, 15th, 16th and 18th roots of the teeth of the maxi-
llary dental arch is observed in 1 person (12.5% of cases),
2 people (25% of cases), 3 people (37.5% cases) and 1 per-
son (12.5% of cases), respectively. Regarding the contacts
with the cortical plate of the tooth root MS in the «trape-
zoidal» shape, the contact of the 18th root of the tooth of
the maxillary dental arch was most often observed, i.e. in
4 people (50% of cases), the 14th, 15th and 16th roots
of the teeth contact equally — 3 people (37.5% of cases) per
each, while the 13th and 17th roots of the teeth — 2 people
(25% of cases) per each — Table. 4, Fig. 7.

We consider it reasonable to focus on the contact of
the 18th root of the tooth with the MS in the sagittal shape
in 4 people (50% of cases), since it is very important to
take into account when planning surgeries and other
diagnostic interventions.

In the square and round shape in the sagittal plane, there is
no contact with the cortical plate of the MS as well as with the
mucous membrane of the 13th and 14th roots of the teeth.

Tabnuusa 4. MoxnuBi BapiaHTV KOHTaKTiB KOPEHiB 3ybiB BepXHbOLLENenHOro 3yGHoro psay
i3 NpaBOI0 BEPXHBLOLLENENHO Na3yxolo Yy caritanbHiv npoekuii KMKT
Table 4. Possible variations of contacts of the tooth roots of the maxillary dental arch
with the right maxillary sinus in the sagittal plane of CBCT

KOHTaKT i3 KOPEHAMM | KonTakT kopeHiB 3y6is BLU3P i3 kopTikansHoto KoHTakT KopeHiB 3y6is BLL3P 3i cnsosoto
_3y6is BLU3P nnacTuHKoto BLLM, KinbkicTb / % 06ornoHKoto BLLM, KinbkicTb / %
Contact with tooth roots | Contact of tooth roots of the maxillary dental arch | Contact of tooth roots of the maxillary dental arch
of the maxillary dental arch with MS cortical plate, amount / % with MS mucous membrane, amount/ %

eopr S 13 | 14 | 15 16 17 18 13| 14 | 15 16 17 18
MS shape

Tpaneuieannna popma BUM | 55 | 5/37 5| 3375 | 3375 | 2/25 | a0 |00 [1125| 2025 | 3375 | 5825 | 11125
Trapezoidal shape of MS

Ksappatka cpopma BUIM o0 | oo | 2100 | oo | 2100 | 150 [oo] oo | o | 1s0 | oo | o
Square shape of MS

Kpyrna chopma BLUT o0 | oo | oo | 150 | oo | oo [ow]| oo |21000| 150 | 150 | ono
Round shape of MS

Osanb+a popma B 28,3 | 3125 8333 | 71202 | 71202 | ar16,7 |00 | 1742 | 31125 | 13542 | 111458 | 4116,7
Oval shape of MS

MpsmokytHa opma BUM 16 | o0 | 11/786 | 6/42,9 | 61429 | /57,1 [0 | o0 | o0 | 750 | 8571 | 21143
Rectangular shape of MS

Tpukyra dpopma BLU 59,6 |8/15.4 | 30/57.7 | 17132,7 | 16130,8 | 17327 | 00 | 00 | 9117,3 | 21140,4 | 28/53.8 | 12/23.1
Triangular shape of MS
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The contact of the tooth roots of the maxillary
dental arch with the mucous membrane

Puc. 7. Bnnue cbopmu npaBoi BepPXHBbOLLENENHOT MasyXun Ha KOHTaKTK 3 KopeHamu 3y6iB y caritanbHiv npoekuii KMNKT
Fig. 7. Impact of the shape of the right maxillary sinus on the contacts with the tooth roots in the CBCT sagittal plane

3yb6a — y 13 1a 11 oci6 BignosigHo (54,2% Ta 45,8% Bu-
nagkis), Hampigwe — Ha 14-i kopiHb 3yb6a — y 1 ocobu
(4,2% BunagkiB). 15-i Ta 18- kopeHi 3y6i BLLIBP koHTak-
TylTb 3i cnusoBot ob6onoHkow BLUIM osanbHoi dopmu
y 3 (12,5% Bunagkis) Ta 4 oci6 (16,7% Bunagkis) Biano-
BioHO. KOHTakTyBaHHSA KOpeHiB 3ybiB 3 KOPTMKaNbHO
nnactuHkoto BLUM  piBHOMIPHO PO3NOBCIOMXKYETHCA Ha
16-n Ta 17-n KopeHi 3ybiB — no 7 ocib (29,2% Bunagkis).
13-in, 14-in, 15-n ta 18-n KopeHi 3y6iB BLU3P koHTak-
TYIOTb 3 KOpTUKanbHOKW nnactuHkoo BLUIM oBanbHOI
dopmu y 2 (8,3% Bunagkis), 3 (12,5% Bunagkis),
8 (33,3% BunagkiB) Ta 4 oci6 (16,7% Bunaagkis) Bigno-
BigHO (Tabn. 4, puc. 7).

Mpu nNpsMokyTHIN copmi KoHTakTu 13-ro, 14-ro kope-
HiB 3y6iB BiACYTHi sIK 3 KOPTUKanNbHOKW nnacTuHkow BLUM,
Tak i 3i cnn3oBo 06OMOHKOK. TakoX BiACTYHI KOHTaKT
3i cnu3oBo 06omnoHko 15-ro kopeHs 3yba. KoHTtak-
TYBaHHS1 3 KOPTMKaNbHOW MIACTMHKOK € Han4yacTilium
anst 15-ro kopeHst 3y6a BLUSP — y 11 oci6 (78,6% Bunag-
kiB). KoHTakt 16-ro Ta 17-ro KkopeHiB 3y6GiB 3 Kop-
TUKanbHOl nnactuHkow BLUIM 3ycTpivaetbca no 6 ocib
(42,9% BunagkiB), a KoHTakT 18-ro KopeHs 3yba —
y 8 oci6 (58,1% Bunagkis)

3i cnnsoBo 060MOHKOK NPSIMOKYTHOI dhopmu BLLIM
KOHTaKTYyloTb KOpeHi 16-ro, 17-ro Ta 18-ro kopeHiB 3y6iB —
y 7,8 T1a2oci6 (50, 57,1 Ta 14,3% Bunaakis) Tabn. 4, puc. 7.

Ona TpukytHOI cpopmu BLUM y caritaneHin npoekuii
KOHTaKTM KOpeHiB 3ybiB cnocrtepiranu HawyacTiwe 3
yCix popM. I3 KOpPTUKarnbHOK MNMacTUHKOK HamyacTile
KOHTaKTyBaB KopiHb 15-ro 3y6a —y 30 ocib (57,7% Bunag-
KiB). 16-n Ta 18-n KopeHi 3ybiB KOHTakTyBanu 3 Kop-
TUKanbHOW MnacTuHkolo no 17 ocib koxeH (32,7% Bu-
nagkis), a 13-1, 14-1 Ta 17-1 kopeHi 3y6iB —y 5, 8 Ta 16 ocib
BignosigHo (9,6, 15,4 Ta 30,8% Bunazkis).

3i cnu3oBoto obornoHkoto BLUIM HalyacTiwe KoHTaKTy-
BaB 17-# kopiHb 3yba — y 28 oci6 (53,8% sunagkis). [do-
CUTb Y4acTo 3ycTpiyaBcs KOHTaKT 16-ro Ta 18-ro KopeHis
3y6iB — y 21 ta 12 oci6 BignosigHo (40,4 Ta 23,1% Bu-
napgkiB).15-1  KopiHb 3yba KOHTaKTyBaB 3i CIU30BOIO
obornoHkot y 9 ocib (17,3% Bunaakis). 13- 1a 14-i ko-
peHi 3y6iB >XOOHOrO pa3y He KOHTaKkTyBanu 3i CIU30BOH
06010HKot TpukyTHO chopmu BLLUMT (Tabn. 4, puc. 7, 8).

In the square form of the MS there is also no contact
with the cortical plate of the 16th root of the tooth and only
1 person has contact of the 18th root of the tooth (50% of ca-
ses). Two people had contacts of tooth roots with the cor-
tical plate of the 15th and 17th teeth, which was equal
to 100% of such detected cases. Only the root of the
16th tooth (50% of cases) is in contact with the mucous
membrane of the MS in its square shape. Table 4, Figure 7.

In the round shape, the contact with the cortical plate is
observed only for the root of the 16th tooth (50% of cases),
while with the mucous membrane, the contacts are evenly
distributed on the 16th and 17th root of the teeth — 1 person
(50% of cases) and in 2 people (100% of cases) the
15th root of the tooth is in contact (Table 4, Fig. 7).

In case of the oval form of the MS, the most frequent
contact with the mucous membrane occurs on the 16th
and 17th root of the tooth — in 13 and 11 people, res-
pectively (54.2% and 45.8% of cases), least often — on the
14th root of the tooth in 1 person (4.2% of cases).
The 15th and 18th roots of the teeth of the maxillary dental
arch are in contact with the mucous membrane of the MS
of the oval shape in 3 (12.5% of cases) and 4 people
(16.7% of cases), respectively. The contact of the roots
of the teeth with the cortical plate of the MS is evenly dis-
tributed on the 16th and 17th roots of the teeth — 7 people
(29.2% of cases) each. The 13th, 14th, 15th and 18th roots
of the teeth of the maxillary dental arch are in contact with
the cortical plate of the MS of the oval shape in 2 (8.3% of
cases), 3 (12.5% of cases), 8 (33.3%) cases) and 4 people
(16.7% of cases), respectively (Table 4, Fig. 7).

In case of the rectangular shape, the contacts of the
13th, 14th roots of teeth are absent with a cortical plate of
the MS as well as with the mucous membrane. There is no
contact with the mucous membrane of the 15th root of the
tooth either. The contact with the cortical plate is the most
common for the 15th root of the tooth of the maxillary dental
arch — in 11 people (78.6% of cases). The contact of the
16th and 17th roots of the teeth with the cortical plate of the
MS occurs in 6 people (42.9% of cases), while the contact
of the 18th root of the tooth — in 8 people (58.1% of cases).

The roots of the 16th, 17th and 18th roots of the teeth
are in contact with the mucous membrane of the rectan-
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Y caritanbHin npoekuii KMNKT Hanpigwe cnocrtepirae-
CA KOHTaKT i3 kopeHsAMu 3ybiB npu KBagpaTHin Ta
kpyrnin  cpopmi BLUIM. T[Mpu kBagpatHin dopmi  BLLIM
13- Ta 14-n kopeHi 3y6iB B3arani He KOHTaKTylOTb 3 ii
KOPTMKanbHOK MMacTUHKOK, a 3i CnvM30BOK OBOMOHKO
BiACYTHIA KOHTakKkT Yycix KopeHiB 3y6iB, kpim 16-ro, npwu
yomy nuwe y 1 ocobu. Lo x crocyeTbcss Kpyrnoi
cdopmi BLUIM — KOHTaKT 3 KOPTMKanbHOK MNNACTUHKOK
BiACYTHIi y BCix kopeHiB 3ybiB kpim 16-ro (y 1 ocobu), a 3i
CMM30BO0 ODOMNOHKOK KOHTaKTyBaHHA BiAcCyTHE Yy 13-ro,
14-ro Ta 18-ro kopeHs 3y6iB Ta npucyTHe y 16-ro Ta
17-ro kopeHs 3yba — no 1 ocobi (tabn. 4, puc. 7, 8).

Hawe pgocnigXeHHst Mmano Ha MeTi BCTAHOBUTW B3aEMO-
3B’A30K Mi>K (DOPMOI0 BEPXHBLOLLENENMHNX Nasyx Ta MOXIN-
BMMU KOHTakTaMu KOpeHiB 3y6iB BEpPXHbOLLENENHOro
3y6HOro psigy y 3gopoBux ocib 3pinoro Biky 6e3 roctpux
natonoriyHnx ctaHie BLUIM Ta moxHa cTBepaxysaTtu, LIO
KMKT nokasana 3Ha4yHO BMLLY HaAAiMHICTbL Yy MOCTaHOBL
Ta Bepudikauii giarHoay, Hixx npu 2D peHTreHorpadii.

gular shape of the MS in 7, 8 and 2 people (50, 57.1 and
14.3% of cases) Table 4, Fig. 7.

For the triangular shape of the MS in a sagittal plane,
the contacts of roots of teeth were observed most often in
all forms. The root of the 15th tooth most often came into
contact with the cortical plate —in 30 people (57.7% of cases).
The 16th and 18th roots of the teeth were in contact with
the cortical plate — 17 people each (32.7% of cases), and
the 13th, 14th and 17-1 roots of the teeth — in 5, 8 and
16 people, respectively (9.6, 15.4 and 30.8% of cases).

The 17th root of the tooth most often came into con-
tact with the MS mucosa — in 28 people (53.8% of cases).
The contact of the 16th and 18th roots of teeth was quite
common — in 21 and 12 people, respectively (40.4 and
23.1% of cases). The 15th root of the tooth was in contact
with the mucous membrane in 9 people (17.3% of cases).
The 13th and 14th roots of the teeth were never in contact
with the mucous membrane of the triangular shape of the
MS (Table 4, Fig. 7, 8).

Puc. 8. CaritanbHa npoekuis KINKT yonosika, 24 poku, 3 HanbinbLUIOK KiNbKICTIO KOHTaKTyBaHHSA KOpeHiB 3y6is BLL3P
SK 3i CN30BOI0 OBONOHKOI, Tak i 3 KOpTMKanbHO nracTuHkoto BLUM TpukyTHOI dhopmm
Fig. 8. Sagittal plane of CBCT of a 24-year-old man with the greatest amount of contacts of the tooth roots
of the maxillary dental arch both with a mucous membrane, and with a cortical plate of the MS of the triangular shape

3HaHHA aHaTOMIYHMX B3aEMO3B'A3KIB MK BEPXHbO-
LenenHow nasyxot Ta kopeHsmu 3y6is BLU3P pomno-
MOXe He nuwe Yy MnaHyBaHHi nojanblinxX MeTopaiB
NiKyBaHHA Ta [AiarHoCTMKW, @ W [03BONUTb YHUKHYTU
faraTbox BIpOriAHUX YCKNagHeHb, MOB’A3aHMX 3 Bigno-
BIJHMMW onepaTUBHUMM BTPYYaHHAMW Ha camin BLLIT.

In the sagittal plane of CBCT, the contact with the roots
of the teeth was hardly observed in the square and round
shape of the MS. In the square shape of the MS, the 13th
and 14th roots of the teeth do not come into contact with its
cortical plate at all, and with the mucous membrane there
is no contact of all tooth roots, except the 16th, in 1 person
only. Regarding the round shape of the MS, there is no
contact with the cortical plate in all tooth roots, except the
16th one (in 1 person), and with the mucous membrane
the contact is absent in the 13th, 14th and 18th root of
the teeth and is present in 16th and 17th root of the tooth —
1 person per each (Table 4, Fig. 7, 8).

The study was aimed to establish the relationship
bet-ween the shape of the maxillary sinuses and possible
contact of the tooth roots of the maxillary dental arch in
healthy adults without acute pathological conditions of
the MS, so it could be affirmed that CBCT showed signi-
ficantly higher reliability in diagnosis and its verification
than 2D radiography.
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BUCHOBKW

1. Pesynestatv npoBegeHWX AochigXeHb [A03BONUNU
NPOCTEXUTU HU3KY 3aKOHOMIpHOCTEM BNNMBY opmu
BEPXHbOLLENENHOI Ma3yxM Ha KOHTaKTyBaHHSA KOPEHIB
3y6iB i3 Heto. BcTaHOBNEHWI YiTKMI B3aEMO3B’A30K (hopMU
BUIM i3 KoHTakTyBaHHSIM BigMOBIOHMX KOpeHiB 3y6iB i3
Hel, a caMe KOHTaKT KOpTuKanbHOi nnactuHkmn BLUM
HamyacTile npocTexyeTbes i3 16-M Ta 26-M KopeHsaMun
3y6iB, a crnn3oBoi 06onoHku BLUM — i3 17-m Ta 27-m Kope-
HsiMM 3y6iB BepxHboLLenenHoro 3y6Horo psay.

2. BcTaHoBneHo, Wwo npu Oyab-skid dopMi nasyxu y
PpoHTanbHIM NpoeKUil Ha BCIX A0CNigXXyBaHUX KOMM'lOTep-
HUx Tomorpamax BLLUIM He Byno BUSIBNEHO KOLHOMO KOHTaK-
Ty KopeHiB 13-ro, 23-ro i 24-ro 3y6iB BEpXHLOLLENENHOIO
3y6Horo psagy (BLU3P) 3i cnnsoBoto 060NOHKOK BEPXHLO-
wenenHoi nasyxu. Takox He Oyno BMSIBNEHO >XOQHOrO
KOHTaKkTy kopeHsi 14-ro 3yba 3i cnv3oBol 0BGOMOHKOH
BLUIM npw kpyrnin, oBamnbHIN, NPAMOKYTHIA Ta TPUKYTHIN
i hopmi.

3. MNicnga getanbHOro aHanisy KOMM'IOTEPHUX TOMOrpam
BUWIM y dpoHTanbHin npoekuii KMNKT 6yno BusiBneHo,
WO HaN4YacTilUMA KOHTAKT 3 KOPTUKamNbHOK MNIACTUHKO
BLUIN cnocTtepiraemo npu TPUKYTHIR, TpaneuieBUaHIn Ta
nNpsMOKyTHIN chopmi BLLUIM, a Hanpigwmin — npu oBanbHiIn,
KkBagpatHin Ta kpyrmin copmi BLUM. KoHTakT 3i cnuso-
Boto obonoHkoto BLUIM HanuyacTiwmii npu TpaneuieBuaHiin
Ta TpUKYTHIN cdpopmi BLUIM, a Hanpigwmi — npu NpsiMOKyT-
HiM Ta KBagpaTHin dopmi BLUIM.

4. lMpun aHanisi komm’toTepHUx ToMorpam BLUI y cari-
TaneHoMy 3pisi 6yno BcTaHOBNEHO, Lo npu OByab-sikin hop-
Mi nasyxu BiOCYTHI KOHTaKT kopeHsi 23-ro 3yba BLU3P 3i
CNM30BOIO ODOSOHKOK Ta BKpal PiAKo BUSIBMSIETLCSH KOH-
TaKT kopeHs 24-ro 3yba, a came nue nNpu oBarbHil popmi
BLUIT. Mpwu kpyrnin popmi BLLUMT, sk i 3 kopTuKansHot nnac-
TUHKOI, TaK i 3i CnN1M3oBOK OOOMOHKOW, He BiA3Hadano-
CS1 )KOOHOTO KOHTaKTY 23-ro, 24-ro Ta 28-ro kopeHiB 3y0iB.

5. Boanocb BCTaHOBUTW, LLO Y cariTanbHii NpoekLii
KMKT HanyacTilwmi KOHTaKT 3 KOPTUKAmNbHOK MiacTuH-
koto BLUI cnoctepiraemo npu  TpukyTHin cpopmi BLLUIM,
a Hampigwun — npu Kpyrnin.

6. MNpwn aHanisi kOHTaKTIB KOpeHiB 3y6iB i3 BiANOBIAHOW
cdopmoto BLUIM y caritanbHin npoekuii 6yno 3’sicoBaHo,
wo npu Oyob-Akin ¢opmi Nasyxu BIiACYTHIA KOHTaKT
13-ro kopeHst 3yba 3i crnm3oBot obGonoHkow Ta 13-ro,
14-ro KOpeHiB 3ybiB i3 KOPTMKAaNbHOIK MMACTUHKOK Npu
KBagparTHin, Kpyrni Ta NpsAMOKYTHi coopmi BLLIT.

7. Ona TpukyTHOT cbopmu BLUM y caritanbHin npoekuii
KOHTaKTM KOpeHiB 3ybiB cnocrtepiranu HawyacTiwe 3
yCix popM. I3 KOpTUKarnbHOK MNMacTUHKOK HamyacTile
KOHTaKTyBaB KopiHb 15-ro 3y6a—y 30 oci6 (57,7 % Bunagakis).
16-1 Ta 18- KOpeHi 3ybiB KOHTAKTYBanuM 3 KOPTUKAINbHO
nnacTuHkor no 17 oci6 koxeH (32,7% Bunagkis).

8. VY caritanbHin npoekuii KMNKT Hanpigwe cnoctepi-
raBcsi KOHTaKT i3 KopeHsmu 3y6iB Mpu KBagpaTHin Ta
kpyrnii cdopmi BLUT. MMpu kBagpatHin copmi BLUM 13-i
Ta 14-n KopeHi 3y6iB B3arani He KOHTaKTYOTb 3 il KOpTU-
KanbHOK MIAacTUHKOW, a 3i CnM30Bo 0OOMOHKOK BiACYT-
Hi KOHTaKT ycix kopeHiB 3yb6iB, kpim 16-ro. LLlo x crocy-

Knowing the anatomical relationships between the
maxillary sinus and the tooth roots of the maxillary dental
arch will not only help in planning further treatment and
diagnosis, but also make it possible to avoid many poten-
tial complications associated with the certain surgical
interventions on the MS itself.

CONCLUSIONS

1. The results of the study have made it possible to trace
a number of patterns of the influence of the maxillary sinus
shape on the contact of the tooth roots with it. There is
a clear relationship between the shape of the MS with the
contact of the certain tooth roots with it, i.e. the contact of
the cortical plate of the MS is most frequently observed
with the 16th and 26th roots of the teeth, while the mucous
membrane of the MS — with the 17th and 27th tooth roots
of the maxillary dental arch.

2. It has been established that in any shape of the sinus,
the frontal plane on all studied computed tomograms of
the maxillary sinuses show no contact of the roots of
the 13th, 23rd and 24th teeth of the maxillary dental
arch with the maxillary sinus mucosa. No contact of the
root of the 14th tooth with the MS mucosa of was detected
in its round, oval, rectangular and triangular shapes either.

3. Due to a detailed analysis of computed tomography
of the MS in the frontal plane of CBCT, it has been found
that the most frequent contact with the MS cortical plate is
observed in triangular, trapezoidal and rectangular shape
of the MS, and the rarest one — in oval, square and round
shape of the MS. The contact with the MS mucosa is
most common in the trapezoidal and triangular shape of
the MS, while the rarest one — in the rectangular and square
shape of the MS.

4. When analyzing computed tomography of the MS
in sagittal section, it was found that in any form of sinus
there was no contact of the root of the 23rd tooth of the
maxillary dental arch with the mucous membrane and
the contact of the root of the 24th tooth was extremely rare,
especially in case of the oval shape of the MS. In the round
shape of the MS, both with the cortical plate and with
the mucous membrane, no contact of the 23rd, 24th
and 28th roots of the teeth was observed.

5. It has been established that in the sagittal plane
of CBCT the most frequent contact with the cortical
plate of the MS is observed in the triangular shape of
the MS while the rarest one — in the round shape.

6. When analyzing the contacts of tooth roots with
the specific shape of the MS in sagittal plane, it was
found that in any shape of the sinus there was no contact
of the 13th root of the tooth with the mucous membrane
and the 13th, 14th roots of the teeth with the cortical plate
in square, round and rectangular shape of the MS.

7. For the triangular shape of the MS in the sagittal
plane, the contacts of tooth roots were observed most often
in all forms. The root of the 15th tooth most often came
into contact with the cortical plate — in 30 people (57.7% of
cases). The 16th and 18th roots of the teeth were in contact
with the cortical plate — 17 people each (32.7% of cases).

8. In the sagittal plane of CBCT, the contact with
the roots of the teeth was rarely observed in the square
and round shape of the MS. In the square shape of the MS,
the 13th and 14th roots of the teeth do not come into
contact with its cortical plate at all, while there is no contact
with the mucous membrane of all the roots of the teeth,
except for the 16th one. Regarding the round shape of
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€Tbcs Kpyrnoi dopmi BLUIM — KOHTaKT 3 KOPTMKanbHO
NNacTUHKOIO BiACYTHIN B yCix KOpeHiB 3y6iB kpim 16-ro, a 3i
CNMM30BO0 ODOMNOHKOK KOHTaKTyBaHHA BiAcCyTHE Yy 13-ro,
14-ro Ta 18-ro KopeHs 3ybiB.
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membrane the contact is absent in the 13th, 14th and
18th root of the teeth.
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lMepcnekTMBU NnoganbLUNX AOCHIAXKEHb

[ouinbHO y HacTynHUX OOCMIAKEHHSIX BU3HAYMTKM CTaTeBi Big-

MIHHOCTI  MOXNMBUX  BapiaHTiB  KOHTaKTiB  KOpeHiB  3y6iB
BepXHboLLenenHoro 3ybHoro psay 3i CnM30BOKO  OBOMOHKOH
Ta KOPTMKaNbHOK  MMACTUHKOK  BEPXHbOLLENEenHUX  nasyx.

LlikaBum TakoX BBaXaemO MPOCTEXUTU BIiKOBi 3MiHW MOXNK-
BMX BapiaHTiB KOHTaKTiB KopeHiB 3yb6iB BLU3P 3i cnusosoio
OBOMOHKOI0 Ta KOPTUKANbLHOW MMACTUHKOK NasyX, LWO OfAHO-
3Ha4yHO JOMOMOXe NiKapsiM-OToNapuHrornioram Ta cTomartonoram
6inbLu 4iTKO ByAyBaTU CTPaTEriYHWIM NNaH NikyBaHHA NaujieHTa.

KoHdnikT iHTepeciB

ABTOp pykonucy cBiQOMO 3acBigvye BiACYTHICTb hakTuyHoro abo
NOTEHLIMHOro KOHAMIKTY iHTEpeCiB WOoA0 pe3ynbTaTiB Liei poboTtu
3 hapmMaLeBTUYHMMU KOMMaHisiMKU, BUPOBHWKaMK GiomeanyHux
NPUCTPOIB, iHWMMK OpraHi3aLismu, Yni NPoayKTW, NOCnyru, diHaH-
coBa niaTpMMKa MOXYTb OyTW MOB’sI3aHi 3 NMpeaAMEeToM HafaHux
Matepianis abo siki cnoHcopyBanu NpoBeAeHi AOCHIAXEHHS.
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®iHaHCcyBaHHS BuaaTKamMu BriacHoro OlogKeTy Ta 4acTKOBO
[epxaBHoro 6lokeTy YkpaiHu.
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Prospects for further research

It is reasonable to define gender differences of possible
variations of the maxillary tooth root contacts with maxillary
sinus mucosa and cortical plate in further study. We also find
it interesting to follow the age-related changes in possible upper
jaw tooth root contacts with the mucous membrane and
cortical plate of the sinuses, which will definitely help otolaryn-
gologists and dentists more clearly build a strategic treatment
plan for a patient.
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PE3IOME

AxTyanbHicTb. PeKoHCTpyKLia nicnspesekuinHux aedekTiB JOBrMX KiCTOK Y pasi iXHbOro
YpPaXXeHHs MyXnMHaMu € akTyarbHOK npobremoto, Wwo noTpebye NOCTINHOMO BUMBYEHHS.
KicTkoBi anoimnnaHTaTi 4acTo BUKOPUCTOBYIOTb AN uiei MeTu. NpoTe, Ha xanb, nig Yac
BWIOTOBIIEHHS BOHWM YaCTKOBO BTpavaloTb MILHICTb Ta OCTEOIHOYKTMBHI BNacTUBOCTI,
a iXHA BWXKMBAHICTb B OHKOMOrYHMX mnauieHTiB ctaHoBuTb 40% udepes 10 pockis.
Tomy cTaHOBUTL iHTEpeC MowWyK 6inbll [OCKOHaNMX MeTodiB 0BpobKM  KICTKOBMX
anoimMnnaHTaTiB, a TakoX BMBYEHHS IXHbOI NepebyaoBu W iHKOpnopawii B OHKOMOFYHUX
XBOPWX, CTaH OpraHiamy sikx 3aMiHEHU BHACMifoOK NpoMeHeBoi abo ximioTeparnii.

MeTta po6oTu — Jocnigntu CTPyKTYpy KiCTKOBOI TKaHWHW MIiCnsA iMnnaHTauii B gucTanb-
HWUIA MeTadi3 CTErHoBOI KIiCTKM LLypiB anoreHHoro KiCTKOBOro martepiany, CTepwri3oBa-
HOro 3a [OMOMOrOH y-BUMPOMIHIOBaHHA abo LUMSXOM MpOCOYYBaHHA aHTUOIOTMKOM,
Ta nicngonepauiiHoro BHyTPiLULHbOOYEPEBUHHOIO BBEAEHHS LIMCTINATUHY.

Martepianu ta metoam. EkcnepumeHT BukoHaHO Ha 20 camusx 6Ginux wypiB (Bik Ha
no4aTok ekcrnepuMmeHTy 5-6 mic., maca Tina — 365,8 + 6,4 r). YciM LWypam BMKOHanu
fipyacTun gedekt y AuctanbHOMy MmeTadisi CTErHoBoi KiCTKM Ta 3arnoBHWMM WOro
anoreHHNM KiCTKOBMM Matepianom, CTepUnisoBaHNM 3a [OMOMOroK y—BUMPOMiHIOBaHHS
(KoHTponb-1 Ta [Hocnig-1) abo HacuyeHHsiMm aHTubioTMka (KoHTpomnb-2 Ta [ocnig-2).
LLlypam KoHTponbHMX rpyn 4vepe3 14 pHiB nicns onepauii BHYTPILUHbOOYEPEBUHHO
BBOAMMM 2,0—2,4 mn po3uuHy 0,9 % NaCl, gocnigHux — 2,5 mr/kr umcnnatuHy. [icTonorivHmn
aHanis i3 ricromopdomeTpieto BUkoHaHo Yepesd 30 AHiB nmicnsi onepadii.

Pe3ynbtat Ta ix obroBopeHHs. Yepe3 30 pni6 micns onepauii HaMmeHLWa KinbKicTb
KicTkoBoi TkaHuHu (11,79%) yTBOpWnacs B Adedpektax wypis rpynu [Hocnig-1, skum
BCTAHOBIIEHO CTEpwri3oBaHUi 3a [OMOMOrol pafiauiiHOro y-BUMPOMIHIOBaHHSA anoim-
nnaHTat Ha «OHI BHYTPILLHBOOYEPEBMHHOIO BBEAEHHS UuMcnnatuHy. [ewo Kpalmn
nokasHuk BuSIBMBCA B rpyni [Jocnig-2 (ctepunisauis aHTMGIOTMKOM + LMCMNaTWH) —
31,64%. Y KOHTpOMbHMX rpynax (BHYTpilWHbOOYepeBMHHE BBedeHHA 0,9% Hatpito
xnopuay) BigHOCHUI obcsr KiCTKOBOI TkaHWHKU cTaHoBMB 16,7% (KoHTponb-1, pagiauinHe
y-BUNpoMiHoBaHHs) i 58,09% (KoHTponb-2, aHTMBioTuK). BmicT cnonyyHoi TkaHuHu GyB
Hambinbwwum y rpyni Jocnig-1 — 31,55%, a HamMeHwmnm — y rpyni KoHTponb-2 — 12,79%.
BucHoBkuW. BusHayeHo, Lo 3a yMOB BUKOPUCTaHHSA AN NnacTuku metadizapHux aedek-
TiB CTErHOBOI KIiCTKM LLYypiB KICTKOBMX aroimnnaHTaTiB BigbyBaeTbCsl ixHA nepebynosa
3 YTBOPEHHSAM KiCTKOBOI Ta CMOMyYHOi TKaHWHW. [poTe BiAHOCHUIA BMICT LMX TKaHWH
3anexvTb Big cnoco®y cTepunisauii anoiMnnaHTaTy i BWKOPUCTaHHS UMTOCTaTvKa.
3okpema, HanbinbLWWn BMICT KicTKOBOI TkaHuHW (58,09%) BUSIBNEHO y pasi 3aCTOCYBaHHS
CTepwunizoBaHOro aHTMbioTMkOM anoimnnaHTaty 6e3 yBeoeHHs uMTocTaTuka, a HalMeH-
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ABSTRACT

Background. The reconstruction of long bone defects that occur after resection of
tumors is a problem that requires constant study. Bone allografts are often used in this
scenario. Unfortunately, while they are prepared, allografts partially lose their strength
and osteoinductive properties; their survivability in oncological patients is only 40%
after 10 years. This is why the search for superior allograft treatment methods and
the study of allograft remodeling and incorporation in oncological patients, whose state
has been affected by radiation or chemotherapy, is an area of interest.

Purpose — study the structure of bone tissue in the distal metaphysis of a rat’'s femur
after bone allograft implantation (sterilized using gamma radiation or antibiotic saturation)
and post-operative intraperitoneal cisplatin injection.

Materials and Methods. Experiments were performed on 20 male white rats aged
5-6 months at the beginning of the experiment and weighed 365.8 + 6.4g. All rats
underwent a surgery that created a defect in the distal metaphysis of the femur which
was filed with a bone allograft treated with gamma radiation (Control-1 and
Experimental-1 groups) or saturated with an antibiotic (Control-2 and Experimental-2
groups). 14 days after allograft implantation, animals from the control groups received
an intraperitoneal injection of 2.0-2.4 ml of 0.9% NaCl, while animals from the
experimental groups received 2.5mg/kg of cisplatin. Histological analysis and histo-
morphometry were completed 30 days after the surgery.

Results. 30 days after the operation, the smallest relative area of bone tissue (11.79%)
was observed in rats from the Experimental-1 group, with gamma radiation treated
allografts and post-operative intraperitoneal cisplatin injections. A somewhat higher
value was found in the Experimental-2 group (antibiotic saturation + cisplatin) — 31.64%.
In the control groups, (intraperitoneal injection 0.9% NaCl), the relative area of bone
tissue was 16.7% (Control-1, gamma radiation treatment) and 58.09% (Control-2,
antibiotic saturation). The relative area of fibrous tissue was the largest in the
Experimental-1 group — 31.55% and the smallest in the Control-2 group — 12.79%.
Conclusions. Allograft remodeling occurs along with the formation of bone and fibrous
tissue when allografts are used to fill defects in the distal femoral metaphysis of rats,
However, the relative percentages of those tissues depend on the allograft sterilization
method and the use of cytostatic agents. The largest relative percentage of bone
tissue (58.09%) was obtained using an allograft saturated with antibiotics and without the
administration of cisplatin. The smallest (11.79%), on the other hand, occurred in gamma
radiation treated allografts with cisplatin injected intraperitoneally after the operation

Vyrva OYe, Holovina YaO, Ashukina NO, Malyk RV, Danyshchuk ZM. Effects of gamma radiation and post-

operative cisplatin

injection on the incorporation of bone allografts in

rats. Ukrainian journal of radiology
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BCTYN

PekoHCTpykUito nicnapesekuinix  gedekTiB  40Brux
KICTOK Yy pasi iXHbOro ypaKeHHs NyxXrnvHaMu € akTyarnbHO
npo6nemoto, Lo noTpebye NOCTIMHOIO BUBYEHHS. MpoTarom
OEKiNbKox AecAaTupiv y CBiTi TPUBaE MOLUYK «ifearbHOro»
iMnnaHTauinHoro marepiany ansa uiei metn. OCHOBHUMU
BMMOramu A0 iMNnaHTaTiB € iXHA OiOiHEepPTHICTb, MOXMK-
BiCTb 3aMiCTUTU AedeKTn KICTOK pi3HOro po3mipy Ta oopmu,
GioCyMiCHICTb i3 npunernMMmM TKaHUHaAMW  peuunnieHTa,
MiyHicTe [1, 2]. CborogHi BMKOPUCTOBYIOTE 6e3niy TexHik
ONS PEKOHCTPYKLii Benuknx AedekTiB KiCToK i cyrnobis.
Cepeql HUX OCHOBHMMMU € KICTKOBa NnacTuka 3 BUKOPUCTaH-
HAM ayTo-, ano- Ta KCeHOTPaHCNaHTaTiB, AUCTpaKuiiHMm
OCTEOCUHTE3, 3amiweHHa fedpektiB  GiomaTepianamu,
MoaynbHe Ta iHaMBIiAyanbHe eHaonpoTe3yBaHHSA [3—5].

MpoTe Ha cborogHi Bce GinbLioi nonynspHocCTi HabyBa-
I0Tb KOMOIHOBaHI MeToAu 3aMillleHHsI BENUKUX CErmMeH-
TapHUX AedeKTiB KICTOK i cyrnobiB, [0 AKX Hanexarb:
OUCTpakUiiHMA  OCTeoreHe3 Yy MOE€dHaHHI 3 KiCTKOBOK
ayTONNacTUKOW,  ariokOMMO3WTHE  eHOOoMPOTEe3yBaHHS
(allograft prosthesis composite — APC). Came kombGiHauis
METOAUK LO3BONSAE 3BECTU A0 MiHIMYMY HeOOmniKM KOXHOI
3 HKX i BUKOprCTaTu HeobxigHi ixHi nepesaru [6, 7].

PekoHCTpykKUito anoTpaHcnnaHtatamu aedekTiB KiCTOK
nicna BMAaneHHs MyxnvMH 4acTo 3aCTOCOBYIOTb SIK JOCUTb
edeKTUBHY MEeTOAMKY XipypriYHOro nikyBaHHS XBOPWX.
Lis meToamka mae neBHi nepesaru nepep iHwumn (biono-
riYHe BiJHOBIEHHSI KiICTKOBOT TKAHWUHW, MiCLib MPUKPINIIEHHS
M’s13iB OO KIiCTKW), ane BiACOTOK yCKNaAHEeHb 3anULLIAETbCA
BMCOKMM, LIO OOMEXYE MOXIMBOCTI BMKOPUCTaHHSA ano-
TpaHcnnaHTarTiB [8]. HanyacTile B OHKOMOriYHMX NaLieHTiB
crioctepiraloTe  PO3BUTOK  iHPEKUiIMHUX  yCKragHeHb
(Big 8,3 0o 20 % [9-11]), nepenomu, yTBOPEHHSI HECNPaBX-
Hix cyrnobis (Big 8 oo 14%) i koHTpakTyp [12-14]. Pigwe
BMHMKAE PO3CMOKTYBaHHSA arnoTpaHCnnaHTary, Wo 3yMOB-
NEeHOo NOoripWeHHs M iIMYHONOTYHOro CTaHy XBOPWUX Nicns
noniximiotepanii. 3a pesynsrataMu pPi3HUX LOCHIOKEHb,
CepeaHin TepMiH 3pOLLEHHS anoTpaHCniaHTaTy Ta KiCTKu
peuunieHTa cTaHoBUTL 6nnsbko 8 mic. [15, 16].

[na 3anoBHeHHA BenukMX 3a po3Mipamu AedekTiB y
KICTKOBI/ OHKOOpTOMe il 3a3Bnyant BUKOPUCTOBYHOTb CTPYK-
TYpHi Ta dparmMeHTOBaHi (rpaHynsT, KpuxTa) anoimnnaH-
Tatu, AKi CTepuni3yloTb 3a AOMOMOrOK y-BUMNPOMIHIOBaHHS
(15-35 «kI'p) [17], abo Hu3bkMX Temnepatyp (fresh-frozen,
Temnepatypa go —75°C) [18]. BcTtaHoBneHo, WO 3a ymoB
BMKOpUCTaHHs fresh-frozen anoTtpaHcnnaHTaTiB nmigBuULy-
€TbCS PU3NK IHEKLiNHMX ycknagHeHb [18], a o6pobneHnx
3a JOMOMOrOK0 Y-BUNPOMIHIOBaHHA, OCOBNMBO MacUBHUX, —
pu3uk ixHix nepenomiB. Ockinbku pafiauis BMIvBaE Ha
CTPYKTYPHi BracTMBOCTI anoTpaHCMaHTarTiB, iX He peKo-
MEHOYETbCHA BMKOpUCTOBYBaTU y Bunagkax APC y surnaai
MacVBHWX TPaHCNMNaHTaTiB.

YaockoHaneHHs cnocobiB 0o6pobkn  KICTKOBUX  ano-
TPaHCNNaHTaTiB, @ TaKOX BUBYEHHS iXHBbOI B3aemogii 3
UMTOCTaTUYHUMKU MpenapataMu, € MepCrneKTUBHUM Ha-
NPAMKOM AOCHIAKEHHS.

Meta poboTtu — gocniguTn CTPYKTypy KiCTKOBOI TKa-
HWHW nicns iMAnaHTadii B guctanbHuin metadia CTerHoBoi
KICTKW LLypiB anoreHHoro KiCTKOBOro marepiany, ctepuni-
30BaHOrO 3a [OMOMOrOK Y-BUMPOMIiHIOBAHHA abo wwins-
XOM MPOCOYYBaHHSI aHTUOIOTMKOM, Ta nicnsionepawuiiHoro
BHYTPILLHBOOYEPEBUHHOIO BBEAEHHS LMCNNATHHY.

INTRODUCTION

The reconstruction of long bone defects that occur
after resection of tumors is a problem that requires constant
study. For several decades, scientists all over the world
are looking for the perfect implant material for this purpose.
The main requirements for the bone implant include
bioinertness, the ability to replace defects of various
sizes and shapes, compatibility with adjacent recipient
tissue, and strength [1, 2]. Today, many different techniques
are used to reconstruct large bone and joint defects.
The main ones include filling the defects with auto-,
allo-, and xenografts or biomaterials, distraction osteoge-
nesis, and modular and individual endoprosthesis [3-5].

Even so, combined methods of reconstructing large
segmental bone and joint defects, such as distraction
osteogenesis using bone autografts and allograft prost-
hesis composite (APC), are currently gaining in popularity.
This combination of different methodologies makes it
possible to minimize the disadvantages of each one
and effectively utilize their advantages [6, 7].

Allograft reconstruction of bone defects that occur
after tumor resection is a common and mostly successful
method for surgically treating patients. This method has
clear advantages over the rest (biological recovery of the
bone tissue and muscle attachment zones). However,
the complications rate remains high, which limits the
possibility of using allografts in this scenario [8]. The most
common complications observed in oncological patients
include infections (from 8.3% to 20% [9, 10, 11]),
fractures, pseudoarthrosis (from 8% to 14%), and contrac-
tures [12-14]. More rarely, allograft resorption occurs,
which is caused by a decline in the patient's immunolo-
gical status after polychemotherapy. As a result of several
studies, the average length of time required for union
between the allograft and recipient’'s bone was determined
to be approximately 8 months [15, 16].

In order to fill large bone defects, bone oncologists
usually use structural and particulate (granular, bone chip)
allografts that are sterilized using gamma radiation
(15-35 kGy) [17], or low temperatures (fresh-frozen, tem-
peratures below —75°C) [18]. It was determined that
the use of fresh-frozen allografts increases the risk of
infection [18], while sterilizing with gamma radiation
increases the risk of allograft fracture. Since radiation
affects the structure of the allograft, using large ones is
not recommended in APC.

The refinement of treatment methods for bone allo-
grafts and study of their interaction with cytostatic drugs
is a potential area for further research.

Objective — study the structure of bone tissue in the
distal metaphysis of a rat's femur after bone allograft
implantation (sterilized using gamma radiation or anti-
biotic saturation) and post-operative intraperitoneal
cisplatin injection.
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MATEPIAJIU TA METOAU OOCNIAXEHHA

TBapuHu

lMnaH pocnigXeHHA cxBarneHo Ha 3acigaHHi KOMiTeTy
3 GioeTukn npu [epxaBHinl ycTaHoBi «IHCTUTYT natonorii
xpebTa Ta cyrnobis imeHi npodecopa M.l. CuteHka Hauio-
HanbHOI akageMil MeauyHMX Hayk YkpaiHu» (nMpoTokon
Ne 204 Big 15.06.2020) BignosigHO Ao 3akoHy YKpaiHu
Ne 3447-IV Big 21.02.2006 «[lMpo 3axmucT TBapuH BIg
YKOPCTOKOrO NOBOMKEHHS» (CT. 26, 31), €BpONencbKoi KOH-
BEHLUIT 3axmcTy xpebeTHMX TBapwH, SIKUX BUKOPWUCTOBYHOTb
y eKcnepuMeHTanbHUX Ta iHWuX HaykoBux Uinsax (Ctpac-
6ypr, 1986), Ta Anpektnaun 2010/63/EU [20, 21].

EkcnepumeHT BMKOHaHo Ha 20 camusx 6inux uwypis
nonynsiyii - ekcnepumeHTanbHo-6ionoriyHol  kniHikn  [Oep-
aBHOI ycTaHoBU «lHCTUTYT natonorii xpebTa Ta cyrnobis
imeHi npodecopa M.l. CuteHka HauioHanbHOI akagemii
MeanyHux Hayk YkpaiHu». Bik TBapuH Ha noyaTtok ekcne-
pumeHTy 5-6 mic., maca Tina — (365,8 £ 6,4) r. TBapuH yTpu-
MyBanu B knitkax no 5 ocobwH, 3a Temnepartypu nosiTps
22-24°C, i3 12-roguHHUM CBITNIOBUM MEPIOAOM, BiflbHUM
[oCTynom Ao ixi Ta Bogu.

[On3anH ekcnepuMeHTy

YciM Wwypam BUKOHanNM gipvyactuin gedekT y aucranb-
HOMY MeTaqidi CTerHoBOl KiCTKM Ta BUMNAAKOBMM YUHOM
pos3nodinunu Ao oAHiel 3 rpyn 3anexHo Big BUKOpUCTa-
HOro Ansi 3anoBHEHHS AedekTy martepiany Ta BBEOEHHS
nikapcbKoro 3acoby:

— KoHtponbe-1 (n=5) Ta Hocnig-1 (n=5) — anokicTkoB.i
iMAnaHTaTn (giametp 2 MM, BUCOTa 3 MM), CTepUni30BaHi
3a JOMNOMOrol0 y-BUNPOMIHIOBaHHS (Y-rays);

— KoHTpone-2 (n=5) Ta Hocnig-2 (n=5) — anokicTkoB.i
iMAnaHTatTn (giametp 2 MM, BMcoTa 3 MM), MPOCOYEHI
pO34MHOM aHTMOGioTUKa «LledTpiakcoH».

Y rpynax «KoHTponb» 4yepe3 14 fgHiB nicnsa iMnnaH-
Tauii anokicTKoBOro Martepiany BHYTPILULHBOOYEPEBUHHO
Beogunun 2,0-2,4 mn posunHy 0,9% Hatpito xnopuay
(TOB «HoBodapm-biocuHTesy», YkpaiHa), y rpynax
«fdocnig» — umcnnatuH y p[osi 2,5 Mr/kr ogHOpasoBo
(EBEBE ®apma lec.m.6.X, Haor, KI, AscTpisi) [22].

EgTaHasiio wypie 3gicHioBanu 4vepe3 30 AHiB nicns
onepadii WNAXoM BBEAEHHSA fneTanbHOi 403K aHeCcTeTuKy
(tioneHTan HaTpito, 90 Mr/Kr BHYTpPILLHEOM S30BO).

BuroTtoBneHHs anokicTkOBUX iMnnaHTaTiB

lybuacTi kicTkoBi anoimnnaHTatv AiaMeTpom 2 MM i
BMCOTO 3 MM BUIOTOBIEHI 3 MeTadi3iB CTErHOBUX | BENNKO-
FOMINKOBUX KIiCTOK 5 LUypiB-O40HOPIB 3@ ONMCAHOK TEXHO-
norieto [23]. Crtepunisauio anoiMmnnaHTaTtiB NpoBOAUNN
pagiauinH1um y-BUNpoMiHIOBaHHAM y Ao3i Big 15 go 25 klp
(06pobky anoiMnnaHTaTiB BMKOHyBanu Yy XapkiBCbKOMY
i3NKO-TEXHIYHOMY IHCTUTYTi, HayKOBO-4OCMIOHOMY KOMIM-
nekci «[lMpuckopioBay» 3a [AOMOMOIOK MpUCKOpoBaYva
JIY-10, meTtogom [O3UMETPIl 3 BMKOPUCTAHHAM AETEKTO-
piB Harwell Perpex 4034(ISO/ASTM 51276)) abo wunsxom
3aHyptoBaHHs Ha 24 rog 3a Temnepatypu +4C y po3duH
aHTubioTuka «UedTpiakcoH» (MAO «KuiBmegnpenapat»
kopnopauii «APTEPIYM JITO», YkpaiHa), pPO34YMHHUK —
0,9% Hatpito xnopug (TOB «HoBogapm-biocuHTE3Y,
YkpaiHa), KoHueHTpauis po3dmHy 1r/10 mn.

XipypriyHi BTpy4aHHs

Onepalii BAKOHAHO B YMOBaXx acenTuky  aHTUCENTUKN
nig 3aranbHUM 3HebontoBaHHAM (keTamiH, 50 mr/kr xuBoi
Macu, BHYTpPILWHbOM'i30B0). LllepcTb Ha niBOMY KOmiHi

MATERIALS AND METHODS

Animals

The plan for the study was approved by the bioethics
committee at the Sytenko Institute of Spine and Joint
Pathology (Protocol No. 204 from 15.06.2020) in accor-
dance with the Ukrainian Law «On the Protection of
Animals from Brutal Treatment», the European Convention
for the Protection of Vertebrate Animals used for Experi-
mental and Other Scientific Purposes (Strasbourg, 1986)
and Directive 2010/63/EU [20, 21].

Experiments were performed on 20 male white rats
from the population of the experimental biological clinic
of the Sytenko Institute of Spine and Joint Pathology.
The animals were aged 5-6 months at the beginning of
the experiment and weighed 365.8 + 6.4 g. There were
5 rats in each cage, with surrounding temperatures
of 22-24°C and a 12-hour light period, and access to
food and water.

Study design

All rats underwent a surgery that created a defect in
the distal metaphysis of the femur and were randomly
divided into groups depending on the material used to
fill the defect and whether cisplatin was used:

— Control-1 (n=5) and Experimental-1 (n=5) — allo-
grafts (diameter 2 mm, height 3 mm) sterilized with
gamma radiation;

— Control-2 (n=5) and Experimental-2 (n=5) — allografts
(diameter 2 mm, height 3 mm) saturated with Ceftriaxone.

14 days after allograft implantation, animals from
the control groups received an intraperitoneal injection
of 2.0-2.4 ml of 0.9% sodium chloride («Novofarm-Biosin-
tes» LLC, Ukraine), while animals from the experimental
groups received 2.5 mg/kg of cisplatin (EBEWE Pharma
GmbH Nfg. KG, Austria) [22].

The animals were euthanized by administering a lethal
dose of anesthetic (sodium thiopental, 90 mg/kg intra-
muscularly) 30 days after the surgery.

Preparation of bone allografts

Cancellous bone allografts (diameter 2 mm, height
3 mm) were prepared from the femoral and tibial meta-
physes of 5 donor rats using previously defined me-
thods [23]. Allografts were sterilized using gamma radia-
tion (15-25 kGy) or submerged for 24 hours in a 4°C
Ceftriaxone solution («Kyivmedpreparat» PJSC in
«ARTERIUM LTD», Ukraine) with 0.9% sodium chloride
as the solvent. 1g of Ceftriaxone was dissolved per 10 ml
of solvent.

Surgery
The operations were completed in aseptic and anti-
septic conditions under general anesthesia (ketamine,
50mg/kg intramuscularly). After the fur was shaved off the
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ronunu, onepadiiiHe none o6bpobnanu aHTUCENTUKOM
«BbetaguH», nicna 4oro BigKpMBanu AiNsSHKY AWCTaNbHOro
MeTacpiza CTerHoBoi KiCTKM Ta 3a AOMOMOrol CTOMaToso-
rivHoro 6opa mogentoBanu gipyactTui gedekT giameTpom
2 MM, munbuHoto 3 mm. NpomMuBanu paHy po34nHOM Jeka-
CaHy, BUCYLLYBanu Ta 3 BUKOPUCTaAHHAM press-fit TexHiku
B AedeKTi KICTKM po3MillyBanu anoimnnaHTar, 3almvsanu
M’aKi TkaHuHK (puc. 1). MicueBo paHy obpobnsanu aHTu-
biotnkom «LledTpiakcoH» (nopowok, NMAO «KuiBmeanpe-
napat» kopropauii «APTEPIYM JITO», VYkpaiHa) Ta
Haknaganu LWBKW Ha LLKIpY.

C'h&

left knee and femur, the area was treated using a Betadine
solution, the distal metaphysis of the femur was accessed
through a cut in the skin, and transcortical defects (diame-
ter 2 mm, depth 3 mm) were created using a dental burr.
Then, the wound was washed using a decasan solution,
dried, and the allografts were placed in the defect using
a press-fit technique (fig. 1). Later, the soft tissue was sutu-
red, locally treated with Ceftriaxone, and the skin sutured.

Puc. 1. 3oBHiwWwHi BUrnsAg iMnnaHTary (A) Ta eTanu xipypriyHoro BTpy4aHHs (B-D)
Fig. 1. The allograft (A) and different stages of the surgery (B-D)

FicTronorisa
[ns rictonoriyHoro aHanisy B LWypiB BUAINSAM npo-
onepoBaHi CTErHOBi  KiCTKM, O4MLLlyBanu Bifg M’SIKMX

TKaHWH, dikcyBanu npotarom 4 ai6 y 10 % po3vmHi HenT-
panbHoro dopmaniHy Ta gekanbumHyBanu B 10% pos-
UYMHi MypalumHOi kucrnotu. [icna uboro Bigpisanu auc-
TanbHi MeTai3n 3 OiNAHKOK iMNnaHTauii, 3HEBOAHIOBaNM
y CchnvpTax 3pocTak4oi KOHLEHTpauii, npocodyBanu B
napacini i3 kcunonom Ta 3anueanu B napadiH. Buro-
TOBMEHI (PpOHTasbHi FCTONOriYHI 3pi3n 5—-6 MKM TOBLUU-
Holo 3abapBnioBanu remMaTokCUIIHOM Ta €03MHOM, MIKpPO-
dykcnHoMm 3a BaH-l30HOM 11 aHanisyBanuv nig CBITAOBUM
mikpockoriom BX63 (Olympus, AnoHisa). Lndposi 3HiMKn
oTpuMyBanu 3a gonomMoroto kamepu DP73 (Olympus).

FictomopdomeTpin

Y pinsaHui iMnnaHTadii 3 BUKOPUCTaHHAM NPOrpamHoro
3abe3sneyeHHs «Cell Sens Dimention 1.8.1» (Olympus, 2013)
BMMIipIOBanu NoLli HOBOYTBOPEHUX TKaHWH — KICTKOBOI Ta
CMony4HoI (Ha 2 UeHTpanbHUX 3pi3ax y KOXHOI TBapuHW),
NnoTiM po3paxoByBanu ix BigHOCHMI BMICT (bone tissue —
B%, fibrous tissue — F%) Big 3aranbHoi nnoLi gedexTy.

CtaTUCTUYHUM aHani3

Pesynbtatn BuMiptoBaHb nogaHo sk mediaHa (Me) Ta
npoueHTuni (25% i 75%). AHaniz BnnuBy 06pobneHHs
anoimnnaHTaTty (cTepunisauis 3a 4ONOMOroK aHTMBIOTUKa
UM iOHI3YHYOro Yy-BUMPOMIHIOBAHHSA) Ha BIiAHOCHI MMOLLi
TKaHWH, YTBOPEHUX y AiNAHUI AedeKTy BUKOHAHO 3 BUKO-
puctaHHam Mann-Whitney U-test. Ctatuctnynmi ananis
npoBedeHO 3 BUKOPWUCTaAHHAM nporpamHoro 3abesne-
yeHHa |IBM Statistics SPSS 23. BigmiHHOCTI BBaanu
CTATUCTMYHO 3HauyLmmMn y pasi p < 0,05.

Histology

Femurs that were operated on were taken out, cleaned
of soft tissues, and stored in 10% neutral formaldehyde.
After 4 days, the bones were placed in 10% formic acid
to decalcify and a distal metaphysis with the implantation
area was cut out of each bone. The distal metaphyses
of the femurs were dehydrated in isopropyl alcohols of
increasing concentration and a mixture of paraffin and
xylene (1:1), and embedded into paraffin. Frontal histo-
logical sections 5-6 pm in width were stained using
hematoxylin and eosin (H&E) and Van Gieson’s stain,
and analyzed under a BX63 light microscope (Olympus,
Japan). Digital images were obtained using a DP 73 ca-
mera (Olympus).

Histomorphometry
Using the «Cell Sens Dimention 1.8.1» software
(Olympus, 2013), the areas of newly formed tissues
(bone and fibrous) were measured in two central sections
for each animal. After measurement, the percentage
of bone tissue (B%) and fibrous tissue (F%) relative to
the total area of the defect was calculated.

Statistical analysis
The results of the measurements are presented as
medians (Me) and percentiles (25% and 75%). The Mann—
Whitney U-test was used to analyze the effect of the
allograft sterilization method (gamma radiations or
Ceftriaxone saturation) on the relative areas of the
newly-formed tissue in the defect. Statistical analysis
was conducted using the IBM Statistics SPSS 23 software.

The critical level of significance was accepted to be 0.05.
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PE3YJIbTATU TA IX OBFOBOPEHHSA RESULTS AND DISCUSSION
Mig yac rictonoriyHoro pJocnigxeHHa B AedyekTax During histological study of the femoral defects of rats
cTerHoBmx Kictok wypie rpyn KowTtponb-1, Hocnig-1 i | from the Control-1, Experimental-1, and Experimental-2
Oocnig-2 BusBneHo dparMeHTn anoTpaHcnnaHTtaTty, | groups, fragments of the allograft, fibrous and newly-formed
CMOMy4YHy Ta HOBOYTBOPEHY KICTKOBY TKaHWHU (puc. 2). bone tissues were discovered (fig. 2).

Control-1
(y-rays, 0,9% NaCl)

Control-2
(ceftriaxone, 0,9% NaCl)

Experiment-1
(y-rays, cisplatin)

Experiment-2
(ceftriaxone, cisplatin)

Puc. 2. MNMokasaHa nepebynosa anoiMnnaHTaTty 3 yTBOPEHHSAM LUiNbHOT CNOMYYHOT Ta HOBOYTBOPEHOI KICTKOBOI TKaHWH Y BCiX rpynax.
Cnony4yHy TKaHWHY B AiNsSHUI AedekTy KopTekcy BusiBneHo y wypis rpyn Kontpons-1, focnig-1 i Jocnig-2, a seBnLa nisucy HaBkono
dparmeHTiB anoimnnaHTaty — y rpyni Jocnia-1. Y rpyni KoHtponb-2 nokasaHa nepebynoBa anoiMnnaHTaTty 3 yTBOPEHHAM rybyacToi
KICTKOBOI TKaHWHMW MNAaCTUHYaCTOI CTPYKTYpU, CHOPMOBAHUIA KOPTEKC i nepiocT. lemaTokcuniH Ta eo3nH. A — allofgraft, F — fibrous tissue,
B — newly formed bone, y-rays — y-BunpomiHtoBaHHs. PucyHkn B € dpparmerntammn pucyHkis A
Fig. 2. The remodeling of allografts with the formation of dense fibrous tissue and bone tissue is shown in all groups,
while fibrous tissue only formed in the area of the cortical defect in Control-1, Experimental-1, and Experimental-2 groups.
Lysis formation only occurred around allograft fragments in the Experimental-1 group. In the Control-2 group,
cancellous bone tissue of the lamellar structure and periosteum were formed. H&E.
A - allograft, F — fibrous tissue, B — newly formed bone, y-rays — gamma radiation.
Images from section B are fragments of images from section A
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CnonyyHa TkaHuHa Oyna winbHot, Mmictuna dibpo-
UMTK 3i CBITIOK LIMTONNA3MO0 Ta rinepXpoMHUMMK Sapamu,
ryctuHa skmx 0Oyna Bucokot. HoBOYTBOpEHi KiCTKOBI
Tpabekynu posTawloByBanuca no nepudpepii gedekrty,
Ha Mexi 3 MaTepMHCbLKOK KICTKOIO, a y rpynax KoHTponb-1
i [Jocnig-2 BOHM TakoX HallapoByBanucsa Ha dparMeHTu
anoimnnaHTaty. Y HOBOYTBOPEHMX KiCTKOBUX Tpabekynax
BM3Ha4Yanu ocTeouuTUn, PO3TallOBaHi B NakyHax, i3 rinep-
XPOMHMMM siApaMu Ta He3HavyHow 3a o6cArom uutonnas-
Mot0. Ha 30BHILLHIN NoBepxHi TpabeKkyn po3TalloByBanucs
dbyHKUiOHANbHO aKTUBHI ocTeobnactuv, WO CBigYMTb Mpo
nepebir penapaTMBHOIO OCTEOreHe3y B Takux JAinsHKax.
3a pesynbratamu ricToMopgopmeTpii BCTAaHOBMEHO, LWO
3 BUKOPUCTaHHAM anoiMnnaHTatie, 06pobneHnx pagiauin-
HUM y-BUMPOMiHIOBaHHAM, B% 6yna meHwoto 3a F%:
y rpyni KonTtpone-1 — B 1,66 pasy (p=0,004), Oocnig-1 —
y 2,8 pasy (p<0,001). Y rpyni [Jocnig-2, HaBnaku, nokas-
HuK B% nepesuwwysaB F% B 1,9 pa3y (p<0,001) (puc. 3).
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The fibrous tissue was dense and contained large
numbers of fibrocytes with light-colored cytoplasm and
hyperchromic nuclei. Newly-formed bone trabeculae were
located on the perimeter of the defect, specifically on
the border of the host bone. In the Control-1 and
Experimental-2 groups, the trabeculae also formed right
on the surface of the allograft. Osteocytes with hyper-
chromic nuclei and cytoplasm of relatively small size
were found in the lacunae of the trabeculae. Functionally
active osteoblasts were located on the surface of the
trabeculae, which is evidence for reparative osteogenesis
occurring in those areas.

As a result of the histomorphometry, it was determined
that when allografts were sterilized using gamma radiation,
B% was lower than F%: by 1.66 times (p=0.004) in the
Control-1 group, by 2.8 times (p<0.001) in the Experimen-
tal-1 group. On the contrary, in the Experimental-2 group,
B% was higher than F% by 1.9 times (p<0.001) (fig.3).
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Puc. 3. BigHocHa nnowwa yTBopeHux y aedekTi TkaHuH. [aHi nogaHi sik megiaHa Ta npoueHTuni (25% i 75%)
Fig. 3. The relative percentages of tissues formed in the defect. The data is presented as median and percentiles (25% and 75%)

Mpumitka: 3a pesynstatammn Mann—Whitney U-test:

* — CYTTEBI BiAMIHHOCTI MiXX KOHTPOIBHOI Ta AOCNIAHO rpymnoto;
# — mix rpynamu Jocnia-1 Ta Jocnig-2;

Y — mix rpynamu KoHtponbe-1 i KoHTponb-2.

Notes: Results of the Mann-Whitney U-test:

* — a significant difference between the experimental and control group;
# — a significant difference between Experimental-1 and Experimental-2 groups;

Y — a significant difference between Control-1 and Control-2 groups.

AnotpaHcnnaHTtat y rpynax KowTtpone-1, Hocnig-1 i
Hocnip-2 6yB 3 o3HakaMu nepebyaoBu. Y AOro po3LnpeHi
KaHanu npopocTanu KpOBOHOCHI CyauHu, manogudepeH-
LiioBaHi KMiTUHK, yTBOPIOBaNnCcsa ocepeaky nyxkoi crnomnyy-
HOI TKaHWHKW. HaBKONMO OKpeMux dparmMeHTiB anoTpaHc-
nnadHTaty y rpyni flocnig-1 cnoctepiranu ocepeaku nisucy.
BigHOBNEHHA KOpTEKCYy He BCTAHOBMNEHO — Y 30HI AedeKTy
Ha LUbOMY PpiBHi pO3TalloByBanacs LinbHa CrofyyHa
TKaHvHa (auB. puc. 2).

KoHTponb-2 (anoTpaHcnnaHTaT CTepuizoBaHoO LUMSIXOM
NPOCOYYBaHHS  aHTMBIOTMKOM, BHYTPILUHbOOYEPEBUHHE
BBefeHHa 0,9% NaCl) BigpisHaBca Big iHWKWX rpyn
TBapuH 3a ctaHoMm JedekTy. 30Kpema, BUSIBMEHO Maibke
noBHy nepebynoBy anoTpaHcnnaHTaTy, SKMi 3amicTuna
rybyacra KiCTkoBa TKaHWHa MNacTUHYacTOl CTPYKTYypu Ta
YEpPBOHWI | XOBTUIA KiCTKOBMI MO30K. HOoBOYyTBOpEHi Tpa-
©eKynn po3TalloByBanucsa rycrto, nepneHauKynsipHoO Oci
KICTKM Ta XxapakTepu3yBarucs 3Ha4YHOM LLIMbHICTIO sickpa-
BO 3abapBrneHux ocTeoumTiB, MK HUMM 30ebinblioro
YTBOPUBCSH YEPBOHWUIA KICTKOBMIA MO30K (OMB. puc. 2).

The allografts in the Control-1, Experimental-1 and
Experimental-2 groups showed evidence of remodeling.
Blood capillaries and undifferentiated cells grew deep into
the allograft, where loose fibrous tissue was also observed.
Lysis was found around some of the allograft fragments
in the Experimental-1 group. Recovery of the cortical layer
of the distal femoral metaphysis was not observed —
dense fibrous tissue was located in that area (fig. 2).

The structure of the defect differed in the Control-2
group (allograft sterilized through saturation with antibiotic,
intraperitoneal injection of 0.9% NaCl) in comparison
with the other groups. Specifically, the allograft was almost
completely remodeled, with cancellous bone tissue of
the lamellar structure and red and yellow bone marrow
forming in its place. Newly-formed bone trabeculae formed
close to one another and perpendicular to the bone axis.
A large number of brightly-colored osteocytes were
found inside the trabeculae (fig. 2). As opposed to the other
experimental groups, newly-formed bone tissue was also
located in the cortical defect and was firmly connected
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Ha BigmiHy Big iHWKWX eKcnepuMeHTanbHUX  rpyn
HOBOYTBOPEHa KICTKOBa TKaHWHa pO3TalloByBanacs Takox
y BeEKTI KOPTEKCY, LLiNMbHO KOHTAKTYHOUN 3 MaTEPUHCHKMM.
B% HOBOYTBOpEHOI KiCTKM MnepeBuLLyBana MOKa3HWK B
KoHTponi-1 B 3,46 pasy (p<0,001) (puc. 3). Mogekyan mix
HOBOYTBOPEHUMK Tpabekynamu crnocrtepiranu CrnornyyHy
TKaHWHY 3 HEBMCOKOHO LUINbHICTIO KNITUH, BiQHOCHA nnoLua
sKoi Oyna meHwoto y 2,1 pady MOPIBHAHO 3 MOKa3HUKOM
y Kontponi-1 (p<0,001) i B 4,54 pa3sy nopisHaHO 3 B%
(p<0,001). Bigmiyanu ocepegkM nepiocTanbHOro Ta
€HOOCTanbHOro KiCTKOYTBOpPEeHHSA. [epiocT Hag AiNsHKO
nedekTy 6yB chopmoBaHUiA.

3ananbHoi peakuii He BUSIBNEHO B XXOAHOMY BUMNAAKY.

Y MaTepuHCbKIN KiCTUi B pasi BUKOPUCTAHHA UMUTOCTa-
TUKY BiOMiYeHi faBUWA [OeCTpyKuii — poswapyBaHHs
MaTPUKCY, YTBOPEHHS LWiNWH, TepuTopii 6e3 kniTuH, HeBe-
NWYKi OiINSHKM Ni3ncy KiCTKOBOro Mo3ky i Tpabekyr, Habpsik
KICTKOBOTO MO3KY.

O6roBopeHHs

KicTkoBi anoimnnaHTaTM 4acTto 3acTOCOBYHOTb Ans
PEKOHCTPYKLUIT BENUKMX AedeKTiB KiCTOK nicrns BuaaneHHs
MyXWH, OCKINbKM X OTPUMaHHA ycyBae HeoOXigHiCTb
BMKOHaHHSA JOAAaTKOBOro 60MiCHOro XipypriyHoro BTpy4aHHs
Ta Npobnemu i3 JOHOPCLKOK AiMSIHKOK MOPIBHSIHO 3 ayTo-
noriyHnm matepianom. NpoTte, Ha anb, Nig Yac BUrOTOB-
NEHHs KICTKOBI amnoiMnnaHTaTty 4acTKOBO BTpayalTb
MILHICTb Ta OCTEOiHOYKTVBHI BNAacTMBOCTI, @ IXHA BMXUBa-
HICTb B OHKOMOrYHMX nauieHTiB cTaHoBUTL 40% 4epes
10 pokiB [11, 24]. Tomy CTaHOBWUTbL iHTEpec nowyk BinbLu
[OCKOHanmx mMetofiB 00pobkM KICTKOBMX anoiMniaHTaTis,
a TakoX BMBYEHHs iXHbOI nepebynoBM 1 iHKopropauii B
OHKOJOMNYHUX XBOPWUX, CTaH OpraHiamy SKMx 3MiHEHWUR
BHacnigok NpomMeHeBoi abo ximioTepanii.

Y npoBegeHoMy [ocnigXeHHi BuBYeHa nepebynosa
anoreHHoOro KiCTKOBOro TpaHCNnaHTaTy 3arnexHo Big cro-
coby rnoro ctepunisadii (y-BUNPOMIHIOBaHHSI 860 HaCMYEHHS
aHTMBIOTMKOM), @ TaKOX BiJ BUKOPWUCTaHHSA UMUCMNaTUHY
B nicrnsonepadiHoMy nepiogi. AnoTpaHcnnaHTatn po3mi-
WwyBanu B gipyactux gedekrax, BUKOHAHWX Y AUCTanbHOMY
mMeTadisi cTerHoBoi KicTku wypis. Konu muHyno 14 gHis
nicna iMnnadTauii, TBapuMHam BHYTPILHLOOYEPEBUHHO
opHopasoBo BBoaunu 2,0-2,4 mn posumHy 0,9% Hatpito
xnopugy (rpynu KoHnTtponbe-1 1a KoHTpone-2) abo 2,5 mr/kr
umcnnatuHy (rpynu Jocnig-1 ta Jocnig-2).

Yepes 30 pi6 micns onepauii BusieneHo nepebyaoBy
anoTpaHCnnaHTaTiB 3 YTBOPEHHSIM CMOMYYHOI Ta KiCTKOBOI
TKaHWH, NpoTe IXHiN BMICT BIAPI3HABCA B AOCHIAXKYBaHMX
rpynax. 30kpema, Hauripwwmii pesynestat 3 Ormsgy Ha
YTBOPEHHS KiCTKOBOI TKaHuHW (11,79%) oTpumaHo B rpyni
Hocnig-1, ne B gedekTi po3miwyBanu CTepunisoBaHum
3a [OMOMOrol  Y-BUMPOMIHIOBAHHA anoimnnaHTat Ha
hbOHI  BHYTPILLUHEOOYEPEBMHHOIO BBEAEHHS LMCNNATUHY.
Lle nosicHeTbCA HeraTMBHUM BMIMBOM Bigpasy [ABOX
YMHHKKIB. 3 opgHoro OoOKy, BiZOMO, WO cTepunisauis 3a
[OMOMOrOH y-BUNPOMIHIOBaAHHSA MPU3BOAUTL OO0 3HUKEHHS
MeXaHi4YHMX XapaKTepUCTUK Ta nepiogy BWXKMBAHOCTI KiCT-
KOBMX anoTpaHCnnaHTaTiB, Lo 3YMOBMEHO PYyNHYBaHHAM
KonareHy B KicTKOBOMY matpukci [17, 19, 25]. 3 iHworo 6oky,
BMSIBNEHO, O MNicrisionepauinHe BBEAEHHS LMCNNaTuHy
CYTTEBO 3MeEHLUYe pe3opbuito anoimnnaHTaty 1 yTBOPEHHS
KicTkKM [26], 3HA4YHO NPUrHiYye KICTKOYTBOPEHHA B pasi
aucTtpakuinHoro octeoreHesy [27, 28]. [NokasaHo, WO
uMcnnaTuH iHridye nponicdepaditio Ta CTUMYIOE anonTo3
Me3eHXiManbHUX CTPOMarbHUX KMiTUH KiICTKOBOrO MO3KY,
AKi € OogHUM i3 [Kepen Ans pereHepauii Kictkm [29].

to the host cortex. B% exceeded its counterpart in
the Control-1 group by 3.46 times (p<0.001) (fig. 3). In some
locations, fibrous tissue with a low cell density was obser-
ved between the newly-formed bone trabeculae.
F% was 4.54 times smaller than the B% (p<0,001) and
2.1 times smaller than its counterpart in the Control-1 group
(p<0,001). Areas of periosteal and endosteal bone
formation were found. A periosteum was formed over
the area of the defect

Inflammation was not observed in any of the samples.

Destructive changes were found in the host bone
when cisplastin was used: damaged matrices, formation
of fissures, areas without cells, small areas of lysis of
bone marrow and trabeculae, and swelling of the bone
marrow.

Discussion

Bone allografts are often used to reconstruct large
bone defects that occur after tumor resection because
the method using which allografts are obtained does not
require additional painful surgery and makes it possible
to avoid issues with the donor site, as opposed to auto-
grafts. Unfortunately, while they are prepared, allografts
partially lose their strength and osteoinductive properties;
their survivability in oncological patients is only 40%
after 10 years [11, 24]. This is why the search for superior
allograft treatment methods and the study of allograft
remodeling and incorporation in oncological patients,
whose state has been affected by radiation or chemo-
therapy, is an area of interest.

This study evaluated the effect of different sterilization
methods (gamma radiation or antibiotic saturation) and
post-operational injections of cisplatin on the remodeling
of allografts. Allografts were placed in the transcortical
defects of distal femoral metaphyses in rats; 14 days
after the operation, the animals received an intraperitoneal
injection of 2.0 — 2.4 ml of 0.9% NaCl (Control-1 and
Control-2 groups) or 2.5mg/kg of cisplatin (Experimental-1
and Experimental-2 groups).

30 days after the operation, remodeled allografts,
parts of which were replaced with bone and fibrous tissue,
whose areas varied between groups, were observed
in the defects. The worst result, from the perspective
of bone tissue formation, (11.79%) was reached in the
Experimental-1 group, when allografts were sterilized using
gamma radiation and cisplatin was injected intraperito-
neally after the operation. This finding can be explained
by the influence of two negative factors. On one hand,
it is known that sterilizing using gamma radiation leads to
a decrease in biomechanical properties and lifespan of
bone allografts, which is caused by the destruction of
collagen in the bone matrix [17, 19, 25]. On the other hand,
it was found that post-operative injection of cisplatin signi-
ficantly decreases the resorption ability of the allograft
and bone formation [26], and significantly reduces bone
formation during distraction osteogenesis [27, 28]. It was
demonstrated that cisplatin inhibits the proliferation and
stimulates the apoptosis of mesenchymal stem cells of
the bone marrow, which are one of the sources of bone
regeneration [29]. Consequently, the removal of one of
those factors made it possible to obtain an increased
relative percentage of bone tissue: in the Experimental-2
group (antibiotic saturation + cisplatin) — 31.64%.
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BignoBigHO, yCyHEHHS OfHOro 3 UMX YMHHWKIB (@ came
Y-BUMPOMIHIOBaHHSA) [a€ MOXNMBICTb OTpUMaTU [JeLlo
Kpalmii NoKasHUK BiAHOCHOIO BMICTY HOBOYTBOPEHOI KiCT-
KOBOiI TKaHWHUW: y rpyni Jocnig-2 (ctepunisauia aHTunbio-
TUMKOM + umcnnatvH) — 31,64 %. MpoTte uen nokasHuk 6yB
3Hayywie MeHWUMm nopiBHAHO 3 rpynoto  KoHTponb-1
(58,09 %), ne 6ynu BiacyTHI 0bnaBa HEraTMBHUX YMHHUKM
(BHYTpiWHbOOYEpeBMHHE BBeaeHHA 0,9 % HaTpito xnopu-
ay + aHTubioTtuk). Lle 6yB odikyBaHO Havikpallmii pesynbrar.

BmicT crnony4Hoi TKaHMHM BUSIBUBCA HaWGinbLiMM
y rpyni Oocnig-1 — 31,55%. Lle moxe 6yt 3ymoBneHo
rOCTPOIO 3ananbHOK peakuieto, siKy BUKIUKalTb 06pob-
nNeHi  y-BUMNPOMIHIOBAHHSAM anoiMnfnaHTatM nicnsa  BBe-
OEHHA Ta gKa MOXe npu3BecT [0 IXHbOro nisucy W
YTBOPEHHSA 3HAYHOI KinbKOCTi cnony4Hoi TkaHuHu [30].
HarMeHWwunn BMICT CMOMy4YHOI TKaHWHWM crnocTepiranu
y rpyni KoHTpone-2 — 12,79%.

[MopiBHIOKOUN pesynbTaTh CBITOBUX AOCHIAXEHb 3 OTPU-
MaHMMU B J@HOMY AOCHIOXKEHHI, MOXHa 3pobUTH BUCHOBOK,
Lo MOEAHaHHA y-BUNPOMIHIOBaAHHA ANA cTepunisadii KicT-
KOBWX anoTpaHCMMaHTaTiB i3 3aCTOCYyBaHHSAM LIMTOCTaTWY-
Horo ximionpenapaty (LUMcnnaTuH) NPUrHidye pereHepadito
KicTkn. [loBegeHO TakoX HeraTMBHUIA BMNWB LUTOCTATUKIB
Ha npouec iHkopnopaduii anoTpaHcnnaHTaty (Jocnig-1).

BUCHOBKHU

Y pesynerati MOpPOMOriYHOro AOCHISKEHHS BU3Ha-
YeHO, WO 3a YMOB BWKOPWUCTaHHS ANA NNacTUKU MeTa-
dizapHUX OedekTiB CTErHoBOl KIiCTKM LUypiB KiCTKOBUX
anoimnnaHTaTiB BiabyBaeTbca X nepebynoBa 3 yTBOpEH-
HAM KiCTKOBOI Ta CMOMNyYHOI TKaHuHW. [poTe BigHOCHUN
BMIiCT LMX TKaHWH 3anexuTb Big crnocoby cTepunisadii
anoimMnnaHTaTy i BMKOPUCTaHHS LMTOCTaTMKa. 3okpema,
HanbinbWmin BMIiCT KicTKoBOI TkaHWHK (58,09%) BusiBNeHO
y pasi 3acTOCyBaHHsi CTEPWIi30BaHOro0 aHTMBIOTMKOM arno-
imnnaHTaty 6e3 yBegeHHs uuTocTaTuka, @ HaMMEeHLIUA —
y BUNagKy 3aMilleHHs gedekTy anoiMnnaHTaTtom, ctepuni-
30BaHUM 3a AOMOMOroK pafiauiiHoro y-BUNPOMIHIOBaHHS,
Ha HOHi BBEAEHHS LMTOCTATUYHOrO Npenapary.
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Nonetheless, that figure is significantly smaller than
the value in the Control-1 group (58.09%), where both
of the negative factors were absent. This was, as expected,
the best result.

The relative percentage of fibrous tissue was highest
in the Experimental-1 group —31.55%. This may be cau-
sed by an acute inflammation that occurred after the
implantation of gamma radiation treated allografts that
may have led to allograft lysis and the formation of large
amounts of fibrous tissue [30]. The smallest relative
percentage of fibrous tissue was in the Control-2
group — 12.79%.

Comparing the results of past studies with the ones
obtained in this work, it can be concluded that combining
gamma radiation treated allografts with the post-opera-
tional injection of cytostatic agents (cisplatin) leads to
reduced bone regeneration. Also proven was the negative
impact of cytostatic agents on the incorporation of the
allograft (Experimental-1 group).

CONCLUSIONS

As a result of the conducted study, it was determined
that when allografts are used to fill defects in the distal
femoral metaphysis of rats, allograft remodeling occurs
along with the formation of bone and fibrous tissue.
However, the relative percentages of those tissues depend
on the allograft sterilization method and the use of cyto-
static agents. The largest relative percentage of bone
tissue (58.09%) was obtained using an allograft saturated
with antibiotics and without the administration of cisplatin.
The smallest (11.79%), on the other hand, occurred in
gamma radiation treated allografts with cisplatin injected
intraperitoneally after the operation.
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PE3IOME

AkTyanbHicTb. OfHielo 3 BaxnuBilwWMX npobriem OHkomnorii € nepebGopeHHs Tepanes-
TUYHOI PE3NCTEHTHOCTI MYyXMWH, fika BWHUKAaE 30Kpema BHACMIOOK NiABULIEHHSI PiBHS
depMeHTy uuknookeureHasu 2 (LIOI-2). Bigomo, Lo 3pocTtaHHs pisHs LIOIM-2 Ta npogykTy
i gisnebHOCTI, npocTarnaHavHy-E2 npyu OHKOMNOFMYHWX 3aXBOPIOBAHHAX, CMPUSE TakuMm
npouecam B OpraHiaMi, SIK picT MyxfWH, CTUMYMAUIA B HWUX nponidepadii, iHAYyKUisA
pakoBux CTOBOYPOBMX KNiTWH, ranibMyBaHHsi anonTo3y, akTuBalisi aHrioreHesy, iHBasis,
MeTacTasyBaHHsi Ta PO3BUTOK XiMio- Ta pafiope3ncTeHTHOCTi. 3acTocyBaHHS iHriGiTopis
LIOr-2, skumn € HectpoigHi npotusananeHi npenapatn (HCM3IM), 3HayHO obmexye
Ui npouecu Ta MOMIMWYE MOKa3HWKW BWXUBAHOCTI Ta CMEPTHOCTI Y XBOPUX Ha pak,
a y cnoryyeHHi 3 ximionpenaparamu BigMiHIOE BUKINMKAHY HUMW PE3UCTEHTHICTb.

MeTta po60TU — BMBYEHHSI CTPYKTYPHO-CPYHKLIOHANbHOIO CTaHy KIiTUH KapLMHOMM
lepeHa nicna  kombiHOBaHOro  3acTOCyBaHHS  HECTEPOIAHOrO  MPOTM3anarnbHOro
MeroKCMKaMy i NToKanbHOro iKC-onpoMiHEHHS NyXNuHW y cymapHux gosax 1,0 Ta 10 Ip.
MaTtepianu Ta metoaun. Ha 33 wypax-cammusx 3 nepeLlenneHoro kapumHomoro epeHa
3a [JOMOMOrol0 CTaHAapTHUX METOAIB eneKTPOHHOI MiKpocKonii AocnigpkeHa ynetpa-
cTpykTypa nyxnuHHux knitnH (MK) vepes 24 roguHu nicnsi CyMiCHOrO 3acTOCYBaHHs
Menokcukamy y gosi 0,2 mr Ha 1 kr macu Tina 3a go6y Ao nepLloro Ta 3a 2 roavHu go
Opyroro ceaHcy ¢pakuiiHOro noKanbHOro iKC-ONMpPOMIHEHHSI NYXJIMHW Y CyMapHUX [03ax
1,0 Ta 10 I'p (@Bivi wopeHHo no 0,5 Mp Tta 5 p BignoBigHo). MigpaxoByBanu MITOTUYHIN
iHgekc (kinbkicTb mMiTo3iB Ha 100 MK), iHaekc anonTo3y (KiNbKiCTb KNiTUH y CTaHi anonTuyHoi
3arnbeni Ha 100 MK) Ta yactoty MK 3 gpi6HUMK agpamu (%).

Pe3synbraTtv Ta ix 06roBopeHHs. BcTaHOBMEHO, WO ONPOMIHEHHS MyxnuHu lepeHa
y cymapHin posi 10 [p Buknukae nopyleHHs ynerpacTpyktypu [1K, nos’asaHi 3
ypaxeHHsIM sigepHoro anapaty knitTuH. CnocTepiraetbest nnenomopdiam saep, nosisa
nBosigepHnx MK Ta mikposaep, AOCTOBipHE MafiHHA MUTOTUYHOI aKTUMBHOCTI, Oeske
niABULLEHHS iHAeKcy anontody. BiasHayaeTbcA TakoX CTUMYNSAUIS YHKUiIOHaNbHOT
fisnbHocTi mMakpodparis. lNpy onpomiHeHHi y cymapHii gosi 1,0 p nopibHi edekTn
BMpaxeHi MeHwe, abo 30BCiM BiACYTHI, Sk, Hanpvknag, npouecu darouutosy. MokasHuk
yactotn MK 3 mManumm sgpamMym OOHaKOBO BipOrigHO MiABUWEHMI npu obox [osax
OMNPOMIHEHHS. YBEAEHHS MEernoKCUKamy Cnpusie OOCTOBIPHOMY 3HWDKEHHIO MITOTUYHOI
aKTMBHOCTI Ta 3pOCTaHHIO 4acTOTU Manux KMiTWH, Todi SIK ynbTpacTpyKTypHa KapTuHa
NyxnvHW Maibxe He 3miHeTbes. [Mpu cymicHin aii pagiauii B 060x go3ax Ta Mernokcukamy
nopyLueHHs ToHkoi 6yposu MK igeHTUYHI TMM, WO BUSBMSAOTLCS MPU OAHOMY TiflbKM
onpomiHeHHi. MNopsig 3 TUM, MITOTUYHWIA IHAEKC Y rpyni 3 kKOMBiHOBaHOO Aieto npenapaTy
Ta pagiauii y fosi 10 I'p BipOrigHO HWKYMI, HXX NPpYU OOHOMY OMPOMIHEHHI. Kpim Toro, npu
060ox go3ax AOCTOBIpPHO 3pocTae vacTtota Manux copm MK y NopiBHSAHHI 3 NokasHWKaMu
SK Y rpyni iHTAKTHOro KOHTPOMIO, TaK i y BiANOBIAHUX rpynax OnpoMiHeHHs. Tinbku y
noeaHaHHi 3 pagiauiclo Menokcukam 3Ha4yHO CTUMYIIOE anonTo3, Todi 5K B iHLWKX cepisix
MOro iHOEKC 3annLIaeTbCs Ha PiBHI KOHTPONbHUX 3HaYeHb. Byna niagTeepaXKeHa 3anexHicTb,
sKa MOCTIMHO BUABNANAcA B YCIX eKCMepuMEHTarnbHUX rpynax, MK 3HWKEHHAM pPiBHS
MITOTUYHOTO iHAEKCY Yy KapumHoMi epeHa i 3apoctaHHsAM yacTku MK 3 manumu sgpamu.
Mix UMMM NokasHMKaMmn BUSIBNIEHO 3BOPOTHUI KopensauiiHuia 38’a3ok (r = 0,80, P = 0,05).
BucHoBku. [Npu cymicHin Ail Menokcukamy Ta OMPOMIHEHHSI 3HA4YHO MiABULLYETLCH
edeKTUBHICTb 000X TepaneBTUYHMX haKTOpiB BHACNiAOK BNAcTUBOCTI MeErNOKCUKamy
[OCTOBIPHO ranbMyBaTu nponihepaTnBHy aKTUBHICTL Ta CNpUATW nocTpagiauinHomy
PO3BUTKY anonTo3y Yy MYXMAWHHIA TKaHWHI. HasBHICTb KOpensuinHOI 3anexHoCTi Mk
MITOTUYHUM HOEKCOM Ta 4acToTol KNiTMH 3 ApibHuMK sigpamn y nyxnuHi [epeHa,
CBIQYUTb NPO B3aEMO3B’'sI30K NMPOLIECIB KMITUHHOTO POCTY i AiNEHHS.
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ABSTRACT

Background. One of the most important problems of oncology is the overcoming of
therapeutic resistance of tumors, which occurs in particular due to increased levels of the
enzyme cyclooxygenase 2 (COX-2). It is known that the growth of COX-2 and the product
of its activity, prostaglandin-E2 in cancer, promotes such processes in the body as tumor
growth, stimulation of proliferation, induction of cancer stem cells, inhibition of apoptosis,
activation of angiogenesis, invasion, metastasis and development of chemoresistance.
The use of COX-2 inhibitors, which are nonsteroidal anti-inflammatory drugs (NSAIDs),
significantly limits these processes and improves survival and mortality in cancer patients,
and in combination with chemotherapeutics eliminates the resistance they cause.
Purpose — study of the structural and functional state of Guerin’s carcinoma cells after
the combined use of nonsteroidal anti-inflammatory drug meloxicam and local X-irradiation
in total doses of 1.0 and 10 Gy.

Materials and methods. On 33 rats with inoculated Guerin’s carcinoma, the ultrastructure
of tumor cells (TC) was studied using standard methods of electron microscopy
24 hours after the combined use of the meloxicam drug at a dose of 0.2 mg per 1 kg
of body weight one day before the first and 2 hours before the second session fractional
local X-irradiation in total doses of 1 and 10 Gy (twice daily at 0.5 and 5.0 Gy, respectively.
The mitotic index (the number of cells in the state of mitosis per 100 TC,%), the
apoptosis index (the number of cells in the state of apoptotic death per 100 TC,%) and
the frequency of TC with small nuclei (%).

Results. It was found that irradiation of Guerin’s tumor in a total dose of 10 Gy causes
disturbances in the ultrastructure associated with damage to the nuclear apparatus of
the TC. Pleiomorphism of the nuclei, the appearance of binucleated cells and micronuclei,
a significant decrease in mitotic activity and a slight increase in the apoptosis index
are observed. Stimulation of the functional activity of macrophages is also noted. Under
irradiation in a total dose of 1 Gy, such effects are less pronounced or completely absent,
such as, for example, the processes of phagocytosis. The frequency index of TC with
small nuclei is equally reliably increased at both radiation doses. The administration of
the drug meloxicam leads to a significant decrease in mitotic activity and an increase in
the frequency of small cells, while the ultrastructural picture of the tumor remains almost
unchanged. With the combined action of the drug and radiation in both doses, violations
of the fine structure of the OC are identical to those found during irradiation. At the same
time, the mitotic index in the group with the combined effect of the drug and radiation at
a dose of 10 Gy is significantly lower than with only irradiation.In addition, at both doses,
the frequency of small forms of PC significantly increases in comparison with the indicators
of both the intact control group and the corresponding irradiation groups. Only in
combination with radiation does meloxicam reliably stimulate apoptosis, while in other
groups its index remains at the level of control values. The relationship was confirmed,
which was constantly revealed in all experimental groups, between a decrease in the level
of the mitotic index and an increase in the frequency of TC with small nuclei in Guerin’s
carcinoma. An inverse correlation was found between these indicators (r = 0.80, P = 0.05).
Conclusions. The combined action of the drug and irradiation significantly increases the
effectiveness of both therapeutic factors due to the property of meloxicam to reliably inhibit
proliferative activity and promote post-radiation development of apoptosis in tumor tissue.
The presence of a correlation between the mitotic index and the frequency of cells with small
nuclei in Guerin’s tumor may indicate the relationship between cell growth and division.
Under the combined action of both investigated factors, changes in the tumor ultrastructure
are mainly caused by irradiation. The administration of meloxicam increases the efficiency
of the combined use of both therapeutic agents due to its ability to reliably inhibit
proliferative activity and promote post-radiation development of apoptosis in tumor tissue.
The presence of a correlation dependence between the mitotic index and the frequency
of cells with small nuclei in Guerin’s tumor may indicate the relationship between the
processes of cell growth and division.

state of Heren carcinoma after local fractional X-irradiation and
Ukrainian journal of radiology and oncology. 2021;29(3):63-75.

DOI: https://doi.org/10.46879/ukroj.3.2021.63-75

OpuriHanbHi gocnigpKeHHs

64 Original research



YkpaiHCbKuiA pagionoriyHni Ta oHkonorivHum xypHan. 2021, T. 29. Ne 3. C. 63-75
Ukrainian journal of radiology and oncology. 2021;29(3):63-75

ISSN 2708-7166 (Print)
ISSN 2708-7174 (Online)

3B’s130K poGOTU 3 HAYKOBUMM NporpaMamm,
nnaHamu i Temamu

Cratta € hbparMEeHTOM MMaHOBOI HayKOBO-4OCHIQHOI
pob6otn [epxaBHOi yCTaHOBW  «IHCTUTYT  MEAUYHOI
pagionorii Ta oHkonorii im. C.T1. Mpurop’ea HauioHanbHoi
akagemii MegunyHux Hayk YkpaiHu» «BusdHauutn ponb
CENEeKTMBHUX iHriBITOPIB LMKIOOKCUreHasn-2 B MOEAHAHHI
3 iOHi3ylOYMM BUMPOMIHEHHSAM Yy OrOKyBaHHI aHrioreHesy
NyXnNuH Ans po3pobKM HOBWMX TEXHOMOrin KOMGIHOBaHOI
NPOMEHEBOI | aHTUaHTIOreHHOI Tepanii OHKO3axBOPIOBaHbY,
HoMep aepxaBHoi peectpauii: 0117U001045, wndp temu:
HAMH.01.17, yHOaameHTanbHa, TEPMiH BWKOHAHHS:
01.2017-12.2019 pp., KepiBHVKN — 3aBigyBay BigAiNeHHs
OUCTaHUIHOI, MNOeAHaHOI MNPOMEHEBOI Ta KOMMIIEKCHOI
Tepanii, OOKTOP MEeAWYHUX HayK, CTapluni HayKOBWN
cniBpobiTHuk B.IM. CtapeHbkui; 3aBsigyBadka nabopatopii
pagiauinHoi eHOOKpPUHONOrii, AOKTOp ©OionoriyHMX Hayk,
cTapmin HaykoBui cniBpobiTHuk H.A. MiTpsaesa.

BCTYN

Mpobrnemun Tepanii OHKONOriYHMX 3axBOpPIOBaHbL Y Tene-
PiLLHIV Yac € HaMBaXNMBILUMMW ANSA NOACTBA, OCKINbKN 3a
CMEPTHICTIO pak CTOITb Ha OAHOMY 3 MEepLUNX MiClb nicns
CepLEeBO-CyANHHNX XBOPOD i ypaxye LLopiYHO Marmke 18 MrH
ocib, 3 Akux Bmupae Ginblie nonosuHn [1]. Hessaxaroum
Ha 3HaYHi Cy4acHi [OCATHEHHS Y NiKyBaHHi OHKOMOriYHMX
3aXBOPIOBaHb, Y MPOTUPAaKOBIl Tepanii iCHY0Tb 06MeXeHHs,
noB’a3aHi SIKk 3 NEepPBUHHON, TaK i OTPMMAHOK BHACNILOK
Aii ximionpenaparis Ta pagiauii, pe3MCTEHTHICTIO 3NOSKICHWX
nyxnvH [2, 3]. Tomy npobnema nepebopeHHs HEYYTNNBOCTI
paky 00 niKyBaHHA CTae Ayxe akTyanbHol. Bigomo, wo
OHKOreHes CynpoBOAXYETbCA 30iNbLUEHHAM Y NYXMWHI hep-
MeHTY uuknookcureHasm (LOIM), 3okpema opHiei 3 ii i3o-
dopm, LIOM-2, koHueHTpauia AKOT y 300pOBUX TKaHMHaX
MiHiManbHa [4]. 3pocTaHHs piBHa LIOM-2 ta npogykty ii
AifgnbHOCTI, NpocTarnanavnHy-E2, cnpusie Takum npouecam
B OpraHi3mi, Ak picT nyxnuH, CTUMYnALIA B HUX nponidepallii,
iHOYKUis pakoBuX CTOBOYPOBUX KMiTUH, ranbMyBaHHS anor-
TO3y, aKTUBALlisi aHrioreHesy, iHBasid, MeTacTa3yBaHHS Ta
pO3BUTOK XiMiope3ancTeHTHocTi [5—9]. 3acTocyBaHHS iHribi-
TopiB LJOlN-2 3HayHo obmexye ui npouecu Ta noninwye
MOKa3HMKN BUXMBAHOCTI Ta CMEPTHOCTI Y XBOPUX Ha pak,
a y cnoryyeHHi 3 ximionpenaparamu BiAMIHIOE BUKNUKaHY
HUMK pesucTeHTHiCTb [10-13]. OcHoBHMMMU iHriGiTOpamm
LIOrr-2 € npotusananeHi npenapartun, CTepoifHOro Ta He-
CTEpOIAHOrO MOXOMXKEHHS, a Ceper LUMPOKOro iX crnekTpa
HanbinbL BaXNMBMMU € CENEKTUBHI npenapaTu, Ais SKuX
cnpamoBaHa came Ha LOIM-2: menokcukam, Himencunig,
uenekokcnb, uenebpekc, Towo [4, 12].

HapinHoto Ga3oio Ons BCTAHOBMEHHSA MeEXaHiamiB Al
NpOTMPaKoBOI Tepanii € ekcnepuMeHTanbHi AOCNIMKEHHS
Ha nyxnuHax, nepelyenneHmx TBapmHam. Tak, Ha KapLuHO-
mi lepeHa NpoBOANNOCS BUBYEHHS BMNMMBY XiMiO- Ta NpomMe-
HEBOro NikKyBaHHS, Y TOMY YMCNi Ha CTPYKTYpPHO-(PyHKLiO-
HanbHWI cTaH ii KNiTuH [14, 15]. Lis mogens Takox € npu-
JartHoto ana gocnimpkeHHs aii iHribitopis LOM-2. Tak, BoHa
Oyna 3acTocoBaHa QAnsl BMBYEHHS Aii HecTepoigHoro
npoTm3ananbHOro Mernokcukamy, po3pobneHoro Ansa Tea-
PVIH, OCHOBHOIO [i04O0I0 PEYOBUHOIO SIKOTO € MEMNOKCUKaM.

Meta pob0OTN — BMBYEHHS CTPYKTYPHO-(PYHKLiOHAMb-
HOro CTaHy KniTWH KapunmHoMm 'epeHa nicnst kombiHoBaHOro
3aCTOCYBaHHS MENOKCMKaMY i TOKanbHOrO iKC-ONPOMIHEHHS
NyxnuvHn y cymapHmx gosax 1,0 ta 10 p.

Relationship with academic programs,
plans and themes

The paper is a fragment of the planned research
project of State Organization «Grigoriev Institute for
Medical Radiology and Oncology of the National Academy
of Medical Sciences of Ukraine» which is «To determine
the role of selective inhibitors of cyclooxygenase-2 in
combination with ionizing radiation in blocking tumor angio-
genesis for the development of new technologies of
combined radiation and antiangiogenic therapy of cancer»,
state registration number: 0117U001045, research project
code: NAMS (Ukraine) 01.17, fundamental, period for perfor-
mance: 01.2017-12.2019; led by Head of Remote,
Combined Radiation and Comprehensive Therapy
Department, Doctor of Medical Sciences, Senior Resear-
cher V.P. Starenkyi; Head of Radiation Endocrinology
Laboratory, Doctor of Biological Sciences, Senior Resear-
cher N.A. Mitriaieva.

INTRODUCTION

The challenges related to cancer treatment are
currently the most important for humanity, since cancer is
one of the leading causes of death after cardiovascular
disease affecting almost 18 million people annually, of
whom more than half die [1]. Despite significant achieve-
ments in cancer treatment, there are limitations in anti-
cancer therapy associated with both primary and acquired
resistance to malignancies due to chemotherapy and
radiation [2, 3]. Therefore, the issue of overcoming the
insensitivity of cancer to treatment becomes very relevant.
Oncogenesis is known to be accompanied by increased
cyclooxygenase (COX) enzyme in the cell, in particular
one of its isoforms, COX-2, the concentration of which in
healthy tissues is minimal [4]. The increase of COX-2 level
and the product of its activity, prostaglandin-2, encourages
such processes in the body as tumor growth, stimulation
of its proliferation, induction of cancer stem cells, inhibition
of apoptosis, activation of angiogenesis, invasion, meta-
stasis and development of chemoresistance [5-9]. The use
of COX-2 inhibitors significantly limits these processes
and improves survival and mortality in cancer patients,
and in combination with chemotherapy eliminates the
resistance they cause [10-13]. The main inhibitors of
COX-2 are anti-inflammatory drugs of steroid and non-
steroidal origin, and, among the wide range of those, the
most important are selective drugs, the action of which
is aimed at COX-2: meloxicam, nimesulide, celecoxib,
celebrex, etc. [4, 12].

Experimental studies on tumors inoculated in
animals are a reliable basis for establishing the mecha-
nisms of action of anticancer therapy. Thus, Heren carcinoma
was studied for the effect of chemo- and radiation treat-
ment, including the structural and functional state of its
cells [14, 15]. This model may also be suitable for studying
the effects of COX-2 inhibitors. In particular, it was applied
when studying the action of the non-steroidal antiinflam-
matory drug (NSAID) developed for animals, meloxicam,
the main active ingredient of which is meloxicam.

Purpose — studying the structural and functional state of
Heren carcinoma cells after administering the nonsteroidal
anti-inflammatory meloxicam in combination with and local
X-ray irradiation of the tumor in total doses of 1.0 and 10 Gy.
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MATEPIAJIN TA METOOU OOCNIAXEHHA

EkcnepumeHT npoBegeHo Ha 33  Lypax-camuusix
macoto Tina 160-180 r Ha 10—-12 goby nicns nepeLyenneHHs
kapunHomu [epeHa, Konu po3Mmipy NyXNUMHHOTO By3na
pocsranu y piametpi 1,5-2,0 cm. Ha peHTreHiBcbkoMy
anaparti PYM-17 npoBoannu nokanbHe pakuinHe onpomi-
HEHHs1 3a CTaHOApPTHUMX TEXHIYHMX YMOB: Hanpyra —
190 kB, cuna ctpymy — 10 MA, dinstpn: 0,5 mm Cu + 1
MM Al y cymapHux gosax 1,0 ta 10 p (aBivi WwoaeHHO
no 0,5 p ta 5 lp BignoBsigHo). Menokcukam yBoaunm
BHYTPILLHEOYEPEBMHHO 3a 00y [0 MepLuoro ceaHcy
ONPOMIHEHHS Ta 3a 2 roAMHW neped OpPYrMM CEeaHCOoM
y Ao3i 0,2 Mr Ha 1kr macu Tina.

TBapuH po3nodinsnu MeToaoM BunagkoBoro gobopy
Ha Taki rpynu:

1 rpyna — iHTaKTHUIM KOHTPOrb (4 LWT.);

2 rpyna — yBefleHHs MenoKCMenoKcnkamymeeTy (7 LIT);

3 rpyna — onpoMiHeHHs1 y cymapHin osi 1,0 I'p (5 wr.);

4 rpyna — onpoMiHeHHs y cymapHin gosi 10 'p (6 wr.);

5 rpyna — cymicHe 3acTOCyBaHHsi MeNOKCMKaMy
Ta onpoMiHeHHS y cymapHin aosi 1,0 I'p (5 wr.);

6 rpyna — CyMiCHe 3acTOCYBaHHsi MENOKCMKaMy
Ta onpoMiHeHHs y cymapHin o3si 10 I'p (6 wT).

LLlypis gekanityBanu yepes 24 roguHu Nicns oCTaHHbOI
dpakuii ONPOMIHEHHs1 3rigHO 3 BUMOramu HamnexHoi
nabopatopHoi npaktnkn  «GLP» (Good Laboratory
Practice), KoHBeHuii Pagn €ponu «IMpo oxopoHy xpebeT-
HUX TBapWH, WO BMKOPUCTOBYKTLCS B €KCNepUMeEHTax
Ta B iHWWX HaykoBux uinax» Big 18.03.1986 p., Oupek-
TMBM  €Bponeicbkoro napnameHty Ta Pagn €C
2010/63/€C Big 22.09.2010 p. npo 3axucT TBapWH,
SIKi  BUKOPWCTOBYIOTbCA [ANs HAyKOBMX Linew, Hakasy
MinicTepcTBa OxopoHu 300poB’s YkpaiHu Big 14 rpygHs
2009 p. Ne 944 «[po 3atBepmxeHHs [Mopsigky npose-
OEHHS1 OOKMIHIMHOrO BUMBYEHHSI nikapcbkmx 3acobiB Ta
eKcnepTnan martepianie gOKMNIHIYHOrO BMBYEHHS nikap-
Ccbkux 3acobiB», 3akoHy VYkpaiHu Big 21.02.2006 p.
Ne 3447-IV «[lpo 3axuct TBapuH Big >XOPCTOKOro
NoBOMXKEHHA» Ta iH.). JocnimkeHHs cxBaneHe Kowicieto
3 OioeTukm [epxkaBHOi ycTaHOBU «IHCTUTYT MeguyHoi
pagionorii Ta oHkonorii im. C.IN. Mpurop’eBa HauioHanbHoOi
akagemii MegnuHnx Hayk YkpaiHm».

JocnigpXeHHs1  yneTpacTpyKTypu kapumHomu [epeHa
npoBOAMMM 3a [AOMOMOrOK CTaHAapTHUX METOAiB enekT-
poHHOT Mikpockonii [16]. Kycouku nyxnuH BUTpUMyBanmu
crnoyaTky Yy rniotapanbaerigHoMy dpikcatopi 3a KapHoB-
CbkMM, NoOTiM y TeTpaokcuai ocmito 3a [lanage. [Micna
perigparauii B eTaHoni 3pocTatodol KOHUEeHTpaLii maTepian
3anMBanM y CyMill ernokCUOHWX CMOI €ernoH-apanauT Ta
nonimepidyBanu npotsarom 36 roguH npu 56°C. 3 opep-
»XaHux GrokiB BUroTOBMOBANM HaniBTOHKI 3pi3u Ha ynbTpa-
mikpoToMi YMTTI1-4 Cymcekoro BO «EnekTtpoH» Ta 3abaps-
noBanu MeTUNEHOBUM CUHIM Ha 1% TeTpaboparti HaTpito.
YNbTpaToHKi 3pi3an BUroTOBMAKOBANM Ha TOMY X MiKPOTOMI,
KOHTpacTyBann y 2% po34nHi ypaHinauetaty i uutpari
CBMHUI0 3a PelHOnbAcOM Ta aHanisyBanu B €neKTPOH-
HoMy Mikpockoni EM-125 Toro x BO. 36inblieHHs Ha
yCiX NpeacTaBneHnx enekTpoHHOMIKPOCKOMNIYHUX PUCYHKaX
cknapae 8000.

Ha HaniBToOHKMX 3pi3ax nigpaxoByBanu MITOTUYHIN
iHoekc (kinekicTb miTo3iB Ha 100 nyxnuHHWUX KNiTUH (MK)),
a Ha ynbTpaTOHKMX 3pi3ax — iHAeKkc anonTo3y (KinbKiCTb
KNiTWMH y cTaHi anonTu4yHoi 3arn6eni Ha 100 IMK) Ta yacTicTb
NYXAUHHUX KNITUH 3 gpibHMMn sapamu (%) B KOXHIN
OOCTiaXeHI NyXuHi.

MATERIALS AND METHODS

The experiments involved 33 female rats weighing
160-180g on day 10-12 after Heren carcinoma revacci-
nating, when the size of the tumor node reached a dia-
meter of 1.5-2.0 cm. The X-ray equipment PYM-17 was
used to perform local fractional irradiation under standard
technical conditions: voltage — 190 kV, current — 10 mA,
filters: 0.5 mm Cu + 1 mm Al in total doses of 1 and 10 Gy
(twice daily 0.5 Gy and 5 Gy, respectively). Meloxicam was
administered intraperitoneally one day before the first
irradiation session and 2 hours before the second session
at a dose of 0.2 mg per 1 kg of body weight.

Animals were randomly assigned to the following groups:

Group 1 — intact control (4);

Group 2 — administration of meloxicam (7)

Group 3 —irradiation in a total dose of 1 Gy (5);

Group 4 — irradiation in a total dose of 10 Gy (6);

Group 5 — combined use of meloxicam and irradiation
in a total dose of 1 Gy (5);

Group 6 — combined use of meloxicam and irradiation
in a total dose of 10 Gy (6).

The rats were decapitated 24 hours after the last
fraction of irradiation in compliance with the requirements
of the independent laboratory practice GLP (Good Labora-
tory Practice), the European Convention for the Protection
of Vertebrate Animals Used for Experimental and Other
Scientific Purposes dated March 18 1986, Directive
2010/63/EU of the European Parliament and of the Council
of 22 September 2010 on the protection of animals
used for scientific purposes, Order of the Ministry of
Health of Ukraine of 14 December 2009 No 944 «About
approval of the Procedure for carrying out preclinical
studying of medicines and examinations of materials
of preclinical studying of medicines», Law of Ukraine
of February 21, 2006 No 3447-IV «About protection of
animals against ill treatmenty», etc.). The study was appro-
ved by the Commission on Bioethics of State Organization
«Grigoriev Institute for Medical Radiology and Oncology of
the National Academy of Medical Sciences of Ukraine».

The Heren carcinoma ultrastructure was studied by
means of standard electron microscopy [16]. The tumor
pieces were kept first in a glutaraldehyde fixative accor-
ding to Karnovsky, then in osmium tetraoxide according
to Palade. After dehydration in ethanol of increasing
concentration, the material was poured into a mixture
of epoxy resins epon-araldite and polymerized for 36 hours
at 56°C. Semi-thin sections were made from the obtained
blocks by means of the ultramicrotome YMTI-4 produ-
ced by Sumy PA (Production Association) Electron
and stained with methylene blue in 1% solution of sodium
tetraborate. Ultrathin sections were made on the same
microtome, contrasted in 2% solution of uranyl acetate
and lead citrate according to the Reynolds method and
analyzed in an electron microscope EM-125 of the
same PA. The magnification in all presented electron
microscopic figures is 8000.

The mitotic index (number of mitoses per 100 tumor
cells (TC)) was calculated on semi-thin sections, while
the index of apoptosis (number of cells in a state of
apoptotic death per 100 TC) and the frequency of tumor
cells with small nuclei (%) in each studied tumor were
calculated on ultrathin sections.

The obtained data were calculated using the methods
of descriptive statistics, non-parametric criteria and
correlation analysis using the software package for
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OpepxaHi aaHi obyncnoBany 3a AONOMOrOK METoZiB
OMUCOBOI CTATUCTUKN, HEMApaMETPUYHUX KpUTEPIIB 1 Kope-
NAUINHOTO aHanisy 3 BMKOPUCTaHHSAM MakeTa nporpam
ansa MK «Biostat» Ta i3 3acTtocyBaHHAM HenapameTpuy-

HOrO KpUTEpPito MakcumanbHO NpPaBAONOAIGHOT OUiHKK
poctosipHocTi (Pwun) [17].
PE3YNbTATU TA iX OBrOBOPEHHA
BctaHoBneHo, WO iHTakTHa KapumHoma [epeHa

CKNafaeTbCsl NEPEBaXHO 3 [A0CUTb BENUKUX MYyXIIMHHUX
knitnH (MK), 3 KpynHUMKU CBITNUMK sigpamMu, SIKi MakoTb
rmagKkvin KOHTYp Ta MICTSTb KpynHi JiTki agepusa (puc. 1).
[OpibHoancnepcHUn XpoMaTyWH Y LiMX sapax piBHOMIPHO po3-
TALLOBYETLCA Y HYKINEONa3mi Ta TOHKUM LUapoM B3[OBX
snepHoi MembpaHu. OCHOBHMMM KOMMOHEHTaMu LUTO-
nnasmm € BinbHi puboCoOMM Ta NOMICOMMU, a TaKOX OKPYri
npocpini rpaHynsipHoi eHgonnasmatuyHoi citkn (rEMC),
Y SKUX BUSIBNSIETLCS TeMHa Ginkosa pevoBuHa. MiToxoHzpin
HebaraTto, BOHM TEMHi, NOAOBXEHi Ta HEBEMNMKI 3@ PO3MipPOM.
TpannsTbCca OKpeMi Nizocomu Ta NinigHi KpananHu.

PC Biostat and using the non-parametric criterion of
the most plausible reliability assessment (Pmp) [17].

RESULTS AND DISCUSSION

Heren intact carcinoma has been found to consist
mainly of relatively large tumor cells (TCs), which have
light nuclei with a smooth border and large clear nucleoli
(Fig. 1). The fine chromatin in these nuclei is evenly
distributed in the nucleoplasm and in a thin layer along
the nuclear membrane. The main components of the
cytoplasm are free ribosomes and polysomes, as well as
rounded profiles of the rough endoplasmic reticulum
(rEPR), in which a dark protein substance is detected.
Mitochondria are few, they are dark, elongated and small
in size. Individual lysosomes and lipid droplets occur.

Puc. 1. MyxnunHHa kniTUHa iHTakTHOT kKapumMHoMuK epeHa 3i CBITNMM S4pOM, YiTKUMK SaepusaMu,
6e3nivyto okpyrnmx Npodpinis rpaHynNsApHOI eHAoNIasMaTUYHOI CiTKU y LMTONNasMi.
A - appo, A — apepue, rEMNC — rpaHynsapHa eHgonna3martuyHa citka, JIK — ninigHa kpannuHa, MKM — 36inbLueHHs
Fig. 1. Tumor cell of intact Guerin’s carcinoma with a light nucleus, distinct nucleoli,
many rounded profiles of the rough endoplasmic reticulum in the cytoplasm.
A —the nucleus, Ag — the nucleolus, rEMC — rough endoplasmic reticulum, JIK — lipid droplet, mkm — increase

BusasnsaoTtbcsa Takox MK y cTaHi gineHHs, MiTOTU4HIN
iHOEKC IHTaKTHOI NyxnuHu gopisHioe 1,71 (puc. 2, Tabn. 1).
MopibHa ynbTpacTpykTypa XapaktepHa AN KNiTWH, ro-
NOBHUMU DYHKLiAMK KX € nponidpepatnsBHa Ta Ginkoso-
CMHTETMYHA aKTUBHICTb, CMpsMOBaHa Ha BUPOOGNEHHS
peyvoBWH Ansa BnacHoi notpebu. MNeBHy YacTuHy nonynauii
MK cknagatoTe KNiTMHKM 3 ManuMM S4poM, YrbTPacTpyk-
Typa SKuX, 3a BUHATKOM PO3Mipy s4pa, Marno Bifpi3HAETbCA
Big 6inbwocTi MK (puc. 2, Tabn. 2).

Cepea nopibHux knitmH Hebarato TeMHMX yHKUiOo-
HanbHO HeakTuBHUX [K, AKMM NpuTamaHHi S4po 3 KOHAEH-
COBaHMM XpOMaTWHOM, TeMHa LuTONnasma, ge posTallo-
BYIOTbCH BaKyOni3oBaHi opraHenu, OokpeMi ninigHi kpan-
nvHK Ta apibHi Besnkynu (puc. 3). MpucyTHICTb Taknx dopm
YaCTO PEECTPYETLCH Y PI3HUX TKaHWHAX Ta MyXfuHax i
BBAXaETbCA O3HAKOK OAHicl 3 hopm KNiTUHHOI 3armnbeni
(TemHoKniTMHHA 3armbenb) [18]. TpannAwTbCA TaKoX
oguHunyHi MK y ctaHi anonTody 3 XapakTepHUM ONA HUX
A0POM, Y SKOMY XPOMaTWH PO3MILLYETECA TEMHOK Macoko
B34OBX Hykneonnasmu, a SaepHWn MaTpuKkC NpPOCBITMIO-
€TbCA (pUC. 4), @ TaKoX OKPEMi HEKPOTUYHI KNITUHMW.

TCs in a state of division are found, the mitotic
index of an intact tumor is equal to 1.71 (Fig. 2, Table 1).
Such ultrastructure is typical for cells, the main functions
of which are proliferative and protein-synthetic activity
aimed at producing substances for their own needs.
A certain part of the TC population consists of small cells,
the ultrastructure of which, except for the size of the
nucleus, differs little from most TCs (Fig. 2, Table 2).

Among such cells there are a small number of dark
functionally inactive TCs, which are characterized by
a nucleus with condensed chromatin, dark cytoplasm
with vacuolated organelles, individual lipid droplets and
small vesicles (Fig. 3). The presence of such cells is
often recorded in various tissues and tumors and is
considered a sign of one of the forms of cell death
(dark cell death) [18]. There are also single TCs in a state
of apoptosis with their characteristic nucleus, in which
chromatin is placed in a dark mass along the nucleoplasm,
and the nuclear matrix (Fig. 4) is enlightened, as well as
individual necrotic cells.
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Ta6nuus 1. lHaekc MiTo3y y nyxnuHi MepeHa nicns cymicHOro 3acTocyBaHHs!
MerioKcMKamy Ta OnpoMiHeHHst y cymapHux gosax 1,0 ta 10 Ip, %
Table 1. Mitosis index in Guerin’s tumor after combined use of the drug meloxicam and irradiation in total doses of 1,0 and 10 Gy, %

Ipynu gocnimxkeHHs /| Groups under study

Cepii pocnigkeHHsA OnpomiHeHHs (O) YBeAeHHA MernoKcukamy Ta onpomiHeHHs, (MO)
Series under study Irradiation (I) Meloxicam administration and irradiation, (MI)
n X*Sx n X+Sx
IHTaKTHUI KOHTPOIb 4 171 +0.31 _ _
Intact control o
YBefeHHa menokcucamy " _ _
Meloxicam administration ! 0.85+0,18
OnpowmiHeHHs y aosi 10 Mp * —-—
Irradiation at a dose of 10 Gy 6 080024 6 0.50£0,08
OnpomiHeHHs y gosi 1,0 p . "
Irradiation at a dose of 1,0 Gy 5 0.76 £0,14 5 0.72£0,26

Mpumitkn:

* — AOCTOBIPHO Y MOPIBHSAHHI 3 iHTaKTHUM KOHTponeM, (p< 0,05)
** — AOCTOBIPHO y NMopiBHSAHHI 3 rpynoto O (Pwn), (p< 0,05)
Notes:

* — significant in comparison with intact control, (p< 0,05)

** — significant in comparison with group | (Pmp), (p< 0,05)

Puc. 2. MyxnuHHa KniTUHa iHTaKTHOI kapumnHomMu epeHa 3 Manum sapoM Ta MKy cTaHi MiTOTUYHOrO QineHHs.
M — miToxoHapii, PM — dirypa mitosy
Fig. 2. Tumor cell of intact Guerin’s carcinoma with a small nucleus and tumor cell in a state of mitotic division.
M — mitochondria, ®M — the figure of mitosis

Tabnuus 2. YactoTa KniTUH 3 ManumMu sgpamu y nyxnuHi lepexa
nicnsa CymiCHOro 3acToCyBaHHS MENOKCKUKaMy Ta OnpoMiHeHHS y cymapHux gosax 1,0 Ta 10 I'p, %
Table 2. The frequency of cells with small nuclei in Guerin’s tumor
after cobined use of meloxicam and irradiation in total doses of 1,0 and 10 Gy, %

Fpynu gocnigxeHHs /| Groups under study

Cepii pocnipxeHHs OnpomiHeHHs (O) YBeAeHHA Mernokcukamy Ta onpomiHeHHs (MO)
Series under study Irradiation (1) Meloxicam administration and irradiation, (MI)
n X£Sx n X£Sx
IHTaKTHMIA KOHTPONb 4 208+ 202 _ _
Intact control T
YBeaeHHs1 Mefiokcukamy " _ _
Mmeloxicam administration 4 324£2,19
OnpomiHeHHs y osi 10 I'p * —
Irradiation at a dose of 10 Gy 6 29,9£1,94 6 32.5£1.87
OnpomiHeHHs y gosi 1,0 p *
Irradiation at a dose of 1,0 Gy 5 26,7+2.1 5 36,7+ 4,69

Mpumitku:

* — [OCTOBIPHO Y MOPIBHSAHHI 3 iHTAKTHWUM KOHTponeM, (p< 0,05)
** — JOCTOBIPHO y NopiBHAHHI 3 rpynoto O (Pwn), (p< 0,05)
Notes:

* — significant in comparison with intact control, (p< 0,05)

** — significant in comparison with group | (Pmp), (p< 0,05)
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Puc. 3. TemHa nyxnuHHa KniTMHa iHTAKTHOI KapuuHomu lepeHa
3 MrerioMopdHUM SAPOM, BaKyOri30BaHOK LUTOMMIa3MoL0.
Bak — Bakyoni, Ep — eputpoumnt
Fig. 3. Dark tumor cell of intact Guerin carcinoma
with pleiomorphic nucleus, vacuolated cytoplasm.

Bak — vacuoles, Ep — erythrocyte

Y NyXAWHHIA TKaGHWHW TakoX MNPUCYTHI MarnoaKTUBHI
Makpodarm, siki MiCTATb HEBENMWKE CBITNE A4P0, iHOA NPUMX-
nuBoI hopmu, 3 LEKOHOEHCOBAHNM XPOMaTMHOM Ta 3BUYal-
Hi opraHenu y uuTOonnasmi: MITOXOHAPII, KOPOTKi npodini
rErncC, BinbHi pnbocoMn Ta nomicomu i, WO XapaKkTepHo
ONS UUX KIMiTUH, NEPBUHHI Ta BTOPWMHHI Nisocomu (puc. 5).

Puc. 4. MyxnuHHa kniTMHa iHTaKTHOI KapuuHoMu epeHa
y CTaHi anonTu4Hoi 3arndeni.
Al — agpo 3 o3Hakamu anonTosy, J1 — nisocomun
Fig. 4. Tumor cell of intact Guerin carcinoma
in a state of apoptotic death.
AN —nucleus with signs of apoptosis, J1 — lisosomes

Tumor tissue also contains inactive macrophages
having a small light nucleus often capricious in shape with
decondensed chromatin and common organelles in the
cytoplasm: mitochondria, short profiles of rEPR, free
ribosomes and polysomes, and, what is typical for these
cells, primary and secondary lysosomes (Fig. 5).

Puc. 5. ManoaktnBHuin makpoddar 3i CBIiTIMM SA4pOM Ta NEPBUHHMMM MiZ0COMamu
y umTonna3mi 6ins NyXnMHHOT KNiITUHW iHTaKTHOT kapumHomu FepeHa. M® — makpodar, MK — nyxnuHHa knituHa
Fig. 5. Inactive macrophage with light nucleus and primary lysosomes in the cytoplasm near tumor cell of intact Guerin’s carcinom

Mpwv BBeOEHHI MENOKCMBETY YNbTPacTPyKTypa BinbLUOCTi
MK 3anuwaetbcs Mmawke HE3MiHHOW, CMocTepiraeTbcs
nviwe aesike CnoTBOPEHHST (HOpMM SAep, KOHTYP SKUX CTae
3BMBUCTMM (puc. 6). Hanbinblw xapakTepHum Ans uiei
cepil cTae AOCTOBIpHE NagiHHA MITOTUYHOT akTuBHOCTI MK
Ta 3HauvyLle 3pocTaHHs dpakuii MK 3 manumu sgpamu Ta
(tabn. 1, 2, puc. 7). Ue HawToBXye Ha AyMKY MPO NEeBHWN
3B’A30K Mi>K PO3MipOM KNIiTUH Ta iX BNACTMBICTIO A0 AiNEHHS.

Micna onpoMiHeHHs1 y cymapHin gosi 10 Mp y 6aratbox
MK BiasHayaloTbCA NOMITHI NOPYLUEHHST (hopMU SAep, KOH-
TYp SKUX CTa€ 3BMBWMCTUM, YacTo 3 iHBariHaLiamu, 3'asns-
IoTbCA NnenomMopdHi sapa, ABosiAepHi Ta baratosgepHi
knitTuHn, MK 3 mikposgpamu, WO € XapakTepHUMU O3Ha-
kamu gii pagiauii (puc. 8, 9, 10, 11). Mpn LuLOMY AOCTOBIPHO
3HWKYETBCH PiBEHb MITOTUYHOI akTUBHOCTI (Tabn. 1).

When administering Meloxivet, the most TCs ultra-
structure  remains almost unchanged, there is only
some distortion of the nuclei shape, the border of
which becomes curly (Fig. 6). The most characteristic
of this series is a significant decrease in mitotic activity
of TC and a significant increase in the fraction of TC with
small nuclei (Table 1, 2, Fig. 7). This suggests a definite
relationship between cell size and their ability to divide.

After irradiation in a total dose of 10 Gy, many TCs
show the shape defects of the nuclei, the contour of
which becomes curly, often with invaginations, appearing
pleomorphic nuclei, binuclear cells, TCs with micronuclei,
which are typical signs of radiation (Fig. 8, 9, 10, 11).
This is accompanied by a significant decrease in mitotic
activity (Table 1).
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Puc. 6. MyxnuHHa knitTuHa kapuuHomu MepeHa
3 9APOM HenpaBunbHOI OPMM MiCNs 3aCTOCYBaHHA npenaparty
Fig. 6. Tumor cell of Guerin carcinoma
with the nucleus of irregular shape after application of the drug

YR

Puc. 7. I'pyna Manux nyxnMHHWUX KNiITUH KapuuHoMu MepeHa
nicns 3acTocyBaHHsi npenapary
Fig. 7. Group of small tumor cells of Guerin’s carcinoma
after application of the drug

Puc. 8. MyxnuHHa knituHa kapuuHomu epeHa
3 BEMUKUM S4POM HEMPaBUIbHOI (hopMU Ta 2 Manux NyxnuH
nicns ikc-onpoMiHeHHs y cymapHin gosi 10 I'p
Fig. 8. Tumor cell of Guerin’s carcinoma
with large nucleus of irregular shape and 2 small tumor cells
after x-irradiation in a total dose of 10 Gy

Puc. 9. MyxnuHHa kniTuHa kapuuHomu epeHa nicnsi
ikCc-onpoMiHeHHs1 y cymapHin fosi 10 p 3 nneomopHUM S4poM,
YiITKUMUK SiAEPUSIMU Ta 3BUYANHUMUW OpraHeniamm y LuTonnasmi
Fig. 9. Tumor cell of Guerin’s carcinoma after x-irradiation
in a total dose of 10 Gy with pleiomorphic nucleus,
distinct nucleoli and normal organelles in the cytoplasm

Puc. 10. [IBosgepHa nyxnuHHa KnituHa,
aapa Kol MICTATb rpyaKyBaTUin XpOMaTuH,
nicns iKkc-onpoMiHeHHs y cymapHin gosi 10 I'p
Fig. 10. Dinuclear tumor cell, the nuclei of which contain lumpy
chromatin after x-irradiation in a total dose of 10 Gy

Yacriwe BuasnswTees MKy ctaHi anontuyHoi 3arnbeni,
X04a piBeHb anonTo3y 3Ha4YyHO He BiAXWNSETBCS Bi KOHT-
ponto (tabn. 3). Lle Bignosigae nonepegHim cnoctepe-
KEHHAM, $Ki cBig4aTb, WO MocTpajiauinHnin  anonTo3
y nyxnuHax [epeHa carae Makcumymy uyepes 6 roguH,

Puc. 11. Mikposigpa y nyxnuHHUX KNiTUHaxX KapumHomu lepeHa
nicns ikc-onpoMmiHeHHs y cymapHin gosi 10 Ip. MA — mikposapo
Fig. 11. Micronucleus in one of the tumor cells
of Guerin’s carcinoma after x-irradiation in a total dose of 10 Gy.
M#A — micronucleus

TCs in a state of apoptotic death are more often found,
though the level of apoptosis does not deviate considerably
from control (Table 3). This corresponds to previous
observations, which show that post-radiation apoptosis in
Heren tumors reaches a maximum after 6 hours, while
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Todi K Ha nepwy o6y nicrns onpoMiHEHHS WOro piBeHb
3HUXKYETBCA [0 Maibke HopmarnbHuUX 3HadyeHb [15]. 36inb-
LIYETHCA TAKOX KiNbKiCTb TEMHUX PYHKLiOHANbHO HEeaKTuB-
Hux [MK, sk yacTo po3TawoByOTLCA rpynaMu. AKTUBHILLK-
MU CTaloTb Makpodaru, y LuTonnasmi SKnx Hakonm4yTbCs
BTOPWHHI fisocomu Ta Benuki harocomu (puc. 12).

on the 1st day after irradiation, its level decreases to
almost normal values [15]. The number of dark functio-
nally inactive TCs, which are often arranged in groups, is
also increasing. Macrophages, in the cytoplasm of which
secondary lysosomes and large phagosomes accumulate,
become more active (Fig. 12).

Ta6nuus 3. IHaekc anonTo3y y NyxnuHi fepeHa nicns cyMiCHOro 3acTocyBaHHs
MeroKcMKamy Ta OnpoMiHeHHst y cymapHux gosax 1,0 ta 10 Ip, %
Table 3. Apoptosis index in Guerin’s tumor after co-administration of meloxicam and irradiation in total doses of 1,0 and 10 Gy, %

F'pynu gocnigxeHHs /| Groups under study
Cepii pocnipkeHHA OnpomiHeHHs (O) YBefieHHA Mernokcukamy Ta onpomiHeHHs (MO)
Series under study Irradiation (l) Meloxicam administration and irradiation, (MI)
n X£Sx n X£Sx

IHTaKTHWIA KOHTPONb 4 013+0.13 _ _
Intact control T
YBeAEHHSA Menokcmkamy
Meloxicam administration 7 0,18 +0,09 B -
OnpomiHeHHs y Aosi 10 'p "
Irradiation at a dose of 10 Gy 6 0,12+0,08 6 0.39+0,21
OnpomiHeHHs1 y aosi 1,0 Mp *
Irradiation at a dose of 1,0 Gy 5 0,07£0,08 5 032+0,14

Mpumitkn:

* — [OCTOBIPHO y NopiBHSAHHI 3 rpynoto O (Pwn), (p< 0,05)
Notes:

* — significant in comparison with group | (Pmp), (p< 0,05)

Puc. 12. AkTvBHUI Makpodpar y kapumHomi FepeHa nicns ikc-onpomiHeHHs y cymapHin gosi 10 I'p
3 HEBEMWKUM CBITNIUM S4POM NPUMXMBOI hopmu, Ta barocomamm y pisHMX CTafisx PO3CMOKTYBaHHSA y umutonnaami. C — darocoma
Fig. 12. Active macrophage in Guerin’s carcinoma after x-irradiation in a total dose of 10 Gy
with a small light nucleus of irregular shape, and phagosomes in different stages of resorption in the cytoplasm. ®C —phagosome

OnpomiHeHHs1 y cymapHin pos3i 10 'p npu3BoguTb
TakoX A0 3HA4YHOro 3pocTaHHA KinbkocTi MK 3 mManvmu
snpaMuy, ynbTpacTpykTypa SKUMX He Mae BiaXureHb Big
rpynu iHTAKTHOTO KOHTPOIIO Ta rpynu 3 yBEAEHHSIM TiNbKu
npenaparty (1abn. 1). YactuHa K 36epirae ynstpacTpyk-
TYpY, NPUTaMaHHy iHTaKTHIN NyXNuHi.

OnpomiHeHHs1 y cymapHin aosi 1,0 Mp BUKNMKae MeHLW
BMPaXeHi MOPYLUEHHS YNbLTPACTPYKTYpU Y MNyXIuHI, HiX
ue Big3HavaeTbcs npu Benukin [osi. Jluwe pgeski K
HecyTb O3HaKu pafiauiHol Aii, Npo Lo CBiAYMTb MpUCYT-
HICTb OKpPeMMuX OBOSIAEPHMX KNIiTUH, HE3HA4HOI KifbKOCTi
nnenomopdHux agep Ta mikposaep. Mpu wint fosi He BioOdy-
BaETbCS aHi anonTuUYHOI 3armbeni, aHi akTueaLii makpodaris,
SKi MICTATb Nnue okpeMi nepBuHHI nizocomn (puc. 13).
OpHak npu 060x 0o3ax MOKa3HMKU MITOTUYHOI aKTUBHOCTI
i 4YacTtoTM KNITMH 3 ManUMKW sApamMu 3anuwalTbCs Ha

Irradiation at a total dose of 10 Gy also leads to
a significant increase in the number of TCs with small
nuclei, the ultrastructure of which has no deviations
from the group of intact control and the group with the
introduction of only the drug (Table 1). The part of the TC
preserves the ultrastructure typical for an intact tumor.

Irradiation at a total dose of 1 Gy leads to less
pronounced damage of the ultrastructure in the tumor
than is observed at high doses. Only some TCs show signs
of radiation exposure, as evidenced by the presence of
individual dinuclear cells, a small number of pleomorphic
nuclei and micronuclei. At this dose, neither macrophages,
which contain only individual primary lysosomes, nor apop-
totic death are activated. (Fig. 13). However, at both
doses, the indicators of mitotic activity and frequency
of cells with small nuclei remain at the same level, low —
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O[lHAKOBOMY piBHi, HU3bKOMY — AFfS MITOTUYHOrO iHAEKCY,
i 36inblweHoMy — anga Yactotu apibHux MK.

for the mitotic index and increased — for the frequency
of small TCs.

Puc. 13. ManokTtuBHUI Makpodar y kapunHomi lepeHa nicns ikc-onpomiHeHHs y cymapHin gosi 1,0 I'p,
3 MePBUHHUMM Mi30COMaMK y LUTONMa3Mi cepes, MyXMHHMX KNiTUH
Fig. 13. Inactive macrophage in Guerin’s carcinoma after x-irradiation in a total dose of 1,0 Gy,
with primary lysosomes in the cytoplasm among tumor cells

Mpu cymicHOMy 3acTocyBaHHi npenapaTty Ta OnpoMi-
HeHHs y cymapHin posi 10 Mp nopyweHHa y agpax K
nopibHi Ao TUX, Lo cnocTepiraTbes Npu 4ii Tinbku pagia-
uii: HasBHICTb ABosiaepHuUx knituH, MK 3 mikposgpamm Ta
nneomopdHMU sgpamu, 36iNbLUEHHS KiNbKOCTi KMITUH Y
CTaHi anonTU4YHOI Ta TEMHOKMITUHHOI 3armbeni. Ane npu
LbOMY 3HVXEHHSI MITOTUYHOI aKTUBHOCTI Yy NYXIWHHIN TKa-
HWHI cArae HaHWX4YMX 3HadYeHb cepepn YCix AOCHigKEeHUX
rpyn, YoMy, O4eBUAHO, CNPUSE pajialinHe yparkeHHs saep-
HOro anapary, nocuneHe Aieto0 MernoKkCcuBeTy.

KombiHoBaHa pfis obox dhakTopiB Npu3BOAWUTb TaKoX
[0 BIipOrigHOro 3pocTaHHs iHAeKCcy anonTosy B Ui cepil
y MOPIBHSAHHI 3 Ai€l0 TiNbKM OMNPOMIHEHHS, LIO BKa3ye
Ha y4yacTb MernoKcukamy y CTUMYnsuiii Luboro npouecy.
BupasHiwoto cTae y uin cepii i dparouutapHa akTUBHICTb,
Npo WO CBiOYMTb He TiMbKM HasiBHICTb Makpodaris 3
BENIMKOK KiNMbKICTIO BTOPMHHUX Ii30COM Ta arocom y
Pi3HMX CTadisXx PO3CMOKTYBaHHs, ane n sasue emirpauii
MOHOUMTIB 3 CYAWH, OYEBWAOHO, ANS MOMOBHEHHS Myny
makpodparis (puc. 14). Kinekicte MK 3 gpibHumn sppamu
y Ui cepil 3HAUMMO BWLLE He TifNbKM Y MOPIBHAHHI 3
iHTaKTHUM KOHTpoOnem, ane N 3 rpynol ONPOMIHEHHS.
| 3HOB MpOCNIAKOBYETLCA 3aKOHOMIPHICTL MK PO3MipOM
MK Ta ctyneHem nponicdepaTMBHOT akTUBHOCTI.

When combining the drug and irradiation in a total dose of
10 Gy, the disorders in TC nuclei are similar to those ones ob-
served under radiation only: the presence of dinuclear cells,
TC with micronuclei and pleomorphic nuclei, an increase
in the number of cells in apoptotic and dark cell death.
However, the decrease in mitotic activity in tumor tissue
reaches the lowest values among all the studied groups,
which, apparently, contributes to the radiation damage to
the nuclear apparatus, enhanced by the action of Meloxivet.

The combined action of both factors also leads to
a reliable increase in the index of apoptosis in this series
in comparison with the action of radiation alone, which
indicates the participation of meloxicam in the stimulation
of this process. Phagocytic activity also becomes more
pronounced in this series, as evidenced not only by the
presence of macrophages with a large number of secondary
lysosomes and phagosomes at different stages of resorp-
tion, but also by the phenomenon of monocyte emigration
from blood vessels, apparently to replenish the macro-
phage pool (Fig. 14). The number of TCs with small nuclei
in this series is significantly higher not only in comparison
with intact control, but also with the irradiation group.
And again there is a regularity between the size of the
TC and the degree of proliferative activity.

Pwuc. 14. MoHouuT y kapumnHoMmi [epeHa nicns ikc-onpoMiHeHHs y cymapHin osi 10 p,
KN Mirpye 3 KaninsapHoi CyaAWHW A0 NYXIMHHOT TKaHWHW. ML| — moHouuT, Kan — kaninap
Fig. 14. Monocyte in Guerin’s carcinoma after x-irradiation in a total dose of 10 Gy,
which migrates from the capillary vessel to the tumor tissue. ML} — monocyte, Kan — capillary
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YNbTPacTPyKTYpPHI NOPYLUEHHS Y NyXNMHaxX TBapuH Npu
Al menokcmkamy Ta pagiauii y cymapHin gosi 1 I'p ineHTu4Hi
TUM, SIKi BUKINIMKaE OgHE ONpPOMIHEeHHSs Y Takiv Aosi. Lie okpe-
Mi nocTpagiauiviHi ypaxeHHs sgep (1K, Ta BigcyTHicTb
akTmBauii Makpodarie. [lpoTe yneTpacTpykTypa Manux
KNITUHHMX ¢hopM nepeTepnnoe Ginbl BMpasHi  3MiHW.
Y yacTuHi 3 HUX sigpa HabyBaloTb CMOTBOPEHOI chopmu,
unTonna3mMa HamnoBHIOETLCS  HEBENMUKUMWU  NPO30pUMM
Bakyonamu (puc. 15), y [eskux BUSABNATbLCA BEMNUKI
darocomu y CTaHi pO3CMOKTYBaHHSA CBOro BMICTY (puc. 16).
Bnnue Menokcukamy y nyxnuvHax LUiei rpynuM nposiBns-
€TbCS Y OOCTOBIPHMX 3MiHaX Takmx MOKa3HMWKIB, AK arnon-
TUYHWUI iHgekc Ta vacToTa K 3 gpibHumn agpamu. Tak, y
uin cepii, 9k i npu kombGiHaLii NpenapaTty 3 ONPOMIHEHHSAM
y posi 10 p, iHaekc All 3pocTae A0 3Ha4YeHb, HaWBULLMX
cepepf ycCiX OOCHIMKEHUX rpymn, WO MoXe OyTu Hacnigkom
MEXaHi3My MOHOBIIEHHS MPOLIECY anonTo3y, LUASAXOM Mpu-
rHIYEHHSA LIMKINOOKCUreHasn-2, 3a JOMOMOrol MENOKCHKaMmy.
YactoTta ApiGHMX KNiTUH Npu CyMICHiA Aii onpoMiHEeHHs
B 060X fo3ax i npenapaTy OOCTOBIPHO BULLE Y MOPIBHSAHHI
3 OOHWUM TiNbKN OMPOMIHEHHSIM.

Ultrastructural disturbances in animal tumors under
the action of meloxicam and radiation in a total dose of 1 Gy
are identical to those caused by a single irradiation at
such a dose. These are isolated post-radiation lesions
of TC nuclei, and lack of macrophage activation, although
the ultrastructure of small cell forms undergoes more
pronounced changes. In some of them the nuclei acquire
a distorted shape, the cytoplasm is filled with small transpa-
rent vacuoles (Fig. 15), in some — large phagosomes are
found in the state of resorption of their contents (Fig. 16).
The effect of meloxicam in tumors of this group is manifes-
ted in significant changes in such indicators as the apop-
totic index and the frequency of TCs with small nuclei.
Thus, in this series, as in the combination of the drug with
irradiation at a dose of 10 Gy, the AP index increases
to the highest values among all studied groups, which
may be due to the mechanism of resumption of apoptosis
by inhibition of cyclooxygenase-2 by meloxicam. The frequen-
cy of small cells with the combined action of irradiation
in both doses and the drug is significantly higher compared
to one irradiation.

Puc. 15. [dpibHi nyxnuHHI KNiTUHW 3 agpamMu CroTBOPeHoi hopmu
Ta BaKyoni3oBaHO0 LIMTONNas3Moto y kapumHomi epeHa nicns
BBEAEHHS npenapaTy Ta onpoMiHeHHs y cymapHin gosi 1,0 I'p
Fig. 15. Small tumor cells with distorted nuclei and vacuolated

cytoplasm in Guerin’s carcinoma after drug administration
and irradiation. in a total dose of 1,0 Gy

Takum 4YnHOM, NpPOBEeAEHi AOCMiIOKEHHA nokasanu, Lo
pakuiviHe iKC-oNnpoMiHEHHS NyxnuHK epeHa y cymapHin
posi 10 p Buknukae nopyweHHs ynstpacTpykTypu [MK,
nepeBaHO MOB'A3aHi 3 ypaXeHHAM sOepHoro anapary
kniTuH. Cnocrepiraetbcs nnenomopdisam sigep, nosisa oBo-
apepHnx MK Ta mikposgep, AOCTOBipHE nafiHHA nponi-
cepaTMBHOI aKTUBHOCTI, [eske MiABULLEHHSA iHAeKcy
anonTtody. BigsHavaeTbCa TakoX CTUMYRAUiS  yHKUiO-
HanbHOI AisnbHOCTI Makpodparis. [pu aii  pagiauii y
cymapHii fosi 1,0 'p nopibHi edekTn BUpaxeHi MeHLue,
abo 30BCiM BiACYTHI, SIK, HaNpuknag, npouecy daroynTosy.
MokasHuk 4actotm (K 3 mManummn ggpamum  0gHaKoBO
BiporiaHO NigBULLEHWIA Npu 060X A03aX ONPOMIHEHHS.

YBefeHHA MenoKcukamy NpuMBOAUTbL OO0 OOCTOBIPHOMO
3HWXKEHHS  nponidpepaTMBHOI  aKTUBHOCTI, WO MOXe
BinOyBaTncs BHACNIOOK apecTy KIITUHHOMO LMKNY, $K
ue cnoctepiraetbes gnsa iHwux HM3M [19], a Takox Ao
3pOCTaHHA 4acToTU Manux KnituH. MNpu uboMy ynbTpa-
CTPYKTYpHa KapTuHa NyXfUHW Maike He 3MIHIOETbCS.

Mpu cymicHin aii pagiauii B 060x go3ax Ta Menokcu-
KaMmy nopylieHHs ToHkoi 6ygoBu K igeHTUYHI TuMm, Wwo
BUSBMSIOTLCA MPU OQHOMY TifNbKW OMpoMiHeHHi. lMopsag 3
TMM Jo[aTKoBe 3acTOCYBaHHs MpenapaTy nepen onpomi-
HeHHsiM y cymapHii posi 10 p npuBoguTb A0 GinbL

Puc. 16. Benuka darocoma y ctaHi po3CMOKTYBaHHS CBOro BMICTY
y Maniv NyxnnHHIA KNiTMHW kKapumHoMuy [epeHa
nicnsa BBeAEHHS npenaparty Ta onpoMiHeHHs y aosi 1,0 I'p
Fig. 16. Large phagosome in the state of resorption of its contents
in a small tumor cell of Guerin’s carcinoma
after drug administration and irradiation in a total dose of 1,0 Gy

Thus, studies have shown that fractional X-irradiation
of Heren tumor at a total dose of 10 Gy causes distur-
bances in the ultrastructure of the TC, mainly associated
with damage to the nuclear apparatus of cells. There is
pleomorphism of nuclei, the appearance of dinuclear TCs
and micronuclei, a significant decrease in proliferative
activity, some increase in the apoptosis index. Stimulation
of functional activity of macrophages is also observed.
When exposed to radiation in a total dose of 1 Gy, such
effects are less pronounced or absent, e.g. phagocytosis.
The frequency index of TCs with small nuclei is equally
likely to increase at both doses.

Administering meloxicam leads to a significant decre-
ase in proliferative activity, which may occur due to cell
cycle arrest, as observed for other NSAIDs [19], as well as
to an increase in the frequency of small cells. At the same
time, the ultrastructural picture of a tumor almost does
not change.

With the combined action of radiation in both doses
and meloxicam, the disorders of the fine TC structure are
identical to those ones detected by a single irradiation.
The additional use of the drug before irradiation in a total
dose of 10 Gy leads to a more pronounced decrease
in the mitotic index than under the action of a single
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BMPA3HOro 3HWXEHHS MITOTUYHOrO iHAEKCY, HiX npwu Aail
opgHoro onpomiHeHHst (p < 0,05). Kpim Toro, npun 06ox gosax
[OCTOBIpHO 3pocTae YacTtota Manux dopm MK, Ha BigMiHY
BiJ MOKa3HWKIB He TifbKW Yy rpyni iHTaKTHOrO KOHTPOSIO,
ane n y cepii oNpoMiHeHHs Yy BiANOBIAHIN A03i. Tinbkn y
KoMOGiHaUii 3 oNpOMiHEHHSIM MENOKCUKaM 3Ha4YHO CTUMYIIHOE
anonTos, TOAi AK B iHLWMX cepiax Noro iHAEKC 3anuwiaeTbca
Ha PiBHi KOHTPOMNbHMX 3HAYEHb.

Byna nigTBepaXeHa 3anexHicTb, fka MOCTIMHO BUSIB-
nsnacs B YCiX eKCnepuMeHTanbHUX rpynax, MiX 3HVKEHHAM
piBHS MITOTUYHOrO iHOEKCY Y KapuuHoMi [epeHa i 3pocTaH-
HAM yacTku K 3 manumu aapamu. BctaHoBReHa HasBHICTb
3BOPOTHOIO KOPEMAUINHHOMO 3B’A3KY MK LMW MOKasHU-
kamu npu r = 0,80, Ta P = 0,05.

BUCHOBKHU

1. NokanbHe dpakuifnHe iKC-ONPOMIHEHHSA KapLUMHOMU
lepeHa yepe3 1 poby BuKnMKae BupasHi noctpagiauiviHi
NOPYLUEHHS YNBTPacTPYKTYPW MYXITMHHUX KMNiTWH, NOB’A3aHi
3 YPaKEHHAM KNiTUHHOTO S4pa, MEHLL BUPaXKeHi Npu 3acTo-
CyBaHHi pagiauii y cymapHin gosi 1,0 I'p, Hix npu gosi 10 p.

2. Menokcukam, He BNNvMBaK4mM Ha TOHKY OyaoBY KNiTWH
kapunHomun [epeHa, NMOMITHO ranbMye mnponidepaTuBHY
aKTUBHICTb Y MYXMUWHi Ha TNi 3pOCTaHHs Y Hin vactoTn MK
3 ManuMu sapamu.

3. Mpwu cymicHin gii 060x gocnigKyBaHUX YNHHMKIB 3Mi-
HU YNbTPACTPYKTYpU B MNyXIIMHIi OOYMOBMOIOTBLCA nepe-
Ba>KHO OMPOMIHEHHSIM.

4. YBeOeHHs Mernokcukamy nigBullye edeKTUBHICTb
CYMICHOrO 3acTocyBaHHS 000X TepaneBTUYHWMX (DaKTopiB
BHACnigoK WMOro BRAacTMBOCTI AOCTOBIPHO ranbMyBaTu
nponidepatMBHy aKTUBHICTb Ta CMApUATM MOcTpagiauin-
HOMY PO3BWUTKY anonTo3y y MyXMWHHIN TKaHWUHI.

5. HasaBHicTb kOpensAuiiHOi 3aneXHOCTi MK MITOTUY-
HMM iHOEKCOM Ta 4acTOTOK KMiTMH 3 ApibHUMK sapamu
y nyxnuHi FepeHa MoXe CBiQYMTM MPO B3AEMO3B’A30K
NpoLEeCiB KNITUHHOIO POCTY i AiNEeHHS.
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irradiation (P< 0.05). Besides, at both doses, the frequency
of small forms of TC increases significantly, in contrast
to the indicators not only in the group of intact control,
but also in the series of irradiation at the appropriate dose.
Only in combination with irradiation, meloxicam signifi-
cantly stimulates apoptosis, while in other series its index
remains at the level of control values.

The relationship between the decrease in the level
of the mitotic index in Heren carcinoma and the increase
in the proportion of TCs with small nuclei was confirmed
in all experimental groups. The presence of an inverse
correlation between these indicators was established
atr=0.80, and P =0.05.

CONCLUSIONS

1. Local fractional X-irradiation of Heren carcinoma
after 1 day causes pronounced post-radiation disorders of
the ultrastructure of tumor cells associated with cell nucleus
damage, less pronounced when using radiation at a total
dose of 1,0 Gy than at a dose of 10 Gy.

2. Meloxicam, without affecting the fine structure of
Heren carcinoma cells, markedly inhibits the proliferative
activity in the tumor against the background of increasing
frequency of TCs with small nuclei.

3. In case of combined action of both investigated
factors, changes of ultrastructure in a tumor are caused
mainly by irradiation.

4. Administering meloxicam increases the effective-
ness of the combined use of both therapeutic factors due to
its ability to significantly inhibit proliferative activity
and promote post-radiation development of apoptosis
in tumor tissue.

5. The presence of a correlation between the mitotic
index and the frequency of cells with small nuclei in
Heren tumor may indicate the relationship between cell
growth and division.
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lMepcnekTMBU NnoAanbLUNX AOCHIAXKEHb
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Prospects for further research

Further research is planned to be focused on studying the antitumor
effect of COX-2 inhibitors not only in the experiment, but also in
patients with cancer of different localization, since the electron
microscopic method makes it possible to visualize and assess the
structural and functional state of all tumor components, including the
environment. Comparison of diagnostic and prognostic markers
with the ultrastructure of these tissues may enhance the under-
standing of the mechanisms of action of COX-2 inhibitor therapy.
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PE3IOME

AkTyanbHicTb. [lpobnemoto giarHoCTUkM Ta nikyBaHHsi naninspHoro paky (MNP) wutonogit-
Hoi 3anosn (LU3) e papioiomopesncteHTHi metactasu (PVUPM), ans sikux pagioiono-
Tepanis (PVT) HeedekTBHA. AKTyanbHUM MUTAHHAM € MOXIMBICTb PaHHBOMO MPOrHO3Y-
BaHHS Ta BYacHoi aiarHocTukn PUPM Ha 0CHOBI BUSIBNIEHHS! LMTOMOPOMOriYHMX 0cobmnm-
socTen P L3 Ta rioro metacTasis, Ski KOPENOOTh i3 PO3BUTKOM padiofiof0pEe3NCTEHTHOCTI.
Meta po6oTn — BusBNeHHs uuTOMOpdoOnoriYHMXx ocobnueocTten nepsuHHoro MNP L3
Ta oro MeTacTasiB y nauieHTiB, siki 3ro4oM nokasanu cTiikicTb Ao Tepanii '*'l, nopiBHsHO
3 KOHTPOIBHO FPYMNO0 NaLeHTIB, sk AOCATNN NO3UTUBHOIO edekTy Tepanii ™l
Martepiann Ta Metoam. [poBedeHO MNOPIBHAMBHWI aHania MOPAOOriYHNX O3HaK
B TiCTONOrMYHNX BUCHOBKAax Ta OOCHIMKEHHS LIMTOMOTMYHUX XapaKTepucTuK B marepiani
TOHKOTrONKOBUX acrnipauinHMX NyHKUiHnx 6ioncin (TAMNB) nepsuHHKX MNP W3 Ta ix nepsuH-
HUX MeTacTasiB, a Takox PVIPM gocnigHoi Ta KoHTponbHoi rpyn nauiexTis. JocniaHy rpyny
cknas 152 nauieHTu, Ae BCi Nokasany pesucTeHTHICTb Ao PUT; koHTponbHy — 161nauieHT,
AKi 4OCArNM No3uTMBHOTO edekty PUT. CTatncTniHo onpaubosyBani B Statistica 12.
Pe3ynbraTi Ta ix o6roBopeHHs. [oka3aHo, Lo YactoTa ornikynsapHUX CTPYKTYp y MaTe-
piani nepsuHHMx MNP L3 naujieHTis 3 noautueHum ecdektom PUT BiporigHo BuLle, a Hekpo-
TUYHKMX 3MiH — BIPOFiAHO HWKYe, HiX y MmauieHTiB 3 possuTkom PUPM (p<0,05 3a kpuTte-
piem x2). YacTtota conikynsipHux CTPYKTyp Y TCTONOrYHOMY Ta NyHKUiHOMY maTtepiani
NepBUHHUX METaCTa3iB NaLieHTiB 3 No3NTUBHUM ecekTom PIT siporiaHo BuLLe, a okendink-
HWX 3MiH BIPOFiAHO HWXKYe, HIK y nauieHTiB 3 possutkom PAPM (p<0,05 3a kputepiem x2).
OkcmndinbHi 3MiHK BindHaueHo BiporiaHo yacTiwwe y rpyni PPM B NOpiBHSIHHI 3 NEPBUHHUMM
MeTacTasamu KOHTponbHoi rpynun (p=0,03). [lokaszaHo, Lo KICTO3Hi 3MiHM 3yCTpiYaroTbCs
BIPOriAHO yYacTille B MyHKUIiHOMY Ta ricTonoriyHoMy matepiani PUPM B nopiHsHHI 3
NepBMHHNMY MeTacTa3amu nauieHTiB KOHTPONbHOI Ta gocnigHoi rpyn (p<0,05).
BucHoBKkK. 3anponoHOBaHO BUKOPUCTAHHSA HasBHOCTI OKCUMIMbHUX Ta KICTO3HUX 3MiH Y
nyHKUiHOMY Ta ricTonorivHoMy matepiani metacrtasis NP LL3 B AkocTi nporHocTu4HMX chak-
TopiB paaionogopesncteHTHocTi MNP LLU3. HaasHicTb chonikynapHux CTpyKTyp y Matepiani
nepeuHHUX NP Ta ix MeTacTasis Moxe 6yTv MPOrHOCTUYHUM hakTopoM edekTeHoT PUT.
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ABSTRACT

Background. The problem of diagnosis and treatment of papillary thyroid cancer (PTC)
are radioiodine resistant metastases (RIRM). An urgent issue is the possibility of their early
prediction and diagnosis based on the detection of cytomorphological features of the PTC
and its metastases, which correlate with the development of radioiodine (RI) resistance.
Purpose — detection of cytomorphological features of primary PTC and its metastases
in patients who subsequently showed resistance to '*'l therapy, compared with the control
group of patients who achieved a positive effect of '*'| therapy.

Materials and Methods. A comparative analysis of morphological features in histological
conclusions and the study of cytological characteristics in the fine-needle aspiration (FNA)
smears of primary PTC and their primary metastases, as well RIRM of experimental
and control groups of patients were conducted. The experimental group consisted of
152 patients who showed resistance to RI therapy, the control group — 161 patients who
achieved a positive effect of Rl therapy. Statistical processing was done in Statistica 12.
Results and discussion. It is shown that the frequency of follicular structures in the
material of primary PTC of patients with a positive effect of *'l therapy is significantly
higher, and the frequency of necrotic changes is significantly lower than in patients with
the development of RIRM (p <0.05 by criterion ¥2). The frequency of follicular structures
in the histological material and FNA smears of primary metastases of patients with
a positive effect of **'l therapy is significantly higher, and oxyphilic changes are significantly
lower than in patients with the development of RIRM (p <0.05 by criterion y2). Oxyphilic
changes were observed significantly more often in the RIRM compared with primary
metastases of the control group (p = 0.03). It was proved that cystic changes are
significantly more common in FNA smears and histological material of RIRM in comparison
with primary metastases of experimental and control groups of patients (p <0.05).
Conclusions. TThe use of the presence of oxyphilic and cystic changes in the FNA
smears and histological material of metastases of the PTC as prognostic factors of Rl
resistance is proposed. The presence of follicular structures in the materials of primary
PTC and metastases can be a prognostic factor of effective RI therapy.

Zelinskaya GV, Kovalenko AE, Ostafiichuk MV, Kvachenyuk AM, Ustymenko GYa, Kulynychenko GM, Gulevatyi SV,
Bielousova NB. Cytomorphological features of papillary thyroid carcinomas with the development of radioiodine-resistance.
Ukrainian journal of radiology and oncology. 2021;29(3):76—88. DOI: https://doi.org/10.46879/ukroj.3.2021.76-88
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Cratta € dparMeHTOM nnaHoBOi HayKoBO-AOCHIAHOI poboTu
[epxaBHOi yCTaHOBU «lHCTUTYT €eHOOKpUHororii Ta 0bMiHy
peyoBuH im. B.N. KomicapeHka HauioHanbHOi akagemii
MeanyHMX Hayk YKpaiHu» «YOOCKOHANEHHS METOAiB AiarHOCTUKY,
NPOrHO3yBaHHS Ta KOPEKLii eHaoKpuHonaTivi (paky wmTonogioHoi
3ano3n Ta uUykpoBoro Aiabety)», HOMep AepXaBHOi peecTpauii:
0120U100645, wudp Ttemn: HAMH.533, npuknagHa, TepMiH
BUKOHaHHSA: 2020-2022 pp., KEpiBHUKU — OWPEKTOP IHCTUTYTY,
[OKTOp MeAuYHUX Hayk, npodecop TpoHeko M.[., pokTop
MeANYHNX Hayk, npodecop KeaueHiok A.M.

BCTYIN

KnoyoBMM MOMEHTOM YCRILUHOIO MiKyBaHHA gudepeH-
uinoBaHoro paky wmuronogibHoi 3ano3u (W3) Tta noro
MeTacTasiB € BUKOPUCTaHHA paioviogoTepanii (Pl7IT), abo
Tepanii 3a gonomorot ¥l — cneuudiyHoro BrUcokoedek-
TMBHOIO TAPreHTHOro METOAY JliKyBaHHS, 3aCHOBAHOro Ha
YHiKanbHin 3gaTtHocTi knitnH L3 fo HakonuyeHHs pagio-
noagy (Pl7l) [1-4]. Ane, B psagi Bunagkis (4-20%), y nauieHTiB
3 OuepeHLUinoBaHO TUPEOIAHOK KapUUHOMOW, Ha Thi
npoBefeHoi TupeoinekTomii Ta PUT possuBatoTbest pagio-

The article is a fragment of the planned research project of
State Institution «V.P. Komisarenko Institute of Endocrinology
and Metabolism of the National Academy of Medical Sciences
of Ukraine» which is «Improvement of methods for diagnosis,
prognosis and correction of endocrinopathies (thyroid cancer and
diabetes)» (state registration number: 0120U100645, research
project code: NAMS.533, applied, period for performance:
2020-2022, led by Director the Institute, Doctor of Medical
Sciences, Professor M.D. Tronko, Doctor of Medical Sciences,
Professor A.M. Kvachenyuk).

INTRODUCTION

The key to successful treatment of differentiated thyroid
cancer and its metastases is the use of radioiodine therapy
(RIT), or therapy with highly effective targeted method of
treatment with lodine-131("*'l), based on the unique ability
of thyroid cells to accumulate radioiodine [1-4]. However,
in a number of cases (4—20%) thyroid carcinoma patients
with differentiated thyroid cancer develop radioiodine-
resistant metastases (RIRM) that lose their ability to
accumulate radioiodine which makes RIT ineffective [5-8].
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Noaope3nNCTEHTHI MeTacTasu (PVIPM), KMITUHW SKUX BTpa-
YyaTb 30aTHICTb OO akyMynsauil P ta PUT gnsa Hux cTae
HeedeKkTMBHOW [5-8]. 5-piuHe Ge3peunamBHE BWDKMBAHHSA
XBOpUX 3 pafionofope3nCTEHTHOK XBOpOGOK cknagae
66%, a 10-pivyHe — He nepeBuye 10% [9]. 3a pesynsTatamu
Pi3HMX OOoCnigpKeHb, CepefHs TPMBaniCTb XUTTS NauieHTiB
3 papgionogope3ncTeHTHMM pakom L3 3HmKyeTbca Ao
2,5-3,5 pokiB 3 MOMEHTY BCTaHOBIEHHs AiarHosy [10, 11].

[Mpu Ni3HbOMY BUSIBNEHHI MeTacTasiB NMOKa3HWKN BUXU-
BaHHA XBOPUX Ha TUPEOIOHUA paK CyTTEBO MOripLUYOTHCS.
ToMmy aKkTyanbHUMW 3anuLLAOTLCS MUTaHHS NPOrHO3yBaH-
HSl, CBOEYACHOI AiarHOCTUKM Ta fiKyBaHHSA PUPM NP LLI3.
Ha ycix eTtanax nikyBaHHS nauieHTiB 3 BUCOKoAUdEPEH-
uinosaHum pakom L3 HeobxigHO BpaxoByBaTw Biporia-
HICTb PO3BUTKY pe3ncTeHTHocTu Ao PUT 3 meToto BYacHoi
KOpeKLUiT TepaneBTUYHOT nporpamu. Kpim Toro, 3a oCTaHHe
OEeCATUPIYYSA 3HAYHO PO3LUMPUNMCL NMOKa3aHHs 40 OopraHo-
3bepiranbHuX onepauin npu cragiax T, NM, naninsp-
Horo paky (MP) L3, Tomy paHHE nNporHo3yBaHHA pagio-
MNOOOPE3NCTEHTHOCTI NMYyXITUH MOXE BMMVMHYTWM Ha TaKTUKY
onepaTuBHOrO BTpy4aHHs [3]. Baxxnueo npoBoaUTU NPOrHo-
3yBaHHs pafiofioope3nCcCTEHTHOCTI BXe Ha nepeqonepa-
LiMHOMY eTani Ha OCHOBI LUTOMOPMONOriYHNX METOSIB.

ICHYIOTb cynepednusi niTepaTypHi AaHi LWOAO Kopensayii
Jesknx MopdosnoriYyHUX MOKa3HWKIB i3 pagionogopesunc-
TeHTHicTto. JliTepaTypHi gaHi cBig4atb, WO Taki natoMmop-
dONOriYHI XapaKTEPUCTUKKN, K HEKPOTUYHI 3MiHW, conigHa
apxiTektypa nyxSfuH, OKCMMINbHO-KMITUHHA MeTannasis,
KOpenoTb i3 pafionoaopesncTEHTHICTIO, WO € Hacnigkom
3HWKEHHA  OndEpeHLitoBaHHSA  KNITMH  MeTacTaTUYHUX
ocepeakis [12—14].

MopyweHHa MonekynsapHo-6ionoriyHmx, isnyHnX i
FeHETUYHUX MeXaHi3MiB akyMynsuii P TMpeoumMtTammn €
NiAFPYHTAM PO3BUTKY MpoOLecy pagionofope3ncTeHTHOCTI
MP W3 [15, 16]. JocnimkeHHA MONeKynspHoro npodinto
PWPM nokasano, WO ofHiel 3 NpuUYnH BTPaTU YyTnu-
BOCTi TUPEOIOHUX NYyXNWH [0 pafionogy € reHeTUYHI
MOPYLUEHHsl, 30KpeMa MyTauisa reHa BRAFVEE [17-19].
Ekcnpecito NIS (HaTpin-oa-cumnoprtepa) BBaXaloTb
BaXKNMBOK MNEPENyMOBOK HAKOMWYEHHs pagionody Ta
edekTnBHOCTI PUT [20, 21].

Takum unHom, PMPM e akTyanbHOl npobrnemoto B
AiarHoctuui Ta nikysaHHi MNP W3, npo wo ceigyatb nitepa-
TYpHi AaHi. [oci 3anuwaloTbCs HeBupilleHUMU AUCKYCIR-
Hi KNiHIYHI NUTaHHSA NPOrHO3y | PaHHBOro BUSIBMEHHS
pagionogopesncteHTHocTi MNP LW3. He 3HargeHo nitepa-
TYPHUX [aHMX LWOAO AOCHIMKEHHS LMTOMOPEONOriYyHUX
ocobnueoctein PPM, Ta TkanuH MP L3 i ix nepBuH-
HUX MeTacTasiB Yy nauieHTiB 3 pO3BUTKOM pafionopo-
PE3NCTEHTHOCTI B MNOPiBHAHHI 3 [IP 3 no3auTtmsHOW
BignoBigaw Ha PUT, wo moxe OyT eneMeHTOM paHHbOro
NPOrHo3yBaHHSA pPafionofopPe3NCTEHTHOCTI.

Meta po6oOTM — BUABMEHHS LMTOMOPXONOriYHMX
ocobnmBocTel nepBuHHOro naninspHoro paky (MMP) L3
Ta MNOro MeTacTasiB MauieHTiB, $Ki 3rogomM nokasanmu
cTivikicTb Ao Tepanii '3'l, NOpPiBHSAHO 3 KOHTPOSILHOLO rPyMoto
nauieHTiB, SKi JOCArM NO3MTUBHOIO edhekTy Tepanii 'l

MATEPIAJIN TA METOAU OOCHIAXEHHA

Y pob6oTi BukopuctaHo matepian MNP W3 Ta ix meta-
cTasiB, OTpMMaHun Big nauieHTiB Bikom Big 13 go 81 po-
KiB, SiKi Npoxoaunm OBCTEXEHHS, XipypriyHe niKyBaHHSA
Ta pagioviogoTepanito B [lepxaBHii ycTaHoBi «lHCTUTYT
eHpgoKpuHororii Ti 06MiHy peyvoBuH im. B.IN. KomicapeHka

The 5-year survival rate of patients with radioiodine resis-
tant disease is 66%, and the 10-year survival rate does not
exceed 10% [9]. According to various studies, the average
life expectancy of patients with radioiodine-resistant thyroid
cancer decreases to 2.5-3.5 years from the moment of
diagnosis [10, 11].

Late detection of metastases is known to drastically
worsen the survival rate of thyroid cancer patients. That is
why the prognosis, adequate diagnosis and treatment of
RIRM of papillary thyroid cancer (PTC) remain topical.
At all stages of treatment of patients with high-differentiated
thyroid cancer, it is necessary to take into account the
likelihood of development of resistance to RIT for the
purpose of complete correction of the therapeutic program.
Moreover, indications for organ-preserving surgeries at
T1-2NOMO of PTC have significantly increased over the
last decade, so early prediction of radiation resistance of
tumors can influence the tactics of surgical treatment [3].
It is important to prognose radioiodine resistance as early
as the pre-surgery stage on the basis of cytomorpho-
logical methods.

There are excessive literature data regarding correla-
tion of some morphological indicators with radioiodine
resistance. According to a number of authors, such path-
omorphological aspects as necrotic changes, solid tumor
architecture, oxyphil cell metaplasia correlate with radioio-
dine-resistance resulting in decreased differentiation of the
metastatic focus cells [12—-14].

The disturbance of molecular-biological, physical and
genetic mechanisms of Rl accumulation by thyrocytes is
the basis for the development of radioiodine resistance
process of the thyroid gland [15, 16]. The study of the mo-
lecular profile of RIRM has shown that one of the reasons
for the loss of sensitivity of thyroid tumors to radioiodine is
genetic disorders, especially a mutation in the BRAFV6E
gene [17-19]. The expression of NIS (Sodium/lodide Sym-
porter) is considered to be an important prerequisite for the
accumulation of radioiodine and the efficacy of RIT [20, 21].

Thus, the current scientific literature indicates that
RIRM is an urgent problem in the diagnosis and treatment
of PTC. Up to the present time, the discursive clinical
questions of prognosis and ealy detection of radiation -
resistance in PTC remain unresolved. The existing literature
data on correlation of some histological features of thyroid
carcinomas with their aggressive behavior did not provide
a clear idea of cytomorphological features of PTC in
patients with RIRM. No literature data were found on the
study of cytomorphological features of RIRM, PTC tissues
and their primary metastases of patients with the
development of radiation resistance in comparison with
PTC with positive response to RIT, which can be an
element of early prognosis of radiation resistance, have
not been found.

Objective — to identify the cytomorphological features
of primary papillary thyroid cancer (PPTC) and its metasta-
ses in patients who later showed resistance to *'I therapy,
compared with the control group of patients who achieved
a positive effect of 'l therapy.

MATERIALS AND METHODS

The work has been based on the material of PPTC
and its metastases received from the patients aged 13
to 81 who were examined, underwent surgical treatment
and radiotherapy at the State Institution «V.P. Komisarenko
Institute of Endocrinology and Metabolism of the National
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HauioHanbHOi akagemii MeguyHMX Hayk YKpaiHu» 3a
nepiog Big 1996 go 2021 pp.

ETuyHi TBepaXeHHA

[ocnigXeHHs npoBeAeHO BiAMNOBIAHO OO €TUYHMX CTaH-
paptiB lenbCiHCbKOT Aeknapadii BcecBiTHbOI MeanyHol
acouiauil Npo eTUYHi NPUHLMNY NPOBEAEHHS HAyKOBUX Me-
OVYHUX JocnifkeHb 3a yyacTio nioavHn (1964—2008 pp.),
OvpeKTuBM €BponencbKkoro ToBapucTea 86/609 npo yyacTb
nogei y Meauko-6ionoriyHnx OOCHiIKEHHAX, a TaKoX
Haka3y MiHictepcTBa 0oxopoHu 3g0poB’st YkpaiHn Ne 690
Big 23.09.2009 p. [lauieHT panu cBolO iHOPMOBaAHY
3rogy Ha yyacTb Yy OOCrigXeHHi, sike cxBaneHe Kowmicieto
3 GioeTuku [lepxaBHOI yCTaHOBU «IHCTUTYT €HOOKPUHOMOTIT
Ta obmiHy peyoBuH im. B.MN. KomicapeHka HauioHanbHoi
akagemii MeguyHmMx Hayk YkpaiHum» (npotokon Ne198-KE
Big 16.06.2014).

[MpoTokon, AKMM 3acTocoByBanu AN NiKkyBaHHA nai-
€HTIB 3 TICTONMOrYHO NiATBEPIKEHUM AndbepeHuinoBaHMM
pakom L3, nepembavyae BMKOHAHHA  TOHKOrONKOBOI
acnipauiiHoi nyHkuinHoi Gioncii (TAIMB) 3 unTONOriIYHUM
pocnigpkeHHsm  HoBoyTBopeHb L3 Ta ix Metacrasis,
pagukanbHoi TUpeoigekToMii 3 nimcpoamcekuieto, noonepa-
LiiHoi PUT yepes 4—6 TWXHIB i CynpecuBHy ropMOHarbHY
Tepanito L-tvpokcuHom (2,5 wmkr/kr). lMepen nodaTkom
nikyBaHHA nauienTiB P/ nposogunu psia naBopaTopHUX
Ta iHCTPYMEHTanbHUX OOCNIMKEHb: OLIHIOBaNu reMorpamy,
BM3Hayanu piseHb TTT i KanbLito B cupoBartLi nepudepuyHoi
KpoBi; npoBoaunnu Y3[, peHTreHorpadito nereHb, kKoMmn'to-
TepHy Tomorpadito (3a HasBHOCTI MeTacTasiB y NnereHsx).
TepanesTyHa [fdo3a PV pospaxoByeTbcsi Ha NiacTasi
24-TOAVNHHOTO TECTYy HakonuueHHs P 3anuiIKoBOlO Tka-
HUHOK i CTaHOBWUTbL ANs Aopocnux Big 2,6 oo 4 IbBrikr,
ans piten — 25-50 MBk/kr (3a Has#BHOCTI meTacTtasiB —
100 MBK/kr). SKWO MOKasHWUK TecTy HakonuuyeHHs P
cknagae noHag 20% HaKOMUYEHHS, po3rnsAaeTbcs HeOb-
XigHICTb MOBTOpPHOI onepauii. Ha 2-3-n pgeHb nicns
npuitmanns P/ npusHayanu ropmonm W3, Ha 5-7-i1 AeHb
nicns npuitmanHs PW npoBoanmu cuvHTMrpadito BCbOro
Tina 3 METO BUSIBNEHHS 3aNULLIKOBUX aKTUBHOCTEN.

o pocnigxeHHs BkAoveHo 313 nauieHTiB, SAKi Bigno-
BiJanu Takum KpuTepiam:

— BCi NauieHTn oTpumanu nepBuHHy Tepanito gudepeH-
uinosaHoro MNP L3, BkNOYHO TOTanbHy TUPEOILEKTOMIlO
3/abo 6e3 gumcekuii nimdoBy3niB WWi 3 NPOBEAEHHSAM MO-
AanbLoi Tepanii *'l Ta cynpecrnBHOT ropMOoHarnbHOT Tepanii;

— [0 ApocnigHoi rpynu BkNoYeHo 152 nauieHTa
3 PUPM, sii npencrtaeneHi ogHum abo OGinbwe MeTa-
cTaTM4YHUMKM nimdoBy3namm Wui, siki He akymyntoanu %'l
nicna posedeHoro 6GespeumauBHOro nepiogy (miarHoc-
TUYHe ckaHyBaHHs 3'l, ynbTpa3BykoBe AOCRIAKEHHS LU,
piBeHb TupeornobyniHy <0,20 Hr/mn), 3a yMmoBY abnaTuBHOI
PWUT tepanesTuuHoio gosoio 3,7 MBk (100 mKi). Bci meta-
cTatuyHi nimdoBy3nu 6ynu NPoNyHKTOBaHi 3a 4OMNOMOroH
TAINB Ta gocnigXeHi umMtonoriyHo. HasaBHiCTb MeTacTaTuy-
HOrO ypaXeHHs B YCiXx Bunagkax nigTBepaXeHa
riCTOMNOrivyHo;

— KOHTpONbHa Trpyna MopiBHAHHA npeacTaBneHa
161 nauieHToM, AKi Manu NO3UTUBHUIN edeKT B pesynbTari
nikyBaHHst MmeTacTasiB '*'l, konv goBeaeHuii 6eapeLnanBHUIA
nepiog (ouiHka nikyBaHHs: AiarHocTuuHe '¥'| ckaHyBaHHS,
ynsTpacoHorpadis Wi, piseHb TupeornobyniHy < 0,20 Hr/mn);

— nepBuUHHiI MeTacTta3u (INM) — perioHapHi meTacTasu
MP W3, BuaABneHi nig 4ac NOCTaHOBKWM pAiarHo3y (BCi
BOHW nponyHKToBaHi 3a pgonomoroto TAlNB Ta pocnig-
XKEHi UMTOMOriYHO nepen npoBEAEHHSIM  XipypriYHOro

Academy of Medical Sciences of Ukraine» within the period
from 1996 to 2021.

Ethical Validations

The research was conducted in accordance with the
ethical standards of the Declaration of Helsinki by the World
Medical Association on Ethical Principles of Scientific
Medical Research Involving Human Subjects (1964—-2008).
Directive 86/609 of the European Partnership on the
participation of people in medical and biological research,
as well as the Order of the Ministry of Health of Ukraine
No 690 of 23.09.2009. Patients gave their informed
consent to participate in the investigation, which was
accepted by the Biomedical Committee of State Institution
«V.P. Komisarenko Institute of Endocrinology and Metabo-
lism of the NAMS of Ukraine» (Record No 198 — KE
from 16.06.2014).

The protocol used for the treatment of patients with
histologically confirmed differentiated thyroid cancer
includes fine-needle aspiration biopsies (FNAB) with
cytologic examination of newly formed thyroid tumors
and their metastases, radical thyroidectomy with lymph
dissection, postoperative RIT in 4—6 months, and suppres-
sive hormone therapy with L-thyroxine (2.5 mcg/kg). Before
the start of treatment, patients underwent a number
of laboratory examinations: hemogram, TSH and calcium
levels in the peripheral blood corpuscles were assessed;
ultrasonic examination, lung X-ray, and computer tomo-
graphy (in case of lung metastases) were performed.
The therapeutic dose of Rl is estimated on the basis of
24-hour test of Rl accumulation in the residual tissue,
and for adults is 2,6 GBqg/kg to 4 GBqg/kg, for children —
25-50 MBqg/kg (in case of metastases — 100 MBg/kg).
If the Rl accumulation test is more than 20% accumulation,
the need for repeated surgery is considered. On the 2-3rd
day after the Rl was taken, thyroid hormones were adminis-
tered, and on the 5th—7th day after the Rl was taken, whole-
body scintigraphy was performed to detect residual activity.

The study included 313 patients who met the following
criteria:

— All patients received primary therapy for differen-
tiated PTC, including total thyroidectomy with or without
lymph node dissection and follow-up therapy with *'l and
suppressive hormonal therapy;

— The study group included 151 patients with RIRM,
represented by one or more metastatic lymph nodes in
the neck, who had not accumulated '3'| after an extended
recurrence-free period (diagnostic 'l scan, ultrasound
examination of the neck, thyroglobulin level <0. 20 ng/ml),
given ablative RIT with a therapeutic dose of 3.7 GBq
(100 mCi). All metastatic lymph nodes were punctured by
FNAB and cytologically examined. The presence of meta-
static lesions in all cases was confirmed histologically;

— The control group is represented by 162 patients
who had a positive effect as a result of 'l metastasis
treatment when the recurrence-free period was comple-
ted (evaluation of treatment: diagnostic 'l scan, ultra-
sonography, thyroglobulin level <0.20 ng/ml);

— Primary metastases (PM) — regenerative metastases
of PTC detected at the time of diagnosis (all of them were
punctured by FNAB and examined cytologically before
surgical treatment). The study group included 78 PM and
the control group — 136 PM;

— monitoring of patients for at least 6 months.

A retrospective comparative analysis of morphological
signs in the histological findings and examination of
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nikyBaHHS). Y XBOpMX [AOCMiAHOI rpynu HarmiyyBanocb
78 MM, y nauieHTiB KOHTporbHOI — 136 M;

— MOHITOPUWHT NaUieHTIB NpMHanNMHI 6 micauis.

[NpoBeneHo peTpOCNEKTUBHUIA MOPIBHAMBHUI aHani3
MOPQOSIONYHNUX O3HaK B TFICTOMOrMYHUX BUCHOBKaX Ta
JOCNIMKEHHS LMTONOMYHUX XapakTepUCTUK B Mmartepiani
TAMNB nepBuHHMX NaninspHux pakis W3, matepiani MM,
a TakoX B Marepiani PWPM pocnigHoi Ta KOHTPOSbHOT
rpyn nauieHTiB. 3aranbHa XapakTepucTuka marepiany
[ocnigaxeHb npeacTaeneHa B Tabnuui 1.

cytological characteristics in the FNAB material of primary
PTC and primary metastases was performed, as well as
in the material of radioiodine-resistant metastases (RIRM)
of the study and control groups of patients. The general
characteristic of the study material is presented in Table 1.

Tabnuus 1. 3aranbHa xapaktepucTvka matepiany gocnimxeHHs, n (%)
Table 1. General characteristics of the material, n (%)

ManinapHi kapunHomm L3 MepBUHHI MeTacTasu
MoKkazHuK Papillary thyroid carcinomas Primary metastases PUPM
Indicator HocnigHa rpyna KoHTponbHa rpyna | flocnigHa rpyna KoHTponbHa rpyna RIRM
The study group The control group | The study group The control group

KinbkicTb naujenTis, n 152 161 78 136 152
Number of patients, n
Bik, pokn/Age, years 42,02+15,5 28,21+11,8 41,02+11,6 27,65+11,6 42,02+15,5
XKinku, n (%) / Women, n (%) 119 (78,3) 100 (62,2) 64 (82,05) 78 (57,35) 119 (78,3)
Yonosiku, n (%) / Men, n (%) 33 (21,7) 61 (37,8) 14 (17,95) 58 (42,65) 33 (21,7)
AkTuBHicTb PN, MBK
Activity of radiciodine, Gbg 6.16+3,5 4,89:1,88

LinTonoriyHi gocnigkeHHa BWKOHyBanuM B marepiani
nyHktaTtiB MNP W3 Ta ix meracTasis, ki oTpumyBanu npwm
nposedeHHi TAMB. [MyHkuiihuiA maTtepian BucyLlyBanm
i bikcyBanm meTtaHonom npotarom 5 xB Ta 3abapentoBanu
Brnpogox 30 XB 3a JOMOMOrow Metogy PomaHoBCbKOro-
lim3e, micns 4oro UMTOMOriYHI XapakTepUCTUKN NYHKTaTiB
ouiHoBanu 3a ponomorol mikpockona Olympus CX41
(Olympus Corporation, Japan). NyHkTatn BBaxanu iHdop-
MaTUBHUMW 3@ HasBHOCTI 6—9 rpyn He3pywHOBaHWX KMiTUH
donikynsapHOro enitenito Ha KoxHoMy 3 3—4 ckeneub
3 KOXXHOTO NMPOMYHKTOBAHOTO HOBOYTBOPEHHS.

Pesynbrat, oTpumaHi BNpogoBX [OOCHiAXeHHS, 06-
pobrianu 3a ONOMOrol MeTofiB BapiauiiHOi CTaTUCTUKMN.
PospaxyHkn BuKOHaHO B naketi Statistica 12 StatSoft.

MMOpPIBHAHHA 4aCTOTHMX SAKICHUX XapakTepucTuk  Mix
rpoynamy npoBOAMUNOCSA 3  BUKOPUCTaAHHAM  KPUTEPItO
Xi-kBagpat (x?). PisHnus B pesynbratax BBaxanacb

BiporigHoto npm p < 0,05.
PE3YJILTATU TA IX OBFOBOPEHHSA

[aHi niTepaTypu LWOAO 3anexHOCTi arpecuBHOi Mo-
BeaiHkn MNP W3 Big Takmx FiCTONOrYHUX XapakTepUCTUK,
SIK MeTannacTU4Hi, HEKPOTUYHI 3MiHW, HaSIBHICTb COMigHOI
apxiTeKTypu NyxnvH Ha MOMeHT giarHocTyBaHHsa [P L3
He JaloTb YiTKOro ysBNEeHHs Mpo acouiauilo uMTtomopdo-
noriyHMx ocobnmBOCTEN UMX KapLMHOM i3 PO3BUTKOM
PUPM [12—14, 22]. Tomy B paHiii poboTi nposeaeHo
NOPIBHANBHUIA aHarni3 4acToTW HEeKpOTUYHUX 3MiH (H3),
okcmainbHux 3miH (O3) i donikynsapHux ctpyktyp (PC)
y TiCTOMNOrYHOMY Ta NyHKUiNHOMY MaTtepiani nepBUHHUX
MNP L3 gocniaHoi rpynu nauieHTis — 3 nosisoio PYIPM
Ta KOHTPOMbLHOI — 3 NO3NTUBHUM edektom PUT, a Takox
aHani3 vactotn ®C, O3 Ta kicTo3Hux 3miH (K3) B maTe-
piani NepBUHHMX Ta pagdionoA0pPEe3UCTEHTHUX MeTacTasiB.
lMpoBegeHu aHania LMTOMOPEOMNOriYHUX XapakTepuCTUK
MAP W3 Ta ix meTacTasis 3anexHo Bia edekty PUT
[03BONMB  BUABUTM  desiki  ocobnuBocTi, wWo  6ynu
acouiioBaHi 3 ix pagionogope3nCTEHTHICTIO.

Cytological investigations were carried out in the
FNA (Fine Needle Aspiration) smears of the PTC and its
metastases obtained by FNAB, which were air-dried and
stabilized with methanol for 5 minutes and stained for
30 minutes by Romanowsky's-Giemza method, After that
the cytological characteristics of the specimens were
evaluated using an Olympus CX41 microscope (Olympus
Corporation, Japan). The FNA smears with less than
6-9 groups of thyroid cells in each slice were considered
informative. No less than 3—4 slices were obtained from
each punctured new growth.

The results obtained in the course of the study were
processed using the methods of variation statistics.
The calculations were performed using Statistica 12 Stat-
Soft. Frequency qualitative characteristics between the
studied groups were compared using the Xi-square
criterion (y?2). Differences in the results were considered
to be significant at p < 0.05

RESULTS AND DISCUSSION

There are contradictory literary data on the dependence
of aggressive behavior of PTC on such histological factors
as necrotic, oxyphilic changes, presence of extrathyroidal
dissemination, vascular invasion, solid structure of tumors
at the time of PTC diagnosis, but there is no clear idea
about the association of cytomorphological features of
these carcinomas with development of RIRM [12-14, 22].
Therefore, this work performed a comparative analysis
of the frequency of necrotic changes (NC), oxyphilic chan-
ges (OC) and follicular structures (FS) in histological and
FNA smears of primary PTC of the study group of patients
with RIRM and control group — with the positive effect
of RIT, as well as an analysis of the frequency of FS, OC
and cystic changes (CC) in the material of primary and
radioiodine-resistant metastases. The analysis of cytomor-
phological characteristics of PTC and its metastases depen-
ding on the RIT effect allowed us to reveal some peculiari-
ties that were associated with their radioiodine resistance.
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MokasaHo, wo ®C Big3HayalTbCA BIPOriAHO YacTilwe
B rictonoriyHnx BucHoBkax MMP W3 nauieHTiB KOHTpOsb-
HOT rpynu (86 i3 161), Hix y nauieHTiB 3 possuTkom PVIPM
(47 i3 152) (p=0,001 3a kputepiem x?2). JoBegeHo, LLO
yactota ®C BiporigHO BuWLlEe B rpyni MEPBUHHUX METa-
CcTasiB  KOHTponbHOi rpynu (49 i3 136) B MOpiBHSAHHI 3
rpynoto nauieHTis i3 possuTkom PUPM (16 i3 78) (p=0,017).
[o Toro X, BIiACYTHS BiporigHa pi3HMUA MK 4acTto-
Toro ®C y rpyni MM Ta PWPM naujeHTiB gocnigHoi
rpynu (p=0,37). Cnig 3a3HauuTy, WO YactoTa peecTtpadii
®C y rictonoriyHOMy MaTepiani Bignosigae  Takin
B iX NyHKUinHoMy matepiani (puc. 1).

OkcungpinbHi 3MiHM Big3HadyeHo B martepiani MNP L3
y 52 3 152 naujeHTiB i3 PUPM, Ta y 30 i3 161 nauieHTn
MNP L3 koHTponbHoi rpynu. He Byno BUSIBNEHO 3HaYyLLoi
pisHuui B yactoti O3 wmix MNP L3 nauieHTiB uMx rpyn
(p = 0,5). Cnig BigmiTntK, wo O3 3ycTpivaloTbCs BiporigHO
yactiwe y rpyni MM nauientis 3 PUPM (15 i3 78) B
nopiBHsHHI 3 MM koHTponbHoi rpynmn (13 i3 136) (p=0,04).
Kpim Toro, O3 cnocrepiranu BiporigHO 4YacTiwe y rpyni
PUPM (28 i3 152) B nopiBHaHHI 3 M KOHTPOMLHOI
rpynu (13 i3 136) (p=0,03) (puc. 2).

FS were found to be significantly more frequent in
histologic findings of primary PTC in the control group
of patients (86 out of 161) than in patients with RIRM
development (47 out of 152) (p = 0.001 by 2 criterion).
The incidence of FS was significantly higher in the primary
metastases of the control group (49 out of 136) in
comparison with the group of patients with RIRM develop-
ment (16 out of 78) (p = 0.017). At the same time, there
was no significant difference between the frequency
of FS in the PM group and RIRM patients of the study
group (p=0.37). It should be noted that the frequency
of FS in histological material was the same as in their
puncture material (Fig. 1).

OC were detected in the primary PTC material of 52
of 152 RIRM patients, and in 30 of 162 primary PTC
patients of the control group. There was no significant
difference in the incidence of OC between patients of the
two groups (p = 0.5). It should be noted that the incidence
of OC was significantly higher in the RIRM group of patients
(15 out of 78) compared to the control group (13 out of 136)
(p = 0.04). Moreover, OC was significantly more frequent
in the RIRM group (28 out of 152) in comparison with the
control group PM (13 out of 136) (p=0.03) (Fig. 2).

Puc. 1. ®onikynapHi ctpyktypu B matepiani TAMNB nepBuHHOro
MeTacTasy nauieHTa KOHTPOMbHOT FPynu 3 MO3UTUBHUM
etextom PUT. 3abapeneHHs 3a PomaHoschbkum-Tim3e. x 200
Fig. 1. Follicular structures in the FNA smears of primary metastasis
of a patient of the control group with a positive effect of RIT.
Stained by Romanowsky's-Giemza method. x 200

Y rpyni MMP L3 nauientis 3 PUPM H3 BusiBneHo
y 22 i3 152 BunNagkiB, WO 3HAYyLle MEpPEBULLYE YaCTOTY
uiei o3Hakm y rpyni MNP W3 koHTponsHoi rpynu (11 3i 161)
(p =0,027).

MopiBHAHHA yacToTn K3 B rictonoriyHmnx BucHoBkax MM
nauieHTiB JOCNIQHOI Ta KOHTPOMNbHOI Fpyn He MPOAEMOHCT-
pyBano 3Hauywoi pisHudi (p=0,42). Kpim Toro, o3Haka K3
3ycTpivyanacs cTaTuCTUYHO MMOBIPHO YacTille B FiCTOMNOoriy-
HOMY Ta NMyHKUiliHOMY MmaTepiani PUPM B nopisHsHHI 3 [TM
KOHTponbHOI Ta gocnigHoi rpyn (p<0,05) (puc. 3).

Tabnuui 2 Ta 3 OEMOHCTPYIOT 4acToTy AOCHIIKEHUX
o3Hak (PC, HB3, O3 1a K3) y marepiani MNP W3 Ta ix
MeTacTasis (nepsuHHNX Ta PVIPM) y nauieHTis KOHTPOMLHOI
Ta JOCniAHOI rpyn NauieHTIB.

3a oTpumaHumn Hamun gaHumu, BTpata ®C y marepiani
MNP W3 Ta ix meTacTasiB acouifioBaHa i3 pO3BUTKOM pagio-
nogopes3ncTeHTHOCTI. Lli BUCHOBKM KOpentotoTb 3 niteparyp-
HAMW OaHUMKU Ta cBig4vaTh, WO KapuuHomu L3, TKaHuHM
AkMx BTpayalTe PC, BTpayalTb i 34aTHICTE edeKTUBHO
KOHLIeHTpyBaTu Ta 36epirati P/ npoTarom Tpusanoro yacy
(Hanpuknaa, meTtactasu conigHoi 6ygosu) [23, 24].

Puc. 2. OkcndinbHi knitnHu B matepiani TAMNB
papionogopesncteHTHoro metacrasy MNPLL3.
B3abapeneHHsi 3a PomaHoBcbkum-Iim3se. x 400

Fig. 2. Oxyphilic cells in the FNA smears
of radioiodine-resistant metastasis of the PTC.
Stained by Romanowsky's-Giemza method. x 400

In the primary PTC group of patients with RIRM, NC
was found in 22 of 152 cases, which significantly exceeds
the frequency of this sign in the primary PTC control group
(11 out of 161) (p = 0.027).

A comparison of the incidence of CC in histological
findings of PM patients of the study and control groups
showed no significant difference (p=0.42). At the same time,
the sign of CC was statistically significantly more frequent
in histological and puncture material of RIRM in comparison
with PM of the control and study groups (p<0.05) (Fig. 3).

Tables 2 and 3 show the frequencies of the investigated
signs (FS, NC, OC, and CC) in the material of primary PTC
and its metastases (primary and RIRM) in the patients
of the control and study groups.

The fact of loss of FS in the material of primary PTC
and its metastases with the development of radioiodine
resistance of PTC can be interpreted as a manifestation
of a decrease in the degree of differentiation due to the
progression of tumor. Such data are confirmed in the
literature and indicate that thyroid carcinomas whose
tissues lose FS lose their ability to efficiently concentrate
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and store RI over a long period of time (e.g., solid metasta-
ses) [23, 24].

Puc. 3. O3naku K3 (remocupaepodaru, KicTo3Ha pigunHa) Ta enitenin B matepiani TAMNB
pagionopgopesncteHTHoro Metactasy MNPLL3. 3abapeneHHs 3a PomaHoBcbkum-Timse. x 200
Fig. 3. Signs of CC (hemosiderophages, cystic fluid) and epithelium in the material of FNA smear
of radioiodine-resistant PTC metastases. Stained by Romanowsky's-Giemza method. x 200

Ta6nuus 2. Yactota ®C, H3 ta O3 y matepiani MNP W3 nauienHTie i3 PIPM Ta nauieHTiB KOHTPONbHOT rpynu, n (%)
Table 2. Frequencies of FS, NC ta OC in FNA smears of primary PTC of patients with RIRM and of patients of control groups, n (%)

03.Ha|(a ) nne nauieHTi?. i3 PVI!’M, n=152 I1I'IP_nauieH'riB KOHTpOnbHOI rpynu, n=161 P
Signs Primary PTC of patients with RIRM, n=152 Primary PTC of control groups, n=161
®C/FS 47 (30,9%) 86 (53,4% )* P=0,001
H3/NC 22 (14,47%) 11 (6,8%)* P=0,02
03/0C 32 (21,05%) 30 (18,6%) P=0,59
MpumiTku:

* p<0,05 nopisHsaHo 3 nokasHukom MNP nauiexTie is PUPM 3a kputepiem y2

Notes:

* p<0,05 compared to the indicators of PTC with RIRM using the y2-criterion

Ta6nuusa 3. YacTtota ®C, O3 Ta K3 y nepsnHHMX meTacTtasax, Ta PYPM nauieHTiB KOHTponbHOi Ta gocniaHoi rpyn, n (%)
Table 3. Frequencies of FS, NC ta OC in primary metastases, and RIRM of patients of study and control group, n (%)

MepBuHHi meTtactasu (MM), BusiBneHi nia 4yac noctaHoOBKM AiarHo3y y nauieHTiB PUPM
O3Haka Primary metastases (PM), detected at the time of diagnosis in patiens RIRM
Signs 3 PUPM / with RIRM KoHTponbHoi rpynu / of control group _

_ _ n =152
n=78 n=136
®C/FS 16 (20,5%) 49 (36,02%)* 24 (15,78)**
03/0C 15 (19,2%) 13 (9,55 %)* 28 (18,4)**
K3/CC 11 (14,1%) 25 (18,3 %) 42 (27,6)**
MpumiTkn:

* p<0,05 nopisHsaHO 3 NokasHukoM MM nauiexTis 3 PMPM 3a kputepiem x2,
** p<0,05 nopiBHAHO 3 Noka3Hukom MM nauieHTiB KOHTPONBHOI FPYNK 3a KPUTEPIEM %2,

*hk

Notes:

p<0,05 nopiBHsHO 3 nokasHukamm MM KOHTPONbLHOI rpyMK Ta rpynu NauieHTis 3 PUPM 3a kputepiem y2

* p<0,05 compared to the indicator of PM of patients with RIRM using the y2-criterion,
** p<0,05 compared to the indicators of PM of patients control group using the y2-criterion,

*hk

HasiBHicTe H3 y matepiani nepBUHHMX nNyXnuvH
BBaXaloTb MapkepoM TOro, WO MyxnvHa Oyae cebe
noBoauUTM SK HuM3bKoaudepeHuiosaHa [12]. Brim, y
niTepaTypi He 3HangeHO OaHWX LWOAO Kopensuii Hass-
HocTi H3 3i 3gaTHicTio TMPeOoigHUX KapuMHOM OO HaKo-
NMYeHHs pagioiogy. Takum YMHOM, Hamu Byno NpoBeaeHo
nopiBHANbHWI aHania vactotm H3 B ycix pocnigxy-
BaHMX rpynax MyxiuMH Ta NPOAEMOHCTPOBAaHO acoujaliio
HasisHocTi H3 B MNP L3 3 po3sutkom PVIPM.

p<0,05 compared to the indicators of PM of patients control group and of patients with RIRM using the y?-criterion

The presence of NC in the primary tumor material is
considered to be a marker of the fact that the tumor will
behave as a low-differentiated cancer [12]. However,
the literature data do not give a clear idea regarding the
correlation of NC with the ability of thyroid carcinomas to
accumulate radioiodine. Therefore, we performed a compa-
rative analysis of the incidence of NC in all studied groups of
tumors and demonstrated the association of the presence
of NC in thyroid carcinomas with the development of RIRM.
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Bigomo, wo MNP W3 3 HassHicTio O3 € npegmetom
GaraTopiyHMX  OMCKYCiIA  BIOQHOCHO iX  arpecuMBHOCTI.
Ha aymky geskmx astopiB, O3 npu NP vacTiwe acouiiio-
BaHi 3 HasBHICTIO CyAMHHOI iHBasii Ta PO3BUTKOM MeTa-
cTasiB, y TOMY YMCRi B FONOBHUW MO3OK i NeYiHKy [25-28].
MauieHTn 3 TakKMMKU KapuMHOMaMun MarTb BinbLly YacToTy
peunamBiB Ta 3HMKEHY BWXMBaHICTb [29, 30]. 3a gaHnmun
iHwwux asTopis, MNP W3 3 O3, HaBnaku, xapakTepusyTbCs
MEHLL arpecuBHO abo nogibHOK noBeaiHKoW, MnopiB-
HsiHo 3 TP 6e3 O3 [31, 32]. EcbekTuBHicTs PUT nauieHTis
3 OKCUMINbHOKNITUHHUMM  KapuMHOMaMWn Pi3KO  3HMXKe-
Ha Ta nuwe Big 10 go 69% TakMx KapuMHOM YYTNUBI
no PV [33, 34].

Y nposegeHoOMy HaMu [OCAIOXKEHHI He BUSBMEHO
3Ha4ywoi pisHuui B yactoti O3 B matepiani MMP L3 rpyn
nauieHTis 3 PUPM Ta nauieHTiB i3 Mo3WTUBHUM pesynb-
TaTtom Tepanii PW. BogHouac, 3HavyLla pi3HMLUA B YacToOTi
O3 crocyeTtbest came Metactasie NP LL3. Tak, noBegeHo
3Hauywe nigsuweHHa dactotn O3 y wmarepiani PUPM
Ta M nauieHTiB [oCrigHOI rpynu, MOPIBHAHO 3 KOHT-
ponbHOK. TOGTO, MPOrHOCTUYHE 3HAYEHHS MOXe MaTu
Bu3HavyeHHs O3 y TkaHuHax wmetacrtasis P L3 npwu
uuTonoriyHomy abo ricTonoriYHoMy JOCHIOKEHHI.

Oco6nMBICTIO LMTOMOrMYHOI KapTUHU MyHKTaTiB PUPM
MP L3, nopiBHAHO 3 MeTacTaszamu, siki HaKOMUYyHTb PI,
€ HasiBHICTb KicTO3HMX 3MiH (K3) [35]. Lilo o3Haky BusB-
Nanu BIpPOrigHO YacTilwe B MyHKTaTax Ta riCTOMOMYHMX
3akniodeHHsx PMPM B nopiBHsHHI 3 M KOHTPOMbLHOT
rpynu Ta gocnigHoi rpynu. HanbinbLu BiporigHe NOSICHEHHS
uboMy (EHOMEHY nonsdrae B TOMy, WO epmeHTn Ta
aHTUreHn, HeobXigHi ANa akymynsuii TmpeoumTamu pagio-
nogy (NIS, TupeornobyniH, TupeoigHa nepokcuaasa),
MPUCYTHI He B KICTO3HIi piguHi, a B MeMbpaHax TMPeoUUTIB.
LLle ogHieto npuynHOO NpoSABY pafionogope3nNCTEHTHOCTI
Moxe OyTu 3amillleHHs KNITMHHOro BMICTY, SIKMIM Bigno-
Bijae 3a akymynsuilo pagiorogy KiCTO3HOK pPiaVHOI.
PaHiwe sBuwe KiCTO3HOI AereHepauii He BuBYanu B
acouiauii 3 pagioviogopesuncteHTHicTio MNP LW3. MMpore,
21,0-50,0% wmetacrtasis P W3 y nimdatnyHi Bysnu
MalTb O3HaKW KiCTO3HOI AereHepauii, NPU4OMy KiCTO3Hi
3MiHM MOXYTb 3anmatu Big 25 go 50% Bcboro nimdaTny-
Horo By3na [36, 37].

Ton cpakT, wo K3, O3 1a ®C nerko BM3Ha4aTbLCA B
maTepiani TAMNB, 4o3BONA€ 3anpoONoOHYBaTU iX BU3HAYEHHS
SK MNPOrHOCTUYHMX LMTOMOMYHUX YMHHUKIB pagionogo-
pesucTeHTHocTi MeTacrtasie NP LW3. Oo Toro X, Hemae
noTpebn B JoOAaTKOBWX IHBA3MBHMX BTPyYaHHAX Ta gopar-
KoBax crnocobax oBbpobKM MyHKTATIB, OCKINIbKM HAsBHICTb
UMX LUTONOTMYHMX XapaKTEPUCTMK MOXHa OUiHBaTU Mig
Yyac X A4iarHOCTUYHOIO LIMTOSIONYHOrO JOCHIAKEHHS.

3a gaHvMMKM cyyacHoi niTepaTtypu, MeTacTasu ABnsioTb
co60K0 YHiKanbHi NIOMHOXWHW KNiTWH, WO eMirpyBanu
3 MEPBUHHOI NyxnuHW. BoHW BiOpi3HAOTECS Big KNITUH
NepBUHHOT MYXNNHW NOBEAIHKO, (PEHOTUMIYHUM, reHeTnY-
HUM Ta BioxiMiyHMM Ta iH. npodpinem [38, 39]. B paHomy
JOCNIMKEHHI PI3HNUA B HaABHOCTI AedKMX LuToMopdo-
noriyHmx osHak (O3, K3) mix gocnigHo Ta KOHTPOMbHOK
rpynamum nposiBNSETbCA camMe npu  AOCHIMKEHHI meTa-
cTasiB, a He nepBuHHuX P LL3. BuseneHy B aaHomy
OOCHIMKEHHI Pi3HMLID B LMTOMOPAOSONYHUX XapaKkTe-
pUCTMKaX MK MEPBUHHOK MYXSIMHHOK Ta ii MeTacTasamum
MOXHa MOSICHAUTU TWUM, LLIO BHACMIAOK FEHETUYHUX Ta
enireHeTUYHMX 3MiH, WO BiAOYyBalOTLCA Y  KIITUHHIN
nonynauii NepBMHHUX MeTacTasiB, 3 YacoM 3'SBMAOTbLCS
CYOKIOHM KNITUH, B TOMY YuUCHi Ti, IO CTaloTb [XXEPEriom
panioogopesncTeHTHUX  MeTactasiB.  HasepgeHi  gaHi

PTC with OC is known to be a subject of lively de-
bates concerning their aggressiveness. According to some
authors, OC in PTC is often associated with the presence
of joint invasions and the development of metastases,
including those to the brain and liver [25-28]. Patients
with such carcinomas have a higher recurrence rate and -
reduced survival rate [29, 30]. According to other authors,
PTC with OC, on the contrary, is characterized by less
aggressive or similar behavior compared to PTC without
OC [31, 32]. The efficacy of RIT in patients with oxyphilic
carcinomas is severely reduced and only 10 to 69% of
these carcinomas are sensitive to RI [33, 34].

Our study showed no significant difference in the
incidence of OC in PTC material of RIRM and RI-positive
patients. At the same time, a significant difference in the
incidence of OC is related to PTC metastases themselves.
Thus, there is a significant increase in the incidence of
OC in RIRM material and PM patients of the study group
in comparison with the control group. Therefore, the
prognostic value can be attached to the detection of OC
in the tissues of PTC metastases during a cytologic or
histologic examination.

The peculiarity of the cytological picture of RIRM PTC
specimens in comparison with metastases accumulating
Rl is the presence of cystic changes (CC) [35]. This sign
was detected more often in RIRM cystic fluid samples in
comparison with PM of the control and the study groups.
This phenomenon can most reliably be explained by the
fact that enzymes and antigens required by the thyrocytes
to accumulate radioactive iodine (NIS, thyroglobulin, thyroid
peroxidase) are present not in the cystic fluid, but in the
membranes of thyrocytes. Another reason for the mani-
festation of radioiodine resistance may be the replacement
of cellular contents which is responsible for the accumu-
lation of radioiodine by the cystic fluid. Previously, the
phenomenon of cystic degeneration has not been studied
by the Association dealing with radioiodine resistance of
the thyroid gland. However, 21.0-50.0% of thyroid meta-
stases to lymph nodes have signs of cystic degene-
ration, and cystic changes can occupy from 25 to 50% of all
lymphatic node [36, 37].

The fact that CC, OC and FS are easily identifiable i
n the FNAB material allows us to propose their identifi-
cation as prognostic cytological determinants of radioiodine
resistance of PTC metastases. This method does not
require additional invasive interventions and additional
methods of staining, as the presence of these signs is
assessed during routine diagnostic cytologic examination
of metastases.

According to modern concepts, metastases are
considered to be distinct and unique multiplicities of cells
that have emigrated from the primary tumor. They differ
from the cells that remained in the primary tumor by their
behavior, phenotypic, genetic, biochemical, and other
profiles [38, 39]. In this study, the difference in the presence
of some cytomorphological features (OC, CC) between
the study and control groups often manifests in detecting
metastases rather than primary PTC. The difference in
cytomorphological peculiarities between the primary
tumor and its metastases revealed in this study can be
explained by genetic changes in the population
of thyrocytes of primary metastases with appearing over
time cellular subclones including those ones which become
the source of radioiodine resistant metastases. It is worth
pointing out that there are 37.0% cases in which histological
changes in structures compared to primary tumors before
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3HaxoadATb NigTBepkeHHA B poboTax iHWMX aBTopiB, Ae
OTPMMaHO MOPIBHAHHA FICTOMOMYHUX AOCHiAKEHb MaTe-
piany nepBUHHUX KapuwvHOM Ta iX paaioiogopesnCTEeHT-
HMX MeTacTasiB. 3a3HayMmo, Lo Bia3Havyaetbes 37,0%
BMMAAKIB, B HKMX CMOCTepirannuca 3miHW TiCTOMNOrYHOI
CTPYKTYPY Bif, NEPBUHHMX NyxnuH Ao PUPM, 3 Hux 70,0%
NPOOEMOHCTPYBanu nporpecito B 6GinblWw  arpecuBHUi
rictotn  (HM3bkogudepeHuinoBaHy abo BUCOKOKMITUHHY
kapuuHomu) [12].

BUCHOBKMU

1. MokasaHo, Wo yvacTota ONiKyNAPHUX CTPYKTYp Yy
riCTONOrYHMX BUCHOBKaxX MEPBUHHUX ManinsgpHUX pakis
I3 nauieHTiB i3 moauTMBHUM edekTom PWT BiporigHo
BULLIE, HXK Y NALEHTIB 3 PO3BUTKOM PUPM, wo OEeMOHCTpye
acouiauito po3BUTKY pafionogope3ncTEHTHOCTI i3 BTpa-
Toto chonikynapHoi 6ygosm MNP LL3.

2. Yactota onikynapHUX CTPYKTYp Y FiCTOMOrYHOMY
Ta MyHKUINHOMY MmaTepiani MepBUHHUX perioHapHUX
MeTacTasiB y naujieHTiB 3 nosuTUBHUM edpektom PUT
BipOrigHO BULLE, HiXK Y NaLieHTiB 3 PUPM.

3. MokasaHo, WO YacToTa HEKPOTUYHMX 3MiH Y TiCTO-
noriyHomMy MaTtepiani NepBMHHUX ManinapHux pakis L3 y
NauieHTiB i3 MO3UTUBHUM €deKTOM PUT BipOrigHO HWX4e,
HiX y NaLlieHTiB i3 posBuTkoM PAPM.

4. MNokasaHo, WO YacToTa OKCUMINbHUX 3MiH Yy maTte-
piani nNepBMHHMX MeTacTas3iB y MauieHTIB i3 PO3BUTKOM
PUPM Tta B Mmatepiani PUPM BiporigHo BULLe, HiX Y
nauieHTiB i3 NO3UTUBHUM eekToM PAT, wo OEMOHCTpYe
acouiadito Uiei LMTOMOPdONoriyHoi 03HaKM 3 PO3BUTKOM
pagionogopesncTeHTHOCTI MeTacTtasis NP LL3.

5. [doBeneHo, WO KiCTO3HI 3MiHM 3yCTpi4alTbCs Bipo-
rigHO YacTile B NyHKUiIMHOMY Ta ricTonoriyHoMy martepiani
PUPM, HiX y NepBMHHMX METacTasax naLieHTiB KOHTPOIIb-
HOI Ta 4oCNigHOI rpyn.

6. 3anponoHoOBaHO BMKOPUCTaHHS HasBHOCTI OKCUinb-
HUX Ta KiCTO3HMX 3MiH Y MyHKLUiMHOMY MaTepiani meTacTa-
3ie MNP W3 sk uMTONOriYHMX NPOrHOCTUYHUX dhakTopiB
pagionogopesncteHTHocTi MNP W3, ski nerko BusHaua-
I0TbCS B MyHKTaTax Ta BU3HA4YEHHA SAKUX He notpebye
[0OaTKOBUX iHBa3MBHMX yTpyyaHnb. HassHictTe ®C y
maTtepiani nepeuHHux MMP W3 T1a ix metactasiB moxe
6y TV NPOrHOCTUYHUM hakTOpPOM edekTBHOI PUT,
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RIRM are observed, where 70.0% have shown progres-
sion to more aggressive histotype (low-differentiated or
high-cell carcinomas) [12].

CONCLUSIONS

1. The frequency of follicular structures in histo-
logical findings of primary PTC of patients with positive RIT
effect is shown to be significantly higher, than of patients
with RIRM development, which demonstrates the associ-
ation of the development of radioiodine resistance with the
loss of follicular structure of the PTC.

2. The frequency of follicular structures in histologic
and puncture material of primary regional metastases of
patients with positive RIT effect is significantly higher
than that of RIRM patients.

3. The frequency of necrotic changes in the histo-
logical material of primary PTC of patients with positive RIT
effect is shown to be significantly lower than of patients
with RIRM development.

4. The frequency of oxyphilic changes in the material
of primary metastases of patients with RIRM development
and in the material of RIRM is proportionally higher, than
in patients with positive RIT effect, which demonstrates
the association of this cytomorphological feature with the
development of radioiodine resistance of PTC metastases.

5. Cystic changes have been proved to occur more
frequently in the puncture and histological material of
RIRM than in the primary metastases of the control patients
and the study group.

6. We suggest using the presence of oxyphilic
andcystic changes in the puncture material of PTC
metastases as cytological prognostic factors of radio-
iodine resistance of PTC, which can be easily identified
in the FNA smears without additional invasive treatment.
The presence of FS in the material of primary PTC and
its metastases can be a prognostic factor of effective RIT.
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Prospects for further research

Developing a methods for early prediction of thyroid carcinoma
behavior, their aggressiveness, effectiveness for radioiodine
therapy based on the studies of clinical, cytomorphological,
immunocytochemical, molecular-genetic aspects of thyroid
carcinoma and their regional and distant metastases.
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PE3IOME

AxTyanbHicTb. AkTyanbHicTb npobnemu LepebpanbHoi xBopobu manux cyauH (LUXMC)
Y Cy4YacHiln HeBponorii po3rnNsAaeTbCsl, FONOBHUM YMHOM, 3 TOYKM 30pY PO3BUTKY CyAMHHOI
OeMeHLii Ta paHHbOi AiarHocTuku XxBopobu Anbureiimepa. MiHimanbHi 3miHM MPT-
306paxeHb i HeBUpa3Hi KOrHITUBHI po3naaum npu LUXMC Tuny cnopaguyHoi HeaminoigHoi
MikpoaHrionatii (CHAMA) TpuBaloTb AOBIMI 4ac, aX OOKW He MaHihecTylTb rocTpum
NopyLUEHHSIM MO3KOBOIO KpoBo0bGiry Ta/abo 3Ha4yHUM MeHTarnbHUM aediuntom. YTiM, goci
He CccOopMynbOBaHO KMiHIKO-HEeNpOoBidyani3auiiHUX KpUTEpiiB paHHbOI  OiarHOCTUKK
XBOpoGM Ta He 3'ICOBAHO XapaKTep KOPensiyiHUX 3B’A3KiB MK  NOKasHMKamMu
HEeWpOonCUXoNnorivyHMX i MynsTunapameTpnyHux MPT-gocnigxeHs.

MeTta po60oTu — po3pobuTn KpUTepii paHHbLOT AiarHoCTUKK LepebpanbHoi XBopoby Manmx
cyavH Tuny CHAMA y nauieHTiB cepegHbOro BiKy i3 3aCTOCyBaHHSM BWCOKOMIMbHOI
MynbTunapameTpuyHoi MPT i HEeMponCMXonoriYHMX SOCNIMKEHb.

Martepianu Ta metogu. O6ctexeHo 34 nauieHTM cepedHboro Biky (52,5+10,8 p.)
3 aprepianbHoto rinepTensielo (Al) 1-2 ct, |-l ct. i UXMC (xiHok — 11 (32,4%),
yonosikiB — 23 (67,6%)). KoHTponbHa rpyna (19 npaktmyHo 340poBux ocCib) ineHTUYHa
3a BiKOM, reHOEpHOK HaNeXHICTo i 3aranbHoto TpueanicTio ocsitn. MPT (3T) BMKOHaHO
B pexumax: T, ,WI, DWI, 3D Brain FLAIR SHC, 3D tra, VEN BOLD, DTl medium
iso SENSE. HewiponcuxonoriyHi AocnigXeHHs NpoBOAWMMM i3 3aCTOCYBaHHSAM OMUTY-
BanbHuka MoCA 3 ouiHkoto gomeHis EIS, VIS, AIS, LIS, MIS, OIS.

PesynbraTi Ta ix 06roBopeHHs. Po3pobrneHo Ta BNpoBagKeHO A0 KMiHIYHOI NpakTuku
MoaudikoBaHy 6anbHy CUCTeMy BU3HAYeHHsI TAraps paHHbOI XBOPOOWM Manux cyauH
(TUXMCp). Cepen paHHix BidyanbHux MPT mMapkepiB AOMiHYBano po3LIMPEHHS
nepuBackynsipHux npoctopis — 27 (79,4%) cnoctepexeHb. HeaHauHe 36inbLueHHSs
>TUXMCp po 6-7 6anie BuseneHo y 10 (29,4%) nauieHTiB. Bikosii Hopmi (0—4 6anu)
signosiganu nokasHukn > TUXMCp 23 i3 34 (67,6%) pocnimxyBaHWX OCHOBHOI rpynu.
HopaTtkoBi Aoka3n Npo HasiBHICTb XBOpobu oTpumaHo npu DTI MPT. HaicyTtTeBiwe
3meHwWweHHs FA 3adikcoBaHo y BonokHax noscie (A: Ao — 31,4%) i cemioBanbHUX
ueHTpax (A: go — 33,6%), HanbinbLe 3poctaHHs MD - y raukyBaTux nydkax (A: no 24,4%);
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Ona uMTyBaHHA:

npaBux npedpoHTansbHMX, opbiTodpoHTanbHUX i TiM'aHUX AinsHkax (A: po 28,0%).
3a wkanoto MoCA nomipHi KOTHITUBHI nopyLueHHst BusiBneHo y 29 3 34 (85,3%) xBopwux
i3 JOCTOBIPHUM 3MeHLLEHHsIM cymu 6aniB y gomeHax EIS, VIS, LIS i AIS (p <0,001).
BcraHoBneHo, WO BWpasHiCTb paHHiX KniHiyHMX nposieiB LIXMC (HeaMHecTuyHi
nonigoMeHHi MOMIpHI NMOPYLUEHHST yBaru, MOBIEHHS, Bi3yarnbHO-NMPOCTOPOBOI Ta BUWKO-
HaBYOi KOTHITMBHUX YHKLiN) nepebyBatoTb Yy MOMiPHOMY/MOMITHOMY KOpensiLiiHoMy
3B’513KY i3 nokasHukamm TXMCp, koedidieHTa MD (noautusHuit) i FA (HeratneHui).
BucHoBkuW. BuaHayeHo paHHi BidyanbHi 03HaKu acouiioBaHOi 3 apTepianbHOK rinepTeH-
sieto UXMC: posLumpeHi nepuBackynsipHi NpocTopw, rinepiHTEHCUBHICTb MEPUBEHTPUKY-
napHoi rmMmbokoi 6inoi pe4oBMHM rONIOBHOTO MO3KY, 3MeHLLEHHs Ha 9—-33,6% koediuieHTa FA
Ta 3pocTaHHa Ha 20,8% — 28,0% MD. [oBedeHO HasiBHICTb MOMIpPHMX KOpensuinHux
3B’513KiB MiXX MOKa3HUKaMu HEMPOMCUMXOMNOTiYHMX i HepoBidyani3aLinHuX 4oCnigKeHb.
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ABSTRACT

Background. The urgency of cerebral small vessel disease (cSVD) in modern neurology
is considered mainly in terms of the development of vascular dementia and early
diagnosis of Alzheimer’s disease. Minimal changes in MRI images and indistinct cognitive
disorders in SNAMA-type cSVD (sporadic non-amyloid microangiopathy) last for a long
time until they manifest as acute cerebrovascular disorders and/or significant mental
deficits. However, clinical and neuroimaging criteria for early diagnosis of the disease
have not been established yet, and the nature of the correlations between the indicators
of neuropsychological and multiparametric MRI studies has not been clarified.

Purpose — to develop criteria for early diagnosis of SNAMA cerebrovascular disease in
middle-aged patients using neuropsychological studies and high-field multiparametric MRI.
Materials and methods. The study enrolled 34 middle-aged patients (52.5 + 10.8) with
hypertension of stage 1-2, stage I-Il and cSVD (women — 11 (32.4%), men — 23 (67.6%)).
The control group (19 healthy individuals) was identical in age, gender and total duration
of education. MRI (3T) was performed in the following modes: T1-2WI, DWI, 3D
Brain FLAIR SHC, 3D tra, VEN BOLD, DTI medium iso SENSE. Neuropsychological
studies were performed using the MoSA questionnaire evaluating the EIS, VIS, AIS,
LIS, MIS, OIS domains.

Results and discussion. We developed and introduced a modified scoring system for
determining the severity of the burden of cerebral small vessels disease (BcSVDearly) in
clinical practice. Among the early visual MRI markers, the expansion of the perivascular
spaces was dominated in 27 (79.4%) of participants. A minor increase in ) BcSVDearly
to 6-7 points was found in 10 (29.4%) patients. The age norm (0—4 points) corresponded
to the indicators of } BcSVDearly 23 out of 34 (67.6%) in the main group. Additional
evidence of the disease was obtained by DTI MRI. The most significant decrease in FA
was recorded in belt fibers (A: up to — 31.4%) and semioval centers (A: up to — 33.6%), the
largest increase in MD was recorded in hooked bundles (A: up to 24.4%); right prefrontal,
orbitofrontal and parietal areas (A up to 28.0%). According to the MoSA scale, moderate
cognitive impairment was detected in 29 of 34 (85.3%) patients with a significant decrease
in scores in the domains of EIS, VIS, LIS and AIS (p <0.001). The severity of early
clinical manifestations of cSVD (non-amnestic polydomain moderate disorders of
attention, speech, visual-spatial and executive cognitive functions) has been found to be
moderately / markedly correlated with THMS, MD (positive) and FA (negative).
Conclusions. We determined early visual signs of cSVD associated with arterial
hypertension: dilated perivascular spaces, hyperintensity of the periventricular deep
white matter of the brain, decrease by 9-33.6% of FA coefficient and increase
by 20.8% - 28.0% MD. Moderate correlations between neuropsychological and
neuroimaging studies have been demonstrated.

Semonova OV, Myronyak LA, Glazovska ll, lvanova MF, Krasyuk OA. Visual and previsual MRI-criteria for early
diagnosis of cerebral small vessels disease in middle-aged patients: clinical and neuroimaging correlations. Ukrainian
Journal of radiology and oncology. 2021;29(3):89—-100. DOI: https://doi.org/10.46879/ukroj.3.2021.89-100
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oxopoHu 3g0poB’a Ykpainu im. M.J1. Wynuka «Bikosi ocobnuBocTi
KOTHITUBHMX MNOpYLEeHb MNpU XBOpPOOi Manux CyauH TOfIOBHOIO
MO3Ky», HoOMep AepxaBHoi peectpauii 0118U100253, npuknagHa,
TepMiH BWKOHaHHA: 2018-2022 pp., HayKOBUN KEPIBHUK —
3aBigyBay kadpegpu Hesponorii Ne1, AOKTOp MeaunyHuX Hayk,
npodecop Monos4yeHko HO.I.

BCTYN

AkTyaneHicTb npobnemu uepebpanbHOi xBopobu Ma-
nnx cyauH (LUXMC, Cerebral Small Vessels Disease —cSVD)
Yy Cy4yacHiln HeBpOMnorii po3rnsifaeTbCs, FONIOBHUM YMHOM,
3 TOYKM 30pY PO3BMTKY CYAUHHOI AemeHLUii [1, 2] Ta paHHbLOI
fiarHocTukn xBopobu Anburenmepa [3]. BTim, MiHiManbHi
3MiHn MPT-306paxeHb " HeBUpa3Hi KOTHITMBHI po3nagu
npn UXMC tuny CHAMA (cnopagmnyHa HeaminoigHa mMikpo-
aHrionaris, sporadic cerebral non-amyloid microangiopathy —
SCNAMA), TpuBatloTb AOBIMI Yac, ax AOKM He MaHidec-
TYIOTb FOCTPMM MOPYLUEHHAM MO3KOBOro KpoBoobiry Ta/abo
3Ha4YHMM MeHTanbHUM gediunTtom [4]. Ockinbkv Len narto-
reHeTUYHWIN Pi3HOBKA LepebpanbHOi XBopoby Mannx CyauH
acouinosaHu i3 aptepianbHoto rineptensieto (Al Arterial
Hypertension — AH), oCHOBHi 3ycunns B fikyBaHHi nauieHTiB
CKOHLEHTPOBAHI Ha AOCATHEHHi HOPMAaTUBHNX MapaMeTpiB
apTepianbHOro TUCKY, 3anuviianyM no3a yBarow M'sKi
KOTHITUBHI po3nagn, XPOHiYHYy uepebpanbHy iwemito Ta
BTPATy PErynsipHoi CTPYKTypu Mubokoi 6inoi peyoBuHn
rOroBHOIo Mo3ky [4, 5].

BoockoHaneHHss  HenpoBi3yarnisauiiHux  TexXHOIOTiN,
nepegycim 3aBAsKkv 3anpoBapKeHHI0 BMCOKONiNbHOI (3T)
Ta AudysinHo-teHsopHoi (DTI) mynsTMnapameTpuyHoi
MPT, Bigkpuno HOBi MEpPCneKTUBM BYACHOI LiarHOCTWKM
CHAMA [6]. Y uin cdepi He3anepeyHUM OOCATHEHHAM
BM3HAHO KOHCEHCYC LLIOAO0 Mepeniky, BU3Ha4YeHb Ta €OMHOI
TepmiHonorii MPT-o3Hak uepebpanbHOi xBopobu Manux
cyavH [7]. He MeHWw BaxnuBMMMK BUSIBUNNUCH PO3POOINEHi
Ha O04ATOK OO0 ManonpuaartHoi AN OUiHKM MOYaTKOBUX
nposiBiB 3axBoptoBaHHs Fazekas Scale HaniBkinbKicHi
cnocobn Bu3HaveHHa Tarapa LUXMC (TUXMC, the
burden of cerebral small vessels disease — BcSVD) [8, 9].
n, HapewwTi, iHHOoBaUinHi TexHonorii DTl MPT npuBHecnu
[0 KNiHIYHOI NMpPaKTUKM OINCHO KiNbKICHY OLHKY CTPYKTYp-
HUX 3MiH 6inoi peyoBuHU ronoBHoro Mo3ky (BPI'M, White
Matter — WM) 3a gonomoroto koediuieHTa dpakuiiHoi aHi-
sotponii (FA) Ta cepegHboro koediuieHTa gudysii (MD) [9].
Ha uen yac cchopmyBanack ocuTb NpeacTaBHULBbKA rpyna
OOCTiAHWKIB, KOTPi BU3HAKOTb MOKA3HUKM i30TPOMHOI Ta
aHi3oTponHoi Andysii K AoBidyarnbHi Mapkepu naTonorii
BPI'M [9, 10, 11].

Monpwn icHyBaHHSA u4WCNEHHWMX HayKkoBux nybnikauin
cToCcOBHO npobnemu LIXMC, 3sanuwatoTtbcs Hes'sicoBa-
HUMM Oesiki No3uui.

Mo-nepLue, He copmynbOBaHi KriHiKO-HENpOoBi3dyarisa-
LinHi kpuTepii paHHboi giarHoctukn LUXMC tuny CHAMA
Ta BIACYTHI HaNIBKIMbKICHI LWKanu Ans ob4ncneHHsa Taraps
paHHboi LIXMC (TLIXMCp, BcSVDearly).

Mo-apyre, y nauieHTiB i3 LUXMC cepegHboro Biky He
BM3HaYeHi xapakTep i cuna KopensuinHWX 3B’A3KiB MiX
noKasHMKaMn HEeNpPOMNCUXOMNONiYHUX | MynsTUNapameTpuy-
Hux MPT-gocnigxeHb.

Meta pobotn — pos3pobuTn KpuTepii  pPaHHLOI
AiarHoCcTukn LepebpanbHOi XBOPOOU Manux CyauH Tumy
CHAMA y nauieHTiB CepedHbOro BiKy i3 3aCTOCyBaHHAM
BMCOKONIiNbHOI MynbTunapameTpunyHoi MPT i Hemponcuxo-
NOTiYHUX OOCNIAXEHb.

University of Ukraine which is «Age peculiarities of cognitive
disorders in cerebral small vessels disease», state registration
No: 0118U100253, applied, period for performance: 2018 — 2022,
led by Head of Neurology Department No 1, Doctor of Medical
Sciences, Professor Yu.O. Holovchenko.

INTRODUCTION

The urgency of Cerebral Small Vessels Disease (cSVD)
in modern neurology is considered mainly in terms of the
development of vascular dementia [1, 2] and early diagnosis
of Alzheimer’s disease [3]. However, minimal changes in
MRI images and vague cognitive impairment in cSVD
of SNAMA-type (sporadic cerebral non-amyloid micro-
angiopathy — SCNAMA) persist for a long time until acute
cerebral palsy and cerebral hemorrhage are manifested [4].
Since this pathogenetic form of cerebrovascular disease
is associated with arterial hypertension (AH), the main
efforts in the treatment of patients are focused on achieving
the normative parameters of blood pressure, ignoring mild
cognitive disorders, chronic cerebral dysfunction and loss
of the regular structure of the deep white brain matter [4, 5].

Improvements in neuroimaging technologies, mainly
through the introduction of high-field (3T) and diffusion-
tensor (DTI) multiparametric MRI, have opened up new
prospects for timely diagnosis of SNAMA [6]. In this area, the
consensus on the list, definitions and common terminology
of MRI signs of cerebral small vessel disease is recognized
as an indisputable achievement [7]. No less important were
the semi-quantitative methods for determining the burden
of CHMS, developed in addition to the Fazekas Scale, which
was not very suitable for assessing the initial manifestations
of the ¢cSVD burden (the burden of cerebral small vessels
disease — BcSVD) [8, 9]. Finally, innovative DTl MRI
technologies have introduced into clinical practice a truly
quantitative assessment of structural changes in the white
matter of the brain (WM) using the fractional anisotropy
factor (FA) and the average diffusion coefficient (MD) [9].
At this time, a sufficiently representative group of resear-
chers has been formed, who recognize the indicators
of isotropic and anisotropic diffusion as previsual markers
of WM pathology [9, 10, 11].

Despite the existence of numerous scientific contri-
butions on the problem of ¢cSVD, a number of positions
remain unclear.

First, there are no formulated clinical and neuroimaging
criteria for early diagnosis of cSVD of SNAMA type and
there are no semi-quantitative scales for calculating the
burden of early cSVD (BcSVDearly). Second, in middle-
aged patients with cSVD, the nature and strength of the
correlations between neuropsychological and multi-
parametric MRI have not been determined.

Purpose — to develop criteria for early diagnosis of
¢SVD of SNAMA type in middle-aged patients using neuro-
psychological studies and high-field multiparametric MRI.
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MATEPIAJIN TA METOAWU OOCNIAXXEHHA

[o OoCHOBHOI KOropTM JOCHIMKYBaHUX CepeaHbOoro
Biky (CBrp.) 3anyyeHo 34 nauieHtn 3 Al 1-2 ct, |-l cT.
i uepebpanbHo xBopobot manux cyauH tuny CHAMA,
B TOMY umchi: xiHok — 11 (32,4%), vonosikiB — 23 (67,6%).
KpuTepii BUKNIOYEHHSA 3 OCHIOKEHHS: BOrHULLEBA HEBPOJ10-
riyHa cMMnTOMaTuKa, reMoauMHamiYHO 3HaYMMUI CTEHO3
CYOWH KapoTuaHoro GacenHy, LepebpanbHi iHCynsTH, nyx-
NVMHA Ta Hacrigky 3Ha4YHUMX TPaBMaTUYHMX MOLLUKOAXEHb
ronoBHOro0 MO3KY, AeMi€eniHi3ytodi 3aXBOPIOBaHHS, XBopoba
Anburenimepa, gemMeHuida, npoTunokasaHHa o MPT.

KoHTtponbHy rpyny (KIFCB) cknanu 19 cnocrtepexeHb
npakTU4Ho 3a0poBux ocib (6 (32,6%) xiHok Ta 13 (67,4%)
yornogikiB. 3aBikom (52,5+10,8 p. Ta 50,415,6 p.), 3aransHoto
TpuBanicTio ocgiTn (11,31+£2,16 p. Ta 11,78+3,29 p.) Ta cnis-
BiOHOLIEHHAM cepefHsi/cepenHsi crneuianbHa/BuLla ocBiTa
(5,9%/32,4%161,7% Ta 5,4%/36,8%/57,8) CBrp. i KICB
Oynn NPakTUYHO IBEHTUYHUMM.

MynstunapameTtpunyHy MPT nposoavnu Ha Tomorpadi
Ingenia («Philips») 3 iHgykuieto marHiTHoro nons 3T B
pexxumax: T,WI, DWI (b 1000), 3D Brain FLAIR SHC, T WI,
3D tra, VEN BOLD, DTl medium iso SENSE. MNMoctnpoue-
cuHr DTl MPT 3giicHioBanu 3a gonomoroto SOFTWARE
«IntelliSpacePortal MR Fibertrac» i3 mynsTMnnaHap-
HUMMW PEKOHCTPYKLIAMUA.

Ha T WI, TWI, 3D Brain FLAIR i VEN BOLD MPT
306paxKeHHsIX BU3Ha4Yanu Mapkepu uepebpansHoi Xsopoou
mManux cyauH [11, 12]: poswupeHi nepuBackynsipHi npoc-
Topu (PMBI) (enlarged perivascular spaces — EPVS);
NepPUBEHTPUKYNSPHA FiNepiHTEHCMBHICTL rnubokoi  Binoi
peyvosuHu (MBIIBP) (periventricular hyperintensity of white
matter — PVWMH); rinepiHTeHcMBHICTL rmmnbokoi 6inoi
pevoBuHM roroBHoro Mmo3ky (FIFBPIM) (white matter
hyperintensity — WMH), nakyHapHi iHdapkTtu (J1l) (lacunar
infarction — LI), uepebpanbHi MmikpokpooBunueu (LIMK)
(cerebral microbleed — CMBs).

BusHaueHHs1 koediuieHTa dbpakuiiHoi aHisoTtponii (FA)
Ta cepedHboro koediuieHta audysii (MD) 3giricHioBanu
B OCHOBHMX acoLiaTMBHMX Ta KOMiCypanbHUX NPOBIgHMX
wnsxax: BepxHix nosgoexkHix nydkax (fasciculus longitu-
dinalis superior — SLF), nosicax (cingulum — C), raukyBatux
nyykax (fasciculus uncinatus — FU), HWXHiIX NO300BXHix
nyykax (fasciculus longitudinalis inferior — SLF), koniHi
(genu corporis callosum — GCC) i Banuky Mo3onucToro Tina
(splenium corporis callosum — SCC). Ons iHTerpanbHoi
OLiHKM CTPYKTYpOBaHoOCTi rmMubokoi 6inoi pe4oBMHW ronos-
Horo mo3ky (TBPI'M) nopaTkoBo 06paHi «30HM iHTepecy» —
ROI B npedpoHTanbHux (prefrontal — PF), op6itocdppoH-
TanbHux (orbitofrontal — OF), TiM'siHux (parietal — P),
notunmyHux (occipital — Oc), nepefHix NepuBeHTPUKYnNsp-
HUX ginsHkax (periventricular anterior — Pvant.) i cemi-
oBarnbHUX LieHTpax (semioval centers — SOC).

[Ons BU3HAYEHHS TSXKKOCTI paHHbOI XBOpPOOM Manux
cyouH (TUXMCp, BcSVDearly) sactocoBaHo po3pobneHy
HaMu moamdikoBaHy 6anbHy cuctemy [14].

HewnponcuxonoriyHi gocnigXeHHss NpoBOAWAN i3 3acTo-
cyBaHHsaM onuTyBanbHuka MoCA (Montreal Cognitive
Assessment) y nepernsgi N. Carson, L. Leach,
K.J. Murphy, 2018 [13]. OGuucnioBanu cymapHuii Gan
>MoCA Ta OGanbHi OUiHKM B KOTHITUBHWX [OMEHaX:
opieHTauii (orientation — OIS), yBaru (attention — AIS),
moBu (language — LIS), BidyanbHO-NpoCcTOPOBOi hyHKLT
(visuospatial function — VIS), nam’ati (memory — MIS)
Ta BUKOHaBYOI yHKLUiT (executive function — EIS).

MATERIALS AND METHODS

The main cohort of middle-aged subjects (MA) involved
34 patients with hypertension of stage 1-2 , |-Il stage
and cerebral disease of small vessels of SNAMA type,
including: women — 11 (32.4%), men — 23 (67.6%).
Exclusion criteria from the study: focal neurological
symptoms, hemodynamically significant stenosis of the
vessels of the carotid basin, cerebral strokes, tumors
and the consequences of significant traumatic brain
injury, demyelinating diseases, Alzheimer’'s disease,
dementia, contraindications to MRI.

The control group (CG) consisted of 19 observations
of almost healthy individuals (6 (32.6%) women and
13(67.4%)men,aged52.5+10.8 yearsand 50.4 + 5.6 years),
the total duration of education (11.31 + 2.16 years and
11.78 + 3.29 years) and the ratio of secondary / secondary
special / higher education (5.9% / 32.4% / 61.7% and
5.4% / 36.8% / 57.8) MA and CG were almost identical.

Multiparametric MRI was performed on Ingenia (Philips)
tomograph with 3T magnetic field induction in the follo-
wing modes: T,WI, DWI (b 1000), 3D Brain FLAIR SHC,
T,wiI, 3D tra, VEN BOLD, DTl medium iso SENSE.
Postprocessing of DTI MRI was performed by means
of SOFTWARE «IntelliSpacePortal MR Fibertrac» with
multiplanar reconstructions.

The cSVD markers were determined on T WI, T,WiI,
3D Brain FLAIR and VEN BOLD MRI images [11, 12]: —
enlarged perivascular spaces (EPVS); periventricular
white matter hypersensitivity (PVWMH); white matter
hyperintensity (WMH), lacunar infarction (LI), cerebral
microbleed (CMBs).

The fractional anisotropy coefficient (FA) and the average
diffusion coefficient (MD) were assessed in the main
associative and commissural conduction pathways:
upper longitudinal bundles (fasciculus longitudinalis
superior — SLF), cingula (cingulum — C), hooked bundles
(fasciculus uncinatus — FU), lower longitudinal bundles
(fasciculus longitudinalis inferior — SLF), genu (genu cor-
poris callosum — GCC), and corpus callosum (splenium
corporis callosum — SCC). For an integrated assessment
of the structure of the deep white matter of the brain
(DWBM), the «areas of interest» — ROI in prefrontal (PF),
orbitofrontal (orbitofrontal — OF), parietal (parietal — P),
occipital (occipital — Oc), anterior periventricular areas
(periventricular anterior — Pvant.) and semioval centers
(semioval centers — SOC) were additionally selected.

To determine the burden of early small vessel disease
(BcSVDearly) we developed a modified scoring system [14].

Neuropsychological studies were performed using
the MoSA questionnaire (Montreal Cognitive Assess-
ment) by N. Carson, L. Leach, K.J. Murphy, 2018 [13].
We calculated the total score Y MoCA and scores in the
cognitive domains: orientation (OIS), attention (AIS),
language (LIS), visuospatial function (VIS), memory (MIS)
and executive function (EIS).

Microsoft® Excel 2002, StatSoft, Inc. (2011) software
was used for statistical processing of the obtained data.
STATISTICA (data analysis software system), version 10
www.statsoft.com. Since the distribution law of indicators
differed from the normal one (p <0.05 according to the
Shapiro-Wilk criterion), the median value (Me) and the
interquartile range (Q, — Q) were calculated for data
presentation. The Mann-Whitney test was used for
comparison. Correlations between the parameters were
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[Ona craTUcTyHoi 0GpPOOKM OTPMMaHUX OaHUX BUKO-
pucToByBanu  nporpamMHe  3abesnedyeHHs  Microsoft®
Excel 2002, StatSoft, Inc. (2011). STATISTICA (data
analysis software system), version 10 www.statsoft.com.
OcKinbkn 3akoH po3noginly MoKasHWKIB Bigpi3HSABCA Big
HopmanbHoro (p<0,05 3a kputepiem LWanipo-Binka), ans
NPencTaBneHHss OaHUX pOo3paxoBaHO MediaHHe 3HadeH-
Hs (Me) Ta mixksapTunbHUi iHTepsan (Q, — Q, ). Ans npo-
BeAEHHS MOPIBHAHHA BUKOPUCTAHO KpuTepin MaHHa—YiTHi.
KopensauinHi 3B’A3kM Mk napameTpamu BU3Ha4yanu yepes
po3paxyHok KoediujieHTa GiBapiaHTHOI paHroBoi kopensauii
CnipmeHa (rs). BignosigHo pgo wkanu Yepgoka: npu
rs = 0 — 3B’a30k BigcyTHiW; Big 0,1 go 0,29 — cnabkuny;
Big 0,3 oo 0,49 — nomipHun; Big 0,5 go 0,69 — NOMITHMI;
Big 0,7 oo 0,9 — Bucokuin. KoediuieHT kopensauii ouiHoBanm
K goctoBipHui npu p < 0,05.

[ocnigXeHHsA nposeaeHi y BIANOBIAHOCTI 4O CTaHAapTiB
«HanexHoi kniHiyHoi npaktukn» (Good Clinical Practice)
i npuHuMniB MenbciHcbKoi [eknapadii. Y4yacHukn gocnia-
XEHHs BGyny O3HaNOMIIEHiI 3 METOK W OCHOBHUMW MOSO-
KEHHSAMWU OOCNIMXKEHHA Ta nignucanun nnMcbMoBO 0GOpPM-
neHy 3rogy Ha yyacTb y HboMy. [poTokon JocnigXeHHs
CXBaneHo KomiTeTamum 3 MegudHoi eTuknm [epxaBHOi
yCTaHOBU «lHCTUTYT A4epHOl MeguuuHW Ta NPOMEHEBOI
JiarHoCTMkM HauioHanbHOI akagemii  MeaMyHuX Hayk
YkpaiHn» Ta HauioHanbHOro YyHiBepcUTETY OXOPOHU
3popoB’s Ykpainu im. .11, Wynwka.

PE3YNbTATU TA IX OBFOBOPEHHS

[liarHocTka 1 MOHITOpUHr nepebiry acouiioBaHoi 3
Al' UXMC nepepnbayvatoTb NOpPIiBHAHHSA pesynbraTiB Henpo-
ncuxonoriyHnx TaHenposidyanisauinHuxgocnigxerno[1,2,4].
Y KRiHiYHIN HeBpororii 3 Uiel0 METO 3aCTOCOBYHOTHCS
KOrHiTMBHI Wwkann [13], B pagionorii — HaniBKiNbKiCHi
nokaxkyvkn Taraps xsopobu manux cyguH (TUXMC, the
Burden of Cerebral Small Vessels Disease — BcSVD) [8].

Cepenl MeHTanbHWX TECTIB iCHYE afleKBaTHWUI AN paH-
HiIX M’SIKUX KOTHITMBHUX nopyweHb (mild cognitive impair-
ment) MoHpeanbcbkuii  onuTyBanbHuk  MoCA  [13].
HatomicTb, HaniBkinbKicHa ouiHka BidyanbHUX MPT o3Hak
paHHbOi xBopobu manux cyguH (Early of Cerebral Small
Vessels Disease — CSVDearly) nuwaetbcs npobrema-
TUYHOW, 60 icHytodi wkanu TUXMC npusHayeHi ans
GinbL nisHix ii ctagin [7, 8, 11, 14].

OuiHka paHHix BidyanbHux MPT-o3Hak UXMC y nauieH-
TiB CepefHbOro BiKy KOHCTaTye AOCTOBIpHE 36inbLUeHHS,
MOPIBHAHO 3 KOHTPOSMbHMMMW BENUYMHAMM, YCiX MOKa3HWKIB
(tabn. 1), okpim iHoekcy EBaHca (Q-Q,: 0,23-0,25 npotu
0,2 - 0,25, p = 0,549, wo cBiAUATL NPO BIACYTHICTb
aTpodiyHmx 3MiH BPI'M. Hacnigku nakyHapHoro iHapkTy
(ocepenok 15x18x14mm) Bi3yanisoBaHo B OfHOMO XBO-
poro. IHTpauepebpanbHNX KPOBOBWMMBIB B OCHOBHIW
rpyni CB He BMSIBIEHO.

Cepepn paHHix BidyanbHnx MPT mapkepiB gomiHyBanm
PMBIM — 27 (79,4%) cnoctepexeHb. 3 HUX, 3a LUKaro
TUXMCp, y 2 6anu ouiHeHo 10 (29,4%) Bunagkis;
17 (50,0%) — y 3 6anm. B 20,6% (7) obcTeeHnx OCHOBHOI rpyniv
nepuBackyrnsipHi NpocTopu BiAMNOBIAANN KPUTEPISIM HOPMW.

HeamiHeHi nepuBeHTpuKyNApHI ainaHku BPIM Bisyani-
30BaHi y 24 (70,6%) xsBopux. Y 6 (17,6%) nauieHTiB No KOH-
Typy OOKOBMX LUMYHOYKIB CMoOCTepiranu noMipHe rinep-
iHTeHcuBHe «halo» ToBWMHOW A0 5 MM (2 6anu TLUXMCp).
Binbwi 3a 7 mm MBIrBPI'M 3 HepiBHMMK KOHTypamu Ta
MOLUMPEHHAM Ha rmmBoKi Bigainu Ginoi pevoBuHn (3 Gann
TUXMCp) BusisnieHo B 4 (11,8%) Bunagkax.

determined by calculating Spearman’s bivariate rank
correlation coefficient (rs). According to the Chaddock
scale: at rs = 0 — no connection; from 0.1 to 0.29 — weak;
from 0.3 to 0.49 — moderate; from 0.5 to 0.69 — noticeable;
from 0.7 to 0.9 — high. The correlation coefficient was
evaluated as significant at p < 0.05.

The study was carried out in accordance with the
standards of Good Clinical Practice and the principles of
the Helsinki Declaration. The participants of the study
were informed about the purpose and the main provisions
of the study and signed a written consent to participate
in it. The protocol was approved by the committees of
medical ethics of State institution «Institute Nuclear
Medicine and Diagnostic Radiology of National Academy
of Medical Science of Ukraine» and Shupyk National
Healthcare University of Ukraine.

RESULTS AND DISCUSSION

In order to diagnose and investigate the hypertension-
associated cSVD the clinicians have to compare the results
of neuropsychological and neuroimaging observations
[1, 2, 4]. In Clinical Neurology stagnating cognitive scales
are used [13], while in Radiology — the Burden of Cerebral
Small Vessels Disease (BcSVD) [8].

Among the mental tests, there is the Montreal MoCA
questionnaire, which is appropriate for early mild cognitive
impairment [13]. Instead, the semi-quantitative assess-
ment of visual MRI signs of Early Cerebral Small Vessels
Disease (CSVDearly) remains problematic because exis-
ting cSVD scales are intended for later stages [7, 8, 11, 14].

Evaluation of early visual MRI signs of cSVD in middle-
aged patients finds a significant increase, compared
with control values, of all indicators (Table 1), except for
the Evans index (Q-Q,: 0.23-0.25 vs. 0.-0.25, p = 0.549,
indicating the absence of atrophic WM (white matter)
changes. The consequences of lacunar infarction
(15x18x14mm) were visualized in one patient. Intracerebral
hemorrhage in the MA group was not detected.

Among the early visual MRI markers, EPVS domi-
nated — 27 (79.4%) observations. Out of these, according
to BcSVDearly scale, 10 (29.4%) cases received 2 points;
17 (50.0%) — 3 points. In 20.6% (7) of the patients of the
main group, perivascular spaces met the normal criteria.

Unchanged periventricular areas of WM were
visualized in 24 (70.6%) patients. In 6 (17.6%) patients,
along the contour of the lateral ventricles, moderate
hyperintensive «halo» up to 5 mm in width (2 points
according to BcSVDearly scale) was observed. More
than 7 mm PVWMH (periventricular white matter hyper-
intensity) with uneven contours and spread to deep parts
of white matter (3 points according to BcSVDearly scale)
were recorded in 4 (11.8%) cases.

The number and size of DWMH (deep white matter
hyperintensity) foci met the average criteria in middle-
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Ta6nuus 1. PanHi MPT-BizyanbHi mapkepu LIXMC y KOHTpOMbHill Ta OCHOBHIl rpynax
Table 1. Early MRI-visual markers of CSVD in the control and main groups

KoHTponbHa rpyna cepegHbLOro Biky F'pyna cepeaHbOro Biky
MokasHuk CG middle age MG middle age
Categorie (n=19) (n=34) P
Me Q-qQ, Me Q-Q,

Evans Index 0,23 0,2-0,25 0,24 0,23-0,25 0,549
Fazekas scale 0 0-0,75 1 1-2 <0,001
TLUXMCp: PMBIM
BcSVDearly: EPVS 1 1-1 25 2-3 <0,001
TUXMCp: IMNBIrePrm
BcSVDearly: PVWMH 1 0-1 1 1-2 <0,001
TUXMCp: F'BPTM
BcSVDearly: WMH 0 0-0 1 0-1 <0,001
TUXMCp: ¥
BcSVDearly:y 2 1-2 4 3-6 <0,001

MpumiTkn:

P — NOPIBHSIHHSA OCHOBHOI | KOHTPOIBHOI rPYN OBCTEXEHNX CEPEAHBOIO BiKY

Notes:

p — comparison of the main and control groups of the surveyed middle-aged

Kinbkicte Ta poamip BorHuw, [NI’BPIM Bignosiganu
KpuTepism HopMu ans ocib cepegHboro Biky B 24 (70,6%)
crnocTepexxeHHsiX. MHOXWHHI ToukoBi ¢okycu go 10 mMm
y niametpi (2 6ann TUXMC) Ta MHOXMHHI BOrHMLa,
y ToMy uucni 1 y 6azanbHuX raHmisx, i3 TeHAeHUuieto
Ao koHcomigauii (3 6anu TLUXMCp) suseneHo y 3 (8,8%)
i 6 (17,6%) nauieHTiB, BignosigHo. MNolwmnpeHi koHconigo-
BaHi dokycu MNIFBPIM (4 6ann TLUXMCp) BisyanisoBaHo
B OHOrO XBOPOIO.

HesHauHe 36inbweHHa Y TUXMCp po 6-7 6Ganis
BuaeneHo B 10 (29,4%) cnocTtepexeHHsax. HasaBHiCTb
3aNULLKOBOrO OcepefKky Micns nepeHeceHoro nakyHap-
HOro iHpapKTy B OAHOrO MauieHTa nigsuuna cymapHuim
6an po 15. Tum 4yacom, BikoBin Hopmi (04 Ganu) Bigno-
Binanum nokasHukm Y TUXMCp 23 i3 34 (67,6%) po-
cnigXxyBaHMX OCHOBHOI rpynu, o notpebysBano popar-
KOBMX [OOKasiB MPO HasIBHICTb CNopagudHoi HeaMinoigHoi
MiKpoaHrionarii.

[o BupiweHHs uboro 3aBgaHHA Oynu  3anydeHi
JOCniAXKeHHA AaHuX AUdY3iNHO-TEH30PHUX  MOCHiAoB-
HocTer MPT. 3akoHOMipHOCTI 3MiH KoediuieHTiB aHi3o-
TponHoi (FA) Ta i3oTponHoi (MD) audysii (tabn. 2 — 5)
cBiguMnM npo Te, WO no4aTkoBa MaTtofioriyHa nepe-
6ynoBa cTpyktypu BPIM mae MosaivyHui Ta avdys-
HUI XapakTep.

Monpu poctoBipHo (p < 0,001) Hwxyi KoedilieHTH
FA (tabn. 2, 3) B ycix acouiaTMBHMX MPOBIOHUX TpakTax i
obpaHux ans BumiptoBaHHsa ROIl, HancyTTeBiwi BigMiH
HocTi 3acpikcoBaHi y BomokHax noscy (Me - TM:
A = =23,9%, NMN: A = -31,4%). BigHocHE 3MEHLLEHHS
dpakuifHol  aHizoTponii B pewTi NpoBigHMX LUNSXIB
konueanocb y mexax: — 19,4 — (-13,8)%.

KoedinienTn FA B 06paHmx 3oHax iHTepecy (ROI)
FBPIM  G6ynn 3mMeHweHi B pgianasoHi 9,5-33,6%.
Hambinblw  3HayHi  3miHM  Oynm  nputamadHi MO0
(N: A=-21,5%, N: A =-23,2%), MNBA (MNM: A =-19,4%,
JIN: A=-20,1%) i COL, (NMM: A =-25,6%, NM: A =-33,6%).

I3oTponHa andpysia (MD) y BPIM wa Ttni LUXMC
3MiHunace y 6ik 3poctaHHsa (Tabn. 4, 5). HawcyTTeBiwmm
BoHO 6yno B T (MMN: A = 24,4%, JIMN: A =23,8%); npaBux
Mnoéa (A = 20,9%), O (A =20,8%) i TO (A =28,0%).

aged people in 24 (70.6%) cases. Multiple point foci up to
10 mm in diameter (2 points according to BcSVD scale)
and multiple foci, including in the basal ganglia, with
a tendency to consolidation (3 points according to
BcSVDearly scale) were found in 3 (8.8%) and 6 (17, 6%)
of patients, respectively. Common consolidated foci
of DWMH (4 points according to BcSVDearly scale) were
visualized in one patient.

A minor increase in YBcSVDearly up to 6-7 points was
detected in 10 (29.4%) observations. The presence of
residual foci after lacunar infarction in one patient
increased the total score to 15. Meanwhile, the age
norm (0-4 points) corresponded to the indicators
of YBcSVDearly 23 of 34 (67.6%) of the main group, which
required additional evidence of sporadic non-amyloid
microangiopathy.

Studies focused on the data of diffusion-tensor
sequences of MRI were involved in solving this problem.
Regularities of changes in the coefficients of anisotropic
(FA) and isotropic (MD) diffusion (Tables 2-5) indicated
that the initial pathological rearrangement of the struc-
ture of WMH was characterized by a mosaic and diffuse
character.

Despite significantly (p <0.001) lower FA coefficients
(Tables 2, 3) in all associative conductive pathways
and ROI selected for measurement, the most significant
differences were recorded in cingulum fibers (Me — RH
(right hemisphere): A = -23.9%, LH (left hemisphere):

= —-31.4%). The relative decrease in fractional aniso-
tropy in the other leading pathways ranged within:
-19.4 - -13.8%.

The coefficients of FA in selected areas of interest
(ROIl) WMH were reduced within the range of 9.5-33.6%.
The most significant changes were inherent in PF
(RH (right hemisphere): A = —21.5%, LH: A = -23.2%),
PVant (LH: A = -19.4%, LH: A = -20.1%) and SOC
(RH: A =-25.6%, LH: A =-33.6%).

Isotropic  diffusion (MD) in WM accosiated with
CSVD (cerebral small vessels disease) changed in the
direction of growth (Tables 4, 5). It was most significant
in FU (RH: A =24.4%, LH: A = 23.8%); right PF (A = 20.9%),
OF (A =20.8%) and P (A = 28.0%).
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Ta6nuus 2. FA npoBigHUX LWINSAXIB rOfIOBHOTO MO3KY B KOHTPOSbHIl i OCHOBHIl rpynax
Table 2. FA of cerebral fiber tracts in the control and main groups

KoHTponbHa rpyna OcHoBHa rpyna
MoKa3HUK Control group Main group
Categorie (n=19) (n=34) P
Me | Q,-Q, Me | Q-Q,
FA npaBa niekyns / FA right hemisphere
BMmn /SLF 0,499 0,493 - 0,502 0,429 0,409 -0,438 <0,001
n/c 0,532 0,499 — 0,542 0,405 0,385-0,424 <0,001
rMm/FuU 0,485 0,482 - 0,494 0,415 0,392 - 0,427 <0,001
HMM/ILF 0,529 0,511 - 0,536 0,447 0,434 - 0,482 <0,001
FA nisa niBkyns / FA left hemisphere
B /SLF 0,509 0,499 - 0,516 0,421 0,411 -0,434 <0,001
n/c 0,592 0,567 — 0,599 0,406 0,372 -0,429 <0,001
rm/Fu 0,499 0,497 - 0,501 0,415 0,405 -0,437 <0,001
HMM/ILF 0,525 0,514 - 0,530 0,446 0,433 - 0,459 <0,001
FAMT/FACC

KMT/GCC 0,558 0,556 — 0,567 0,450 0,443 -0,476 <0,001
BMT/SCC 0,550 0,544 - 0,562 0,474 0,462 — 0,487 <0,001

MpumiTkn:

3akoH po3noAiny nokasHUKiB Bigpi3HsiBCA Big HopmanbHoro (p<0,05 3a kputepiem LUanipo—Binka), Ans npeacraBneHHs AaHWX po3paxoBaHo
megiaHHe 3HaueHHs (Me) Ta MiXkBapTunbHWil iHTepsan (Q, — Q). [ns npoBeaeHHs NOPIBHAHHA BUKOPUCTaHO KpuTepin MaHHa-YiTHi.
Notes:

The law of distribution of indicators differed from normal (p <0.05 according to the Shapiro—-Wilk criterion), the median value (Me) and
the interquartile range (Q, — Q) were calculated for data presentation. The Mann—-Whitney test was used for comparison.

Ta6nuus 3. FA ROl BPI'M mMo3Ky B KOHTPOIbHIl i OCHOBHIl rpynax
Table 3. FA of cerebral ROl of WM in the control and main groups

KoHTponbHa rpyna OcHoBHa rpyna
MoKa3HUK Control group Main group
Categorie (n=19) (n=34) P
Me | Q-Q, Me | Q-Q,
FA npaBa niekyns / FA right hemisphere
Nnea/PF 0,293 0,287 — 0,294 0,230 0,215 -0,246 <0,001
OdL/OF 0,268 0,262—- 0,268 0,216 0,197 - 0,230 <0,001
TA/P 0,286 0,280 — 0,290 0,245 0,238 — 0,264 <0,001
na/Oc 0,313 0,305-0,323 0,261 0,257 — 0,298 <0,001
caT 0,316 0,309 - 0,320 0,282 0,266 — 0,315 0,004
nnBa/PVant 0,423 0,418 — 0,426 0,341 0,316 — 0,348 <0,001
cou/soc 0,441 0,428 — 0,445 0,328 0,292 - 0,335 <0,001
FA niBa niekyns / FA left hemisphere
noa/PF 0,297 0,294 - 0,301 0,241 0,219 - 0,251 <0,001
OdL/OF 0,254 0,249 — 0,257 0,212 0,202 - 0,220 <0,001
TA/P 0,284 0,280 — 0,289 0,257 0,230 - 0,275 <0,001
ng/Oc 0,328 0,327- 0,333 0,252 0,232 - 0,262 <0,001
caT 0,323 0,317 -0,325 0,279 0,274 - 0,309 <0,001
nnBO/PVant 0,411 0,407 - 0,414 0,326 0,296 — 0,360 <0,001
cou/soc 0,456 0,453 — 0,459 0,303 0,280 - 0,324 <0,001

MpuMiTku:

3akoH po3noginy nokasHuKiB Bigpi3HsABCA Big HopManbHoro (p<0,05 3a kputepiem LLianipo—Binka), 4ns npeAcTaBneHHs AaHVX po3paxoBaHo
megiaHHe 3HaveHHs (Me) Ta MixkBapTUnbHWIA iHTepBan (Q, — Q,,). Ana npoBeaeHHs NOPIBHAHHSA BUKOPUCTAHO KpuTepit MaHHa—YiTHi.
Notes:

The law of distribution of indicators differed from normal (p <0.05 according to the Shapiro—-Wilk criterion), the median value (Me) and
the interquartile range (Q, — Q) were calculated for data presentation. The Mann—-Whitney test was used for comparison.
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Ta6nuusa 4. MD npoBigHMX LUNSXiB rONOBHOMO MO3KY B KOHTPOIbHIl i OCHOBHI rpynax
Table 4. MD of cerebral fiber tracts in the control and main groups

KoHTponbHa rpyna OcHoBHa rpyna
Moka3HuK Control group Main group
Categorie (n=19) (n=34) P
Me | Q-Q, Me | Q-Q,
MD (x 10-3mm?/c) npasa niskynsi / MD (x 10-mm?/s) right hemisphere
BMM /SLF 0,699 0,687 — 0,709 0,788 0,761 -0,800 <0,001
n/c 0,668 0,653 - 0.678 0,799 0,786 — 0,817 <0,001
rM/FU 0,626 0,620 -0, 631 0,828 0,796 — 0,846 <0,001
HMMN/ILF 0,757 0,746 - 0,778 0,833 0,820 - 0,891 <0,001
MD (x 10-3mm?/c) niBa niBkyns / MD (x 10-°mm?/s) left hemisphere
BMM /SLF 0,697 0,685 - 0,702 0,782 0,777 - 0,808 <0,001
n/c 0,682 0,677 — 0,690 0,793 0,776 — 0,815 <0,001
m/FU 0,613 0,605 — 0,627 0,804 0,777 - 0,836 <0,001
HAM/ILF 0,714 0,709 - 0,717 0,849 0,843 - 0,891 <0,001
MD (x 10-3mm?/c) MT / MD (x 10*mm?/s) CC
KMT/GCC 0,690 0,686 — 0,699 0,798 0,758 - 0,817 <0,001
BMT/SCC 0,677 0,661 — 0,702 0,791 0,767 — 0,826 <0,001

MpumiTkn:

3akoH po3noainy nokasHUKiB Bigpi3HsiBCA Big HopmanbHoro (p<0,05 3a kputepiem LUanipo—Binka), Ans npeacTaBneHHs AaHWX po3paxoBaHo
megiaHHe 3HaueHHs (Me) Ta MiXKkBapTunbHWit iHTepean (Q, — Q). [ns npoBeaeHHs NOPIBHAHHA BUKOPUCTAHO KpuTepi MaHHa-YiTHi.
Notes:

The law of distribution of indicators differed from normal (p <0.05 according to the Shapiro-Wilk criterion), the median value (Me) and
the interquartile range (Q, — Q) were calculated for data presentation. The Mann—-Whitney test was used for comparison.

Ta6nuusa 5. MD ROI BPI'M mM03ky B KOHTPOIbHIlA i OCHOBHIW rpynax
Table 5. MD of cerebral ROl of WM in the control and main groups

KoHTponbHa rpyna OcHoBHa rpyna
Moka3HuK Control group Main group
Categorie (n=19) (n=34) P
Me | Q-Qq, Me | Q-Qq,
MD (x 10-3mm?/c) npasa niskynsi / MD (x 10*mm?/s) right hemisphere
noa/PF 0,834 0,827 - 0,843 1,054 1,009 - 1,111 <0,001
Od[/OF 0,824 0,817 - 0,832 1,040 1,017 - 1,100 <0,001
TO/P 0,739 0,734 - 0,747 1,026 0,980 — 1,061 <0,001
na/Oc 0,798 0,788 — 0,803 0,920 0,861 — 0,962 <0,001
cam 0,869 0,863 — 0,878 0,975 0,943 - 1,012 <0,001
nnBA/PVant 0,863 0,859 - 0,869 0,969 0,943 — 0,986 <0,001
cou/soc 0,814 0,808 - 0,819 0,908 0,858 — 0,943 <0,001
MD (x 10-*mm?/c) nisa niskyns / MD (x 10-mm?/s) left hemisphere
noa/PF 0,829 0,822 - 0,833 1,003 0,997 — 1,066 <0,001
Od[/OF 0,840 0,835 -0, 845 1,014 0,987 — 1,111 <0,001
TA/P 0,838 0,834 - 0,853 1,002 0,968 — 1,051 <0,001
na/Oc 0,789 0,781 -0,794 0,935 0,882 - 0,976 <0,001
cam 0,900 0,894 — 0,908 1,001 0,953 — 1,028 <0,001
nnBO/PVant 0,888 0,822 - 0,893 0,963 0,938 — 0,982 <0,001
cou/soc 0,808 0,798 - 0,815 0,889 0,857 — 0,962 <0,001

MpumiTkK:

3akoH po3noginy nokasHuKiB Biapi3HsABCs Big HopManbHoro (p<0,05 3a kputepiem LLianipo—Binka), 4ns npeacTaBneHHst AaHnX po3paxoBaHo
megiaHHe 3HaueHHs (Me) Ta MixXKkBapTunbHWiA iHTepean (Q — Q). [ns npoBedeHHs NOPIBHAHHA BUKOPUCTaHO KpuTepin MaHHa-YiTHi.
Notes:

The law of distribution of indicators differed from normal (p <0.05 according to the Shapiro—Wilk criterion), the median value (Me) and
the interquartile range (Q, — Q, ) were calculated for data presentation. The Mann-Whitney test was used for comparison.
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3a pesynbratamu HEWpONCUMXONOriYHOTO OBCTEXEHHS
i3 3acTocyBaHHAM Wwkanu MoCA BiaxvneHHs Bif KOHTpOIb-
HUX nokasHukiB (Me = 23; Q- Q,, = 21-23), o BianosigawTbL
NMOMIpHUM KOTHITMBHUM nopywweHHam (MKIM), BuasneHo y
29 3 34 (85,3%) xBopux (Tabn. 6). BignosigHo oo gaHux
CTaTUCTUYHOIO aHarisy, OOCTOBIPHO 3MeHLeHuMKn Oynu
cymu 6aniB onutyBanbHuka MoCA y gomenax EIS, VIS,
LIS i AIS (p <0,001).

According to the results of neuropsychological exami-
nation using the MoSA scale, deviations from the control
parameters (Me = 23; Q-Q,, = 21-23), corresponding to
moderate cognitive impairment (MCI), were found in 29
out of 34 (85.3%) patients (Table 6). According to the
statistical analysis, the total of MoSA questionnaire scores
in the EIS, VIS, LIS and AIS domains were significantly
reduced (p <0.001).

Tabnuus 6. Pe3ynbtaTty TecTyBaHHs 3a Wwkanoto MoCA KOHTPObHOI Ta OCHOBHOI rpyn AOCHIAXYBaHMX CEPEAHLOIO BiKy
Table 6. The results of testing on the MoCA scale of the control and main groups of middle-aged subjects

KoHTponbHa rpyna / Control group OcHoBHa rpyna / Main group
|10Kasl-w_|K (n=19) (n=34) p
Categorie
Me QI — Qm Me QI — Qm
MOCA Y 27 27 - 28 23 21-24 <0,001
EIS 12 12-12 10 8-10 <0,001
VIS 7 7-7 6 5-7 <0,001
LIS 5 5-6 4 4-5 <0,001
AlS 18 17-18 16 15-16 <0,001
oIS 6 6-6 6 6-6 >0,999
MIS 12 10,5-13 13 10-13 0,664
MpumMiTku:

3akoH po3noginy nokasHuKiB Biapi3HABCS Bif HopMarnbHoro (p<0,05 3a kpuTepiem LLanipo—Yinka), 4ns npeacTaBneHHs AaHyx po3paxoBaHo

mefiaHHe 3HaueHHs (Me) Ta MixXkBapTubHWiA iHTepean (Q, — Q
Notes:

). [inst npoBeAeHHS NOPIBHAHHS BUKOPUCTaHO KpUTepint MaHHa—YiTHi.

The law of distribution of indicators differed from normal (p <0.05 according to the Shapiro-Wilk criterion), the median value (Me) and
the interquartile range (Q, — Q) were calculated for data presentation. The Mann—-Whitney test was used for comparison.

BusBunocb, wo pns padHix TKIM y nadientiB i3
LUXMC nputamaHHuin HeamHecTuyHuin (MIS: Me =133;
Q - Q, =10-13, p = 0,664) nonigomMeHHMIn xapakTtep.
lMnTomMa Bara CcroOCTEpPeXeHb MOTipWEeHHS BMKOHAaBYOI
dyHkuii (EIS) 6yna Hanbinbwoto (31 (91,2%)) i cknaga-
na 79,4%, 76,5% i 67,6% y nomenax AlIS, VIS i LIS, Bigno-
BigHO. KorHiTMBHI po3nagu ogHo4yacHo B 5 gomeHax, y Tomy
yncni ¥ NaMm’aTi, 4iarHOCTOBAHO TiMNbKM Y TPbOX XBOPWUX.

BusHayeHHs1 KopensuinHMX 3B'A3KIB MK BMPA3HICTIO
BisyaneHnx MPT wmapkepiB TLUXMC Tta crtyneHem meH-
TanbHWX PO3nagiB He BMABUIO O3HaK BMMMBY PaHHIX 3MiH
'BPI'M Ha ctan nam’ati (MIS) Ta opieHTauii y npocTopi n
yaci (OIS). Linkom 3akOHOMiIpHUM BMOAETLCHA iCHYBaHHS
MOMIpHOI HeraTMBHOI kopensuii Mix BupasHicTio [IBPIM,
pgomeHamn EIS (-0,402), VIS (-0,373), LIS (-0,337),
AIS (-0,375) Ta cymapHumu ouinkamm MoCA (-0,429).

IMNBIrBPIM Ha nouatky cBOro yTBOpeHHst (1-2 6anwu
TUXMCp) He cnpusana noripLueHH0 po3yMOBOi 4isArnbHOCTI.
36inbLUeHHA KiNbKOCTi Ta CTyneHs po3lWMpeHb nepuBac-
KynsipHMX npocTopisB Byno noMipHO Ta HeraTMBHO NOB’A3aHO
3 KOHUEHTpauie yBarn Ta BUKOHABYMMM DYHKLISIMU
(AIS: rs =-0,419; EIS: rs =-0,319).

MokasHukn paHrosoi kopensuii CnipmeHa mixx pesyrnb-
TataMmu TecTyBaHHA 3a wkanot MoCA Ta nokasHukamu
DTl MPT HaBepeHi B Tabnuui 7. BctaHoBNeHO, WO paHHi
NoMipHi KOrHiTMBHI nopyLueHHs (> MoCA) npu uepebpanbHiin
XBOpObi Manux cyauH y cepegHboMy Biui nepebysaoTb
y MNO3NTUBHOMY (MOMIPHOMY/MOMITHOMY) KOpensAuiiHoMy
3B’A3Ky 3 MokKasHMkamu FA BONMOKOH: BEPXHIX MO3A0BXHIX
MyykiB, raykyBaTUxX Ny4ykiB i Banuky MO30MMCTOro Tina
Ta ROI: cemioBanbHUX LeHTpIB, MpedpoHTanbHUX i opbiTo-
dpoHTanbHNx ginaHok (rs = 0,412 — 0,594). HeratusHo
NMo3HA4YaeTbCsl Ha CTaHi MeHTanbHMX  QYHKUin bGinate-
panbHe 3pOoCTaHHsA cepeaHboro KoeaiuieHta andysii (MD)
y raykyBaTWMX My4kax, KOMiHi M BaruKy MO30NMCTOro Tina,

We found that non-amnestic (MIS: Me = 133;
Q—-Q,, = 10-13, p = 0.664) polydomain character is typical
of early MCI in patients with CSVD. The share of perfor-
mance degradation (EIS) observations was the highest
(31 (91.2%)), and was 79.4%, 76.5% and 67.6% in the
AIS, VIS and LIS domains, respectively. Cognitive disorders
in 5 domains simultaneously, including memory, were
diagnosed in only three patients.

The correlation between the severity of visual MRI
markers of BcSVD and the degree of mental disorders
did not reveal signs of the early changes in WMH on
memory (MIS) and orientation in space and time (OIS).
The existence of a moderate negative correlation between
the expression of DWMH, EIS (-0.402), VIS (-0.373),
LIS (-0.337), AIS (-0.375) and total MoSA estimates
(-0.429) seems quite natural.

PVWMH at the beginning of its formation (1-2 points
BcSVDearly) did not contribute to the deterioration of
mental activity. The increase in the number and degree
of expansion of perivascular spaces was moderately and
negatively associated with concentration and executive
functions (AIS: rs = -0,419; EIS: rs =-0,319).

Spearman’s rank correlation between MoCA test results
and DTI MRI results is shown in Table 7. We found that
early moderate cognitive impairment (3 MoCA) in middle
cerebral vascular disease in the middle age is in a positive
(moderate/noticeable) correlation with indica-tors of FA
fibers: upper longitudinal bundles, hooked bundles and sple-
nium of the corpus callosum and ROI: semioval centers,
prefrontal and orbitofrontal areas (rs = 0.412 — 0.594).
The state of mental functions is negatively affected by the
bilateral increase of the average diffusion coefficient (MD)
in hooked bundles, genu and splenium of the corpus
callosum, orbitofrontal, parietal, occipital and anterior
periventricular areas (rs = —0.448 — (—0.574)).
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opGITOPOHTANbHUX, TIM'AHUX, MNOTUINYHUX | NepegHix
NepPUBEHTPUKYNAPHUX AinsHkax ( rs = —0,448 — (-0,574)).

Ta6nuusa 7. PaHrosa kopensuis CrnipmeHa (rs)
Mix AoBidyanbHumu mapkepamu LIXMC i nokasHukamu wkanu MoCA y XBopux cepegHboro Biky
Table 7. Spearman rank correlation (rs) between previsual markers of CSVD and MoCA scale in middle-aged patients

>MoCA

FA: SLF (rs = 0,6; rs = 0,47), FU (rs = 0,594; rs = 0,455), C (rs = 0,561; rs = 0,488), SCC (rs = 0,522);
PF (rs = 0,412; rs = 0,54), F (rs = 0,496; rs = 0,468), SOC (rs = 0,46; rs = 0,495), left Oc (rs = 0,558);
MD: FU (rs = -0,574; rs = -0,524), GCC (rs = -0,542), SCC (rs = -0,561), OF (rs = -0,51; rs = -0,541),
P (rs =-0,539; rs = -0,582), Oc (rs = —0,518; rs = —-0,448), PVant. (rs = -0,498; rs = —0,547)

FA: FU (rs = 0,487; rs = 0,462);

PVant. (rs = -0,498; rs = —0,457)

EIS MD: FU (rs = -0,497; rs =-0,45), OF (rs = -0,465; rs = —-0,465), P (rs= —0,531; rs = -0,53),

FA: SLF (rs = 0,508; rs = 0,51), FU (rs = 0,508; rs = 0,412), SCC (rs = 0,496); right C (rs = 0,581);
MD: C (rs = -0,445: rs = -0,481), FU (rs = —0,508; rs = —0,485), OF (rs = -0,484; rs = -0,475),

vis P (rs = -0,559; rs = —-0,547), PVant. (rs = -0,523; rs = -0,481) ); SOC (rs = -0,435; rs = -0,516), GCC (rs = -0,492),
SCC (rs = -0,502); left PF (rs = -0,501)
FA: SLF (rs = 0,472; rs = 0,527), C (rs = 0,561; rs = 0,471), GCC (rs = 0,526); left PF (rs = 0,519), left Oc (rs = 0,506);
LIS MD: C (rs = -0,47; rs = —0,484), FU (rs = -0,572; rs = -0,478), P (rs = -0,504; rs = -0,557), Oc (rs = —-0,477; rs = -0,577),
T (rs = -0,515; rs = -0,515), PVant. (rs = —-0,495; rs = —0,483), GCC (rs = -0,566), SCC (rs = —-0,453),
left ILF (rs = —0,523), left PF (rs = —0,557), left SOC (rs = —-0,447)
FA: SOC (rs = 0,475; (rs = 0,499), right OF (rs = 0,461), left Oc (rs = 0,458);
AIS MD: PF (rs = -0,445; rs = —0,54), OF (rs = -0,445; rs = -0,465), P (rs = -0,453; rs = -0,553),

Oc (rs =-0,473 Tars = —-0,46), GCC (rs = —0,505), left ILF (rs = —-0,486), left PVant. (rs = -0,5), left SOC (rs = -0,472)

Mpumitka / Notes: Spearman Rank (p<0.05)

AHania  pesynbraTiB  KMiHiKO-HEMPOBi3yanidauinHmX
obcTexeHb NauieHTiB cepedHboro BiKy Ha Mo4yaTky 3axBo-
plOBaHHS Ha crnopaguyHy uepebpanbHy MikpoaHrionarTito
[O03BOMMB OiNTUN TaKUX BUCHOBKIB.

BUCHOBKMU

1. 3a pesynbratamu MynbTunapameTpuyHoi  MPT
BM3HAYEeHO paHHi BidyanbHi O3HAKM acouinoBaHoi 3
apTepianbHOI  rinepTeHsielo  UepebpanbHOi  XBOPOOM
Manux CyAauH: PO3LUMPEHi NepuBacKymnspHi MpocTopu Ta
rinepiHTEHCUBHICTb NEepPUBEHTPUKYNAPHOI rmubokoi  B6inoi
PEYOBUHM TFOMOBHOrO MO3KY (CymMapHa OLiHKa 3a LuKaso
TUXMCp po 4 6anis). PaHHiMn poBisyanbHuMu nposi-
BaMW 3axBOPHOBaHHA BM3HAHO 3MeHweHHA Ha 9-33,6%
koedpiuieHTa dpakuinHOi aHi3oTponii Ta 3pOCTaHHA Ha
20,8-28,0% Big KOHTPONbHMX MOKA3HUKIB CepeaHbOoro
koedpidieHTa aAndysii. MynbTULEHTPUYHMI  MO3aidYHUIA
xapaktep MPT 3miH rmnbokoi 6inoi pe4oBUHWM FONOBHOMO
MO3Ky CBiAYMTb Ha KOpuUCTb AOUAY3HOro Xxapaktepy ii
CTPYKTYpHOI nepebyaosu.

2. BCTaHOBNEHO, WO BMPA3HICTb PaHHIX KIiHIYHUX
NposBiB CNOpaguYHOi HeaMinoigHOI MikpoaHrionaTii (Heam-
HECTUYHi MOMiJOMEHHI NMOMIPHI MOPYLIEHHA yBaru, MOB-
NEHHS, Bi3yanbHO-NPOCTOPOBOI Ta BUKOHABYOI KOTHITUBHUX
dyHKuUin) nepebyBaloTe y MOMipHOMY/MOMITHOMY KOpens-
LinHOMy 3B’A3Ky i3 nokasHukamu TXMCp, koediuieHTa
MD (noautmsHui) i FA (HeratuBHui).
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Analysis of the results of clinical and neuroimaging
examinations of middle-aged patients at the beginning of
the disease of sporadic cerebral microangiopathy allowed
us to draw the following conclusions.

CONCLUSIONS

1. The results of multiparametric MRI revealed early
visual signs of cerebrovascular disease associated
with hypertension: dilated perivascular spaces and
hyperintensity of the periventricular deep white matter
of the brain (total score according to BcSVDearly scale
up to 4 points). Early pre-visual manifestations of the
disease were defined as a decrease by 9-33.6% in the
fractional anisotropy coefficient and an increase by 20.8%
to 28.0% of the control values of the average diffusion
coefficient. The multicentric mosaic nature of MRI chang-
es in the deep white matter of the brain indicates in favor
of the diffuse nature of its structural adjustment.

2. We found that the severity of early clinical mani-
festations of sporadic non-amyloid microangiopathy
(non-amnestic polydomain moderate disorders of attention,
speech, visual-spatial and executive cognitive functions)
are in a moderate/noticeable correlation with BcSVDearly
values, MD coefficient (positive) and FA (negative).

REFERENCES

1.  Kulesh AA, Drobakha VE, Shestakov VV. Cerebral small vessel disease:
classification, clinical manifestations, diagnosis, and features of treat-
ment. Neurology, Neuropsychiatry, Psychosomatics. 2019;11(3):4-17.
(In Russian). DOI: https://doi.org/10.14412/2074-2711-2019-3S-4-17

2. Wardlaw JM, Debette S, Jokinen H, De Leeuw FE et al. ESO Guideline on
covert cerebral small vessel disease. Stroke Journal. 2021;6(2):CXI-LXII.
(In English). DOI: https://doi.org/10.1177/23969873211012132

3. Garcia-Ptacek S, Eriksdotter M, Jelic V et al. Subjective cognitive
impairment: Towards early identification of Alzheimer disease.

OpuriHanbHi gocnigpKeHHs

Original research



YkpaiHCbKui pagionoriyHni Ta oHkonorivHum xypHan. 2021, T. 29. Ne 3. C. 89-100
Ukrainian journal of radiology and oncology. 2021;29(3):89—-100

ISSN 2708-7166 (Print)
ISSN 2708-7174 (Online)

Neurology. 2016. Vol. 31(8). P. 562-571. DOI: https://doi.org/10.1016/
j.nrl.2013.02.007

4. Szczesniak D., Rymaszewska J., Zimny A. et al. Cerebral small
vessel disease and other influential factors of cognitive impairment
in the middle-aged: a long-term observational cohort PURE-MIND
study in Poland. GeroScience. 2021. Vol. 43. P. 279-289. DOI:
https://doi.org/10.1007/s11357-020-00271-4

5. Lau K.K,, Li L., Simoni M. et al. Long-term premorbid blood pressure
and cerebral small vessel disease burden on imaging in transient
ischemic attack and ischemic stroke. Stroke. 2018. Vol. 49(9).
P. 2053-2060. DOI: https://doi.org/10.1161/STROKEAHA.118.021578

6. Shi Y., Wardlaw J.M. Update on cerebral small vessel disease:
a dynamic whole-brain disease. Stroke and Vascular Neurology. 2016.
Vol. 1. e000035 p. DOI: https://doi.org/10.1136/svn-2016-000035

7.  Wardlaw J.M., Smith E E., Biessels G.J. et al. Neuroimaging standards
for research into small vessel disease and its contribution to ageing
and neurodegeneration. Lancet Neurol. 2013. Vol. 12. P. 822-838.
DOI: https://doi.org/10.1016/S1474-4422(13)70124-8

8. Miwenko T.C., HikiwkoBa |.M., MiweHko B.M., Kytikos [.0.
LlepebpanbHa atpodisi npu xBopobi Manux CyAuH FOMOBHOMO MO3KY.
MixHapodHul HegposnoaidHull XypHan. 2016. Vol. 8(86). C.13—19.

9. Croall I.D., Lohner V., Moynihan B. et al. Using DTI to assess white
matter microstructure in cerebral small vessel disease (SVD) in multi-
center studies. Clinical Sciences. 2017. Vol. 131(12). P. 1361-1373.
DOI: https://doi.org/10.1042/CS20170146

10. D’'Souza M. M., Gorthi S. P., Vadwala K. et al. Diffusion tensor tracto-
graphy in cerebral small vessel disease: correlation with cognitive
function. Neuroradiologic Journal. 2018. Vol. 31(1). P. 83-89. DOI:
https://doi.org/10.1177/1971400916682753

11. Biesbroek J.M., Leemans A., Den Bakker H. et al. Microstructure of
strategic white matter tracts and cognition in memory clinic patients
with vascular brain injury. Demential ~Geriatric Cognitive Disorders.
2017. Vol. 44. P. 268-282. DOI: https://doi.org/10.1159/000485376

12. Brown R., Benveniste H., Black S.E. et al. Understanding the role
of the perivascular space in cerebral small vessel disease.
Cardiovascular Research. 2018. Vol. 114(11). P. 1462-1473. DOI:
https://doi.org/10.1093/cvr/cvy113

13. Carson N., Leach L., Murphy J. A re-examination of Montreal Cognitive
Assessment (MoCA) cutoff scores. International Journal of Geriatric
Psychiatry. 2018. P. 379-388. DOI: https://doi.org/10.1002/gps.4756

14. Oukan |.M., TonosuyeHko HO.l.,, CemboHoBa O.B. OcobnusocTi
paHHboi MPT pgiarHocTuku LepebpanbHoi XBOpoOWM Manux cyavH
y XBOPMX Ha apTepianbHy rinepTeHsito Ta LyKpoBui Aiaber 2 Tuny.
lpobnemu eHOOKpuHHOI namornoeii. 2020. Ne 4. C. 39-47. DOL:
https://doi.org/10.21856/j-PEP.2020.4.05

MepcnekTMBM NoganbLUMX AOCNIAXEHb

OTpumaHi aBTOpaMu HayKoBi pe3ynbTaTi 3arno4vaTKoBYHOTb Cepito
[ocrnigpKeHb, METO SKUX ByayTh:

— AudepeHuinHa aiarHocTvka Audy3HUX 3axBoptoBaHb binoi
PEYOBUHM FONMTOBHOIO MO3KY;

— po3pobka HayKoBO-OOrPYHTOBaHMX anropuTMiB MOHITOPUHIY
CrocTepeXeHHs Ta nikyBaHHSA MauieHTiB 3 paHHbow Lepebpanb-
HOlo XBOpPODOK Manux CyAuH 3 METOK MpOodiNakTUKM CyAUHHOI
aemMeHLuji.

KoHdonikT iHTepeciB

ABTOpU pyKOMMUCy CBIOMO 3acBiOYylOTb BiACYTHICTb (DAKTUYHOIO
abo noTeHUiHOro KOHMNIKTY iHTepeciB WOAO pesynbraTiB Liel
poboTn 3 hapMauLEBTUHHUMW KOMMaHisiMK, BUPOOHMKaMu Giome-
OVYHUX NMPUCTPOIB, IHLUMMW OpraHi3auisgMu, Yni NpoayKTu, NOCryru,
iHaHcoBa NiATPMMKa MOXYTb OyTK MOB’A3aHi 3 NpeAMeTOM Haaa-
HWUX MaTepianiB abo siKi cCnoHcopyBany NpoBeAeHi AOCHIIKEHHS.

IndpopmaLis npo cdiHaHCyBaHHA

Po6oTa BUKOHY€ETbCA 3 BNACHOI iHiLiaT1ByM 3a KoL TW BUKOHaBus HOP.

BIAOMOCTI NMPO ABTOPIB

CemboHoBa OnekcaHgpa BonopgumupiBHa — acnipaHT
kadpegpu Heponorii Ne1 HauioHanbHOro yHiBepCUTETY OXOPOHMU
3gopoB’a Ykpainu im. T.J1. Wynuka; nikap-Hesponor [depxaBHoi
yCTaHOBN  «IHCTUTYT AgepHOi  MeguuMHM Ta  NPOMEHeBOI

Neurology. 2016;31(8):562-71. DOI:
10.1016/j.nrl.2013.02.007

4. Szczesniak D, Rymaszewska J, Zimny A et al. Cerebral small vessel
disease and other influential factors of cognitive impairment in the
middle-aged: a long-term observational cohort PURE-MIND study
in Poland. GeroScience. 2021;43:279-89. (In English). DOI:
https://doi.org/10.1007/s11357-020-00271-4

5. Lau KK, Li L, Simoni M et al. Long-term premorbid blood pressure
and cerebral small vessel disease burden on imaging in transient
ischemic attack and ischemic stroke. Stroke. 2018;49(9):2053-60.
(In English). DOI: https://doi.org/10.1161/STROKEAHA. 118.021578

6. ShiY, Wardlaw JM. Update on cerebral small vessel disease: a dynamic
whole-brain disease. Stroke and Vascular Neurology. 2016;1:€000035.
(In English). DOI: https://doi.org/10.1136/svn-2016-000035

7. Wardlaw JM, Smith EE, Biessels GJ et al. Neuroimaging standards
for research into small vessel disease and its contribution to ageing
and neurodegeneration. Lancet Neurol. 2013;12:822-38. (In English).
DOI: https://doi.org/10.1016/S1474-4422(13)70124-8

8. Mishhenko TS, Nikishkova IM, Mishhenko VM, Kutikov DO. Cerebral
atrophy in cerebral small vessel disease. International Journal of
Neurology. 2016;8(86):13-9. (In Ukrainian).

9. Croall ID, Lohner V, Moynihan B et al. Using DTl to assess white
matter microstructure in cerebral small vessel disease (SVD) in multi-
center studies. Clinical Sciences. 2017;131(12):1361-73. (In English).
DOI: https://doi.org/10.1042/CS20170146

10. D’Souza MM, Gorthi SP, Vadwala K et al. Diffusion tensor tracto-
graphy in cerebral small vessel disease: correlation with cognitive
function. Neuroradiologic Journal. 2018;31(1):83-9. (In English).
DOI: https://doi.org/10.1177/1971400916682753

11. Biesbroek JM, Leemans A, Den Bakker H et al. Microstructure of
strategic white matter tracts and cognition in memory clinic patients
with vascular brain injury. Demential Geriatric Cognitive Disorders.
2017;44:268-82. (In English). DOI: https://doi.org/10.1159/000485376

12. Brown R, Benveniste H, Black SE et al. Understanding the role of the
perivascular space in cerebral small vessel disease. Cardiovascular
Research. 2018;114(11):1462-73. (In English). DOI:
https://doi.org/10.1093/cvr/cvy113

13. Carson N, Leach L, Murphy J. A re-examination of Montreal
Cognitive Assessment (MoCA) cutoff scores. International Journal of
Geriatric Psychiatry. 2018;379-88. (In English). DOI: https://doi.org/
10.1002/gps. 4756

14. Dykan IM, Golovchenko YI, Semonova OV et al. Features of early
MRI diagnosis of cerebral small vessel disease in patients with
arterial hypertension and diabetes mellitus type 2. Problems of
Endocrine  Pathology. 2020;74(4):39-47. (In  Ukrainian). DOI:
https://doi.org/10.21856/j-PEP.2020.4.05

(In English). https://doi.org/

Prospects for further research

The scientific results obtained by the authors initiate a series
of studies aimed at:

— differential diagnosis of diffuse diseases of the white matter
of the brain;

— development of scientifically based algorithms for monitoring
the observation and treatment of patients with early cerebral
disease of small vessels in order to prevent vascular dementia; etc.
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PE3IOME

AkTyanbHicTb. Habpsik nnoga — ue CKkynyeHHs! NO3aKMiTUHHOI PiavHN y OBOX i Ginblue
MOro MOPOXHWMHAX, YacTo B MOEAHAHHI 3 MIALWKIPHMM HaBpsSKOM. |130NbOBaHe CKyMYeHHs
piavHN TiNbKM B YepeBHIl, nneBpanbHini abo nepukapgianbHii NOPOXHUHAX OMUCYHOTb
SIK acuuT, nneBpanbHUA BUMIT (rigpoTopakc), nepukapaianbHuii BUNIT (rigponepukapg).
o ocobnuBocTen natoreHedy HeiMyHHoro Habpsiky nnoga (HIHIM) BigHocsTbCA: BUCOKa
rigpoinbHICTE TKaHWH nnoda, o6CTPyKUis NiMaTUYHUX CYAWH, MOPYLUEHHSI BigTOKY
nimdw, 3acTiiHa cepLieBa HegoCTaTHICTb, 0BCTPYKL st BEHO3HOIO BiATOKY, 3MiHW BEHO3HOMO
TUCKY nnoga. Yci nepeniveHi aktopu CApusioTb BUXOQY PIAVHU 3 KMITUH Ta TKaHWH
Y «TPETi» NPOCTOPU — YepeBHY, PYAHY, NepukapgianbHy NOPOXHUHW, @ TaKOX Y NiALLKIPHUN
npoctip. Bci naHku natoreHesy cuHApoMy Habpsiky nnoga npv PisHUX ETioNOorivYHMX
bakTopax BMBYEHI HEe A0 KiHUs. PiBeHb 3axBoptoBaHocTi Ha HIHIT HeBigoMuiA, ocKinbku
3ibpaTy BiANOBiAHI AaHi AOCUMTb Baxko; GaraTo BMMNagKiB 3axXBOPHOBAHHSA HE AiarHOCTy-
10TbCA A0 BHYTPILWHBbOYTPOGHOI cMepTi nnoga abo MOXYTb CMOHTaHHO perpecysBaTu
npoTArom npeHatanbHoro nepiogy. Ha cborogHi Ao 90% Bcix BMnagkiB Habpsiky nnoga
BigHocATL Ao HIHIT.

MeTa po60TM — O3HAMOMMEHHS MeaWM4HOI ChiNbHOTU 3 MpUMHUMNaMW LiarHOCTUYHUX
anropuMTMIiB Ta aKyLLUepCbKOi i NepuHaTanbHOi TakKTUKM MpU HeiMyHHOMY Habpsiky nnoaa,
a TakoX NPOBECTU aHani3 KMiHiYHWX 03HaK, YNbTPa3BYKOBOrO MOHITOPUHIY Ta pesyrnbraTis
BariTHOCTi y 14 B1Naakax HeiMyHHOro HabpsKy nnoaa, Lo BUHUKAB Y APYTild NOMOBWHI BariTHOCTI.
Martepianu Ta metoamu. Matepianom Anst JOChifXeHHs cTanu nybnikauii, 3HangeHi B
6asax gaHux Scopus, Web of Science Core Collection Ta PubMed 3a nepiog 2009-2020 pp.,
Ta aHaniTM4YHMN 3BIT BnacHoi cepii 3 14 sunaakis HIHI pisHoro noxomxeHHa. MNpoTtarom
2005-2020 pp. y BigAineHHi ynsTpa3BykoBoOi AiarHOCTMKM XapKiBcbkoi obnacHoi nikapHi
3 obnacHum nepuHaTtansHuMm LeHTpom HIHIM 6yB giarHocToBaHuin y 14 BariTHUX XiHOK
y Apyrii nonoBuHi BariTHocTi. OnucaHi kniHivyHi ocobnueocTi, HagaHi 306paxeHHst Y3[
Ta gonnneporpadiyHoro MOHITOPUHIY, BUBYEHI NepuHaTarbHi/nocTHaTanbHi Hacnigku.
PesynbraTtu Ta ix o6roBopeHHs. [poBedeHo aHani3 KniHiYHUX 03HakK, YNbTPa3ByKOBOIO
MOHITOPUHIY Ta pesynbTaTiB BariTHOCTi y 14 BUNagkax HeiMyHHOro Habpsiky mnoga, Lo B
VHWUKNW Yy APYrin NOMOBWHI BariTHOCTI. 6 3 14 nnogiB Manu CTPYyKTYpHO-aHaTOMIiYHi
OedekTn (nereHeBa cekBecTpallisi, BpomxeHa AdiadparMarnbHa rpuxka, miacTeHis rpasic,
MeraumcT Ta rigpoHedpos, Gynbo3HUIA enigepmori3, MEeKOHIEBUIA MNEepUTOHIT, aTpesis
KWLWKiBHKKA). PiBEHb CMEPTHOCTI (BKIOYaO4M NepuHaTarnbHi BTpat Ta CMepTb HEMOBHST)
pocsar 9/14 sunagkis (64,2%): 3 aHTeHaTanbHi, 4 HeoHaTanbHi, 2 BUNagKM MarnoKoBMX
BTpaT). XipypriyHe nikyBaHHsi NpoBeAEHO ABOM HOBOHapodkeHuM. [T HOBOHapogxe-
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Onsa uMTyBaHHA:

HUX Manu O4eBUAHO CNPUATAMBUIA KMiHIYHUI NOCTHATanbHWM pesynestat. Y ABOX BUNag-
Kax crocTepirany CnoHTaHHy Pe30sioLusi NPOosiBiB 3aXBOPHOBaHHS 3 MOBHOK perpecieto
rigpponcy (napsoBipyc-B19 Ta igionatuunuin  HIHIM). TMoBHe BigHOBNEHHs nnoga
(cnoHTaHHa perpecis HabpsiKy 6e3 noripLeHHst Ta NaToNoriYHNX HacnigkiB) cnocTepiranocs
B OOHOMY BUNAfKy.

BucHoBKWU. AHTeHaTanbHWUN YnbTPa3ByKoBUA MOHITOpUHIr nnoga 3 HIHM rpyHTyeTbCs
Ha ouiHui nikooi cuctoniyHoi weuakocTi (MCL) y cepepHin mo3kosin aptepii (CMA),
BEHO3HOI NPOTOKW, BEHW MYyMOBWHW, aTPIOBEHTPUKYNSIPHOrO MOTOKY. 3a pesynbratamu
JocrnigpkeHHs 6yno BMSIBNEHO, L0 CepueBO-CyAVMHHUIA npodinb nnoga 3 HIHM
nopyLlyeTbCs paHiwe, a npodinb NNaueHTn Ta apTepianbHa gonnneporpadis — nisHiwe.
3BuyanHa gonnneporpadisi apTepii NyNnoBVMHW HE BUKIIOYAE MOXIMBOCTI HECNPUSTIN-
BOTO pe3ynbraTy, BKMOYaluM BHYTPIWHLOYTPOOHY 3arnbenb nnoga. PoslwmpeHuin
MOHITOpUHI gonnneporpadii HeobxiaHui y Bunagkax HIHM. Yci HoBoHapopxeHi 3 HIHIM
y AOPOA0OBOMY aHaMHe3i NoTpebytoTb NOCTHaTaNbHOMO CMOCTEPEXEHHS.

CadpoHoBa |.M., WapwmasaHosa O.M., BoptHuin M.O., Llanosanosa B.B. HeimyHHuii Habpsik nnopa: aHTeHaTanbHi
yNbTPa3ByKOBi MOHITOPWHIM Ta pe3ynbTaTh BariTHOCTI y cepii 3 14 kniHiYHWMX BUNagkiB. YkpaiHcbkul padionoeidHull
ma oHkonoeidHutl xypHan. 2021. T. 29. Ne 3. C. 101-115. DOI: https://doi.org/10.46879/ukroj.3.2021.101-115
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non-immune fetal hydrops, ultrasound,
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ABSTRACT

Background. Fetal hydrops is the accumulation of extracellular fluid in two or more
fetal cavities, often in combination with subcutaneous edema. An isolated accumulation
of fluid only in the abdominal, pleural, or pericardial cavities is described as ascites, pleural
effusion (hydrothorax), pericardial effusion (hydropericardium). Features of the patho-
genesis of non-immune hydrops fetalis (NIHF) are the follow: high hydrophilicity of fetal
tissues, obstruction of the lymphatic vessels, impaired lymph return, congestive heart
failure, obstruction of venous return, changes in fetal venous pressure. All these factors
lead to the release of fluid from cells and tissues into the «third» spaces — the abdominal,
thoracic, pericardial cavities, as well as the subcutaneous space. The oncotic pressure
of fetal plasma proteins is not of great importance in the formation of the fetal circulating
blood volume. Currently, all the links in the pathogenesis of hydrops fetalis syndrome
with various etiological factors are not fully known. The prevalence of NIHF is unknown
because it is difficult to collect relevant data; many cases of the disease are not diagnosed
until intrauterine fetal death or may spontaneously resolve during the prenatal period.
Currently, up to 90% of all cases of fetal dropsy are attributed to NIHF.

Purpose — acquaintance of the medical community with the diagnosis and treatment of
non-immune hydrops as well as the analysis of clinical features, ultrasound monitoring
and perinatal outcomes of 14 cases of non-immune fetal hydrops onset in a second
half of pregnancy.

Materials and methods. The material for the study were publications and results of
clinical trials found in the databases Scopus, Web of Science Core Collection and PubMed
for the period 2009-2020 and the analytic report of the own series of 14 cases of
non-immune hydrops fetalis (NIHF) of various origins. During the period of 2005-2020
under the supervision in the Ultrasound Department of Kharkiv regional hospital with
regional perinatal center there were 14 pregnant women with NIHF diagnosed in a second
half of pregnancy. Clinical features are described, ultrasound images and Doppler
monitoring are given, perinatal / postnatal results are studied.

Results and discussion. The analysis of clinical features, ultrasound monitoring
and pregnancy outcomes of 14 cases of non-immune fetal hydrops developed in the
second half of pregnancy in presented series was carried out. 6/14 fetuses had structural
anatomical defects (lung sequestration, CDH, myasthenia gravis, megacystis and
hydronephrosis, epidermolysis bullosa, meconium peritonitis, intestinal atresia). Mortality
rate (including perinatal and infant losses) was as high as 9/14 cases (64.2%): 3 of antenatal,
4 of neonatal, 2 of infant death). Surgical treatment was performed on 2 newborns.
5 newborns had apparently a favorable clinical postnatal outcome. In 2 cases, spontaneous
resolution with complete regression of hydrops was observed (parvovirus-B19 and
idiopathic NIHF). Complete recovery of fetus (spontaneous regression of hydrops
without any deterioration and pathological consequences) was observed in 1 case.
Conclusions. Antenatal ultrasound monitoring of fetus with NIHF is based on the
assessment of PSV CMA, ductus venous, umbilical vein, atrioventricular flow. According
to the results of the study, it was revealed that the cardiovascular profile of the fetus
with NIHF is disturbed earlier, and the placental profile and arterial Doppler-later. Normal
umbilical artery Doppler do not exclude the possibility of an adverse outcome, including
intrauterine fetal demise. Extended Doppler monitoring is essential at NIHF. All neonates
with NIHF in an antenatal anamnesis require postnatal follow-up.

Safonova IM, Sharmazanova OP, Bortniy MO, Shapovalova VV. Non-immune fetal hydrops in late pregnancy: antenatal
ultrasound monitoring and pregnancy outcomes in a series of 14 cases. Ukrainian journal of radiology and oncology.
2021;29(3):101-115. DOI: https://doi.org/10.46879/ukroj.3.2021.101-115
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3B’s130K poGOTU 3 HAYKOBUMM NporpaMamm,
nnaHamu i Temamu

Cratta € dparMeHTOM NnaHoBOI HayKoBO-O4OCHIAHON
poboTn XapkiBCbkOi MeanyHoi akageMmii nicnsagunioMHol
ocBiTn «Cy4yacHa nNpomMeHeBa [iarHOCTUKa B aKyLUepCbKo-
riHEKONONiYHIA NpakTMUi», HOMEp AepXaBHOI peecTpauii
0119U002240, npuknagHa, TepMiH BUKOHaHHs: 2018—
2023 pp., HAyKOBUI KEPiBHWUK — AOKTOP MeOU4HUX Hayk,
npogecop CadoHosa |.M.

BCTYN

HesBaxatoum Ha 3Ha4HUWA Mporpec y npeHaranbHiin
JiarHoCcTuUi Ta NiKyBaHHI 3aXBOPOBaHb HOBOHAPOOKEHMX,
Habpsk nnopa 3anuwaeTbCA NaToNorieto, WO XapaKkTepu-
3YETbCS BUCOKOK CMEPTHICTIO SK B aHTeHaTanbHWIi, Tak
i B mocTHaTanbHU nepiogn. BwxuBaHicTb fiten 3 uieto
naTorsorieto, 3a PisHUMKU LAHUMK, CTAHOBUTBL Bif 27 0 36%.
Habpsik nnoga — ue HakoMMYEHHS MO3aKMNiTUHHOI PigvuHM
y ABOX i Binblle NOpOXHUHAX Nroga, 4YacTo Yy MOedHaHHI
3 MigWKipHUM HabpsKOM. I30nboBaHe CKYMYEHHsT pigvHM
nvie B YepeBHiN, nnespanbHii abo nepvkapaianbHin
MOPOXHUHAX OMUCYIOTb SK acuuT, NNeBpanbHU BUMIT
(rippoTopakc), nepukapgiansHuin BUNIT (rigponepukapa).

[o ocobnmBocTen naTtoreHesy HeIMyHHOro Habpsiky
nnoga (HIHM) BiaHOCATLCS: BUCOKA TigpOdiNbHICTL TKAHUH
nnopa, OOCTPyKUia niMMaTUYHUX CyaWH, MOPYLUEHHS
BiATOKY nimcpu, 3acTillHa cepLeBa HEAOCTATHICTb, 0B6CTPykK-
Ui BEHO3HOro BIiATOKY, 3MiHa BEHO3HOro TUCKY Y Mroga.
Bci ui dhakTopu CnpnyYnHAKTE BUKUA PIAWNHW 3 KNITWH | TKAHWH
y «TPETi» MPOCTOPWU — YEepEeBHY, IPyOHy, nepvkapgiansHy
MOPOXHUHKW, a TakoX MiAWKipHUA npocTip. OHKOTUYHWUIA
TUCcK GinNKiB nnasmu nnoga He Mae BEerIMKOro 3HaveHHs
y bopmyBaHHi 06’eMy LUMpKynooYoi KpoBi nnoga. Ha gaHvn
yac BCi NaHKM nartoreHesdy cuHApPOMY Habpsiky nrnopa npu
pi3HMX eTionoriyHMx dakTopax Bigomi He Ao KiHub [1,2].

TakMM YMHOM, CUHAPOM Figponcy CTaHOBUTb YHiBEp-
canbHy MaTonoriyHy peakuito CYAMHHOI cuMcTeMu mnroga
Ha pi3Hi aHomanii. OyeBungHo, npnunHn HIHM HeoagHopigHi
i He3NiYeHHO pi3HOMaHITHI, BKMOYauy aucnnasito nimdm,
aHeMilo, NopyLueHHs obMiHy pevoBWH, aHoManii cepLeBoi
Ta rpyaHoi MOPOXHUMHK, NYXITMHW Nfoda Ta GaraTo iHLWKX.
KniHiyHui npotokon ToBapucTBa akyllepiB Ta riHEKOMOriB
KaHagn (SOGC) Hagae cTaTUCTUYHI AaHi Npo NPUYUHK
pO3BMTKY HEiIMyHHWUX HabpskiB nroaa [3]: cepueBO-CyaANHHI
posnagn — 21,7%, rematonoriyHi npuunHn — 10,4%, xpo-
MOCOMHi aHomanii — 13,4%, cuHgpomHa natornoris — 4,4%,
nimdatnyHa gucnnasia — 5,7%, nopyweHHss 06MiHy peyo-
BMH, XBOPOOM HaKOMU4YEHHA, mykononicaxapugo3d — 1%;
iHdpekuii — 6,7%; aHomanii rpygHoOi MOPOXHWHU — 6%;
nyxnuHn nnoga — 1%; cuHapom geTo-geTanbHOI TpaHc-
dysii. (CODT) — 5,5%; inionatnyHi dopmm — 17,8%.

YucneHHi nybnikauii, BKNOYEHi OO OrnagiB pecypcy
UpToDate [2019], MmicTATb NOBIAOMMEHHS MNP0 3B’A30K
HIHIM 3 pi3HMMK naTonoriYyHMMK CcTaHamu, cepen SKuX
3yCTpivaloTbCa Taki [4]: reMaTonoriyHi YAHHKKN (HeiMyHHa
aHewMmis, a-tTanbcemis, AediunT PepMeHTIB epUTPOLIMTIB,
cMHOpoM heTo-dheTanbHOI TpaHcdy3ii JOHOP-O6MNM3HIOK);
cepLueBi YMHHMKKM (apuTMii Mnoga, 3oKkpema HagLwyHOo4KoBa
Taxikapgia Ta ©Onokaga cepus), nepegvacHe 3akpuTTs
OBasfibHOrO OTBOPY, MepeayacHe 3akpuUTTA apTepianbHOi
NMPOTOKW, aHOMarii TPUKyCniganbHOro KnanaHa, kapaiomMio-
natia, nNyxnMHW cepus nrnoAa, KapauT); XPOMOCOMHI
aHomanii (tpucomia 21, 18, cuHgpom TepHepa); iHdeKu;i:
Bipycu (napBoBipyc-B-19, repnec, uutomeranosipyc), TOKCO-
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INTRODUCTION

Despite significant progress in prenatal diagnosis and
treatment of neonatal diseases, dropsy currently remains
pathology characterized by high mortality both in the
antenatal and postnatal periods. Survival of children
with this pathology, according to various sources, is from
27 to 36%. Fetal hydrops is the accumulation of extra-
cellular fluid in two or more fetal cavities, often in combi-
nation with subcutaneous edema. An isolated accumu-
lation of fluid only in the abdominal, pleural, or pericardial
cavities is described as ascites, pleural effusion (hydro-
thorax), pericardial effusion (hydropericardium).

Features of the pathogenesis of NIHF are the follow:
high hydrophilicity of fetal tissues, obstruction of the
lymphatic vessels, impaired lymph return, congestive heart
failure, obstruction of venous return, changes in fetal venous
pressure. All of these factors lead to the release of fluid
from cells and tissues into the «third» spaces — the abdo-
minal, thoracic, pericardial cavities, as well as the sub-
cutaneous space. The oncotic pressure of fetal plasma
proteins is not of great importance in the formation of
the fetal circulating blood volume. Currently, all the links
in the pathogenesis of hydrops fetalis syndrome with
various etiological factors are not fully known [1, 2].

Thus, hydrops syndrome is a universal pathological
reaction of the fetal vascular system to various anomalies.
Obviously, the causes of NIHF are heterogeneous and
innumerable diverse, including lymphatic dysplasia,
anemia, metabolic disorders, cardiac and chest cavity
abnormalities, fetal tumors and many others. The clinical
protocol of the Society of Obstetricians and Gynecologists
of Canada (SOGC) provides statistics on the causes of
the development of non-immune fetal hydrops [3]: cardio-
vascular disorders — 21.7%, hematological causes — 10.4%,
chromosomal abnormalities — 13.4%, syndromic patho-
logy — 4.4%, lymphatic dysplasia — 5.7%, metabolic
disorders, storage diseases, mucopolysaccharidosis — 1%;
infections — 6.7%; chest cavity anomalies — 6%; fetal
tumors — 1%; twin-to-twin transfusion syndrome (TTTS) —
5.5%; idiopathic forms — 17.8%.

In numerous publications included in the reviews of
the UpToDate resource [2019], there are reports of the
connection of NIHF with various pathological conditions,
among which the following are encountered [4]: haemato-
logical causes (non-immune anemia, a-thalssemia, defi-
ciency of erythrocyte enzymes, twin-to-twin transfusion
syndrome donor twin); cardiac causes (fetal arrhythmias
as supraventricular tachycardia and heart block), prema-
ture closure of the foramen oval, premature closure of
the ductus arteriosus, tricuspid valve abnormalities, cardio-
myopathy, fetal heart tumors, carditis); chromosomal
abnormalities (trisomy 21, 18, Turner syndrome); infections:
viruses (parvovirus B19, herpes, cytomegalovirus), toxo-
plasmosis, syphilis, rubella; vascular malformations
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nna3mos, cudinic, KpacHyxa; Baau po3BUTKY CyauH (xopio-
aHrioma nraueHTn, remaHrioma neviHkuM, apTepioBeHO3Ha
Baga rOMOBHOIO MO3KY, KpPWXOBO-KYNMpuvKoBa TepaToma,
cuHgpom Kninnens—TpeHoHe—Bebepa); nopyLueHHs KpoBo-
obiry nnopa (BHyTpilUHbOYEpEnHa KpoBoTeya, Tpombo3
HUPKOBUX BEH, TPOMBO3 HMXKHLOT MOPOXKXHUCTOT BEHW, CUHL-
pom beTo-chbeTanbHOi TpaHcdysii  peumnieHT-6rmn3HIoK;
nimcatnyHi Bagy po3BuTKy (nereHesi nimdaHriekTasii, Kic-
TO3Ha rirpomMa, CUHAPOM MHOXWHHOI MTepwurii, CMHAPOM
HyHaH); aHomanii nopoXHWHW TpyaHOI KMiTkM (KicTO3Ha
afieHoMaTto3Ha aHomarnisa fnerelis, giagpparmansHa rpuxa,
nereHeBa CEKBECTpaUis, MNyXNWHU TPYOHOI  KNiTKK);
aHomanii ckeneta (acdikTnyHa rpygHa guctpodisi, Hesa-
BEPLUEHUI OCTEOreHEe3, XOHAPOANCMNA3if); FeHETUYHI MeTa-
BoniyHi 3axBOPIOBaHHSA: XBOPOOM HakonuMyeHHsi (xBopoba
lowe Ta iH.), MyKononicaxapugos, nisocomarbHi Ta MiTo-
XoHApianbHi XBopobwu; rinokiHesia (apTporpmMnos, CMHAPOM
Neu-Laxova, cuHgpom Pena-Shokeir, MmioToHi4YHa gncTpo-
oist; iHWI (kMWKoBa HenpoxigHiCTe 3 nepdopauieto (Meko-
HeanbHUA NEPUTOHIT, 3aBOPOT KMULLOK), CMHOPOM Heaoc-
TaTHOCTI M’A3iB XMBOTa.

TakMM 4YMHOM, HaW4acTilLMMKW MpUYMHaMK  HabpsKy
nnoga € CepueBO-CYyQMHHI po3nagu Ta aHemis, a Takox
XPOMOCOMHi nopylieHHsi. Cepep, cepLUeBO-CYAUHHUX YMH-
HUKIB — BUAINEHHS PIOWHW i3 CYOUH Y «TPETi» NPOCTOpU —
CTPYKTYPHi aHoMarnii cepus Ta natonoria miokapaa.

HaiiGinbl KepoBaHOK NAaTOMOrie LbOro CrnekTpa €
detanbHa Taxikapgis. lNepuHaTanbHi iHeKUiT 3anmatoTb
yeTBepTe Micue cepef Npu4mH HabpsKy. B-19-napBoBipycHa
iHdbekLis nnoga cynpoBOOXKYETLCA BTOPUHHO aHEMIEI i €
HaNOLUMPEHILLIO IH(EKUINHOK MPUYMHOK  HEIMYHHOrO
Habpsky nnopa. Yactka meTaboniyHnx nopylleHb cepes
NpuunMH HabpsKy JocuTb HM3bka. OgHak y pasi Takux
nopyLleHb iCHye pu3nK peuuamBy, TOOBTO MOBTOPHOrO
pO3BMTKY MaTtonorii y Hawagkis ogHuMx GaTbkiB, LLO Bax-
NMBO BpaxoByBaTU 4118 NNaHyBaHHA HACTYMHOI BariTHOCTI.

IMyHHI Ta HeimyHHi Habpsku nnoga (HIHIM) matoTb
OOCUTb iAeHTWYHI exorpadivHi 0cobrnmBOCTi nNoniceposunTy,
iHod4i B MoOedHaHHI 3 nigwkipHuM Habpsikom. Baknueo,
WO MPUYMHM Malke KoxHoro m'sitoro Bunagky HIHIM He
BM3HA4eHi Ha cydacHoMy eTani. Taki (hopMu 3axXBOpHOBaHb
3a3BMyall HasMBatloTb iQioNAaTUYHMMU: X MPUYMHU HE3'sa-
COBaHi, a MPOrHo3 HeBu3HayeHuin [4]. BputaHcbka ny6-
nikauia [2011], npuceBaYveHa po3rNAHYTI naTonorii, Mana
3arofioBOK, SIKMWA Ayxe nerko sanam’statn:  «HeimyHHWIA
Habpsk nnoaa: Wwo ckasaTtn batbkam?y [6].

[incHo, y nikyBaHHi HabpsAKy nnoga, sk i B nepyHararnbs-
HOMY KOHCYMbTYBaHHI, iCHYE CTifMbK/ X NUTaHb, CKifbKU 1
Bignosigen. Y 2013 p. 6yno onybnikoBaHo NoBHe Ta AeTanb-
He KepiBHMUTBO KaHagcbKol akylepCbKO-riHEKOMOrYHOI
acouiauii gns BegeHHA Takux nauieHTiB. lMpeHaTtanbHa
TakTuka y Bunagky HIHI Bkntoyae HanpaeneHHsa BariTHOT
XIHKMW B nepuHaTanbHWUN LEHTP, MELOUKO-TEeHETUYHE KOH-
CYmNbTYBaHHSA, LUTOTEHETUYHI Ta MONEKYNAPHO-TEHETUYHI
TECTW, aHani3u MaTtepi, AeTarnbHe eKCnepTHe yrbTpa3ByKoBe
CkaHyBaHHS nnoga (ynsTpa3ByKOBa aHaTOMisi, exokapaio-
rpadis, gponnneporpadis, KTI). AHanisan maTepi, pekomeH-
[OBaHi Npu diarHocToBaHOMY HeiMyHHOMY Habpsiky nroga
[4]: ABO Tta Rh, Henpsima npoba Kymbca, cudinic, LIMB,
ToKconnasma, napsoBipyc-B-19, kpacHyxa, po3wwumpeHuin
aHani3 KpoBi, koaryrnorpama, npobu ne4viHkn (BMKIMIOYEHHS
«A3epKanbHOro CMHAPOMY» — MaTEPUHCBKMX MOMiCepO3uTiB
Ta npeeknamncii, BTopuHHMX go HIBM) [7]. IHBa3uBHi
aMHIOTUYHI Ta deTanbHi TECTU NMpU HEiMyHHOMY HabpsiKy
nnoga: MNP LMB, B19-napsoBipyc, npsmui Tect Kymbca,
TORCH (ceponoris, Bipyconorisa, 6aktepionorisl), TecTu Ha

(chorioangioma of the placenta, liver hemangioma, arterio-
venous malformation of the brain, sacrococcygeal
teratoma, Klippel-Trenaunay-Weber syndrome); fetal
circulatory disorders (intracranial hemorrhage, renal vein
thrombosis, IVC thrombosis, twin-to-twin transfusion
syndrome recipient twin; lymphatic malformations (pulmo-
nary lymphangiectasias, cystic hygroma, multiple pte-
rygium syndrome, Noonan syndrome); fetal chest cavity
abnormalities (cystic adenomatous malformation of the
lungs, diaphragmatic hernia, pulmonary sequestration,
thoracic tumors); skeletal abnormalities (asphyctic thoracic
dystrophy, osteogenesis imperfecta, chondrodysplasia);
genetic metabolic diseases: storage diseases (Gauche
disease, etc.), mucopolysaccharidosis, lysosomal and
mitochondrial diseases, hemochromatosis; fetal hypo-
kinesia (arthrogryposis, Neu-Laxova syndrome, Pena-
Shokier syndrome, myotonic dystrophy; others (intestinal
obstruction with perforation (meconeal peritonitis, volvulus),
prune belly syndrome.

Thus, the most common causes of fetal hydrops
are cardiovascular disorders and anemia, as well as
chromosomal disorders. Among the cardiovascular
reasons for the release of fluid from the vessels into the
«third» spaces — structural abnormalities of the heart
and myocardial pathology.

The most manageable pathology of this spectrum is
fetal tachycardia. Perinatal infections rank 4th among
the causes of hydrops. B-19-parvovirus infection of the
fetus is accompanied by secondary anemia and is the
most common infectious cause of non-immune hydrops
fetalis. The proportion of metabolic disorders among the
causes of hydrops is low. However, with such violations,
there is a risk of recurrence, i.e., re-development of patho-
logy in the offsprings of the same parents, which is
important for planning subsequent pregnancies.

Immune and non-immune hydrops fetalis (NIHF) have
quite identical echographic features of polyserositis,
sometimes in combination with subcutaneous edema.
It is important that the causes of almost every fifth case
of NIHF are not determined at the present stage. Such
forms of diseases are usually referred to as idiopathic:
their causes are unclear and the prognosis is uncertain [4].
A British publication [2011] devoted to the pathology in
question had a catchy headline: «Non-immune hydrops
fetalis: what to tell the parents?» [6].

Indeed, in the management of fetal hydrops, as in peri-
natal consulting, there are as many questions as there
are answers. In 2013, a complete and detailed COGS
guideline for the management of these patients was
published. Prenatal tactics for NIHF includes referral of
a pregnant woman to a perinatal center, medical genetic
counseling, cytogenetic and molecular genetic tests,
maternal tests, detailed expert ultrasound scanning of the
fetus (ultrasound anatomy, echocardiography, Doppler,
CTG). Maternal tests recommended for non-immune
fetal hydrops [4]: ABO and Rh, indirect Coombs test,
syphilis, CMV, toxoplasma, B19 parvovirus, rubella,
expanded blood count, coagulogram, liver function tests
(exclusion of «mirror syndrome» — maternal polyserositis
and preeclampsia secondary to NIHF) [7]. Invasive
amniotic and fetal tests for non-immune fetal hydrops:
PCR CMV, B19-parvovirus, direct Coombs test, TORCH
(serology, virology, bacteriology), tests of fetal lung
maturity (depending on the gestational age), aspiration
of the corresponding fetal cavities (lymphocytogram,
proteinogram). In difficult cases, to determine the causes
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3pinicTb NereHiB nnoga (3anexHo Big, TEPMiHY BariTHOCTI),
acnipauis BianoBigHUX MOPOXHMH Nnoga (nimdoumtorpamMa,
npoteiHorpamMa). ¥ cknagHuWx BuMagkax Ans BU3HAYEHHS
NPUYMH HabpsKy MokasaHi iHBa3MBHI OOCMIAXKEHHs 3 Je-
TanbHUM NabopaTopHMM AOCHIAKEHHAM aMHIOLMTIB, KPOBI
nnoaa Ta acnipauii 6e3nocepeHbO 3 ypaKeHUX MOPOXKHMH.

KniHiyHi nepuHaTanbHi 0COGnMMBOCTI Ta MPOrHo3 npu
HeiMyHHOMY Habpsiky nnoga MawTb MEBHi XapaKTepHi
pYCK: BUCOKa 4acToTa XpOMOCOMHUX aHOManii, CTPYKTYPHI
pedbektn, nepuHatanbHi BTpatn [8], Npu HOopmanbLHOMY
KapioTuni BWXMBaHICTb nnogie/HoBoHapomxkeHux 3 HIHIM
ctaHoBUTb 31-48% [3]. 3aranbHui pusmk nepuHatanb-
HOi cMepTi € 0COBNMBO BMCOKMM Yy NIOAIB A0 24 TUXHIB. Y
pasi iHekKuil napeoBipycom-B19 MoXnMBe CNOHTaHHE yCy-
HEHHs1 Takoro pu3uKy 3 NOBHO perpecieto Habpsky [3, 4].

CepueBa HegoCTaTHICTb MOXe PO3BMHYTUCHA Ha Thi
aHaTOMIYHO HOpMarbHOrO cepus i3 NPOrpecyvYMmMmn nopy-
LWEHHAMW nnaueHTn. PoswmnpeHuin ynsTpasBykoBUA MOHi-
TOopuHr nnoga i3 cuHgpomom HIHIT noBuHeH BknNtoYaTH
ouiHKy pi3HMx acnekTiB: gonnnep PSV CMA ans piarHoc-
TUKM eTanbHOI  aHeMil, CepueBO-CYOUHHUI npodinb
(BEHO3HMI NPOTOK, MEPELUNAOK aopTW, BEHa MyNOBUHM,
iHoekcn Miokapga), nopywenui BHacnigok HIHIM nnaueH-
TapHui Nnpodink (apTepianeHa gonnneporpadisi) 3a3suyan
noripwyeTbcs nisHilwe. Po3wmnpeHnin TpaguuinHuin Giodi-
3M4HMIA Npodinbk nnoga 3 nigpaxyHKkoM GaniB nokasaHun
B pasi HIHIM Ha oHi nopyleHHs cepueBOoro putMy
nnopa [9]. CepueBo-cyamHHMIN npodpine He3nocepenHbo
MoB’'sAi3aHMIA 3 OUIHKOK CTaHy nnoga i3 CcepueBoOto
HeJOCTaTHICTI0O — OJHIE 3 HaWMOLUMPEHIWNX NPUYMH
Habpsky nnoga [10]. Taki gonnnepiBCbki 03HaKK, SIK Mynb-
cauisi BeHW nyrnoBWHW, a-peBepC BEHO3HOI MpPOTOKW, Adia-
cTonivyHa AMCyHKUIA Miokapga, cBigyaTb Npo nepeBaH-
TaXeHHs1 i [JeKoMMneHcauilo cepusi Ta € nepeaymMoBamMu
BHYTPILLIHBOYTPOBHOi cmepTi nnoga. MoHiTopuHr cepueBoi
dYHKUIT BKMNOYAE Taki napaMeTpu: kapgio-TopakanbHe cnis-
BifHOLLEHHS, gonnneporpadito BEHO3HOT MPOTOKN Ta BEHU
NynoBUHW, OLHKY dpakuii BUKMAY, iIHAEKC NPOAYKTUBHOCTI
MioKapda, OUiHKy Hanpyrm Miokapga, gonnneporpadito
KOpOHapHMX apTepii, OLiHKY KPOBOTOKY Yepes3 aTpioBeH-
TPUKYNSAPHI knanaHu (CniBBigHOLLEHHS MIKOBUX LUBUAKOC-
Ten E/A, knanaHHoi perypritauii). Moxnuei ynsTpa3ByKoBi
O3HaKku CepLeBOl HeQOCTaTHOCTI Nnofa: peBEepPCHUN Kpo-
BOTIK y BEHO3HY MPOTOKY nnofa, nynbcalis BEH NyrnoBUHMU,
Kapgiomeraniqa, gunaTtadis npasux Big4inis cepus, Tpukycni-
hanbHa Ta/abo MiTpanbHa perypriTauis, MOHOasHUA TUM
KPOBOTOKY, 3MEHLLEHHS cppaKLii Buknay Ta Habpsk nnoga [11].

BHyTpilwHbOyTPpOGHY Tepanito npu HIHIM pekomeHgoBaHo
B NOnoxeHHsx MeauyHoro ToBapucTBa MaTtepi Ta nnoga
(Society for Maternal-Fetal Medicine, SMFM) (2015).
Migxig 3anexute Bi4 NPWYMH, BCTAHOBMEHUX MNPOTSArOM
piarHoctnyHoro npouecy [12]. Cnig 3BepHyTM yBary Ha
BiACYTHICTb Oyab-AKMX peKoMeHAaLii LWoAo NpOBeAEeHHS
TpaHcnnaueHTapHoi aHTubakTepianbHOi, NPOTUBIPYCHOT
abo imyHocTMMyntoBanbHOI Tepanii: Taki TepaneBTUYHI
NiAXOAN He PErymnioloTbCs | He MPaKTUKYTLCS HaBiTb y TUX
BMMNagkax, Konum Habpsik nrnoga 3yMOBMEHUA OOBEAEHUM
BMMMBOM iHbeKUiiHOro npouecy. MoxyTb icHyBaTu Taki
BapiaHTu petansHoil Tepanii HIHIM:

— Yy pasi aHeMil — BHyTPiLLHbOYTPOGHE NepenmBaHHs KPOBi;

— npv rigpoTopakci abo Kictax rpyaHoOi MOPOXHUHU
nrnoga — TopakoueHTe3 abo LYHTYBaHHS KiCT;

— Y pasi cynpaBeHTPUKYNAPHOI TaxiapuTmii — aHTu-
apvTMiyHa Tepanis matepi (y criBnpaui 3 nepuHaTanbHUM

of hydrops, invasive tests with detailed laboratory exami-
nation of amniocytes, fetal blood and aspirate directly
from the affected cavities are indicated.

Clinical perinatal features and prognosis for non-
immune fetal hydrops have some particularities: the high
frequency of chromosomal abnormalities, structural
defects, perinatal losses [8], as with normal karyotype, the
survival rate of fetuses/newborns with NIHF is 31-48% [3].
The overall risk of perinatal death is particularly high in
hyhrops fetalis before 24 weeks. Spontaneous resolution
with complete regression of hydrops is possible with
parvovirus-B19 infection [3, 4].

Cardiac insufficiency can develop on the background
of an anatomically normal heart with progressive placental
disorders. Extended ultrasound monitoring of a fetus
with  NIHF syndrome should include assessment of
different aspects: fetal doppler PSV CMA for the diag-
nosis of fetal anemia, cardiovascular profile (ductus venous,
aortic isthmus, umbilical cord vein, myocardial indices)
which is impaired in NIHF earlier, placental profile (arterial
Doppler) usually impairs later. Expanded classical biophy-
sical profile of the fetus with scoring helps in NIHF with
fetal heart rhythm disturbances [9]. The cardiovascular
profile is directly related to the assessment of the condition
of the fetus with heart failure — one of the most common
cause of fetal hydrops [10]. Such Doppler signs as
pulsation of the umbilical vein, a-reverse of the ductus
venosus, myocardial diastolic dysfunction indicate over-
load and cardiac decompensation and predict intrauterine
fetal death. Monitoring of cardiac function includes the
next parameters: cardio-thoracic ratio, ductus venous and
umbilical vein Doppler, ejection fraction estimate, myo-
cardial performance index, evaluation of myocardial
strain, coronary arteries Doppler, assessment of blood
flow through atrioventricular valves (the ratio of peak velo-
city E/A, valvular regurgitation). Possible ultrasound signs
of fetal heart failure: ductus venosus reversed flow,
umbilical cord vein pulsation, cardiomegaly, dilatation
the right heart chambers, tricuspid and/or mitral regurgi-
tation, monophasic type of flow, reduction of ejection
fraction and fetal hydrops [11].

Intrauterine therapy in NIHF is recommended in SMFM
guidelines (2015). The approach depends on the reasons
set out in the diagnostic process [12]. Attention is drawn to
the absence of any recommendations for carrying out
transplacental antibacterial, antiviral or immuno-stimulating
therapy: such therapeutic approaches are not regulated
and not practiced even in cases where fetal hydrops is due
to the proven influence of the infectious process. The op-
tions of fetal therapy of NIHF might be among the follows:

— with anemia — intrauterine blood transfusions;

— with hydrothorax or cysts of the fetal chest cavity —
thoracocentesis or cysts shunting;

— with supraventricular tachyarrhythmia — maternal
antiarrhythmic therapy (in collaboration with a perinatally
skilled cardiologist);

— with TTTS — laser coagulation;

— for other anomalies, appropriate fetal interventions.

After birth, a comprehensive examination of the
newborn is carried out. All neonates with an antenatal
history of NIHF require postnatal follow-up monitoring
(depending on the type of perinatal outcome): patho-
morphological examination of the placenta, US monito-
ring of a newborn (heart, brain, abdominal ultrasound),

Kapgionorom); blood biochemistry, proteinogram, TORCH, virology,
— npu ®PTC — nasepHa koarynsiwisi; or autopsy.
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— Yy BUMAAKY iHWKWX aHomanin — BignoBigHi deTanbHi
BTPYYaHHSII0.

Micna HapomkeHHs NMPOBOAUTLCA KOMMIEKCHE OOCTe-
XEHHS1 HOBOHapOMKEHOro. Yci HoBoHapomkeHi 3 HIHI
y nepegnonoroBoMy aHamHesi noTpebyloTb MocTHaTanb-
HOrO CMOCTEPEXEHHS (3anexHo Big TNy nepuHaTanbHOro
pesynesraTy): natoMopdonoriYHe AOCHIMKEHHSA NNaLeHTwn,
Y3 MOHITOPUHI HOBOHapoaxeHoro (cepue, mMo3ok, Y3[
YepeBHOI MOPOXHWHK), Bioximia KpoBi, npoTeiHorpama,
TORCH, Bipyconoris abo ayToncis.

MeTa po60TU — 03HANOMIIEHHSI MEAWNYHOI CNiNbHOTU 3
NPUHUMNAMW iarHOCTUYHUX anropuTMIB Ta akyLlepCbKoi
i nepuHaTanbHOI TaKTUKW MpU  HEIMyHHOMY Habpsiky
nnopga, a TakoX aHani3 KniHiYHUX O3HakK, yNbsTPa3ByKOBOrO
MOHITOPUHIY Ta pesynbraTtiB BariTHOCTI y 14 Bunagkax
HeiMyHHOro Habpsiky nnoga, WO BWHWKAB Yy APYrin
NONTIOBMHI BariTHOCTI.

MATEPIAJNIK TA METOAW AOCHNIOAXEHHA

Marepianom ans gocnigpkeHHst Oynu nyonikadii, 3Ham-
OeHi B 6a3zax aaHux Scopus, Web of Science Core Collection
Ta PubMed 3a nepiog 2009-2020 pp., Ta aHaniTU4HUA 3BIT
BracHoi cepii 3 14 BuMnagkiB HeiMyHHOro Habpsky nnopa
(HIHM) pisHoro noxomxeHHs. [lMpotarom 2005-2020 pp.
y BigAiNeHHi ynbTpa3ByKOBOI [AiarHOCTUKM  XapKiBCbKOT
obnacHoi nikapHi 3 obrnacHMM nepuHaTanbHUM LEHTPOM
HIHM 6yB apiarHocToBaHui y 14 BariTHWX XIHOK y ApPYrin
nonoBuHi BariTHocTi. OnucaHi KniHiYHi ocobnuBocTi, HaaaHi
306paxeHHs Y3[ Ta gonnneporpadiyHOro MOHITOPUHIY,
BMBYEHI MepuHaTanbHi/nocTHaTanbHi Hacnigkm (puc. 1-12).

KpuTepismu BknioveHHs A0 AocnimkeHHs Oyna Hase-
HICTb YNbTPa3BYKOBMX O3HaK Pi3HMX (OPM HEIMyHHOro
Habpsky nnopa. Kputepigmy HeBKMOYeHHs OO0 Aocnia-
XeHHs Bynn o3HakM iMyHHOro Habpsiky (ceHcmbinisoBaHa
BariTHICTb).

JocnigkeHHa npoBoaunu  BigMNOBIAHO OO ETUYHMKX
cTangapTiB [enbCiHCLKOT Aeknapadii BcecBiTHbOI MeanyHoi
acouiadii Woao eTUYHUX NPUHUMNIB HAyKOBUX MEAUYHUX
pocnigxkeHb 3a yyactio noguHu (1964—2008 pp.), 3rigHo
3 [upektuBoto €Bponencbkoro CnisToBapucTtea 86/609
Npo yyacTb JOAMHU Yy OGioMegnyHMX OOCHIMKEHHSIX Ta
Hakaszom MiHicTepcTBa OoxopoHu 300poB’s YkpaiHu Ne690
Big 23 BepecHsi 2009 p. MNauieHTn gann cBOK YCBILOMIEHY
3rogy Ha y4acTb Yy AOCHiIKEeHHi, aka Oyna 3aTBepaxeHa
Komicieto 3 ynbTpasBYKOBOI  [OiarHOCTUKW  BiadineHHst
yNbTPa3ByKOBOI AiarHOCTMKM XapKiBCbKOT 06nacHoi nikapHi.

PE3YNbLTATU TA IX OBTOBOPEHHSA

BuByeHi BMNagkn manu pisHi npuymMHW: aHomanii ne-
reHiB nnoga (cekeBecTpauisi); BpomkeHa AdiadparmarnbHa
rowka (BAl); BHYTPIlWHBOYTPOOHI  BHYTPILUHBEOYEPEBHI
CMankn; MeKoHearnbHW nepuToHiT; ®PTC Ta rigponcuc
peunnieHTa (2); nepegyacHe 3akpUTTA apTepianbHOI
MPOTOKM, HapawryHo4YkoBa Taxikapais nnoga (SVT) (2);
OynbOo3HUA enigepmoni3, MOB'3aHWA 3 MerauMctom Ta
rigpoHedpo3om; aTpesia KuLKiBHUKA; B-19-napsoBipycHa
BHYTPILWHbOYTPOOHA  iH(beKUis; nocnigoBHICTE — akiHesii
nnoga. OgvH BMNAdoOK pO3UiHIOBaNM K igionaTU4HUn
TPaH3UTOPHWUIA TiAPOrC.

MpoBegeHo aHani3 KniHiYHUX O3HaK, YNbTPa3BYKOBOIO
MOHITOPVHIY Ta pesynbraTtiB BariTHOCTi y 14 Bunagkax
HeiMyHHOro Habpsiky mnnoda, WO BUHWKNW Yy APYrin
MONOBWHI BariTHOCTiI.

Purpose — acquaintance of the medical community with
the diagnosis and treatment of non-immune hydrops as well
as the analysis of clinical features, ultrasound monitoring
and perinatal outcomes of 14 cases of non-immune fetal
hydrops onset in a second half of pregnancy.

MATERIALS AND METHODS

The material for the study were publications and
results of clinical trials found in the databases Scopus,
Web of Science Core Collection and PubMed for the
period 2009-2020 and the analytic report of the own
series of 14 cases of non-immune hydrops fetalis (NIHF)
of various origins. During the period of 2005-2020 under
the supervision in the Ultrasound Department of Kharkiv
regional hospital with regional perinatal center there
were 14 pregnant women with NIHF diagnosed in a second
half of pregnancy. Clinical features are described, ultra-
sound images and Doppler monitoring are given, peri-
natal/postnatal results are studied (Fig. 1-12).

The criteria for inclusion in the study were the presence
of ultrasound signs of various forms of non-immune fetal
edema. Criteria for non-inclusion in the study were signs
of immune edema (sensibilised pregnancy).

The study was conducted in accordance with the
ethical standards of the Helsinki Declaration of the World
Medical Association on the ethical principles of scientific
medical research with human participation (1964—-2008),
European Community Directive 86/609 on human parti-
cipation in biomedical research, and the order of the
Ministry of Health of Ukraine Ne 690 dated September 23,
2009. Patients gave their informed consent to participate
in the study, which was approved by the Ultrasound
Commission of the Ultrasound Department of Kharkiv
regional hospital.

RESULTS AND DISCUSSION

The studied cases have had various causes: fetal lung
abnormalities (sequestration); congenital diaphragmatic
hernia (CDH); intrauterine intraabdominal adhesions;
meconeal peritonitis; TTTS and recipient’s hydrops (2);
premature closure of the ductus arteriosus, fetal supra-
ventricular tachycardia (SVT) (2); epidermolysis bullosa,
associated with megacystis and hydronephrosis; atresia
of the intestine; B19-parvovirus intrauterine infection;
the sequence of fetal akinesia. One case was regarded
as idiopathic transient hydrops.

The analysis of clinical features, ultrasound monitoring
and pregnancy outcomes of 14 cases of non-immune
fetal hydrops developed in the second half of pregnancy
was carried out.
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(1) 2

Puc. 1. Bunagku 1 i 2. HIHIM Ha Tni aHoMani rpyaHOi NOPOXHUHM.
(1) 26 TnxHiB, ekcTpanobanbHa cekBecTpalia nereHis, Habpsik, aTenekTas nereHis, AuxanbHUi AUCTPeC,
paHHsA cMepTb HOBOHapokeHoro. (2) 25 Twxkhis, BAI, paHHA HeoHaTanbHa cMepTb
Fig. 1. Cases 1 and 2. NIHF on the background of chest cavity anomalies.
(1) 26 GW, extralobar lung sequestration, hydrops, pulmonary atelectasis, respiratory distress, early neonatal death.
(2) 25 GW, CDH, early neonatal death

M )

Puc. 2. Bunagku 3 i 4. (1) 35 TwxkHis, BIN-iHdpekuia y maTepi, BHYTpilLHbOYTpobHa iHdeKLis,
BHYTPILLHBOYTPOGHMI cencuc, BHYTPILLHbOYepEBHa craiika nnoaa (CTpinku), aHTeHaTanbHa CMepTb.
(2) 30 TvxHIB, KMLLKOBA HENPOXIAHICTb NNoaa, nepdopadist KULWKIBHMKA, MEKOHEanbHUIN NMEPUTOHIT,
Habpsk, kanbumdikaTh (CTpinka), Xipypris Nicns HapomKeHHS, OAYyXaHHS
Fig. 2. Cases 3 and 4. (1) 35 GW, maternal HIV infection, intrauterine infection, intrauterine sepsis,
fetal intra-abdominal adhesion (arrows), antenatal death.
(2) 30 GW, intestinal obstruction of the fetus, intestinal perforation, meconeal peritonitis,
hydrops, calicifications (arrow), postnatal surgery, recovery

1) ()

Puc. 3. Bunagok 5. 21 tuxaeHsb, nnig-peunnieHt @PTC, HIHIM, cepueBa HegocTaTHICTL nnoaa.
(1), (2) NigLuxipHnin Habpsik
Fig. 3. Case 5. 21 GW, TTTS recipient twin, NIHF, fetal heart failure.
(1), (2) Subcutaneous edema
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Puc. 3. Bunagok 5. 21 twxgeHsb, nnig-peunnieHt @PTC, HIHM, cepueBa HegocTaTHICTL Nnoaa.
(3) TpudpasHa nynbcadis BeHn nynosuHuW. (4) A-peBepcHa XBuNs BEHO3HOIO NpoToKa.
(5) OiactonivyHa AMcdyHKUis Miokapaa, 3MEHLLEHHS BUKMAY LUMYHOYKIB. AHTEHaTanbHa cMepTb Yepes 5 gHiB
Fig. 3. Case 5. 21 GW, TTTS recipient twin, NIHF, fetal heart failure.
(3) Three-phase pulsation of the umbilical vein. (4) A-reverse wave of the duct venous.
(5) Diastolic myocardial dysfunction, decreased ventricular ejection. Antenatal death in 5 days

) 4) ®)

Puc. 4. Bunagok 6. BHyTpillHbOyTpoBHE 3aKpuTTs apTepianbHOi NPOTOKU.
37 TwxHiB, cepueBa HegocTaTHICTb nnoga, HIHMM.
(1), (2) lnepTpogis miokapaa, rigponepukapg, rigpoTopakc, kapgiomeranisi.

(3) A-peBepc BeHO3HOI NpoToku. (4) MlonocucTonivyHa TpukycniganeHa perypritadisi.
(5) ABopazHa nynbcauis BeHu nynoBuHWU. TepMiHoBuin KecapiB po3TuH, ogy>KaHHSA
Fig. 4. Case 6. Intrauterine closure of ductus arteriosus. 37 GW, fetal heart failure NIFH.
(1), (2) Myocardial hypertrophy, hydropericard, hydrothorax, cardiomegaly.

(3) A-reverse flow in ductus venous. (4) Holosystolic tricuspid regurgitation.

(5) Biphasic pulsation of the umbilical vein. Urgent Cesarean section, recovery
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Puc. 5. Bunagok 7. 28 TuxHiB, CynpaBeHTPUKynspHa Taxikapgis.
(1) FHR (cepuesi ckopoyeHHs nnoga) 300 yaapie/xs. (2) Moctpuin Habpsik nnoaa.
(3), (4) IHTepnpeTauis gonnneporpam BEHO3HOI NPOTOKU Ta apTepii NyNoOBUHM HEMOXIMBA Yepes HaA3Bu4arHo BUcoky FHR.
TepmiHoBuIn Kecapis po3TuH Micns Kypcy aHTeHaTanbHUX CTepoiaiB, NapokcnamMm TaxikapAaii
Yy HOBOHapPOMPKEHOTO, MOCTHaTanbHa aHTUapuUTMiYHa Tepanisi, ctabinizauis, cnpuaTnueuiA peaynetaT
Fig. 5. Case 7. 28 GW, supraventricular tachycardia.
(1) FHR 300 bpm. (2) Severe hydrops fetalis. (3), (4) Interpretation of ductus venosus and umbilical artery Doppler
is inpossible due to extremely high FHR. Urgent Cesarean section after a course of antenatal steroids,
paroxysms of tachycardia in a newborn, postnatal antiarrhythmic therapy, stabilization, favorable outcome

) 3)

Puc. 6. Bunagok 8. Habpsik nnoga 3 HUXHBOK ce40BOK 06CTpYyKLieto, BpoaKeHWin Bynbo3Huin enigepmonis.
(1) 25 TWKHIB, rOCTPUI acumT, HopManbHa CTPYKTypa HUPOK Mnoaa.
(2), (3) HopmanbHi nokasHWkM BEHO3HOI Aonnneporpadii (BeHa NynoBUHWU, BEHO3Ha NPOTOKa)
BUKINIOYa€E CepLeBO-CYANHHY ANCMYHKLIO B naToreHesi Habpsky
Fig. 6. Case 8. Hydrops fetalis with lower urinary obstruction, congenital epidermolysis bullosa.
(1) 25 GW, severe ascites, normal fetal kidney structure.
(2), (3) Normal venous Doppler ultrasound (umbilical vein, ductus venous)
exclude cardiovascular dysfunction in the pathogenesis of hydrops
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(6)
Puc. 6. Bunagok 8. Habpsik nnoga 3 HUXHBOK Ce40BOK 06CTpYyKLieto, BpoaKeHW Bynbo3Huin enigepmonia.
(4), (5) 28 TwxHIB, MerauucT, rigpoHedpo3. (6) PoTorpadcis HOBOHAPOAXKEHOTO, BOrHULLEBUIA BynbO3HMIA enigepmonia.
OuTuHa npoxuna 1 micaub
Fig. 6. Case 8. Hydrops fetalis with lower urinary obstruction, congenital epidermolysis bullosa.
(4), (5) 28 GW, megacystis, hydronephrosis. (6) Photo of a newborn, focal epidermolysis bullosa. The child lived for1 month

@) 4)

Puc. 7. Bunagok 9. CnoHTaHHa pe3ontouis igionatuyHoro Habpsiky nnoga. Kapaiomeranis.
HopmanbHi nokasHukM gonnnep-MoHiTopuHriB. (1), (2) 29 TuxHIB, rocTpuii HabpsK.
(3), (4) 35 TMKHIB, 3aNMLLKOBUI HAOPsK. CNPUSITIMBUIA NOCTHaTanbHUA pe3ynsTaTt

Fig. 7. Case 9. Spontaneously resolved fetal idiopathic hydrops. Cardiomegaly.
Normal complex Doppler monitoring. (1), (2) 29 GW, severe hydrops.
(3), (4) 35 GW, residual hydrops. Favorable postnatal outcome
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Puc. 8. Bunagok 10. BariTHiCTb i3 HU3bKMM puankom. ATpesis kuwwkiBHuKa nnoga. (1)—(3) 29 TuxkHis, Habpsik nnoaa 3i 3Ha4YHUM
nigwkipHUM HabpsikoM. MekoHeanbHUIA NEPUTOHIT, aaresis YepeBHOI NOPOXHUHW. (4)—(7) HopmanbHWin gonnnep apTepii NynoBuHw,
aHoMarbHUiA JONNMep BEHW MyrnoBUHU (BUCOKa PE3UCTEHTHICTb BEHO3HOI NPOTOKU, Nyrnbcallis BeHW NynoBuHW). 3a 4 AHi HabpsiK 3HUK.
MepepyacHi nonoru Ha 34-My TWXHI, AUTUHA NPOXWUNA MEHLUE 2 TUXHIB, He3BaXarun Ha cnpoby XipypriyHoOro nikyBaHHs
Fig. 8. Case 10. Low risk pregnancy. Fetal intestinal atresia. (1)—(3) 29 GW, fetal hydrops with significant subcutaneous edema. meco-
neal peritonitis, abdominal adhesion. (4)—(7) Normal umbilical artery Doppler abnormal venous Doppler (high resistance of the ductus
venosus, pulsation of the umbilical vein). In 4 days the hydrops disappeared. Premature birth at 34 GW,
the child has lived less than 2 weeks despite on the attempt of surgical treatment

B TH vy B

@) (4)

Puc. 9. Bunagok 11. B-19-napBoBipyc Ta MOro MilleHi: eputpoumnTh, Miokapg, nnaueHTa. Mnig manoi Baru Ans rectauinHoro Biky:
y 25 TuxHiB kapgiomeranisi, Habpsik (1)—(2), HopmanbHuin BeHo3HuI gonnnep (3), PSV MCA 1,35 MoM (4) (Bianosigae nomipHin aHemii).
CnoHTaHHa perpecisi Habpsiky Ta aHeMii, nonoru y 38 TuxHiB, Bara 2700, cnpusATNUBWIA pesynsTat
Fig. 9. Case 11. B19-Parvovirus and its targets: erythrocytes, myocardium, placenta. 25 GW, small for gestational age fetus:
cardiomegaly, hydrops (1)—(2), normal venous Doppler (3), PSV MCA 1.35 MoM (4) (corresponds to mild anemia).
Spontaneous regression of hydrops and anemia, birth at 38 GW, weight 2700, favorable outcome
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Puc. 10. Bunagok 12. MNocnigosHicTb gedpopmalii akiHesii nnoga (BpoaAXeHUA MHOXWUHHUIA apTPorpunos 3 rinonnasieto nerexis).
HIHM 6yB BUsiBNEHU Ha 24 TwxHI, a NOTIM 3a Kinbka AHIB Habpsik perpecysas. (1) 3Ha4yHuiA noniriapaMHioH BHacMifokK
3MEHLUEHHS KOBTaHHS, MEKOHianbHWIM 0caj, HaBKONOMMiAHMX BOA Yepes3 NopyLUeHHs pyHKUIT aHanbHOro caiHkTepa.

(2) HoBoHapoaxeHuit y BiaaineHHi iHTeHcuBHoI Tepanii. Cyrno6oBui aHkinos. AuTuHa npoxuna 4 micsaui
Fig. 10. Case 12. Fetal akinesia deformation sequence (arthrogryposis multiplex congenita with pulmonary hypoplasia).
NIHF was detected at 24 GW, then in a few days hydrops regressed. (1) Significant polyhydramnios as a result
of decreased swallowing, meconial amniotic fluid sludge due to anal sphyncter disfunction.

(2) Newborn's look at ICU. Joint ankylosis. The child lived for 4 months

M @ 3)

Puc. 11. Bunagok 13. 37 TxHIB, CynpaBeHTPUKYnsipHa TaxikapAis nnoga 3i CTPyKTYpHO HOpMaribHUM cepLem.

(1) M-pexum, YUCC 319 ya/xs. (2) Habpsik. (3) HepeaktunsHuii putm KT ByB iHTepnpeToBaHuii sik «AUCTpPeC» nnoa.
EkcTpeHi nonoru 6e3 cnpob BHYTPIiLLHBOYTPOGHOT aHTMapUTMIYHOI Tepanii, cMepTb AUTUHM 3a 1 roguHY NiCNs HAPOMKEHHS!
BHACNIAOK LUBMAKO 3pOCTaloY0i fereHeBoi rinepTeHsii
Fig. 11. Case 13. 37 GW, fetal supraventricular tachycardia with structurally normal heart.

(1) M-mode, FHR 319 bpm. (2) Hydrops. (3) CTG non-reactive rhythm was interpreted as a “distress” of the fetus.
Emergency delivery without attempted intrauterine antiarrhythmic therapy, death of the child in 1 hour after birth
due to rapidly increasing pulmonary hypertension

) (3)

Puc. 12. Bunagok 14. 21 TvxxgeHb, @PTC, nnig-peumnieHT.
(1) NMoyatkoBwui acuunt (cTpinkwn). (2) MiaBULLEHHSA pe3nCcTeHLii BEeHO3HOI NpoToku. (3) HopmanbHuin gonnnep aptepii MaTku.
BHyTpilHbOyTpoBHa CMEPTb HacTarna MeHLU Hix 3a 24 roAMHUW Nicns peecTpaLii No4aTKoBOro acuuTy
Fig. 12. Case 14. 21 GW, TTTS, recipient fetus.
(1) Initial ascites (arrows). (2) Ductus venous increased resistance. (3) Normal uterine artery Doppler.
Intrauterine death occurred less than in 24 hours after registration of initial ascites
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6 3 14 nnogiB Manu CTPYKTYpHO-aHaTOMIiYHi gedekTtn
(nereHeBa cekBecTpalisi, BpogXeHa fAiacdparmanbHa
rpwka, MiaCTeHia rpasic, Merauuct Ta rigpoHedpos,
Oynbo3HUIA enigepmoni3, MEKOHIEBMI MEPUTOHIT, aTpesis
KMLWKiBHMKA). PiBeHb CMepTHOCTI (BKIIOYHO NepuHa-
TanbHi BTpaTM Ta cMepTb HEMOBNAT) gocsr 9/14 Bunagkis
(64,2%): 3 aHTeHaTanbHi, 4 HeoHaTanbHi, 2 BuUMNagKM
MarnoKkoBux BTpaT). XipyprivHe nikyBaHHA MNpPOBEAEHO
2 HOBOHAPOMKEHMM. 5 HOBOHAPOOXKEHWX Manu CnpusaT-
NVBUIA KNiHIYHUA NOCTHaTanbHWA pesynbTat. Y 2 Bunag-
Kax crnocTepirany 3axBOKBaHHA 3 MOBHOK perpecieto
Habpsky (napsoBipyc-B-19 Ta igiomatmynui  HIHM).
lMoBHe BigHOBNEHHS Nnoga (CNoHTaHHa perpecis HabpsKy
6e3 noriplweHHss Ta MaTorforiyHMX HacrigkiB) crnocrtepira-
nocs B 1 BuNagky.

TepMiHM BUSIBIIEHHST CUMMNTOMIB Habpsiky nnoga 3a
ponomoroto Y3[ y gocnigykyBaHUX cepisix BapitoBanu Bif
21 po 37 recrauifiHMX TWXKHIB. TpaH3UTOPHMI XapakTep
HabpsKy (perpecia 3 noganbWMM PO3BUTKOM BariTHOCTI)
cnocrtepiraBcs y n'atM Bunagkax. [loganblwa cmepTb
nnopga, HOBOHAPOOXKEHOIO Y/ HEMOBIATU, HE3BaXal4M Ha
MOBHY pEerpecito aHTeHaTanbHOro HabpsiKy, cranacs Yy
nBox Bunagkax. Y 11/14 nnopis, HaBiTb 3 THXKKUM HeiMyH-
HMUM HabpsikoM, HOpManbHa pyxoBa aKTMBHICTb nnoga
36epiranacsa. Yci Tpu BuMagk4, WO CynpoOBOAXYyBasnucs
HabpsIKOM LWKipW, Manu neTtanbHi Hacnigkn. PoswmnpeHni
KnacuyHum GioisnyHuin npoinb nnoga 3 6HanbHo
OUiHKO nokasaHun npu HIHIM i3 TaxiapuTmieto, Konu
gonnneporpadiyHnint MOHITOPUHI HEMOXINBUIA.

MoxnuBicTb Hag3BUYaWHO HECTNPUATIIMBOrO noparsb-
Woro pesynsraty And nroga, He3BaXaluu Ha perpecito
HabpsiKy, cnig BpaxoByBaTU Lie Ha NpeHaTasnbHi KOH-
cynbtauii. KinbkicTb piaMHK, 3HaaeHoT B TPETIX NpocTopax,
He Mae NpsAMOro BNNMBY Ha pe3yrnbTaT i MPOMIKOK Yacy [0
3arnbeni nnoga. HaeiTb Npu MiHiManbHoMy 06cA3i acunTny-
HOI pignHM He3abapom Moxe HacTaTu CMepTb Mroaa.

BupaxeHe 3HWXeEHHA cepueBO-CyAMHHOro npodinto €
NPOBICHUKOM HEMWHY4YOI CMepTi nnoga i € curHanom go
3MiHM aKyLlepCbKoi Ta nepuHaTtanbHOi TaKTUKKU, 0COBnMBO
AKLWO NAif, Aocarae BiAnoBigHOro TepMiHy BariTHOCTI.

BUCHOBKMU

AHTeHaTanbHUN YNbTPa3BYKOBUWA MOHITOPUHI Mroga
3 HIHI rpyHTyeTbCA Ha ouiHUi NiKOBOT CUCTOMIYHOI WBKUA-
KOCTi y cepedHii MO3KOBi apTepii, BEHO3HOI MPOTOKHU,
BEHW NYMNOBWHW, aTPIOBEHTPUKYNAPHOIO NOTOKY. 3a pesynb-
Tatamy JocnigkeHHss Oyno BWABMEHO, LO CepLeBo-
CcyavHHUA npodpine nnoga 3 HIHM nopylyeTbes paHile,
a npochinb nnaueHTn Ta apTepianbHa gonnneporpadisa —
nisHiwe. 3BuuyanHa pgonnneporpadis apTtepii NynoBWHM
He BUVKIIIOMAE MOXIMBOCTI HECMNPUATINBOIO pesynbraTy,
30KpeMa BHYTPIiLHLOYTPOOHY 3armbenb nnoga. Poswwu-
peHuii MOHITOpWHT gonnneporpadii HeobxigHWM y BUMNaa-
kax HIHM. Yci HoBoHapomxeHi 3 HIHI y gopogosomy
aHaMHe3si NoTpebyoTb NOCTHATANbHOIO CMOCTEPEXKEHHS.
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6/14 fetuses had structural anatomical defects (lung
sequestration, CDH, myasthenia gravis, megacystis and
hydronephrosis, epidermolysis bullosa, meconium peri-
tonitis, intestinal atresia). Mortality rate (including perinatal
and infant losses) was as high as 9/14 cases (64.2%):
3 of antenatal, 4 of neonatal, 2 of infant death). Surgical
treatment was performed on 2 newborns. 5 newborns
had apparently a favorable clinical postnatal outcome.
In 2 cases, spontaneous resolution with complete regre-
ssion of hydrops was observed (parvovirus-B19 and
idiopathic NIHF). Complete recovery of fetus (spontaneous
regression of hydrops without any deterioration and
pathological consequences) was observed in 1 case.

The timing of or detection of fetal hydrops symptoms
by ultrasound in the studied series varied from 21 to 37
gestational weeks. The transient nature of hydrops
(regression with further development of pregnancy) was
observed in 5 cases. The subsequent death of the fetus,
newborn or infant, despite the complete regression of
antenatal hydrops, occurred in 2 cases. In 11/14 fetuses,
even with severe non-immune oedema, normal fetal
motor activity was preserved. All 3 cases accompanied
with skin oedema had lethal outcomes. An expanded
classical fetal biophysical profile with scoring is indicated
at NIHF with SVT, when Doppler monitoring is impossible.

The possibility of an extremely adverse further outcome
for the fetus, despite on the regression of hydrops should
be taken into consideration at prenatal counselling.
The amount of fluid found in the third spaces has no
direct impact on the outcome and the time interval before
the fetal demise. Even with a minimal volume of ascitic
fluid, fetal death may occur soon.

A pronounced decrease of the cardiovascular profile
is a predictor of imminent fetal death and serves as
a signal for a change of obstetric and perinatal tactics,
especially if the fetus achieves the appropriate gesta-
tional maturity.

CONCLUSIONS

Antenatal ultrasound monitoring of fetus with NIHF is
based on the assessment of PSV CMA, ductus venous,
umbilical vein, atrioventricular flow. According to the results
of the study, it was revealed that the cardiovascular profile
of the fetus with NIHF is disturbed earlier, and the
placental profile and arterial Doppler-later. Normal umbilical
artery Doppler do not exclude the possibility of an adverse
outcome, including intrauterine fetal demise. Extended
Doppler monitoring is essential at NIHF. All neonates
with NIHF in an antenatal anamnesis require postnatal
follow-up.
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Prospects for further research

Taking into consideration the relatively low population frequency
and heterogeneous origin of such abnormality as non-immune
fetal hydrops, as well as the limitations of the single-center expe-
rience, further publications of case series along with the studying
diagnostic features, including modern molecular genetic tests,
can be considered as an essential. Analysis of individual perinatal
outcomes in such series is important from the perspective of
optimizing the prenatal consulting a pregnant woman and her
family to predict clinical consequences.
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PE3IOME

AKTyanbHicTb. BpompkeHa BIiACYTHICTb nmepukapda € pigkicHow aHomanieo 3 Bapia-
6enbHUMU Ta HecneundiYHUMKU KMiHIYHUMK nposiBaMu. [MowwmpeHicTb uiei natonorii y
nonynauii npuénusto 0,0001 — 0,044% i marxe BTpUYi YacTile cnocTepiraeTbCa cepen
YonoBikiB. CnpaBXHsi MOLUMPEHICTb, 3 ypaxyBaHHAM 6E3CMMNTOMHUX i HefliarHOCTOBaHMX
BMNagKiB, Npote, Moxe ByTn GinbLUoto.

MeTta po60oTH — BUCBITINEHHS exokapaiorpadivyHmx Ta TomorpadivyHMx 03HaK i30N1bOBaHOI
BPOOKEHOI BiACYTHOCTU nepukapaa.

Martepianu Ta metogm. lMauieHTka M., Bik 42 poku. Npu exokapaiorpadii BUABMMIOCH
HEMOXMUBUM OTPMMaTU CTaHOApPTHI eXo-300paxeHHs i3 TUNOBUX exokapaiorpadivyHnx
nigxodis Yepes BiACYTHICTb ex0-BikHa. MarHiTHo-pe3oHaHcHa Tomorpadisi Ta komm’'loTepHa
Tomorpadisi cepusi BUSIBUNM BUpaXeHy MiBopoTauiio cepus Ta NiATBEpAMnN HandacTiwmmn
BapiaHT BPOXXEHOI BiJCYyTHOCTI Nepukapaa — noBHy MiBoGiYHy BiACYTHICTb Nepukapaa.
PesynbratM Ta ix Oo6GroBopeHHsi. HaBegeHuii BunNagok intCTpye HecneuudiyHicTb
KNiHIYHOT CMMNTOMAaTWKN y MauieHTIB i3 BPOMKEHOI BIACYTHICTIO nepukappaa. Enektpo-
Kapgiorpama BusiBUna BiAXWIEHHsI OCi cepusi Bnpaso, brokaay npaBoi Hixku nydka llica,
HegocTaTHE HapocTaHHs 3y6usi R y npekapgianbHux BigBedeHHsiX. Ha peHTreHorpami
OpraHiB rpyaHoi KniTkM Yy nepegHbo-3afHii Npoekuii BUABMSAITb BUPAXEHe 3MilLeHHs
cunyeTy cepus BniBo 6e3 AeBisilii Tpaxei, BUOOBXKEHWI PIBHWUIA NIBUIA KOHTYp cepus Ta
HEMOXIMBICTb OKPECNEeHHS NpaBoro KOHTYPY, L0 CBiA4MTb NpO mniBOpoTaLilo cepus.
Exokappiorpadisi BusiBnsie HesBuMYanHy OpieHTauilo cepus B rpyaHid knitui, a came,
3MilleHHs1 cepusa (0cobnuBo, anikanbHUX CerMeHTiB) BniBo i fosagy. MNpu npaBobiyvHin
i nBOGIYHIV BiACyTHOCTI nepukapga npasi kKamepu AINCHO MOXYTb OyTuW po3LMpEeHnMMU,
iHOZi cnocTepiraeTbCsi NapagoKcanbHUA PyX MIKLLITYHOYKOBOI Meperopogky, BupaxeHa
He[oCTaTHICTL TPUCTYMKOBOrO KrnarnaHa, a TakoX rovgaHHs BepXiBku cepus. MarHiTHo-
pesoHaHcHa Tomorpadis Ta komm'loTepHa Tomorpadis cepusi 4O3BOMSE BUABUTU 3MILLEH-
HSA cepus y MiBy NOMOBWHY IPYAHOI KMiTKW 3i CNpsiMyBaHHSM BepXiBKWM cepus gosagy,
iHTepno3uuito nereHeBoi TKaHWHK MiX BUCXiZAHOK aopToko Ta CToBBYpOM nereHeBoi apTepil.
BucHoBkW. BpogpxeHa BiACYTHICTb nepukapga € pigkicHOK NaTororieto, y 3B’A3Ky i3 YiM
BOHa Moxe OyTn NnpobnemMHoto Ans AiarHOCTUKM, a iHOAI 3anNuULWaeTbCs | HeAiarHOCTOBaHOI.
MoenHaHHs1 exokapaiorpadii 3 MarHiTHO-pe3oHaHCHOK Tomorpadieto Ta/abo komn'toTep-
Holo TOoMmorpadielo [O03BONSE TOYHO [AiarHOCTyBaTW BPOMKEHY BIACYTHICTb nepukapaa
Ta OUIHWTM MOB’'sI3aHi i3 Hel pusnkK. BinbluicTb NauieHTiB i3 NMOBHUMU OOHOGIYHMMU
abo aBoGiYHMMU BapiaHTamMu BpPOMXEHOI BiCYTHOCTW Nepukapga MawTb CpUSITIIUBUNA
NporHo3 i He NOTPebyIoTb MiKyBaHHS.
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ABSTRACT

Background. Congenital absence of the pericardium is a rare anomaly characterized
by variable and non-specific clinical manifestations. The prevalence of this pathology
in the population is approximately 0.0001 — 0.044% and it is almost three times more
common in men. However, the real prevalence, including asymptomatic and undiagnosed
cases, may be higher.

Purpose — highlighting the echocardiographic and tomographic signs of isolated
congenital absence of the pericardium.

Materials and methods. A 42-year-old patient M. Echocardiography did not permit to
obtain standard echo images via typical echocardiographic approaches due to poor
acoustic window. Magnetic resonance imaging and computed tomography of the heart
revealed marked left heart rotation and confirmed the most common variant of congenital
absence of the pericardium, that is complete left-sided absence pericardial agenesis.
Results. The presented case illustrates the non-specificity of clinical symptoms in
patients with congenital absence of the pericardium. The electrocardiogram of the patient
showed right axis deviation, right bundle branch block, poor R wave progression in the
precordial leads. Chest X-ray in the anterior-posterior projection typically shows a pro-
nounced displacement of cardiac silhouette to the left without deviation of the trachea,
elongated left border of the heart and inability to delineate the right border, indicating
left heart rotation. Echocardiography revealed an unusual orientation of the heart in the
chest, i.e. the displacement of the heart (particularly, of the apical segments) to the left
and backwards. In cases when the pericardium is absent on the right and on both sides,
the right ventricle can indeed be enlarged, sometimes there is a paradoxical motion
of the interventricular septum, severe tricuspid regurgitation as well as the swinging
motion of the cardiac apex. Magnetic resonance imaging and computed tomography
of the heart enable detection of the displacement of the heart to the left half of the chest
with cardiac apex directed backwards, the interposition of lung tissue between the
ascending aorta and the pulmonary artery trunk.

Conclusions. Congenital absence of the pericardium is a rare pathology and thus it
can be challenging in terms of diagnosis, while sometimes it remains undiagnosed.
The combination of echocardiography with magnetic resonance imaging and/or com-
puted tomography allows to accurately diagnose congenital absence of the pericardium
and assess the risks associated with it. Most patients with complete unilateral or
bilateral congenital absence of the pericardium have a favorable prognosis and do not
require treatment.

Komorovsky RR, Palamarchuk YuO, Lubkovych Ol, Palamar TO, Hladkykh FV. Multimodality imaging and clinical
significance of isolated congenital absence of the pericardium. Ukrainian journal of radiology and oncology.
2021;29(3):116—124. DOI: https://doi.org/10.46879/ukroj.3.2021.116-124
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BCTYIN

BpooxeHa BiACyTHICTb nepukapaa (CUH. — areHesis
nepvkapga) € pigkicHoK aHomanie 3 BapiabenbHuUMM Ta
HecneumdidHMMKM KniHiYHUMK nNposiBamu. Lia naTonoria 3a
MKX-10 knacucpikyetbca sk 131.9 — xBopobu nepukapaa
(HeyTouHeHi), a 3a knacudikauiel pigkicHUXx XxBopob

The paper is a fragment of the planned interdepart-
mental research project of |. Horbachevsky Ternopil
National Medical University of the Ministry of Health of
Ukraine which is «A comprehensive approach to symptom
control, immediate and long-term prognosis of patients
with comorbidities in the clinic of internal medicine and
in family practice». State registration number: 0118U000361,
applied, period for performance: 2018-2023, supervised
by Doctor of Medical Sciences, Professor S.I. Smiyan.

INTRODUCTION

Congenital absence of the pericardium (syn. pericardial
agenesis) is a rare anomaly characterized by variable and
non-specific clinical manifestations. In accordance with
ICD-10, this pathology is classified as 131.9 — pericardial
diseases (unspecified), and according to the classification
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CepLeBO-CyAMHHOI CUCTEMUM B OCTaHHbOMY nepernsagi
(Kpakis, 2018), mabyTb, Hanexutb o knacy VIl — Heknacu-
chikoBaHi pigkicHi cepueBo-cyanHHi xopobu [1]. BpogxeHa
BioCyTHiCTb nepukapaa (BBI1) mae nowmpeHicTb y nonynauii
npuonuaHo 0,0001 — 0,044% i maike BTpuui vacTiwe
cnocrepiraeTbCa cepef 4YorosikiB. CrnpaBXHs noLlumpe-
HiCTb, 3 ypaxyBaHHAM 6e3CMNTOMHMX i HediarHOCTOBaHMX
BMNagkis, Npote, Moxe OyTu GinbLuoto [2, 3].

BBaxaeTbca, wo Bnepwe BBl onucas aHatom
Mateo Peanbpo Komomb6o (nat. Matthaeus Realdus
Columbus) i3 Magyi we y 1559 poui [2, 4]. 3 embpionoriy-
HOI Toyku 3opy BBIT 3ymoBrneHa MOpYLIEHHSM PO3BUTKY
nnesponepukapaiansHux membpaH [5]. Tak, Ha n’'aTomy
TWXKHI emMOpioHanbHOrO pPO3BUTKY NNeBpanbHa Ta nepu-
KapgianbHa NOPOXHWHWN MOBUHHI PO3MEXYBAaTUCS LUMSAXOM
dopMyBaHHA npaBoi Ta niBol nnesponepukapiganbHnX
CKrnagok: nepegyvacHa aTtpodois niBoi abo npaBoi kapau-
HanbHOi BeHu (mpotoku Kios’e [Cuvier]), KMOBIpHO,
CNPYYMHSAE MOPYLUEHHS KPOBOMOCTa4YaHHS i, BignoBigHO,
mManbdopmaldito npaeoi abo niBoi NnesponepukapaianbHoi
CKnagku, O 3rofoM MpOSIBNSETbCA K incunarepanbHUn
nepukapgianbHui gedekT [5]. HanyacTiwe cnoctepiraetbes
nosBHa nisobGiyHa BiacyTHicTb nepukapga (70%), Apani,
y NOpsaKy 3MEHLLEHHS 4acToTW, MayTb NoBHA nNpaBobiyHa
BiocyTHicTb nepukapaa (17%), noBHa ABobIYHA BiACYTHICTb
nepukapaa (9%) i BKpaw pigko 3ycTpivyaeTbCs 4acTkoBa
npasobiyHa abo niBobiyHa BiacyTHICTb nepukapaa (3—4%)
[2, 3, 6]. OcTaHHI BapiaHT, XO4 i HaMMEHLL MOLUMPEHWN,
ane Han4acrTiwe acoUuileTbCA i3 rPiHUMN yCKagHEHHAMMU
BBI1, TakuMu K repHiauia i cTpaHrynsuia kamep cepus
(HanuacTiwe — ByWOK nepeacepdb, a TaKoX CaMUX
nepeacepab i AiNAHOK LWYyHOYKIB), KOMNpecis maricTpans-
HUX CYAMH | KOpoHapHuX apTtepii [7]. IHwWi BapiaHTn
nepeBaHo 6e3CMMNTOMHI i BUSIBNAIOTLCS SK BUMNAAKOBI
3Haxigku. IHoai nauieHTn 3BepTaloTbCs 3 HecneungivHnMm
cMMnTOMamu, HandacTile, 3 aTMnoBuM Oonem y rpyaHin
knitui [8-10], a Takox — i3 3aguwkoto [11, 12], ronoso-
KpyXiHHSM [4, 12, 13], HepuTMiyHUM cepuebuTTam [13],
npecuHkonanbHMMuM ctaHamun [14]. 3pigka naudieHTn
CcKapXaTbCH Ha 3Ha4YHe MOCWITEHHS 3aOULLKW Y MOMOXEHHI
nexayn Ha npaBomy abo niBomy 6oui (trepopnoé).
IHOAQi MPUYMHOK 3BEPHEHHS MaUieHTIB € BUNaaKOBO
BUSABIIEHI 3MiHW Ha PeHTr'eHorpamMi opraHis rpygHoi KrniTku
(HanuacTiwe — BupaxeHe 3MileHHA cepus BriBo 6e3
SIBHUX NMPUYMH) abo HecneumdiyHi 3miHM Ha EKT.

BBIN 30ebinbworo € cnopaguyHol  i30fbOBaHOK
aHomanielo, ane Moxe MOELHYBATMCh i3 iHLWIMMKU Bagamu
pO3BUTKY, 30Kpema, gedekTamun MixnepencepaHoi nepe-
ropofku, aTtpesielo TpUKycniganbHOro KranaHa, OpoHxo-
reHHUMK KicTamu, gedopmauigMmu rpygHoi Knitkn (pectus
excavatum). BBl Takox moxe OyTu cknagoBow crekTpa
NnposBiB PigKICHNX BPOMKEHUX CUHAOPOMIB, Takux £K
BATEP (VATER) — cungpom (BeptebpanbHa naronoris,
ATpesisa aHyca, Tpaxeo-E3ogareansHa Hopuud, PeHanbHa
avcnnasis) abo cuHgpom [Manictepa — Kiniana (Pallister —
Killian), Bigomuin Takox sik TeTpacomis 12p [11].

MeTa po6oTU — BUCBITNIEHHS exokapaiorpadivyHux Ta
ToMOrpadivHNX O3HAK i3011bOBaHOT BPOAXEHOT BiACYyTHOCTH
nepukapga.

MATEPIAJIN TA METOAW OOCHNIAXXEHHA

KniHiyHun Bunagok

MauieHTka M., Bikom 42 poku, ckepoBaHa 4SS NpoBe-
OeHHs1 exokapaiorpadii B pamkax o6CTeXeHHs 3 npusoay
HecneumdivyHoro 6ono B rpyaHin KniTui (cunbHe nokonto-

of rare diseases of the cardiovascular system in the last
revision (Krakow, 2018), it apparently belongs to class VI,
i.e. unclassified rare cardiovascular diseases [1]. The preva-
lence of this pathology in the population is approximately
0.0001 — 0.044% and it is almost three times more common
in men. However, the real prevalence, including asympto-
matic and undiagnosed cases, may be higher [2, 3].

Congenital absence of the pericardium (CAP) is believed
to be initially described in 1559 by Matteo Realdo Colombo
(latin — Matthaeus Realdus Columbus), an anatomist from
Padua [2, 4]. From the embryological point of view, CAP
results from impaired development of pleuropericardial
membranes [5]. Thus, on week 5 of embryonic development,
the pleural and pericardial cavities should be separated
by the formation of right and left pleuropericardial folds:
premature atrophy of the left or right cardinal vein (Cuvier
duct) is likely to cause impaired blood supply and,
consequently, malformation of the right or left pleuroperi-
cardial fold later manifesting in the form of ipsilateral
pericardial defect [5]. Most cases are characterized by
a complete absence of the pericardium on the left (70%),
then, in descending order of frequency, there is a complete
absence of the pericardium on the left (17%), a complete
bilateral absence of the pericardium (9%) and, extremely
rare, partial absence of the pericardium on the right or
on the left (3—-4%) [2, 3, 6]. The latter type, although
being the least common, is most often associated with
severe CAP complications, such as herniation and stran-
gulation of the heart chambers (most often — the atrial
auricle, as well as the atria and ventricles themselves),
compression of the great vessels and coronary arteries [7].
Other types are mostly asymptomatic and appear as
accidental findings. Sometimes, patients are presented
with non-specific symptoms, most often with atypical
chest pain [8-10], as well as shortness of breath [11, 12],
dizziness [4, 12, 13], arrhythmic heartbeat [13], presyn-
cope states [14]. Occasionally, patients have significantly
increased shortness of breath in lying position on the right
or left side (trepopnea). Sometimes, patients seek medical
advice due to the changes accidentally detected on
chest X-ray (most frequently — an unexplainable
pronounced displacement of the heart to the left) or
non-specific ECG changes.

CAP is mostly a sporadic isolated anomaly, however,
it may be associated with other malformations, especially,
atrial septal defects, tricuspid valve atresia, bronchogenic
cysts, chest deformities (pectus excavatum). CAP can
also be a part of a spectrum of manifestations of rare
congenital syndromes, such as VATER-syndrome
(Vertebral pathology, Anus atresia, Tracheo-Esophageal
fistula, Renal dysplasia) or Pallister — Killian syndrome,
known as tetrasomy 12p [11].

Purpose - highlighting the echocardiographic and
tomographic signs of isolated congenital absence of
the pericardium.

MATERIALS AND METHODS

Case report

A 42-year-old patient M. was referred for echocardio-
graphy within the examination for non-specific chest pain
(severe tingling when changing body position for a long
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BaHHS NPV 3MiHi NONOXEHHS Tina npoTArom TpuBarnoro 4acy).
Y NOBCSAKAEHHOMY XUTTi MauieHTKa — CcensHka, skKa
HaraTto npautoe B Noni i Ha ropopi, a TakoX PerynspHo i3guTb
Ha ce30HHi poboTM 3a KOpAOH (30wmpaTu nomyHuuIo).
HapaHa enekTpokapgiorpama — B Mexax HopMmu. [Mpu exo-
Kapgiorpacdii BMABMIOCbL HEMOXIMIMBUM OTPMMAaTK CTaH-
[apTHI exo-300paxkeHHs i3 TMNOBMX exokapgiorpadivHmnx
nigxonis Yyepes BiACYTHICTb exo-BikHa. [MpakTUYHO HEMOX-
nvBoto Gyna Bidyanisauig MiBOro LWTyHOYKa Y MOMOXEHHI
nauieHTKM Ha niBomy 6oui i3 napacTepHanbHOro nigxogy
(puc. 1), Takox npobnemHo Oyno oTpumartu anikanbHi
300paxeHHs 3i 3BMYarHoro pgoctyny (puc. 2), i nvwe
npv 3milweHHi gaTuuka gosaay, go lin. axillaris post. y nono-
XKEHHI NauieHTKM nexayn Ha ChuHi, BAamoca oTpumMartu
HanexHi anikanbHi 306paxeHHst (puc. 3).

OkpiM BMpaXkeHOoi niBokapaii, acouiioBaHOi cepLeBoi
naTonorii y nauieHTkn BusBneHo He 6yno. BigTtak 3 nigos-
polo Ha BPOMXEHY BIACYTHICTb nepukapga nauieHTKy
ckepoBaHo Ha MPT-o6cTexeHHsa cepusa (6e3 KoHTpacTy-
BaHHSA) Ta Hu3bkogosoBe KT (6e3 KOHTpacTyBaHHs) Ans
YTOYHEHHS1 aHaToMii cepus Ta MNpuUnernuMx CTPYKTYp.
MPT i KT cepus BuABMIM BUpaxeHy niBopoTaLito cepus Ta
niaTBepaunu NiBobGivHy BiACYTHICTL Nepukapaa (pwvc. 4, a, 6).

time). In everyday life, the patient is a countrywoman
working a lot in the field and in the vegetable garden, along
with regular going abroad for seasonal work (picking
strawberries). Echocardiography did not permit to obtain
standard echo images via typical echocardiographic
approaches due to poor acoustic window. It was almost
impossible to visualize the left ventricle in left recumbent
position of the patient from the parasternal approach
(Fig. 1), it was also difficult to obtain apical images from
the standard approach (Fig. 2), and only when moving
the transducer back to lin. axillaris post. in the supine
position of the patient, it was possible to obtain the appro-
priate apical images (Fig. 3).

Except for pronounced levocardia, no associated
cardiac pathology was detected in the patient. Therefore,
with the suspicion of congenital absence of the pericar-
dium, the patient was referred for cardiac MRI (without
contrast) and low-dose CT (without contrast) to clarify
the anatomy of the heart and surrounding structures.
MRI and CT of the heart showed a pronounced left
heart rotation and confirmed the left-sided absence of the
pericardium (Fig. 4 [a, b]).

Puc. 1. Cnpob6a Bi3yanisauii cepus 3 niBoro napactepHarnbHOro nigxoay:
HEMOXITMBO Bi3yanidyBaTu NiBWUIN LUNYHOYOK Y 3B’A3KY 3 poTaLji€eto cepLs BepXiBKO nareparnbHo i o3ay
Fig. 1. Attempt to obtain a view from the left parasternal approach:
it is impossible to visualize the left ventricle due to the lateral and posterior rotation of the heart apex

Puc. 2. Cnpoba Bisyanisauii 3 anikanbHoro niaxoay:
aTvnoBe YoTUpUKaMepHe 300paxeHHst cepLs y 3B’3Ky 3 MOro poTaLieto BEpXiBKOIO natepanbHo i Ao3agy
Fig. 2. Attempt to obtain an image from the apical approach:
atypical four-chamber view of the heart due to lateral and posterior rotation of its apex
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Puc. 3. Bisyanizauis yoTuprkamepHoro 306paxxeHHs1 Npy 3MiLLEeHHi AaTymKa 40 3a4HbOI aKCUNSAPHOI MiHii
Fig. 3. Obtaining a four-chamber view when the transducer is shifted to the posterior axillary line

ala
Puc. 4. MPT cepus (a) i KT cepus (6), Lo AEMOHCTPYIOTb BUPaXeHY poTaLlito cepus BniBo i Ao3aay,
3yMOBMEHY BPOAPKEHOLO BIACYTHICTIO Nepukapaa. EnemeHTn nepukapaa npycyTHi cnpasa (CTpinkm)
Fig. 4. MRI of the heart (a) and CT of the heart (b), showing a pronounced rotation of the heart to the left and backwards,
resulting from congenital absence of the pericardium. The pericardium elements are present on the right (arrows)

PE3YNbTATU TA IX OBFOBOPEHHS

HaBegeHun BuMNagok inCTpye HecneuudivHicTb Khi-
HiYHOI cumnTOMaTKKM y nauieHTiB i3 BBI. ATunosi 6oni B
rPYOHIA KNiTUi NnoyYaTKoBO po3uiHOBanucb Sk 6oni Bep-
TeOpOreHHOro XxapakTepy, 3yMOBIEHi TSKKOKW npaueto
B nori, NpoTe B CBiTNi 4iarHOCTOBaHOI NiBOGIYHOI BiACYTHOCTH
nepvkapaa HeMOXITMBO BUKITOYUTU | CpaBAi «CepLeBoro»
KOMMNOHeHTy cumnTomiB. EKIM-3MiHn y nauieHTky 6ynu Hecne-
undidHMMK (pyc. 5) i 3icTaBneHMMKM 3 paHille onnucaHumm
B niTepatypi 3miHamu: Hepigko Ha EKI™ y Takux nauieHTiB
BMSABNAOTL Gnokagy npasoi Hixkkv ny4ka lica, HegocTaTHE
HapocTaHHa 3ybus R y npekapgianbHuX BiaBeOoEHHSX,
BioXuneHHs oci cepus (BniBo abo Bnpaso) [4, 6], iHogi —
BMpaXeHi nignomm Toukn J y natepanbHux BigsegeHHsx [14].

Ha peHTreHorpami opraris rpygHoi KniTku y nepegHso-
3a/iHi NPoeKUii BUABNSAIOTb BUPaXEHe 3MiLLLEHHS CUnyeTy
cepus BniBo 6e3 aeBisuii Tpaxei, BWUOOBXEHWUA pPiBHUN
NiBUI KOHTYpP cepLs Ta HEMOXXNMBICTb OKPECIIEHHSA NPaBOro
KOHTYpy, WO CBigYMTb nNpo niBopoTauito cepus [4].
OpHak, 9K 3acBigyye Len BMNAfoK, a TakoX AaHi nitepa-
Typu [4, 10], y peanbHii KniHiYHIN NpakTULi peHTr'eHonoriy-
HUM 3MiHaM He 3aBXOW HaOalTb HANEXHOro 3HaJYeHHS.
Exokappaiorpadis BusABNsE He3BMYaHy OpieHTauilo cepus
B rpygHi kniTui, a came, 3MiweHHa cepuda (ocobnueo,

6/b

RESULTS AND DISCUSSION

The case under study exemplifies the non-specificity
of clinical symptoms in patients with CAP. Atypical chest
pain was initially interpreted as vertebrogenic pain
caused by hard work in the field, however, in view of the
diagnosed absence of the pericardium on the left, it was
impossible to exclude a truly «cardiac» component of
symptoms. ECG changes in the patient were non-specific
(Fig. 5) and consistent with the changes previously
described in literature: right bundle branch block, poor R
wave progression in precordial leads, left or right heart
axis deviation [4,6], sometimes — prominent J-points in
the chest lateral leads [14].

Chest X-ray in the anterior-posterior projection shows
a pronounced displacement of cardiac silhouette to the
left without deviation of the trachea, elongated smooth
left border of the heart, and the inability to delineate the
right border, indicating left heart rotation [4]. However,
as evidenced by this case, as well as by the literature
data [4, 10], in real-world clinical practice radiological
changes are not always given due importance. Echo-
cardiography reveals an unusual orientation of the heart
in the chest, i.e. the displacement of the heart (apical
segments, in particular) to the left and back. At the same
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aVl

Puc. 5. EKI nauieHTku, Ha sikoMmy BUOHO BiAXWINEHHSI OCi cepLs BNpago,
HernosHy Bnokaay npasoi HixXku nyyka lMica (komnnekeu rsR' y V1-V2), HegocTtaTHe HapocTaHHA 3ybusa R
y NpekapAianbHuX BiaBeaeHHsAX (komnnekey Tuny rS'y V3-V6) Ta HecneuundivHi MopyLUEeHHS penonspusadii
Fig. 5. ECG of the patient showing right axis deviation, incomplete right bundle branch block (rsR' complexes in V1-V2),
poor R wave progression in the precordial leads (rS complexes in V3-V6) and nonspecific repolarization abnormalities

anikanbHUX CermeHTiB) BniBo i go3agy. Mpu ubomy iHoAi
MOXe MOMMUIIKOBO BMAaBaTUCH, WO MpaBi kamepu pos-
wimpeHi (puc. 2). Mpu npaBobiyHin i ABOGIYHIA BigCYTHOCTI
nepukapga npasi kamepu AiCHO MOXyTb OyTu poswmpe-
HUMWK, iHOAI CnOCTepiraeTbCs NapagoKcanbHUN pyX Mixk-
LUITYHOYKOBOI MEeperopojky, BUpaXKeHa HeOoCTaTHICTb
TPUCTYNKOBOIrO KramaHa, a TaKoX roigaHHst (swinging
motion) BepxiBkn cepusa. Kim Ta cniaBT. [15] obrpyH-
TyBanu [JOUuifbHICTb 3MiHM MOMOXEHHA nauieHTa Ans
exokapgaiorpagiyHoi giarHocTukmn niBobivyHoi abo gBoGIYHOT
BiJCYTHOCTW Nepukapga.

Khayata Ta cniaBT. [16] i Xu Ta cniBaBT. [4] 3anpo-
MOHyBanu cucTemMaTUYHWA nigxiaq 0O BEOEHHS XBOPUX
i3 BBI. Ona nigTBepmkeHHa paiarHody BBIT HeobxigHO
MPT i/abo KT obGctexeHH. B obox Bunagkax AoBeHHe
BBELEHHS KOHTPAcTy He € 060B’sAi3koBMM. 3a [4OMOMOro
uMxX MeTopfiB, OKpiM Bpaky TKaHWHU NepyKapaa, BUSIBMSAOTb
3MilLleHHss cepus Yy niBy MOMOBWHY [PYAQHOI KNiTKM 3i
CnpsiMyBaHHsIM BepXiBKM cepus [o3agy, iHTepnosuuito
rnereHeBoi TKaHWHM MiX BMCXiQHOK aopTo Ta CTOBOYpOM
nereHeBoi aptepii. Kpim Toro, KT gossonsie AOCTOBIpHO

time, sometimes it can seem by mistake that the right
chambers are dilated (Fig. 2). In case of right-sided and
bilateral absence of the pericardium, the right ventricle
can indeed be dilated, sometimes there is a paradoxical
motion of the interventricular septum, severe insufficiency
of the tricuspid valve, as well as swinging motion of the
heart apex. Kim et al. [15] proposed the change of the
patient’s position for echocardiographic diagnosis of left
or bilateral absence of the pericardium.

Khayata et al. [16] and Xu et al. [4] suggested a syste-
matic approach to the management of CAP patients.
MRI and/or CT scans are required to confirm the
diagnosis of CAP. In both cases, contrast enhancement
is not required. These techniques, in addition to the lack
of pericardial tissue, may detect the displacement of
the heart to the left of the chest with the direction of the
heart apex backward, the interposition of lung tissue
between the ascending aorta and the pulmonary ar-
tery trunk. In addition, CT makes it possible to reliably
exclude alternative causes of heart displacement to the
left (e.g., atelectasis, pulmonary hypoplasia).
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BUKINIOYMTM  anbTepHaTUBHI

NPUYMHM  3MILLLEHHA cepud

BMiBO (aTenekTas, rinonnasis nerexi).

B onucaHomy BuNagky y nauieHTKU BUSBNEHO Haw-

yacTiwwnn BapiaHT BBI1, a came, noBHy niBobGiyHy BiacyT-
HiCTb Nepukapaa. Llen BapiaHT acoLitoeTbCA 3i CNPUSATIIMBUM
NPOrHO30M, Bi4NOBIAHO, CTOCOBHO NauieHTkn Byrno o6paHo

TAKTUKY CRNOCTEepEXEeHHA.

Mpn HeBenuKMX CUMNTOMHUX

4YacTKOBUX AedeKTax, NPy AKX 3pOCTa€ PU3MK MNOTEHLIHO
cMepTenbHUX YCKNnagHeHb (CTpaHrynsuii kamep cepus,
KOMnpecii BENUKUX CyOMH KpaeM nepukapaa) AOUiNbHO
PO3MMAHYTU MOXIUBICTb XipypriYHOro fikyBaHHS, BapiaHTu
SIKOTO BKIOYAKOTb NepUKapAionnacTuky, XipypridHe po3Luu-
peHHa AedekTy nepukapaa LWnsaxom pesekuil nepukapia
abo nepukapaekTomito [5, 6, 16].

BUCHOBKHU

1. BpooxeHa BiACYTHICTb nepukapga € piakiCHO

naTonorieto, y 38’a3Ky 3 YuM BOHa Moxe ByTn npobnemHo
Ons AiarHOCTUKWM, a iHoAi 3anULWAaEeTLCs | HediarHOCTOBaHOH.

2. lNoegHaHHs exokapgiorpadii 3 MPT i/abo KT

[O3BONSE TOYHO [JiarHOCTyBaTM BPOMKEHY BiACYTHICTb
nepvkapaa Ta OUiHUTU NOB’A3aHi i3 He PUSMKN.

abo

3. binbwictb nauieHTiB i3 NOBHUMW OQHOGIYHMMU
ABOGIYHMMY  BapiaHTamMn  BPOMKEHOI  BiACYTHOCTI

nepukapga MawTb ChApUATAMBUIA NPOrHO3 | He noTpe-
OytoTb NiKyBaHHS.

CMUCOK BUKOPUCTAHOI NITEPATYPU

In the case under study, the patient had the most

common CAP type, i.e., complete absence of the pericar-
dium on the left. This type is associated with a favorable
prognosis, respectively; in relation to the patient, the
monitoring approach was chosen. In case of small sympto-
matic partial defects associated with increasing risk of
potentially fatal complications (strangulation of the heart
chambers, compression of large vessels by the pericar-
dium), it is advisable to consider surgical treatment,
the options of which include pericardioplasty, surgical
expansion of the pericardial defect by resection of the
pericardium, pericardiectomy [5, 6, 16].

CONCLUSIONS

1. Congenital absence of the pericardium is a rare

pathology which is difficult to diagnose and sometimes
remains undiagnosed.

2. The combination of echocardiography with MRI

and/or CT scans make it possible to accurately diagnose
congenital absence of the pericardium and to assess the
associated risks.

3. Most patients with complete unilateral or bilateral

congenital absence of the pericardium have a favorable
prognosis and do not require treatment.
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via a comprehensive approach to the timely detection and
treatment in internal medicine.
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pexuMax 3HavyHo nigBulLlye edEeKTUBHICTE MeToady [Ans AiarHOCTMKM, BU3HAYEHHS
aKTUBHOCTI, cTagii i nowmpeHocTi natonorii cyrnobiB, a TakoX AN MOHITOPUHTY pe3ynb-
TaTiB ix nikyBaHHs. MeTog BUsIBNsSie akTUBHI MeTaboniuHi mpouecu Ha paHHii cTagii
Yy CYAMHHY, M’SKOTKaHWHHY Ta KIiCTKOBY hasu Ta BM3Ha4Yae cTaH cyrnobiB ycboro Tina
6e3 104aTKOBOro NMPOMEHEBOIO HAaBaAHTAXEHHS.
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ABSTRACT

Background. Diseases of the musculoskeletal system (MSS), in particular diseases
of joints, are a leading factor for reducing the work ability of the population all around
the world. The early diagnosis and treatment for them is a high priority task for clinical
medicine. Modern nuclear medicine methods can significantly increase the possibilities
in differential diagnostics, optimize treatment and improve the prognosis of diseases
of the musculoskeletal system (MOP).

Purpose — to study and generalize the world experience of application of modern
methods of osteoscintigraphy (OSG) for diagnostics of joints diseases, to define
possibilities and prospects of various scintigraphic acquisitions for investigation patients
with MSS pathology.

Materials and methods. Full-text publications in the databases Scopus, Web of Science
Core Collection, PubMed (mostly 2015-2021), international standard guidelines for the
diagnosis of MSS pathology and monographs for radionuclide examination methods
and hybrid imaging technologies in oncology, orthopedics and traumatology.

Results. We received the main approaches for radiological diagnostics of pathological
changes in joints and the abilities of osteoscintigraphy. We defined the main principles
and analyzed the possibilities and advantages of different nuclear medicine protocols:
conventional planar examination of the whole body, 3-phase OSG, single-photon emission
computed tomography (SPECT) and combined technology with X-ray computed tomo-
graphy (SPECT/CT). Indications for the use of OSG in various pathological changes of
ORA have been determined. We considered different patterns of radiation imaging
according to the pathogenesis of various pathological processes — systemic arthritis,
diseases of the joints of the spine, upper and lower extremities. The possibilities of
different radiological methods for diagnosing and application of different modes of OSG
depending on the pathogenesis and localization of lesions were analyzed and compared.
Conclusions. Performing 3-phase OSG and tomographic modes (SPECT, SPECT/CT)
significantly increases the efficiency of the method for the diagnostics, determination
of process activity, staging and prevalence of joint pathology, as well as for monitoring
the treatment results. The method detects active metabolic processes at an early stage
in the vascular, soft tissue and bone phases and determines the condition of the joints
of the whole body without additional radiation exposure.

Satyr MV, Solodiannykova OIl, Noverko IV, Galchenko OYu. Functional visualization in diseases of the joints:
current status and prospects (clinical lecture). Ukranian journal of radiology and oncology. 2021;29(3):125-142.
DOI: https://doi.org/10.46879/ukroj.3.2021.125-142

3B’A30K po60TK 3 HAYyKOBMMM NporpaMamm,

nfaaHamu i Temamm

Relationship with academic programs,
plans and themes

Pobota BukoHaHa 3rigHO 3 MMaHOM HayKOBO-AOCNIAHMX pPobIT
HayKOBO-AOCHIAHOrO BiAdiNeHHs HauioHanbHOro iHCTUTYTY paky
MiHicTepcTBa OXOpoHM 340poB’'st YkpaiHn Ta € dparMeHToMm
KoMMnekcHoi Temu «[Jocnigntn edgeKkTUBHICTb pafioHyKMigHOT
Tepanii camapiem okcabichopom '°Sm meTacTaTUYHOro ypaxxeHHs
KICTOK MpW  3NOSIKICHNX NyXnuHax pisHoi nokanisauii». LWudp
HaykoBo-gocnigHoi pobotn — BH.14.01.23.129-11, Homep Aep-
XaBHoi peecTtpauii 0111U000376; KkepiBHWK HayKoBO-OOCRIGHOT
poboTy — 3aBigyBayka HaykoBO-AOCMIAHOTO BiAAINEHHS SAEpHOI Me-
OVMLMHKW, OKTOP MeanYHNX Hayk, npodecop ConopsHHmkosa O.1.

BCTYIN

HopmanbHa XUTTEAIANBHICTL MIOANHU 3HAYHOKO MipOKD
3anexutb Big poboTtu onopHo-pyxoBoro anapaty (OPA),
y SIKOMY Cyrnobu BUKOHYIOTb OMOPHY, aMopTM3auiiiHy i
pyxoBy YHKL0 | TUM CaMUM BNNMBalOTb Ha POBOTY BCLOrO
opraHiamy. 3a gaHumu BcecBiTHBOI OpraHidaii 0XopoHu
3gopos’s (BOO3), Big 3axBoptoBaHb KiCTKOBO-M'SI30BOI
cuctemu cTpaxpatoTs 1,71 mMnpa niogen B yCbOMY CBITi;
natonoria OPA € ocHOBHVMM cakTopoM iHBanigusadii Ta
nepegYyacHoOro MpuUMNMHEHHs1 npaue3gaTtHocTi; BcecBiTHA
opraHi3avis OXOPOHM 340POB’A NPOrHo3ye 36epexeHHs Liel

The study has been done according to the research plan of
the research department of National Cancer Institute of the
Ministry of Health of Ukraine and is a fragment of a complex
theme «To investigate the efficacy of radionuclide therapy with
Samarium-Oxabiphore 'Sm of metastatic bone lesion with
malignant tumors of various localizations»; code of the research
work — VN.14.01.23.129-11, number of state registration
0111U000376; the research director of the research work —
Head of Nuclear Medicine Research Unit, Doctor of Medical
Science, Professor Solodiannykova O.1.

INTRODUCTION

Normal human life depends significantly on musculo-
skeletal system (MSS) activity, where joints serve support,
amortization and motor functions and thus affect the
whole body function. According to the figures from World
Health Organization (WHO), 1,71 milliard people worldwide
are suffering from musculoskeletal disorders; MSS
pathology is the main factor of disablement and early
performance cessation; WHO predicts this tendency hold
for the next few decades [1]. The early musculoskeletal
pathology diagnosis is necessary for the timely treatment
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TeHAeHUii npoTsarom Hanbnwkunx gecatunite [1]. PaHHe
BUSAIBNEHHS NaTororii KicTKOBO-M’s130BOT cMCTEMU HeobxiaHe
ONs CBOEYACHOTO MPU3HAYEHHs! MiKyBaHHS, MOMereHHs
nepebiry Ta NoKpaLleHHs MPOrHO3y 3axBOpOBaHb [2—4].

Ha nepliomy eTani npoMeHeBOi AiarHOCTUKM 3aCTOCO-
BYIOTb KOHBEHLiiHy peHTreHorpadito (KP), wo BusaBnsie
NMOPYLUEHHSI aHATOMIYHOI LiNICHOCTI KICTKOBUX E€MNeMEHTIB
Ta KOHIPYEHTHOCTi CyrnoboBMX MNOBEPXOHb, 3HWXKEHHS
abo nigBULLEHHST LWiNbHOCTI CyOXOHApanbHOI  KiCTKOBOI
TKaHuHM (CXKTK), HasiBHICTb AereHepaTtuBHUX 3MiH Ta
ob6’eMHux yTBOpeHb [5, 6]. Yytnueictb KP HM3bka npu
HEe3Ha4YHMX 3MiHaX KICTKOBUX | XpSALWOBUX ENEeMEHTIB,
CYHOBIanNbHUX CTPYKTYP, 3B’SI30K, CYXOXMUIKiB, chacuin, Wwo
notpebye 3acTOCyBaHHS Cy4YaCHMX BUCOKOTEXHOMOFYHMX
ToMOrpadiyHNX METOAIB — PEHTreHiBCbKOi KOMM'loTep-
Hoi Tomorpadii (KT), MarHiTHO-pe3oHaHCHOi Tomorpa-
oii (MPT), ynerpassykosoro gocnigkeHHs (Y3[) [6-8].

OcteocumnHturpadis (OCIl) — ue 4OCTYNHUIA, EKOHOMIY-
HO BUMpaBOaHUI i BUCOKOYYTIMBUI METOA ANS BUSBIEHHS
paHHiX NpOsiBiB MOpPYyLEHb MeTaboniyHOi akTUBHOCTI B
ctpyktypax OPA [4, 6, 9—11]. B Ykpaini OCI" HegocTaTHbO
BMKOPUCTOBYETLCHA Npu JOOPOSKICHNX ypaxeHHsix OPA, wo
MOB’AA3aHO 3 HN3bKOK OBI3HAHICTHO NikapiB MPO MOXITMBOCTI
METOAy Ta MaHyBaHHAM CTEPEOTUMNY BUKITHOYHOMO KOro
3acTocyBaHHA B OHKonorii [12—16]. Ha cborogHi TexHiuHe
BAoCkoHaneHHs OPEKT-tomorpadhiB Ta cyMillleHa TEXHO-
noris OPEKT/KT pos3Bonsie TOMHO nokanisyBatu nartoso-
ryHi BOrHMLWIA | YiTKO MpuB’A3aTM iX A0 aHATOMIYHUX
CTPYKTYP, @ HOBi anroputMym oBpOOKM CUMHTUrpadivuHOI
iHopmMauii 3Ha4yHO nigBMLLYOTL AiarHOCTUYHY TOYHICTb
MEeTOAY Y BUPILLEHHi CKNaaHUX KNiHiYHMX 3agad [6, 17-25].

MeTta po6oTu — gocniantu Ta ysaranbHUTU CBITOBUI
[OCBIf, 3aCTOCYyBaHHA Cy4YaCHUX METOAIB OCTEOCLMHTU-
rpacpii (OCI') ona AgiarHOCTUKM 3axBopltoBaHb Cyrnobis,
BM3HAYMTW MOXNIMBOCTI i MEpPCrneKkTMBM 3acCTOCyBaHHS
Pi3HMX CUMHTUrpAPiYHMX pexXnmis AN BeOEeHHSA nauieHTiB
3 natonorieto OPA.

MATEPIAJIN TA METOOU OOCNIAXXEHHA

Ornsag niTepatypyu OXOnvMB AOCTYMHI NOBHOTEKCTOBI
ny6nikauii, ski 6ynu oTpumaHi BHacnigok nitepaTtypHOro
nowyky y 6asax gaHux Scopus, Web of Science Core
Collection, PubMed. Takox BMBYEHI MiXXHApOAHi CTaHAAPTHI
HacTaHOBM ANSA AiarHOCTMKM NaTtornorii onopHO-PyXOBOro
anapaTty Ta MoHorpadii, npucBaYeHi pagioHyKNigHUM
mMeTofam 0GCTeXeHHs B OHKOMorii, opToneaii i TpaBmarto-
norii Ta ribpugHuM TexHonoriam Bidyanisauii. Ocobnusa
yBara npuainanacb aHanisy eeKkTMBHOCTI MeToaiB saep-
HOI MeAMLMHN Y Pi3HUX KIiHIYHUX CcUTyauisx.

PE3YNbTATU TA IX OBFOBOPEHHS

CTpyKTypa cyrnob6iB Ta MexaHi3aMm BUHUKHEHHS

naTonoriyHux 3miH

OcHOBHVMMMK eneMeHTamu cyrnoba € cyrnoboBi noBepx-
Hi KiCTOK, LlO cknagawTbcs 3 Xxpswa i cybxoHapanbHoi
kictkoBoi TkaHuHW (CXKTk), CUHOBIanbHOI MOPOXHUHM,
3aMnoBHEHOI PiAMHOK AN 3MEHLLUEHHSI TepTs, Ta CyrnoboBoi
CYMKM (Kancynu), sika 3axvwae i yTpumye BCi enemeHTu
BKyni. 3B’A3KM (Ny4KU €nacTUyHOi CMOoNy4HO! TKaHWHMW) Ta
M’SI30Bi CYXOXWUINKM (CMONYYHOTKAHUHHI KiHUEBI Bigainu
NMonepeYyHornocMyroBaHnx M’si3iB, 3a [JOMOMOIOK  SKUX
BOHW MNPUKPINMNIOITLCA A0 KICTOK CkeneTta) 3MILHIoTb i
cTabinidytoTb cyrnod, obmexytoTb HagMipHi pyxu B Npoueci
X pyHKUiOHYBaHHSA [6] (puc.1, a).

order, alleviation of disease progression and prognosis
improvement [2—4].

At the first stage of radiodiagnosis conventional radio-
graphy (CR) is used, which detects disruption of anato-
mical continuity of skeletal elements and congruence of
articular surfaces, decrease or increase in subchondral
bone (SCB) tissue density, presence of degenerative
changes and mass lesions [5, 6]. The sensitivity of CR
is low in the cases of slight changes in osteochondral
elements, synovial structures, ligaments, tendons, fasciae,
therefore it requires the application of modern high-
technology tomographic methods such as X-ray computed
tomography (CT), magnetic resonance tomography (MRT)
and ultrasound investigations (USI) [6-8].

Osteoscintigraphy (OSG) is an accessible, economi-
cally viable and highly sensitive method for detecting
early manifestations of metabolic disorders in MSS
structures [4, 6, 9-11]. In Ukraine OSG is used insuffi-
ciently in the cases of noncancerous lesions of the MSS
due to doctors’ low knowledge about the method’s possi-
bilites and dominance of the stereotype about its
exceptional application in oncology [12-16]. Presently,
technological progress of SPECT and combined
SPECT-CT technology allow pathological focal areas
to be precisely localized and bound to anatomical
organizations, and the new processing algorithms of
scintigraphic information significantly improve diagnostic
accuracy of the method in solving complicated clinical
cases [6, 17-25].

The purpose to study and generalize the world
experience of application of modern methods of osteoscin-
tigraphy (OSG) for diagnostics of joints diseases, to define
possibilities and prospects of various scintigraphic
acquisitions for investigation patients with MSS pathology.

MATERIALS AND METHODS

The literature review covers accessible full-text publi-
cations obtained through literature search in the data-
bases Scopus, Web of Science Core Collection, PubMed.
International standard guidelines for the diagnosis of
MSS pathology, monographs for radionuclide examination
methods and hybrid imaging technologies in oncology,
orthopedics and traumatology were also investigated.
The efficacy analysis of nuclear medicine methods in
different clinical cases was given particular attention to.

RESULTS AND DISCUSSION

The structure of joints and mechanisms

of pathological changes emergence
The main elements of a joint are articular surfaces
of bones that consist of cartilage and subchondral bone
tissue (SBT), synovial cavity filled with liquid for friction
reduction and a joint capsule which protects and holds
all elements together. Ligaments (the strands of elastic
connective tissue) and tendons (connective tissue terminal
segments of striped muscles that attach tendons to the
skeleton bones) strengthen and stabilize the joint, limit

excessive movements [6] (fig.1, a).

In the cases of cartilage injury subchondral osteoblasts
which secrete osteoid (an element of organic matrix which
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Puc. 1. CxemaTnyHa cTpykTypa cyrnoby B HopMi (a) i npu natonoriyHmx 3miHax (6); a: 1-cyrnobosuit xpsiL; 2 — cyGxoHapanbHa
KICTKOBa TkaHWHa; 3 — CMHOBIanbHa 060MoHKa; 4 — 3B'A3kK; 5 — M’130Bi CYXOXUIKU; 6 — CUHOBIanbHa NOPOXHWHA; 7 — Kancyna; 8 — M's3;
6: 1 — KICTO3HO-CKNEPOTUYHI 3MiHW CyOXOHApanbHOI KICTKOBOI TKAHUHW; 2 — AereHepaTuBHI 3MiHM xpsiLa,

CVHOBianbHUX 06OMOHOK, 3B'A130K, kancynu; 3 — octeoditn
Fig.1. The schematic structure of a joint under normal (a) and pathological conditions (b); a: 1 — articulating cartilage;

2 — subchondral bone tissue; 3 — synovium; 4 — ligaments; 5 — tendons; 6 — synovial cavity; 7 — capsule; 8 — muscle;

b: 1 — subchondral bone tissue cyst/sclerosis; 2 — degeneration of cartilage, synovial cavities, ligaments, capsule; 3 — osteophytes

Mpu ywKoOXKeHHi XpsAlWwa akTUBYHOTLCA CyOXOHOpPanbHi
octeobnacTtu, ki CEKpPeTylTb OCTEOIA (ENeMeHT opraHiy-
HOro MaTpuKCy, WO Mi3Hile MiHepanidyeTbCa A0 KpucTanis
rigpokcuanatuTty), NiABULLYETbCA iIHTEHCUBHICTb KiCTKOBOI
dopmadii 3 yLlinNbHEHHsIM, ocucpikauieto i noganbLIo
Jerpagauieto cyrnofboBoro xpsila; BigbyBaeTbCs KiCTO3HO-
CKIEPOTMYHE NEPEpPOIKEHHST CyOXOHAPaAnbHUX KICTKOBUX
enemMeHTiB, (hbopMmyBaHHSA OCTeOdITiB Ha TNi AereHepaTuBs-
HMX Ta 3ananbHUX 3MiH CUHOBianbHOI OBOMOHKM, 3B'A30K
i Kancynu, 3BYXXEHHSM CyrnoboBoi LWinuHW. [1OBTOPHI
MIKpOTpaBMM Ta PO3TArHEHHHA Kancynu i 3B'A30K cyrrnoba
npu3BoAATb OO0 iX XPOHIYHOrO 3ananeHHs, YLinbHEeHHS
i rinepTpodii 3 ibposyBaHHAM i ocudikauiero. BuHukatotb
eHTesonartii, TeHAUHITK i BypcnTn (NOOPa3HEHHS KiCTKOBUX
30H MNPUKPIMMEHHA CyXOXMIKIB, Kancynu i 3B'A30K 3 BU-
HVKHEHHAM XPOHiYHOro 3ananeHHs) (puc. 1, 6). Mpu Bia-
CYTHOCTI NiKyBaHHS TpuBanui npouec BpeLTi Npu3BoanTb
00 TSHKKMX HE3BOPOTHMX 3MiH xpsAwa i CXKTk, cTBoprooum
«3aMKHEHe naTonorivyHe Kono» [2, 26].

MpuHuMn Bi3yanisauii Ta npoTokonu

npoBeneHHA OCI

B ocHoBi OCIT nexuTb TPOMHiCTb hocaTHNX CnoryK,
AKi BXOOSTb A0 CKNapy AiarHOCTUYHOro pagiodapmnpe-
napaty (P®rl), A0 HeOpraHiYHWX ernemeHTIB KiCTKOBOI
TKaHWHW (KTK) Ta KMITMHHWX eNeMEHTIB KICTKOBOTO MaTpuKCY.
Micns BHYTPILWHBOBEHHOTO BBeAeHHS POl 3B’asyetbes 3
rigpokcuanatuToMm Ta mMeTaboniyHo akTUBHUMM KNiTUHaMM
[4, 10, 11], wo [o3BONSIE BUABUTU 3MiHM Ha GioxiMmidyHOMY
piBHi. ®ocdaTtHi cnonykn € HopMmanbHUMKU MetaboniTamm
KTk, TOMy He BMKNUKaTb NOBGIYHMX peakuin abo ycknag-
HeHb, a pagioakTMBHa MiTka (**"Tc) CTBOpHOE pO3CisiHe
NPOMEHEBE HaBaHTaXEHHS, WO He NepeBuLLYE rpaHN4HO
ponyctumy posy (FO0) ana gocnigxyBaHOI  Kateropii
nauieHTis [11].

Y akocti P®I1 BMKOPUCTOBYIOTH  riAPOKCUMETUI-
eHandocdoHar, 2,3-gukapbokcunponax-1, 1-gudocdoHat
(Ta iHWi), MiveHi *¥mTc. Ix iHKkopnopauis BinBysaeTbca Ha
MOBEPXHi KpUCTarniB rigpokcmanaTuTy NpornopLiinHO Backy-
napwmsauii KTk Ta octeobnacTuyHin aktusHOCTI. Yepes
4 rogvHM nicna BHYTPIWHbOBEHHOro BBeAeHHs 60% POrl
dikcyeTbca B ckeneTi, 34% BuBOAWNTLCS 3 ceyeto, 6%
3anuwaetbcad B KpoBoobiry. MakcumanbHa akymynsuis
P®I1 y kictkax gocaraetbcsa yYepe3 1 rog nicnsa BBeAEHHS
i 3anuLIaeTbCA NPaKTUYHO MOCTIVMHOK MPOTAroM 72 rog.

transforms into hydroxyapatite crystals over time) become
activated and the intensity of bone formation increases
leading to densification, calcification and further degene-
ration of the articular cartilage. Cystic-sclerosis transfor-
mation of subchondral bone elements occurs as well as
the formation of osteophytes on the background of
degenerative and inflammatory changes of the synovium,
ligaments, capsule and joint space narrowing. Repetitive
microtraumas and strains of the joint capsule and liga-
ments lead to their chronic inflammation, calcification and
hypertrophy with fibrosis and ossification. Enthesopathies,
tendinitises, and bursitises (excitation of attachment-
to-bone points of tendons, capsule and ligaments with
occurrence of chronic inflammation) (fig. 1, b) emerge.
If untreated, this lengthy process results in severe irrever-
sible cartlage and SBT changes creating «a vicious
pathological circle» [2, 26].

The visualization principle and OSG protocols

OSG is based on the affinity of phosphorus compounds
which are a part of a diagnostic radiopharmaceutical,
of non-organic elements of the BT and of cell elements
of bone matrix. After an intravenous injection the radio-
pharmaceutical fixates to hydroxyapatite and metabo-
lically active cells [4, 10, 11], and thus allows biochemi-
cal changes to be detected. The phosphorus compounds
are normal metabolites of BT, hence they don’t cause side
effects or complications, and the radioactive tracer (**"Tc)
creates scattered radiation exposure that doesn’t go
beyond maximum permissible dose (MPD) for the category
of patients examined [11].

Hydroxymethylendiphosphonate, 2,3-dicarboxypro-
pane-1, 1-diphosphonate and other marked %™Tc are
used as radiopharmaceuticals. Their incorporation occurs
on the surface of hydroxyapatite crystals in proportion
to the BT vascularization and osteoblastic activity.
4 hours after intravenous induction 60% of the radio-
pharmaceutical fixates to the bones, 34% is excreted
in urine, 6% is left in blood circulation. Maximum accu-
mulation of the radiopharmaceutical in bones is reached
1 hour after the induction and remains stable over the
course of 72 hrs. Optimal visualization time — 2-3 hrs. after
the injection of the radiopharmaceutical [4].
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OntumanbHMiA Yac Ans Bidyanizauii — 2-3 roa. nicns
iH ekuil PO [4].

AKTVBHICTb ONsi BBEAEHHS: ANA OOPOCINX PEKOMEH-
[JoBaHa go3a Ha pgocnimkeHHst ctaHoBuTb 300-740 MBK,
npu upomy edekTuBHa Ao3a craHoBuTb 4,9 M3B/MBk
npyM HOpPManbHOMY HaKOMWYeHHi Ta ekckpeuii POr.
Mpu pekomeHOoBaHMX akTUBHOCTAX edekTuBHa Aosa (EA)
konuBaeTbcs B Mexax 1,4-3,6 m3B [10].

Mepeearoto OCIT € MOXNUBICTb NpoBeaeHHs1 baraTbox
obCcTexxeHb Npy OHAKOBOMY MPOMEHEBOMY HaBaHTaXEHHI
(nicns BBegeHHs opHiei gosu POIM). Npu BUKOpUCTaHHI
cymiweHoi metoaukm O®PEKT/KT nigBuweHHs EO moxe
6yTn 3a paxyHok gopasaHHsA KT (Ons cymilleHHs 3i cumH-
TUrpadiyHNM 06CTEXEHHSM).

ABCONIOTHMX NpPOTUNOKa3aHb HEMAE.
BiJHOCHMM NpoOTMNoKasaHHaM [4, 11].

B 3anexHocrTi Bia kniHiyHoro cueHapito, OCI BUKOHyOTb
3a TakMMK NPOTOKONaMMU:

1) pocnimkeHHs ycbOoro Tinma y NepeqHin i 3agHin
npoexuii abo 36ip oKpeMmx NaHapHUX NPOEKLIN;

2) Tprda3oBe 0OCTEXEHHS OKpeMUX AiNsHOK ckenerta
(3-cp OCT): | dpasa (cyaunHa) — 30-60 kagpis no 1-2 c,
mMatpuua 64x64 abo 128x128 nikcenie opgpasy nicns
BBegeHHa POIT; Il dasa (M’skoTkaHuHHA) — 36ip npo-
Tarom 5 xB/300 imnynbcie, matpuua 128x128 abo
256x256 nikceniB yepe3 10-20 xB. nicna BBegeHHs POIT,
KoniMaTop HU3bKOEHEepPreTUYHUA BMCOKOI po3ainbHOI 3aaT-
HocrTi; Il dasa (kictkoBa) — aHanoriyHo |l yepes 2-5 rog.
nicna BeBeaeHHsa POI1, 5 xB/500 imnynbciB Ha NpoekLito;

3) ToMmorpadiyHe obcTexeHHs (0gHOMOTOHHA eMi-
ciiHa komm'loTepHa Tomorpadpia — O®EKT) wmartpuus
128x128 nikcenis, 128 kpokiB, 20 CEK/KPOK;

4) cymilleHa 3 PEHTreHIBCbKOI KOMM'KOTEPHOK TOMO-
rpacieto  TexHonoria (OPEKT/KT) KT pna nokanisadii:
2,5-40 mA, 80-130 kEB, 1-5 mm 3pi3n; KT giarHocTuyHe:
40-335 mA, 80-130 kEB, 0,33—-2,0 mm 3pisu [4, 10, 11].

IHTeHCUBHICTL pikcauii PPl yiTko kopentoe 3 akTuB-
HICTIO MpoLecy, a TakoX 3 BUPaXEeHICTIo pagiorpadivyHmnx
3MiH: YMCREHHI [ocCnigXeHHs [0BOoAATb e(EeKTUBHICTb
OCI Ha paHHix cTagisx, npu BigCYTHiIX abo MiHiManbHUX
3MiHax Ha peHTreHiBCcbkux obcTexeHHsix Ta MPT [4, 16,
18, 27]. M’SKOTKaHUHHI MOPYLUEHHSA BUSBNSATLCA OApasy
nicna GOMNCHOr0 BHYTPILWHLOBEHHOrO BBeAeHHsS POI:
npu axkTMBHOMY 3ananbHOMY MpoOLEeCi NpULIBUALLYETHCA
KpoBomnmnuH, POl iHTEHCMBHO eKCTparyeTbCs 3 KPOBOTOKY
i NMPOHUKae B eKCTpaBacKymnspHUMA npocTip. BigcTtpoyeHa
Bigyanisauis Bigobpaxae cybxoHapanbHi i eHTesianbHi
3MiHW, WO MOLUMPIOKTLCA Y3OOBX CUHOBIanNbHUX CTPYKTYp
cyrnoby [6].

BariTHicTb €

Moka3aHHsA oo 3actocyBaHHs OCI npu 3axBoproBaH-
HAX Ccyrno6GiB pernameHTOBaHi CcTaHgapTamu €Bponen-
cbkoi Acouiauii saepHOi MeauumnHK, siki po3pobnsitoThbes
npoBigHuMKn daxiBuamu y ranysi natonorii OPA i wopiy-
HO noHoBnoTbCA [4, 11]. Y HUX BKIMIOYEHI Taki CTaHu,
MoB’s3aHi i3 3axBoploBaHHAMM CyrnoobiB:

Pesmamonoais:

— XPOHIiYHi 3ananbHi apTpuUTKU BKMAOYHO PeBMaToigHWI
apTpwT, CNOHAMINOAPTPONaTii Ta NOB’sA3aHi NOPYLUEHHS (aHKi-
N03Yo4MIA CMIOHAWMIT, NCOpIiaTUYHUIA apTPUT Ta iH), CaKpOINeiT;

— OCTE0apTpUTK NonepekoBmx paceT-cyrnobis, a Takox
KynbLLOBOro, KomniHHOro (demopoTtunbianbHoro i gemopo-
naTensapHoro), rominKOBOCTYMHEBOro cyrnobiB, Tap3anbHi
0CTE0apTPUTL; CUHAPOM TuTLE (KOCTOXOHOPWT);

— aBacKynsipHi OCTEOHEKPO3N CTPYKTYP KyNbLIOBOrO Ta
KoniHHOro cyrnoois;

Activity for the induction: the recommended adult
dose for one examination is 300-740 MBq, while the
effective dose is 4,9 mSv/MBq under the conditions of
normal accumulation and excretion of the radiopharma-
ceutical. The effective dose hovers around 1,4 — 3,6 mSv
under recommended activities [10].

One of OSG benefits is the capability of having
lots of examinations at the same radiation pressure
(after the injection of one radiopharmaceutical dose).
When combined SPECT/CT method is used, effective
dose can be increased because of the CT addition
(for combining with scintigraphy).

There aren’t any absolute contraindications. Pregnancy
is a relative contraindication [4, 11].

Depending on the clinical scenario, OSG is applied
in accordance with the following protocols:

1) the whole body examination in anterior and posterior
projections or collection of separate planar projections;

2) 3-phase examination of certain skeleton sections
(3-phase OSG): | phase (flow phase) — 30-60 images
are obtained at 1 — 2 seconds per frame, a 64x64 or
a 128x128 pixels matrix is obtained immediately after
the radiopharmaceutical injection; Il phase (blood pool
phase) — obtainment within 5 min/300 impulses, a 128x128
or a 256x256 pixels matrix is obtained 10 — 20 min.
after the radiopharmaceutical injection, low energy
high-resolution collimator; 1l phase (delayed phase) —
similarly to the 2nd phase, images are obtained 2-5 hours
after the radiopharmaceutical injection, one projection
within 5 min / 500 impulses.

3) CT scan (single-photon emission computed tomo-
graphy (SPECT), a 128x128 pixels matrix,128 steps,
20 s per step;

4) combined technology with X-ray computed tomo-
graphy (SPECT / CT) of CT for localization: 2,5 — 40 mA,
80— 130 keV, 1 —5 mm bevels; diagnostic CT: 40 — 335 mA,
80 — 130 keV, 0,33 — 2,0 mm bevels [4, 10, 11].

The intensity of radiopharmaceutical fixation precisely
correlates with the process activity, and also with the
intensity of radiographic changes: numerous examinations
prove the OSG efficacy at the early stages with minimal
or no changes X-ray examinations and MRT [4, 16, 18, 27].
Soft tissue disorders are detected right after intravenous
bolus injection of the radiopharmaceutical: in the cases of
active inflammatory process blood circulation accelerates,
so the radiopharmaceutical intensely extracts out of blood
flow and reaches extravascular space. The delayed
visualization shows subchondral and entheseal changes
that spread along the synovial structures of the joint [6].

The indications for OSG in the cases of joint
diseases are regulated according to the standards of
European Association of Nuclear Medicine, which are
developed by the leading specialists in the field of the MSS
pathology and are updated annually [4, 11]. They include
the following states connected with joint diseases:

Rheumatology:

— chronic inflammatory arthritides including rheumatoid
arthritis, spondyloarthropathies and related disorders
(ankylosing spondylitis, psoriatic arthritis, etc.), sacroiliitis;

— osteoarthritis of transverse facet joints, also of the
hip, the knee (femorotibial and femoropatellar), and
the ankle joints; tarsal osteoarthritis; Tietze's syndrome
(costochondritis);

— avascular osteonecrosis of the structures of hip
and knee joints;
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— maTonoriyHi 3miHM onepoBaHux cyrnobiB (cenTuyHa
HecTabinbHIiCTe abo MexaHiYHi yCKnagHEeHHs! BHYTPILLHBOT
dhikcauii abo apTponnacTuku).

Opmonedis, mpasmamorsiozisi ma criopmueHa MeduyuHa:

— eHTe30narTil BKITHOYHO NnaHTapHi dacuiitn, TeHOWHITM
AXInoBoro cyxoxurky ta bypcutu;

— cnoHaunonicTean (rocTpuii Ta NiArocTpui);

— nepenomMu Ta NpuxoBaHi NepenomMm i3 BTATHEHHSAM Cy-
rmoboBKX enemMeHTIB (enemMeHTIB XpebLiB, FONOBKY Ta LLUWAKA
CTErHOBOI KiCTkM, TibianbHOro nnato, ApibHNX KICTOK cTonwn);

— CenTu4YHa HecTabinbHICTb eHOoNpPOTE3iB, MexaHiYHi
YCKNaAHEHHS Ta CUHOBIITU BHACMIAOK NOPYLUEHb BHYTPILU-
HbOI dhikcaLii (TpybuaTux kictok abo xpebuis) abo nportesy-
BaHHS Cyrnoois;

—CceBaoapTPO3n (BiACTPOYEHE 3pPOCTaHHS, HE3POLLIEHHST);

— NepuapTUKynapHa reTepoTonivyHa ocudikaLia.

lediampis: OCTEOXOHAPUTU Ta CUHOBIITU KymNbLIOBUX
cyrnobis.

CucTtemHi 3axBOplOBaHHSA cyrnobiB

PesmatoigHuin aptput (PA) — XPOHIYHWUIA CUCTEMHUNA
npouec Hes3'sicoBaHOi  €TiONorii, WO NpPOosABNSETLCSA
ypaxeHHsiM cyrnobis, ypaxye 0,5-1% HaceneHHsa [26].
PA xapakTepusyeTbCs YLUKOMKEHHAM CyrnoboBmux XxpsLlis
Ta cybxoHapanbHoi KTk 3 yTBOPEHHSIM epo3iii i CUHOBIITOM,
3HaYyHO NOripLlye AKICTb XUTTH i Npaues3faTHicTb, LWBUAKO
npu3BoguTbL L0 iHBanigmsadii. [lepBuHHa pJiarHoctuka
PA GasyeTbca Ha pesynbratax nabopaTtopHux AaHux Ta
KP — obugsa metoam HU3bkocneumdidHi Ha paHHix cTagisx.
KP BuaBnsie CTPYKTYpHi 3MiHM (3BYXEHHs Cyrrno6oBoi
winvHn, eposii CXKTK), ane npuxoBye QyHKLiOHamMbHI
(nipBUWEHHA MeTaboniyHOT aKTMBHOCTI B XPALLOBUX Ta
M’SIKOTKaHVWHHWX enemMeHTax cyrnobis) [7, 28].

OCI' BusIBNsA€ MOiNsHKM BUCOKOiI OCTEo0nacTUYHol
aKTUBHOCTI [0 no4yaTKy BUPaXeHUX MOPAONOriYHUX 3MiH.
[ocnioXeHHs BUKOHYIOTb B CTaHAApTHOMY MriaHapHOMY
pexuMi, OKpeMmnx MpULINbHUX MPOoeKUin Ta TpudasoBoMy
pexumi. 3-p OCI posBonsie BUSABUTM Taki NaToreHeTUYHi
ocobnmBocTi PA: B aHriorpadivyHy asy BM3HA4aETbCA
CTYNiHb Finepemii, Wo BigNOBigae aKkTUBHOCTI 3ananeHHs;
Yy M'SKOTKaHUHHY a3y BUSIBNSETbCA MiABULLEHHSA CYLAMWH-
HOT MPOHWKHOCTI, SIka NponopLlirHa iIHTEHCMBHOCTI 3ana-
NEHHs B CUHOBIamnbHin 0BGOMOHLi (CMHOBIITY); Yy KiCTKOBY
a3y BigobpaxaeTbca pemoaynsuis  cyGxoHOpanbHOi
KTk y BignoBigb Ha 3ananeHHs cyrnoboBKX enemeHTiB Ta
JecTpykuito xpswa [22].

3a pesynsratamu  pocnigxkeHHss C. Buchbender 3
koneramu [29], yytnueictb ODPEKT Ha panHii ctagii PA
nepesuwyBana MPT npu BTtarHeHHi CXKTk: y 84,2%
CUMHTUrpadiyHO BusABNEeHUX aptputie curHan MPT Oys
y Mexax HOpMu; iHTeHcuBHa dikcauis POl Bigmivanack
nvwe B cyrnobax 3 akTmBHuM cuHoBiiTom (P<0,001), wo
niaTBEpOXKyBano TiCHUI B3aEMO3B’'A30K OCTEITY i CUHOBIITY.

Ona nigBuWeHHA 4yTRNMBOCTI, MPOCTOPOBOrO PO3pi3-
HEHHs1 Ta SAKOCTi CUMHTMrpadiyHoro 306pakeHHsa 3acTo-
COBYWOTb crneuudiyHi  Konimatopy  (MynbTUmiHXon) —
ue [03BONsE BM3HAYMTU ocobnuBocTi po3snoginy POrl
y NaTonoriYHMx ocepegkax i MNOKPALWUTU  PO3YMiHHS
natoreHesy PA, audepeHuitoBatn paHHi o3Hakm PA i
0OCTE0aPTPUTUYHI 3MiHM (LEHTPanbHUn abo eKCLLEHTPUYHUNA
T1n dikcauii PO y sorHmwax) [30].

MaTonoriyHi Nnpouecu B CTPyKTypax xpebta
XpebToBUI CTOBN — LUe BiCb Tina noAWHKM, WO
3abe3neyye KMoOro wuinMicHICTb i MOGINbHICTL. XpebeT €

— pathological changes of surgically operated
joints (septic instability or mechanical complications of
internal fixation or arthroplasty).

Orthopedics, traumatology and sports medicine:

— enthesopathies including plantar fascioses, tendi-
nitises of Achilles tendon and bursitises;

— spondylolistheses (acute and subacute);

— fractures including subtle fractures with involvement
of the joint elements (elements of vertebrae, codylus and
neck of femoral bone, tibial plateau, foot ossicles);

— septic instability of endoprostheses, mechanical com-
plications and synovitides due to the disorders of internal
fixation (of tubular bones or vertebrae) or joint replacement;

— pseudoarthroses (delayed growth, non-union);

— para-articular heterotopic ossification.

Pediatrics: osteochondritis and synovitides of hip joints.

Systematic joint diseases

Rheumatoid arthritis (RA) is a chronic systematic
process of unknown etiology, which manifests with joint
damage and affects 0,5 — 1% of population [26]. RA is
characterized by damaging the joint cartilage and sub-
chondral bone tissue with erosion formation and synovi-
tis. Moreover, this disease significantly changes life and
performance capability for the worse quickly leading to
disablement. The primary diagnostics of RA is based on the
results of the laboratory data and CR — both methods are
low-specific on early stages. CR detects structural changes
(joint space narrowing, subchondral BT erosions), but
not the functional ones (metabolic activity increase in
cartilaginous and soft tissue elements) [7, 28].

OSG detects areas of high osteoblastic activity before
conspicuous morphological changes start to develop.
The examination is done in standard planar mode, in
separate specific projections mode or in a 3-phase mode.
3-phase OSG permits the following pathogenetic features
of RA to be detected: in the flow phase the degree of hype-
remia which is congruent with inflammation activity is esti-
mated; in the blood pool phase vascular permeability impro-
vement which is proportional to inflammation intensity of
synovium is detected; in the delayed phase the remodeling
of the subchondral BT is visible in response to the inflam-
mation of joint elements and cartilage destruction [22].

Based on the research findings of C. Buchbender
and his partners [29], the SPECT sensitivity at the ear-
ly stage of RA surpassed MRT in case of involvement of
subchondral BT: in 84.2% of scintigraphically detected
cases of arthritis the MRT signal was within normal limits;
intensive radiopharmaceutical fixation was noticed only in
the joints with active synovitis (P<0,001). This fact confir-
med close correlation between osteitis and synovitis.

Specific collimators (multipinhole) are used for the
increase of sensitivity, spatial discrimination and scinti-
graphic image quality. They enable features of the radio-
pharmaceutical distribution in pathological focuses to be
defined and a better understanding of RA pathogenesis
to be gained. Moreover, the collimators allow the early
stage symptoms of RA, as well as osteoarthritic changes
(central or eccentric type of radiopharmaceutical fixation
in focuses) to be differentiated [30].

Pathological processes in spinal structures
The vertebral column (also known as the backbone
or spine) is a body axis that protects body’s continuity
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6araToKOMMNOHEHTHOIO | MyNbETUMYHKLIOHANbHOK CTPYKTY-
polo, WO CKNafjaeTbCA 3 YUCINEHHUX APIOHUX enemeHTiB,
XMMEPHO B3aEMOMOB’A3aHMX AN 3abe3neyvyeHHs yCboro
Pi3HOMaHITTS  OYHKUiOHaNbLHOrO  HaBaHTaxeHHsa  [31].
BonboBuIn CUHAPOM BUHMKAE NPy NOPYLUEHHI dOYHKLIT, Konm
CTPYKTYPHi 3MiHN HENEPEKOHNMBI, TOMY Ha PaHHIX CTadisaX i
Npu XpOHIYHMX NpoLecax iMIgKMHIOBI 3HaXiaKuM Ta KriHiYHa
cMMnTOMaTuKa He KopenowTb. Y Takux Bunagkax OCI
PO3UIHIOETBECS AK METOA NepLuoi NiHiT giarHocTuku [32].

MokasaHHA gna OCI npu 3axBoprOBaHHAX Xxpeb6Ta
Ta caKpoineanbHOI 30HW: CMOHAMWITONI3, CMIOHAUIIONICTES,
cakpoineiT, oKynsTHi Ta cTpec-nepenomu xpebuis BHacni-
[OK OCTeonoposy, apTputn Mikxpebuesux (daceToyHux)
cyrmnobiB (®C), nyxnuMHHE ypaXKeHHsI KICTKOBMX CTPYKTYp,
OCTEOMIENIT, PEKYPEHTHUI Ta peumauByounii 60nbLOBMNA
CUHAPOM nicnsa XipypriyHux yTpyyars [31, 32-39].

Ona  pisHMx natonoriyHMx 3MmiH XxpebTa onmcaHo
XapakTepHUn cumHTUrpadidyHnin nattepH [32, 40]: npwu
JereHepaTMBHUX 3MiHaX OUCKIB — AinsHKW rinepdikcauil
P®I1 Ha piBHIi nepegHbo-naTepanbHUX KpaiB Tin xpebuis
(«rapsvi» octeodditTu); nNpu ypaxeHHi ®C (gereHepaTuBHi
abo o0CTeoapTpuUTMYHI) — OKpYrMi LiNsHKW Ha  piBHI
MiKXpebLeBoro gucka no3agy CrhiHanbHOro  Kalany;
npu ypaxeHHsaX ayrm xpebus (cnoHgunonis, nepernomwu
HiDXOK, anodiseanbHux abo nonepevHux BIOPOCTKIB) —
OingHkM  nigBuweHoi  dikcauii PPl TpukyTHOi chopmm
no3agy cniHamnbHOro KaHany Ha piBHi Tina xpebus; npwu
KOMMNpecinHOMY nepenomi — fiHiMHa ropu3oHTanbHa
JinsHKa 3 YiTKUMKW KOHTypamu B Tini xpebus; npu Meta-
CTaTU4HOMY YpaXKeHHi — CoMiTapHi AiNsSHKM y Tinax xpebuis
3 NepPexXonoM Ha HiXKKW.

BonboBuI cMHApPOM NonepeKkoBoro BipAiny xpebta
(NBX) nowwupeHnn $K cepen MOMOAMX CMOPTCMEHIB,
Tak i nioger noxunoro BiKy, ane eTionatoreHes MNOro
CYTTEBO BiAPI3HAETLCS.

CnopTCMEHN YacTo OTPUMMYIOTb XPOHIiYHI MikpoTpaBMa-
TUYHI  YLWIKOKEHHS BHAcMigoK (Onekcii, ekcTeHsii Ta
poTadii, Wo nNpu3BoauTb OO0 AereHepaTMBHUX 3MiH, CTpec-
yLWIKOMKEeHb Ayr xpebuiB (cnoHaunonidy) Ta MOpYLUEHHS
X NMPOCTOPOBOro po3TallyBaHHS (croHaumnonicTesy, To6To
«CMoB3aHHA» Xpebus BHU3 i gonepedy BiAHOCHO HWX4Ye-
posTawoBaHoro) [40]. Lie HalvacTiwa npnynHa 60nb0BOro
CMHOPOMY Yy MOMogux aTtrneTiB Npu MiHIManbHUX CTPyK-
TYPHUX MOPYLUEHHSX, SKi BUABNATLCA NULLE Ha cyyac-
HUX BUCOKONiINbHNUX MPT-306paxeHHsAX. Oani nitepaTtypm
cBigyatb npo edhekTmBHicTb OCI mpu nigo3pi Ha cnoH-
ounonia, a 3actocyBaHHsa O®EKT nokpallye koHTpacT-
HiCTb 300paKeHHs, MiABWLLYE YYTNMBICTE Ta TOYHICTb
aHaToMiYHOI nokanisauii 6e3 36iMblIeHHS NPOMEHEBOro
HaBaHTa)XXeHHs1 Ha nNauieHTa, YMOXIMBIE Kopensuito 3
iHWKXMK TOMOrpagivyHUMKM MogansHocTsaMu [41].

CymiweHa TexHonoris OPEKT/KT possonse knacu-
cikyBaTu nartonorito oyrn xpebus TakMm YMHOM: CTpec-
peakuis (rinepdikcauia PPl Ha OPEKT 6e3 cknepotuyHoi
niHii nepenomy Ha KT), came crnoHaumnonia (nigBuLLEHHS
®POI1 1a niHis nepenomMy Ha KT) Ta JaBHi HEKOHCOMiAOBaHI,
ane MeTaboniyHO HeaKTUBHI YLIKOMKEHHS (HopMarnbHa
dikcauis POl Ta niHia nepenomy 3i CKNepOTUYHMMM
kpasmu Ha KT) [42]. HopmanbHa dikcauis PP Buknovae
CMNOHAMNONMI3 K NPUYMHY 60NBOBOrO CUHAPOMY.

Mpu natonorii Ha piBHI MikxpeOueBnx AWCKIB Ha
OO®EKT/KT BUSIBNEHO YiTKMA 3B'SI30K MiXK iHTEHCMBHICTIO
0ONbOBOr0  CMHOPOMY Ta MeTaboniyHOK  aKTUBHICTHO

and mobility. The spine is a multi-component and multi-
functional structure that consists of numerous small
elements intricately intertwined for supporting the variety
of functional load [31]. Pain syndrome emerges under
the conditions of dysfunction when the structural changes
are unconvincing, therefore image findings and clinical
symptomatology don’t correlate with each other on early
stages and under the conditions of chronical processes.
In such cases OSG is deemed to be a first-line diagnostic
method [32].

Contraindications for OSG in cases of spine and
sacroiliac zone disorders: spondylolysis, spondylolis-
thesis, sacroiliitis, occult and stress fractures of spinal
bones as a result of osteoporosis, facet joint (FJ) arthritis,
bone tumors, osteomyelitis, recurrent pain syndrome after
surgical interferences [31, 32 — 39].

The specific scintigraphic pattern for different patho-
logic spine changes is described [32, 40]: in the cases of
degenerative changes of discs — the areas of the radio-
pharmaceutical hyperfixation on the level of anterior-lateral
edges of vertebrae bodies («hot» osteophytes); in the cases
of facet joint lesions (degenerative or osteoarthritic) —
the rounded areas on the level of the intervertebral
disc behind the spinal canal; in the cases of the vertebral
arch diseases (spondylolysis, pedicle, apophyseal or
vertebra spines fractures) — the triangular areas of the
radiopharmaceutical hyperfixation behind the spinal canal
on the level of vertebra body; in the cases of compression
fracture — a linear horizontal area with sharp contours
in vertebra body; in the cases of metastatic affection —
the solitary areas in vertebrae bodies spreading to pedicles.

The lumbar spine pain syndrome is common among
both young sportsmen and old people, however its
etiopathogenesis varies significantly.

Sportsmen often receive chronic microtraumatic
injuries as a result of flexion, extension and rotation which
leads to degenerative changes and stress-induced injuries
of vertebral arches (spondylolysis) and their misplacement
(spondylolisthesis, that is vertebra «sliding» down anterior
to the one located under it) [40]. This is the most common
reason of pain syndrome among young athletes with
underlying minimal structural problems, which can be
detected only on modern high-field MRT images.
The literature data indicate about OSG efficacy in the
cases of suspicion of spondylolysis, and SPECT application
increases image contrast, sensitivity and accuracy of
anatomical localization without additional radiation
exposure. In addition, it makes correlation between other
tomographic modalities possible [41].

Combined SPECT/CT technology permits the vertebral
arch pathology to be classified the following way: a stress
reaction (the radiopharmaceutical hyperfixation on SPECT
without the sclerotic fracture line on CT), in particular
spondylolysis (increased fixation of radiopharmaceutical
and fracture line on CT) and old non-consolidated but met
abolically inactive injuries (normal fixation of radiopharma-
ceutical and fracture line with sclerotic edges on CT) [42].
Normal fixation of radiopharmaceutical excludes spondy-
lolysis as a cause of pain syndrome.

In the cases of pathology on the level of interverte-
bral discs a clear relationship between pain syndrome
intensity and metabolic activity in the vertebral endplates
with underlying degenerative changes was noticed.
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y KiHLUEBMX NnacTMHKax XpeOuiB npu [ereHepaTMBHUX
npouecax, BuseneHnx Ha MPT: nigBuweHa dikcadia PPl
Biogmivyanacb y 96,1%, 56% Ta 77,8% BunagkiB (3anexHo
Bio MPT-o3Hak) [34, 43].

daceT-cMHOpOoM  (OCTEOApTPWUT  OYroBigpPOCTKOBUX
cyrmob6iB) BWMHWMKAE Yy nogew crapworo BiKy Ha  Thi
JereHepaTvBHUX 3MiH AuckiB (puc. 2). Lle XpoHivHWiA
npouec 3 MiHIManbHUMW CTPYKTYPHUMU MOPYLLUEHHAMMU,
y asi aktuBHux meTaboniyHux 3MmiH BUSBNAETbCA Ha
O®EKT [40, 44] i TouHo nokanidyeTbca Ha OPEKT/KT [45].
Xoya CTyniHb BMPAXEHOCTi [ereHepaTMBHOIO MNpoLecy
(3a KT) He kopentoe 3 iHTEHcUBHICTIO chikcauii PPIT [34],
opgHak rinepdikcauia POl € HaginHum kputepiem Binbopy
nauieHTiB ans iH'ekdin cyrnobiB 3 giarHocTu4Hol abo
nikysarnbHoto MeToto [39].

-

ala

Cepeql CTPYKTYp BEpXHbOi KiHLiBKM noTpeba y CumH-
TurpaciyHoMy OOCTEXEHHI BUHWMKAE NPV NaToNOriYHUX
CTaHax KicTok i cyrnobiB 3an’sctka [3, 46, 47]. Lia yacTuHa
KUCTi chopMoBaHa CBOEPIOHUM CKNEMiHHAM i3 8 OpibHMX
KICTOK, 3'€HaHMX CKNagHNMK CcyrnoboBMMM CNONy4EeHHAMN
i 38’A3KOBUM anapaTtoM. [aTonorito CTPYKTYPHUX ENEMEHTIB
KMCTEW Ta NPOMEHEBO-3am’ACTKOBUX AiNAHOK BaXKO Bi3dya-
ni3yBaTn KOHBEHLiNHMMK MeTogamu, HatomicTb npu OCI
BusiBnsitoTbes, a npn OPEKT ta OPEKT/KT ToyHO noka-
Ni3yThCA AINSHKM NiABULLEHOT METAabOoNIYHOT aKTUBHOCTI.

MokasaHHAa po OCI npu natonoriyHMx cTaHax
KiCTOK i cyrno6iB 3an’sictka: 60nbOBUI CUHOPOM, XpO-
HiYHI 3ananbHi apTpUTK, TPABMATUYHI YLLKOOXKEHHS.

Mepenomn yvosHonogibHoi kicTkm (YK) matotb Hecne-
UMdIYHI KMiHIYHI 03HaKM (YYTNMBICTb Y NpOeKLUii aHaToMmiy-
Hoi Tabakepku), siki MOXYTb NPOSIBNSTUCE NMPU Nepenomax
LwmnnonodibHoro BiAPOCTKY NMPOMEHEBOI KiCTKW, Tpanedie-
nogibHoi KicTkM Ta iHWKMX n'sscTKoBuX KicTok [48]. Xoua
nepernomn YK craHoBnsate 50-90% nepenomiB KicToK
3an’scTka, iHidianbHa KP He BusiBnsie ix y 35—-75% Bunagkis,
Wo Bede OO HEeNnpaBWIbHOTO IiKyBaHHA (HaanuvLKoBa
iMMOGinisauia abo BiACYTHICTb NiKyBaHHS), SIK HAcnigoK —
HE3POLLEHHs!, TpuBanuin 6GONMbLOBUI CUHAPOM | 3HA4HI
nopyLeHHs dyHkuii kucti. OCI (y ABoda3oBOMY pexXumi)
€ HagiHUM MeToAOM ANns NiATBEepAXeHHs abo BUKIO-
yeHHs nepenomie YK, guctanbHoro BigAiny npomeHeBoi
KICTKW Ta IHWMX KICTOK 3anm'sicTka npu HeraTuBHOMY
pesynbrarTi iHiliansHoT KP [46].

These changes were detected on MRT: the increased
fixation of radiopharmaceutical was observed in 96,1%,
56%, and 77,8% of the cases (depending on MRT-
symptoms) [34,43].

Facet syndrome (osteoarthritis of zygapophysial joints)
occurs in the older people on the background of dege-
nerative changes of the discs. It is a chronic process
with minimal structural problems that can be detected
on SPECT in the active metabolic changes phase [40, 44]
and is precisely localized on SPECT/CT [45]. Although ma-
nifestation degree of the degenerative process (on CT)
doesn’t correlate with the radiopharmaceutical fixation
intensity [34], the hyperfixation of radiopharmaceutical
is a reliable selection criteria of patients for joint injections
with the diagnostical or treatment purpose [39].
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Puc. 2. daceT-cMHOpPOM: a — NnNaHapHe JOCNiAKeHHs (nepeaHs i 3aaHsA Npoekuis);
6 — ODEKT (caritanbHi i akcianbHi 3piaun BignoBigHOT AiNsiHKM)

Fig. 2. Facet syndrome: a — planar examination (anterior and posterior projections);
b — SPECT (sagittal and axial sections of respective area)

Among upper limbs structures osteoscintigraphic
examination is needed in the cases of bone and wrist
joints pathology. [3, 46, 47]. This part of hand is formed
by a peculiar dome that consists of 8 ossicles, connected
with complex joint formations and ligamentous apparatus.
The pathology of structural elements of hands and radio-
carpal areas is hard to visualize using conventional
methods, but metabolic activity areas can be detected
on OSG and can be precisely localized on SPECT/CT.

Contraindications for OSG in the cases of bone
and wrist joints pathology: pain syndrome, chronic
inflammatory arthritis, traumatic injuries.

Navicular bone fractures have nonspecific clinical
features (sensitivity in the anatomical snuffbox projection)
that can manifest in the cases of radial styloid fractures,
as well as the fractures of the trapezoid bone and other
metacarpal bones [48]. Although carpal bone fractures
comprise 50 — 90% of the cases of navicular bone fractures,
they can’t be detected on CR in 35 — 75% of the cases
resulting in wrong treatment (excessive immobilization
or lack of treatment). Consequently, it can cause nonunion,
lengthy pain syndrome and severe hand dysfunction.
2-phase OSG is a reliable method for either confirming
or excluding the fractures of navicular bone, distal
radius and other carpal bones in the cases of negative
result of the initial CR [46].
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3axBoproBaHHA CYrno6iB HUXHIX KiHLiBOK XapakTe-
pusytoTbcsl 60NbOBMM CMHOPOMOM, AedopmauisMu Ta
NOpyLIEHHAM  JIOKOMOTOPHOI  oyHKUii. [esiki asTopwm
BUAOINATbL X B OKpeMy rpyny naTtonoriyHMx CTaHiB 3
HEBU3HAYEHO CUMMTOMATMKOK [2], WO CcrnoHykae Ao
MHOXWHHOTO  HeedEKTUBHOIO  3aCTOCYBaHHs  MpoMe-
HeBMX OBCTeXeHb i BiATEPMiHYBaHHS MoYaTky NiKyBaHHS.
CyuacHi texHonorii OCIT po3rnsgatoTbea SK WaHC nigsu-
LWNTU cneuundiyHicTb AiarHOCTUKMN.

Hanbinblu nowmpeHMmn € 3axXBOPHOBaHHS KyIbLIOBOIO
cyrmoba: 6onboBun cuHOopoMm BuHUKae y 40% nwogen
ctapwe 65 pokiB Ta 5-10% crnopTcMmeHiB BHacnigok
nepeBaHTaXeHb, TpaBM, natonorii iHwWnx enemeHTie OPA.
Y 80% BunagkiB nonepefHii giarHo3 BCTaAHOBMOKT,
6a3yloumncb Ha KriHiYHOMy obcTexerHi, pewTta 10-20% —
3a pesyneratamu KP ta MPT [49]; BnpoBagxeHHSA rib-
pPUOHUX TEXHOMOri [03BONSE AeTanidyBaTu perioHarnbHy
OLiHKY Ta NigBULWNTK cneundidHicTb giarHoctrku [50].

MokaszaHHa pmo OCI npu natonorii KynbwoBUX
cyrno6iB: 00nboBMI CUHOPOM, HE3'ACOBAHWMN iHLIMMM
MeTodamMu; apTpUTK i apTposu; iMNigXEeMEHT-CUHAPOM;
CTpec-nepenomMn i3 BTATHEHHAM eneMeHTiB  cyrnoba;
aBaCKynsipHW Hekpo3 roniBkn cTerHoBoi kictku (ICK);
CUCTEMHI apTponarTii; YCKMagHeHHs npu onepaTuBHUX
BTPYYaHHAX (€HOOoNpOTe3yBaHHSA, BCTAHOBIEHHA MeTa-
neBux gikcatopis) [2, 23, 51-53].

MowwnpeHoo NpuYnHOK GOM | NOpyLUEHHS YHKLIT
cyrmoba € XpoHiyHi aereHepatuBHi  3miHm [CK, wo
PEHTIEHONOrNYHO BUABMAKTLCA NUWe Ha 2-h  cTagil.
CumHTurpadivHi o3Hakn: amdysHa dikcauisa npenapaty
B YCiX CTpyKTypax cyrrnoba, nepeBaxHO Yy CyrnoboBux
MOBEPXHSX, Ha PiBHi MakCMManbHO HaBaHTAXEHWX
OinsHOK. IHTeHcuBHICTE  bikcaudii PPl 3anexuts Big
aKTMBHOCTI 3ananeHHd. HopmanbHa dikcauia PO y
CYOUHHY Ta M'AKOTKaHWMHHY a3y nigTBEPOXKYE XPOHiY-
HUA  OereHepaTMBHWA MNpoLEeC Ta BUKIKOYAE rOCTPI
3ananbHi 3MiHU i iHbikyBaHHSA [2, 4, 6].

demopo-aueTabynspHuin KOHMMIKT (IMNigXeMeHT-CUHA-
pOM) BUHMKAE MpWU MOPYLUEHHi KoHdirypauii (KOHrpyeHT-
HOCTi) CyrmoGoBUX MOBEPXOHb, O NpPU3BOAWUTL [0 iX
3aTmcKkaHHA Ta HagMipHoro TepTs (puc. 3). CunHTUrpadiyHo
BM3HaAYaeTbCA rinepemia (y M'SKOTKaHMHHY da3y) Ta
dokanbHe nigsuweHHs dikcauii POl y BepxHix Bigainax
LWMAKN CTerHa Ta BEepTIOroBOi 3anagvHu, a TakoX narte-
panbHOMY i iHdepomegianbHomy acnekTi 'CK y kicTkoBy
dasy [6], a sictaBneHHsa 3 KT gossonse igeHTudikyBatu
CTPYKTYPHi 3MiHW, XapakTepHi ans kam- abo niHuep-
cuHgpomy [2].
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Lower limbs joint diseases are characteristic of pain
syndrome, deformations and locomotor dysfunction.
Some authors place them in a separate group of patholo-
gical conditions with indeterminate symptomatology [2]
that induces to multiple ineffective use of radiology and
the delay of treatment initiation. The modern technologies
of OSG are considered as the chance of improving
diagnostics specification.

The most common lower limbs joint diseases are the
hip joint diseases: 40% of people aged over 65 years
and 5-10% of sportsmen develop pain syndrome due
to overstrains, injuries or pathologies of other MSS
elements. In 80% of the cases the provisional diagnosis
is established basing on clinical examination, and in the
other 10 — 20% of the cases — basing on CR and MRT
results [49]. Hybrid technologies implementation allows
regional evaluation to be detailed and diagnostics speci-
fication to be improved [50].

Contraindications for osteoscintigraphy in the
cases of hip joints pathology: pain syndrome that is
undetected on other methods; arthritis and arthrosis;
femoroacetabular impingement; stress fractures with
involvement of joint elements; avascular necrosis of
whirlbone; systematic arthropathies; complications after
surgeries (endoprosthesis replacement, attachment of
metallic fixatives) [2, 23, 51 — 53].

Chronic degenerative changes of whirlbone which can
be detected on X-ray at the second stage only can often
cause pain and joint dysfunction. Scintigraphic symptoms:
diffuse fixation of the radiopharmaceutical in all joint
structures, predominantly in articular surfaces located on
the level of the most loaded areas. The intensity of the
fixation of radiopharmaceutical depends on inflammation
activity. Normal fixation of radiopharmaceutical during the
flow and the blood pool phases confirms chronic degene-
rative process, moreover it excludes acute inflammatory
changes and contamination [2, 4, 6].

Femoroacetabular impingement occurs with the
disorder of articular surfaces congruency which results
in their jamming and excessive friction (fig. 3). Osteo-
scintigraphy is used for detecting hyperemia (during the
blood pool phase) and focal increase in the fixation of
radiopharma-ceutical in upper parts of femoral neck and
acetabulum, and also in lateral and inferomedial aspects
of whirlbone during the delayed phase [6]. Comparison
to CT permits structural changes which are characteristic
of cam- or pincer-syndrome to be identified [2].
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Puc. 3. demopo-auetabynspHuii KOHDMIKT: a — NpaBobiyHNiA; 6 — ABOGIYHNI
Fig. 3. Femoroacetabular conflict: a — dextral; b — bilateral

ABackynsapHun Hekpo3 (ABH) ICK - iwewmiyHe
YPaXKeHHS 3 HEKPO30OM OCTEOUMTIB — LUBUOKO MPOBOKYE
3HauHy pgectpykuito CK; paHHa giarHocTuka Hagae Ginblue
WwaHciB ana edeKTMBHOro KOHCepBaTUBHOIO IiKyBaHHSA
Ta 30epexeHHA yHKUil cyrmoba. Yytnueicte KP Ha

Avascular necrosis of whirlbone is an ischemic
injury with necrosis of osteocytes which precipitates severe
whirlbone destruction. There is a better chance of effec-
tive non-surgical treatment and preserving joint function if
the disease is detected early. The sensitivity of CR at the
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paHHiX cTagisx (MpekniHiYHIA, NpepaaionorivHin Ta paHHin
pe3op6TmBHIA) He nepesuye 41% [54]. CumHTUrpadivHo
nedekT dikcauii PPl y npoekuii aBackynspHoro cokyca
€ paHHbOK BUcoKocneuudiyHow o3Hakoo ABH, wo
He BusBnsaeTbcs Ha MPT 6e3 koHTpacTyBaHHsA. B noganb-
LOMY HaBKpyrM pOTOMEHIYHOI AiNsSHKM  POPMYETLCA
30oHa rinepdikcaudii P®OMN y MAKOTKaHWHHY | KiCTKOBY
dasn (nepiiHdapKkTHEe peakTMBHE 3ananeHHs) Tak 3BaHWN
«doughnut sign» [6]. Yytnueictb OPEKT ta ODPEKT/KT
npu ABH ctaHoBuTb 85-97% [54, 55].

KoniHHi cyrmobu makTb KOMMMEKCHY perioHanbHy
aHaToOMil0 — BOHW CKNagalTbCsa 3 TpPUCYrnoboBoro Kommn-
nekcy (TubiopemopansHoro, TnbiodibynapHoro Ta nare-
nodemMopanbHOro €eneMeHTiB) i BHYTPILLIHbOCYrNoboBuxX
XPSALOBUX BCTaBOK (MEHICKIB), YKOMMMEKTOBaHMX CKnag-
HAM 3B’A3KOBMM arnapatom. BbonboBuiA CUHAPOM 4acTo
BUHWKAE Yy MOAEN MOXWMNOro BiKy BHACMIAOK BiKOBUX
JereHepaTtMBHUX 3MiH Ta y CMOPTCMEHIB BiANOBIAHO A0
cneunivyHMX HaBaHTaXeHb.

Mpu ouiHui koniHHMX cyrnobiB nepeBara HagaeTbcA
MPT [56, 57], a OPEKT/KT € meTogom [pyroi naHku,
konn MPT npoTtunokasaHe abo HeiHpopmaTneHe. Obuaea
MeToau HafalTb He3anexHy [AiarHOCTUYHY iHdopMaLito
i He € B3aeMO3aMiHHUMM, Xoya CUMHTUrpadpivyHi O3HaKK
nopyweHb Metaboniamy (Hanpuknag, npu MexaHiYHOMYy
nepeBaHTaXXeHHi cyrnobiB) BUABNAOTbCA paHiwe Habps-
Ky KicTkoBoro mosky, suammoro npu MPT [18], a TouHa
nokanisauia i ouiHka KOpTUKarbHUX €neMeHTIB aocsra-
€TbCs BUkOHaHHAM KT-cknagosoi O®EKT/KT y noBHomy
JiarHocTnyHomy obcssi [2].

Moka3aHHs o OCI npu naTonorii KoNiHHUX cyrnoGiB:
XPOHiYHUIA Binb B KOMiHax; nNepeBaHTaXeHHs Ccyrnoba;
XPSALWOBI  Ta OCTEOXOHAPamnbHi  ypaxeHHs  (po3cikato-
YMA OCTEOXOHAOPWT, CMOHTAHHUA OCTEOHEKPO3); MaTororis
MeHickiB; ©OOMbOBMIA  CMHOPOM  Micrsi  onepaTUBHUX
yTpyyaHsb [21, 51, 56, 58-60].

[xepeno 60nbOBOro CMHAPOMY BUSABNSAETLCHA (puUC. 4)
Ha OCI y 91,4%, a OPEKT/KT pgocToBipHo Busiensie 100%
He nNnOB’'A3aHMX 3 apTponaTtield ypaxeHb (TpaBMaTWUuHI
YLWKOOXKEHHS, iH(eKLUii, cuHycuTn, OypcuTU, TEHOUHO3W,
ocTeoif octeomu, [OBPOSKICHI Ta 3nosiKicHi NyxnuHK) [61].
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early stages (preclinical, preradiographic and resorptive)
doesn’'t go beyond 41% [54]. The radiopharmaceutical
fixation defect in the projection of avascular focus on
osteoscintigraphy is an early highly specific symptom
of avascular necrosis which can’t be detected on unen-
hanced MRT. Later the zone of radiopharmaceutical
hyperfixation develops around the photopenic area during
the blood pool and the delayed phases (peri-infarction
reactive inflammation), the so-called «doughnut sign» [6].
The sensitivity of SPECT and SPECT/CT in the cases of
avascular necrosis is 85-97% [54, 55].

Knee joints have complex regional anatomy -
they consist of the three-joint complex (tibiofemoral, tibio-
fibular and patellofemoral elements) and infra-articular
cartilaginous inserts (menisci), complemented with a comp-
licated ligamentous apparatus. Pain syndrome often
emerges among old people due to degenerative age-
related changes and also among sportsmen because
of specific loads.

MRT is used preferably for the knee joints investiga-
tions [56, 57], and SPECT/CT is a second-line method
which is applied when MRT is either contraindicated or
nondiagnostic. Both methods give independent diag-
nostics information and are not interchangeable although
scintigraphic symptoms of the metabolic disorder
(for instance, in the case of mechanical joint overload)
are detected earlier than bone marrow oedema which
is visible on MRT [18], and with the help of the CT-part
of SPECT/CT done in full diagnostic extent cortical
elements can be precisely localized and analyzed [2].

Contraindications for osteoscintigraphy in the cases
of knee joints pathology: chronic knee pain; joint over-
load; cartilaginous and osteochondral diseases (osteo-
chondritis dissecans, spontaneous osteonecrosis); menisci
pathology; pain syndrome after surgeries [21, 51, 56, 58—60].

The source of pain syndrome is detected on osteo-
scintigraphy in 91,4% of the cases and 100% of the
diseases that are not connected with arthropathy (trauma-
tic injuries, infections, sinusitis, bursitis, tendinosis, osteoid
osteoma, benign and malignant tumors) are clearly visible
on SPECT/CT [61].
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Puc. 4. lereHepaTuBHi 3MiHW, CUHOBIIT KONiHHMX CyrnobiB: a — nnaHapHe AocnigXeHHs (nepeaHst i 3agHs npoekuii); 6 — OPEKT
Fig. 4. Degenerative changes, knee joints synovitis: a — planar examination (anterior and posterior projections); b — SPECT

Po3cikatlounii 0CTEOXOHOPUT BUSIBMSIETECA Y MOMoAuX
nogen i peHTreHonNoriYHo MNpOSIBASIETLCH ipperynsipHoLo
3MiHOtO LWinbHocTi cybxoHapaneHoi KTk Ha Tni He3miHeHoro
abo noToHLWeHoro xpsita. CumMHTUrpadiyHi 03HaKku: noMipHe
nigsuweHHs oikcauii PPl y npoekuii BigaineHoro xpswa
Y CYOMHHY Ta MSIKOTKaHWHHY hasu i 3Ha4He NigBULLEHHS —
B KiCTKOBY (pasy, 4iTke BigMeXyBaHHS NOro Bif OTOYYHYOT
KTk Ha OPEKT/KT [2].

Osteochondritis dissecans is common among young
people. It radiologically manifests as an irregular change
of subchondral BT density on the background of normal or
attenuated cartilage. Scintigraphic symptoms: mild increase
in radiopharmaceutical fixation in the projection of separa-
ted cartilage during the flow and the blood pool phases
and significant increase during the delayed phase, its clear
separation from the surrounding BT on SPECT/CT [2].
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CMNOHTaHHUA  OCTEOHEKPO3 BUHMKAE panToBO Yy
mMedianbHOMY d)emMopanbHOMYy BUPOCTKY YHinarepanbHo
(y xiHok nicns 60 pokiB) abo 6inatepaneHo (y monogux
nogen). PeHTreHonoriyHi 03HaKkyM [ecTpykuii xpdwa Tta
cybxoHgpaneHoi KTk, a Takox 3miHM Ha MPT BusaBns-
IOTbCA MouvMHatoun 3 2-i cragii [62]. CumHTUrpadpiuHo —
iHTeHcuBHa pikcauisa PO y M'SKOTKaHWHHY Ta KiCTKOBY
da3n, nouymHaroum 3 1 cTagii, npotarom 6 Micsuis,
3 MOCTYMNOBUM i 3HWKEHHAM Y MoganbLlioMy; Y KiCTKOBY
dasy nigsueHa dikcauis PPl 36epiraetbcsa 0o 2 pokis
nicna noyatky npouecy [9].

YacTtoio npuumHolo 6GOMbLOBOrO CUHOPOMY € YLUKOA-
XKEHHSA MEHICKiB (4acTile mepianbHOro) BHacMigoK Mopy-
WeHHs OioMexaHikm Ta 3MIlEeHHs MPUPOLHOro BekTopa
HaBaHTaxeHHs. [Npn gereHepaTUBHMX 3MiHax/po3puBi Me-
Hicka Ta 1oro ekcTpysii (3rigHo 3 MPT) BusHavanu gocrto-
BipHe niaBuweHHA dikcauii PPI (p=0,045 Ta p<0,02,
BiAMOBIAHO) MOPIBHAHO 3 iHTaKTHUM Yy MepgianbHoMmy de-
Mopo-TubianeHOMy KomnapTmeHTi [57], wo nigTBepmxy-
Bano edpektuBHicTb OPEKT/KT ons BUSBNEHHSA NepeBaHTa-
YKEHHS Ta paHHiX NPOSIBIB OCTE0APTPUTY Y KOMNIHHOMY CYrnooi.

MaTonoriss rominkoBoctonHoi 3oHM (FC3) ctaHOBUTL
10—20% Big 3axBOPIOBAHb HWKHIX KiHLIBOK i € BaXXNMBOH
npobrnemoto y CnopTuBHIN MeguuumHi. 3narogxeHa poboTa
YCiX enemMeHTIB LbOro KOMMMEKCHOro aHaTOMi4YHOro peri-
OHy (26 «kictok Ta 137 cyrno6iB, NOB’A3aHMX CKIagHUMM
CMomnyyYeHHsMM) HeobXxigHa [nA yTpMMaHHs piBHOBaru
Tina y BepTUKanbHOMY MOMOXEHHi i 3abe3nevyeHHs 1oro
pyxy. bonboBuii cuHgpom y 'C3 BUHMKAE Npu MexaHivHKX
HaBaHTaXXeHHSAX (HaanvLKoBa Bara), NOCTTPaBMaTUYHKX
3MiHax Ta CUCTEMHMX 3axBoptoBaHHsIX (PA).

Ha cborogHi OCIT nosuuioHyeTbCs sIK MOAarnbHICTb
2-3 niHii pgiarHocTukn natonorii FC3 npu M'SKOTKAHUHHMX
(nicns Y30, MPT) T1a «kictkoBux (nicna KP, MPT) ypaxeH-
Hax [C3; uytnueicte O®EKT/KT wmaike piBHOUHHA
MPT [2, 63], ogHak Big3Ha4YaeTbCa BULLA crneumdiyvHiCTb
O®EKT/KT ana cumMnTOMaTUYHUX KiCTKOBUX, 3B’SA3KOBO-
CYXOXWIKOBMX Ta cyrnobosux naronorin [64—66]. 3-¢ OCI”
[03BOJISIE OLIHUTU XPOHiYHI npouecn 3 TpuBanuMMm Gonbo-
BMM cuHapomMom y 'C3 Ta aundoepeHUitoBaTh KiCTKOBI Ta
M’SIKOTK@HWHHI 3MiHK, @ TOMOrpadivHi peXXnMmn yTOYHIOTb
30HY [nA  CTPYKTYPHOrO MNPOMEHEBOrO  OOCHIOKEHHS,
JonomaratoTe B KNiHIYHIA iHTepnpeTauii pagionoriyHmnx
3Haxigok [22, 67, 68].

MokasaHHAa go OCI npu natonorii FC3: octeoapTpu-
TW; OCTEOXOHApParlbHi YpaXKeHHs TapaHHOI KICTKW; Tap3arb-
Hi Koaniuji (aHoMarnbHe 3poLLEHHS AEKINbKOX KiCTOK nepea-
NMACHN); 4OAATKOBI Ta cecamOBWUIHI KICTKW; TeHOAMHoNaTIi;
nnaHTapHi dacuiiti; iMNigXeMeHT-CUHOPOMMU TOMISTIKOBO-
cTornHoro cyrrnoba; nnockoctonicTe (puc. 5) [69, 70].

YeniwHicte gocnigpkeHHs MC3 obymoBneHa npaBuib-
HAM MO3MLiOHYBaHHAM Ta iMmoOini3auielo nauieHTa B
aHaToMiYHin no3uuii 6e3 60rbLOBOro CMHAPOMY; ONTUMaribHa
Bidyanisauis 4ocAraeTbCHa B Pi3HMX NO3MLIAX 3anexHo Bif
ypaXKeHoro perioHy: nnaHTapHa (nepegHin Bigain cromnu),
nepenHsa (cepefHin Bigain cronu), medianbHa i narepans-
Ha (3agHin Biggin cTonu) i 3agHA  (FOMINKOBOCTOMHUIA
cyrmno6) [20, 71]. MNpu ypaxeHHsIX 3B’A3KOBOro anaparty
6e3 BTArHEHHSA KICTKOBMX €MIEMEHTIB pPEKOMEHOYETHCS
BMKOHYBaTW M’SIKOTKaHWHHY a3y B pexumi ODEKT
(8 cek/kpok, 72 kpoku, 360°) abo OPEKT/KT (3 Hu3bKO-
pososoto KT 80 kV, 20 mAs) [2].

Octeoaptputn (OA) — HanbinbL nowmMpeHa naTonoris
CTOM, WO BWHMKAE BHACMIOOK TpaBM, MEPEBaXHO Yy

Spontaneous osteonecrosis emerges abruptly in medial
femoral process unilaterally (in women aged 60 years
or older) or bilaterally (in young people). Radiological
symptoms of cartilage and subchondral BT destruction
and also changes on MRT are detected beginning from
the 2nd stage [62], whereas on osteoscintigraphy the
intensive fixation of radiopharmaceutical during the blood
pool and the delayed phases is visible at the 1st stage for
6 months with gradual decrease later on. The increased
fixation of radiopharmaceutical during the delayed phase
lasts up to 2 years after the beginning of the process [9].

Meniscus (most often medial) injury is a common
cause of pain syndrome because of the biomechanical
abnormality and displacement of the natural vector load.
In the cases of degenerative changes of meniscus or
meniscal tear and its extrusion (according to MRT) the firm
increase of radiopharmaceutical fixation was observed
(p=0,045 and p<0,02, respectively) in comparison with the

intact one in the medial femorotibial compartment [57],
which proved SPECT/CT efficacy for detecting overload
and early signs of osteoarthritis in the knee joint.

Pathology of talocrural region makes up 10-20%
of lower limbs diseases and is an important problem
in sports medicine. Well-coordinated work of all elements
of this complex anatomy region (26 bones and 137 joints
connected with complicated compounds) is crucial for
maintaining upright body sway and movement. Pain synd-
rome in talocrural region emerges due to mechanical
loads (excess weight), posttraumatic changes and
systematic diseases (rheumatoid arthritis).

As of today osteoscintigraphy is positioned as the
modality of the 2-3 line of diagnostics of talocrural region
pathology with underlying soft tissue (after USI, MRT)
and bone (after CR, MRT) diseases of talocrural region.
The SPECT/CT sensitivity is almost equal to MRT [2, 63],
but higher SPECT/CT specificity has been observed for
symptomatic bone, ligamento-tendinous and joint patho-
logical conditions [64-66]. 3-phase osteoscintigraphy
enables chronic processes with long-lasting pain synd-
rome in talocrural region to be analyzed and changes in
bones and soft tissues to be differentiated whereas tomo-
graphic modes are used for specifying the area for
structural radiology and help with clinical interpretation of
radiologic findings [22, 67, 68].

Contraindications for osteoscintigraphy in the cases
of talocrural region pathology: osteoarthritis; osteochond-
ral diseases of the talus; tarsal coalitions (abnormal fusion
of several tarsal bones); accessory and sesamoid bones;
tendinopathy; plantar fasciosis; impinge-ment-syndromes
of the talocrural joint; flatfoot (Fig. 5) [69, 70].

The success of the talocrural region examination
is dependent on right positioning and immobilization of
a patient in anatomical position without pain syndrome;
optimal visualization is achieved in different positions
depending on the affected area: plantar (forefoot),
anterior (midfoot), medial and lateral (hindfoot), posterior
(talocrural joint) [20, 71]. In the cases of ligamentous
apparatus diseases without involvement of bone ele-
ments, it is recommended that the blood pool phase is
done in SPECT (8s/step, 72 steps, 360°) or SPECT/CT
mode (with low-dose CT 80 kV, 20 mAs) [2].

Osteoarthritis is the most common foot pathology
which occurs due to injuries, predominantly affecting
young people. In the cases of osteoarthritis osteoscin-
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monoaux nogen. OCI npu OA 3acToCOBYHOTbL Yy MnnaHap-
HOMY, TOMOrpagiyHOMY i CyMilLleHOMY peXxuMi. BUKoHaHHS
O®EKT T1a O®EKT/KT possonse BUABNATU A00aTKOBI
natonorivHi ginaHkn (72-81% BWNagkiB), TOYHO IOKa-
nidyBatn natororivyHi BorHuwa (y 64-76% Bunagkis),
3MiHiOBaTM nnaH nikyBaHHsa (y 53-78% nauieHTis) [70].
ODEKT/KT pocToBipHO ediekTMBHIWIA ANna  fokanisauii
akTnBHMx OA B KOMMIEKCHMX cyrrobax cepenHboi CTonu
(HaBikynokyHeidhopMHOro Ta TapcomeTaTap3arbHOoro) no-
PIBHAHO 3 TpaguuinHumMu okpemo nposegeHumn KT Ta
O®EKT (kanna 0,86, 95% CI 0,81-0,88) [72].
EdektnBHicte OPEKT/KT poBegeHa npu nnaHyBaHHi
cneundivyHOro nikyBaHHS: fOKanbHUX BHYTPILUHBOCYO-
60BMX iH'EKUi aHeCTETUKIB Ta CTepoidiB (npu iH'ekuii y
Micui MakcMmanbHoi dpikcauii PPl 6GesnocepeaHbo B
cyrnoboBy MOPOXHWHY aHanreTU4HUM i NpoTu3ananbHUN
edekt pocsarasca y 90-96% nauieHTiB) [73], cenekTuBHOI
pafiocMHOBEKTOMIT, oOnepaTMBHOIO BTPyYaHHs (apTpo-
nnactukn abo aptpopesy) [63, 74], a Takok npwu
peunamByounx 6onsx nicnsa nikyBaHHs [75].

tigraphy is applied in planar, tomographic and combined
modes. SPECT and SPECT/CT allow additional patho-
logical areas to be detected (in 72 — 81% of the cases),
abnormal focuses to be precisely localized (in 64 — 76% of
the cases), treatment planning to be changed (for 53-78%
of patients) [70]. SPECT/CT is conclusively more effective
for the localization of active osteoarthritis in complex
midfoot (naviculocuneiform and tarsometatarsal) joints
compared with traditional separately done CT and SPECT
(kappa 0.86, 95% CI 0.81-0.88) [72].

SPECT/CT efficacy has been proved in planning
the specific treatment of: local intraarticular injections
of anesthetics and steroids (injection into the place of
maximum fixation of radiopharmaceutical directly in
articular cavity caused analgesic and anti-inflammatory
effect to be reached in 90-96% of patients) [73], selective
radiosynovectomy, surgery (arthroplasty or arthrodesis)
[63, 74], and also in the cases of recurrent pains after
the treatment [75].

3 A b4

PO -\

Puc. 5. Aptputu cyrnobis cton
Fig. 5. Arthritis of joints of the foot

Mpn TepmiHanbHOMY OCTEOapPTPUTI FOMISIKOBOCTOMHOIO
cyrnoba BusiBNEeHa KOpensuis ricTonaTtosioriyHOi KapTUHM
i CuMHTUrpadiYHMX [aHuX: MNigBULLEHHS KMAITMHHOCTI 3a
paxyHOK akTMBHMX OCTeobnacTiB, KifbKOCTi HeopraHiso-
BaHWX BOMOKOH Ta 0CTeobnacT-onocepeakoBaHoi KiCTKOBOT
dopmauii B rybuaTii TKaHWHI (MO3KOBMX TKaHWHaX) Yy
KiHLEeBMX nnacTuHax cybxoHapanbHoi KTk cTporo kopento-
Bana i3 3oHamu nigBuLLIEHOro HakonuyeHHsa PO, Busaene-
HUMKU npn OPEKT/KT [76]. OcTteoxoHapanbHi ypakeHHs
TapaHHOI KiCTKM € 4YacTol MpuymnHOK Oonto i cknagawTb
6nnsbko 4% ycix KiCTKOBO-XpSLWOBUX YypaxeHb [C3.
[iarHoCcTMyHi cknagHowi nmpu uWin natonorii 0OyMOBMeEHi
aHaToOMiYHUMM | BioMexaHiYHMMM 0COBNMBOCTSAMM TapaHHOI
KICTKU: Benvka xpsiloBa cyrrnoboBa nosepxHs (60—70%)
Ta MexaHiYHe HaBaHTaXeHHs Npu 3amuKaHHi cyrnoba
Npu3BoAMTE OO0 MOTIPLWEHHSA >KMBMIEHHS | BPa3nuBOCTI
cyrnoboBux enemeHTiB. KP BMABRSE naTtonorivHi 3amiHy Uiei
ainsaHkm nuwe y 50% Bunagkis, Tomy BUMKOHYy0Tb MPT ans
OUiHKWM winicHOCTi i cTabinbHOCTI xpsAwa. Y [ocnigaXeHHi
Meftah 3 koneramu [77] posenu, wo OPEKT/KT TouHiwe
BM3HA4Ya€ MOLWUMPEHICTb | MMUOUHY ypaxeHHs KTk npwm
MacMBHUX Ta MYIbTUYPaXXEHHAX NopiBHSAHO 3 MPT: 3miHa
nnaHy nikyBaHHs Bigbyeanacb y 48% BunagkiB nicns
BukoHaHHA O®EKT/KT T1a y 52% — nicna noeaHaHoi
ouiHkn OPEKT/KT ta MPT.

Mpu TapsanbHux koaniuisx OCI gonomarae Bu3Ha-
unTn ix nokanisauito, TMN (KiCTKOBWUIA, XpsAwwoBUn abo
(ibpo3HMIN) Ta HasBHICTb ycknagHeHb (OA) [6]. Migsu-
weHa dikcauis POl y popatkoBuMx Ta CecaMOBUOHUX
KicTkax BigOyBaeTbCA NpU  HETUMOBUX  aHATOMIYHMX
BapiaHTax, KONMW BOHW CTalTb [XepenoM 60onbLOBOro
CUHOPOMY NpW BTATHEHHI B JereHepaTuBHi i 3ananbHi
aptponartii [78, 79].

ImnigpkemeHT-cuHgpomn MC3 BHacnigok rinepdnekcii
B cyrnobax € gxepenoM 6onboBOro cMHapomy Ta obme-
KEHHSI pyxy Yy crnopTcMmeHiB. PiBeHb cikcauii POl

In the cases of terminal osteoarthritis of the ankle
joint the correlation of histopathological picture and scinti-
graphic data was detected: cellularity augmentation
owing to active osteoblasts, amount of unorganized fibers
and osteoblast-mediated bone formation in spongy tissue
(brain tissues) in the end plates of subchondral BT strictly
correlated with areas of increased assembly of radio-
pharmaceutical that were detected on SPECT/CT [76].

Osteochondral lesions of the talus are often a common
cause of pain and make out about 4% of all osteocarti-
laginous lesions of talocrural region. Diagnostic complica-
tions of this pathology are due to anatomical and biomecha-
nical characteristics of the talus: large cartilaginous articular
surface (60—-70%) and mechanical load on the background
of block of the joint leads to nutrition worsening and fragility
of the joint elements. CR detects pathological changes of
this area only in 50% of all cases, therefore MRT is used
for estimating cartilage integrity and stability. During the
research Meftah and his colleagues [77] proved that
SPECT/CT determines lesion site and depth in the cases
of massive and multi-lesions more accurately compared
with MRT: the treatment planning was changed in 48% of
the cases after SPECT/CT examination and in 52% — after
the combined analysis of SPECT/CT and MRT.

Speaking of tarsal coalitions, osteoscintigraphy helps
to determine their localization, type (bony, cartilaginous
and fibrous) and presence of complications (osteo-
arthrosis) [6]. The increased fixation of radiopharma-
ceutical in accessory and sesamoid bones occurs in
uncommon anatomical variants when they become the
source of pain syndrome with involvement in degenerative
and inflammatory arthropathies [78, 79].

Hyperflexion in joints causes impingement syndromes
of talocrural region which are the sources of pain syndrome
and movement limitation among sportsmen. The fixation
level of radiopharmaceutical correlated with the types
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KOpernioBaB 3 TWUMOM iMMigXXeMeHT-CuHApoMy (nepeaHin,
3agHin, 4BO6IYHMI) Ta iHTeHcuBHicTio 6onto [80].

[MpoBeaeHun aHanis niTepaTypyu CBiAYUTbL NPO BUCOKY
edekTmBHicTb OCI y Takmx KNiHIYHUX cuUTyauiax: Bupaxe-
HWIA B6ONBbOBUI CMHAPOM MPW BiACYTHOCTI MOPEONOriYHMX
3MiH Ha iHWWX NPOMEHEBUX OOCTEXEHHSIX (CTPYKTYpHI
MOPYLLEHHS LLe «KHE BCTUral0Tb» PO3BUHYTUCh); YLLKOOKEH-
HS1 OpiGHMX KiCTKOBO-CYrno0oBMX CTPYKTYp, BaKuUX Ons
Bigyanisauii (MixxpebueBi cyrnobu, oCTUCTi Ta MONEPEKOBI
BiopocCTKM xpebuis, ApiOHI KiCTkK Ta cyrnobu kucTen i cton).
MigBuweHHA dikcauii POI BinbyBaeTbcst Npu MiHiManbHKX
3MiHax MeTabomniyHOi aKTMBHOCTI Ha KNiTMHHOMY PiBHi,
a [ocnipkeHHs B AMHaMIUi [0O3BOMSE  KOHTPOMOBATU
aKTUBHICTb npouecy Ta ePeKTUBHICTb NiKyBaHHS.

[ocnigXeHHs: MOXNMBOCTEN HOBITHIX TexHornorin OCI
npu natonoriax OPA He npunMHATLCS | cborogHi. MNpo ue
CBiQYNTb BENMKa KinbKiCTb HaykoBMX poOIT, AaToBaHUX
2015—-2021 pokamu i npuceaYveHnx 3actocyBaHHio OPEKT
Ta OPEKT/KT y uapvHi giarHOCTUKM i nikyBaHHi natonorii
KicTkoBO-cyrnoboBux cTpyktyp. Cy4yacHuin cTaH sgepHoi
MEAVLUHM Y CBITi JO3BONSAE OTPUMYBATU SKICHY MEPEKOH-
nvBy iHdOpMaLilo NPOTSAroM KOPOTKOro Yacy, 3MeHLIyBaTu
KiNbKICTb HEBU3HAYEHNX pesynbTaTiB Ta ckopodyBaTy Aiar-
HOCTUYHWIA MOLUYK ONS WBWMAKOrO BCTAHOBIEHHA AiarHO3y
Ta CBOEYACHOTO NPU3HAYeHHs1 a0eKBaTHOTO JliKyBaHHS.

BUCHOBKMU

Pesynbratv aHanidy cydacHux nitepaTypHuUX AaHuX
cBig4aTb NpPO MNEpCrneKkTMBM LUMPOKOrO 3aCTOCYBaHHS
OCI' ona giarHoCTuKKW, BU3HAYEHHs aKTMBHOCTI, cTagii i
noLuMpeHoCTi natonorii cyrnobiB, a TakoX ANs MOHITOPUHTY
pesynbraTiB ix nikyBaHHa. OCI BBaxaeTbCad MeETOAOM
Opyroi niHii giarHOCTMKU Mpu 3axBOpHOBaHHAX cyrnobis,
ane cymiweHHa O®EKT i3 cTpykTypHO-MOphonoriyHMmMm
NPOMEHEBMMM  METOAMKAMM  3HAYHO MiABMULLUYE  OrO
[iarHOCTUYHY e(PeKTUBHICTb.

Tpudpazosun pexum OCIT mae BMCOKY YyTNMBICTb ANA
BUSIBNEHHSA aKTMBHUX MeTaboniyHux npoueciB y M'sKoTKa-
HUHHKX cyrnobosux cTpykTypax Ta KTk Ha paHHin ctagii,
0O nodaTky iX peHTreHomnoriyHoi maHidecrtauii. Metog
[03BONSE OLHNTM METabOonNiYHi 3MiHW Y Pi3Hi hasu (CyanHHY,
M’SIKOTKAHWHHY, KICTKOBY) Ta BMW3Ha4MTW CTaH Ccyrnobis
ycboro Tina 6e3 4ogaTkoBOro NPOMEHEBOIO HABAHTaXEHHS.

CMUCOK BUKOPUCTAHOI NITEPATYPU

1. World Health Organization: Musculoskeletal conditions. URL:
https://www.who.int/news-room/fact-sheets/detail/musculoskeletal-
conditions

2. Mohan H.K., Strobel K., Van Der Bruggen W. et al. The role of hybrid
bone SPECT/CT imaging in the work-up of the limping patient:
a symptom-based and joint-oriented review. European journal of
hybrid imaging. 2018. Vol. 2(1). 8 p. DOI: https://doi.org/10.1186/
$41824-018-0026-2

3. ShirleyR.A.,DhawanR.T., Rodrigues J.N., Evans D.M. Bone SPECT-CT:
An additional diagnostic tool for undiagnosed wrist pain. Journal of
plastic, reconstructive & aesthetic surgery. 2016. Vol. 69(10). P. 1424—
1429. DOI: https://doi.org/10.1016/j.bjps.2016.04.011

4. Van den Wyngaert T., Strobel K., Kampen W. U. et al. The EANM
practice guidelines for bone scintigraphy. European journal
of nuclear medicine and molecular imaging. 2016. Vol 43(9).
P. 1723-1738. URL: http://dx.doi.org/10.1007/s00259-016-3415-4.
DOI: https://doi.org/ 10.1007/s00259-016-3415-4

5. Vijayanathan S., Butt S., Gnanasegaran G., Groves A. M. Advantages

of impingement syndrome (anterior, posterior, bilateral)
and pain intensity [80].

Conducted analysis of literature shows high efficacy
of osteoscintigraphy in such clinical situations: severe
pain syndrome with absence of morphological changes on
other radiological examinations (structural lesions are «yet
to developy); the injuries of small articular structures that
are difficult to visualize (intervertebral joints, spinous and
lumbar processes of vertebrae, small bones and joints of
hands and feet). The increase in the fixation of radiopharma-
ceutical occurs with underlying changes of metabolic
activity on cellular level, and dynamic examination permits
process activity and treatment efficiency to be controlled.

The researches of possibilities of modern osteoscinti-
graphic technologies in the cases of the MSS pathology
are still being done to this date. It is indicated by a large
amount of the studies dated 2015-2021 years which were
dedicated to SPECT and SPECT/CT application in sphere
of diagnostics and treatment of pathology of articular
structures. The current state of nuclear medicine in the
world allows convincing qualitative information to be
received within short period of time, the amount of
inconclusive results to be decreased and diagnostic
search time to be reduced for a quicker diagnosis establish-
ment and well-timed adequate treatment order.

CONCLUSIONS

The results of modern literature data analysis indicate
about the possibilities of wide applicability of osteoscinti-
graphy for the diagnostics, determination of process
activity, staging and prevalence of joint pathology, as well
as for monitoring the treatment results. Oteoscintigraphy
is considered to be a method of second-line diagnostics
in the cases of joint diseases but combining SPECT
with structural-morphological radial methods significantly
increases its diagnostic efficacy.

3-phase osteoscintigraphy is highly sensitive for detec-
ting active metabolic processes in soft tissue joint structu-
res and subchondral BT at an early stage, before the radio-
logic manifestation. The method enables metabolic changes
during different phases (flow, blood pool, delayed) to be
estimated and the condition of the joint of the whole body
without additional radiation exposure to be determined.
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Prospects for further research

The potential of modern OSG (osteoscintigraphy) techniques

ar

e currently underestimated by clinicians in the following

scenarios: in case of unexplained pain syndrome to identify

ar

eas of active oseous tissue remodulation with subsequent

verification by structural methods, in case of joint overload and
endoprosthesis complications.
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PekomeHayeTbCS MPOAOBXKYBAaTW BNPOBAMXEHHS Y KIiHIYHY npak-
Tuky Tpudasosoi OCI, OPEKT ta OPEKT/KT, a Takox cyyacHux
anropuTmiB 0bpobkM cumHTUrpadiyHoi iHdopMauii 4na onTuMi-
3auii paHHbOI [AiarHOCTMKWM, BU3HAYEHHSI aKTUBHOCTI MeTabo-
NiYHMX MPOLECIB i CTYNEHS YPaXEHHSI CTPYKTYP OMOPHO-PYXOBOIO
anaparty, NigBULLEHHA e(eKTUBHOCTI FiKyBaHHS Ta MOKpaLLeHHs
NPOrHO3y 3axXBOPHOBaHb.

KoHdnikT iHTEepeciB
ABTOpPK 3asBMSAIOTb NPO BiACYTHICTb KOHMMIKTY iHTEpeciB.

IHdhopmauis npo diHaHCyBaHHA

Po6ota ciHaHcyeTbest BuaaTkamu [lepaBHoro Gogxety YkpaiHu.
Mopska

Ocobucta nogsika Catup AHacTacii BikTopiBHI 3a KOHcynbTauito
3 npusogy poboTu 3 HaykOMEeTpUYHMMWU BaszamMu Ta CTBOPEHHS
inlocTpaTtnuBHOro matepiany.

BIAOMOCTI NMPO ABTOPIB

Catup MapuHa BonogumupiBHa — kaHaMOAT MeEOUYHUX
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iHgbopmauit,

Fanb4yeHko Onekcin HOpioBuy — acucteHT kadenpu
pagionorii Ta pagiauiiHoi MmeavuuHM HauioHanbHOro Megu4Horo
yHiBepcuTeTy Ykpainm im. O.0. Boromonbus MiHicTepcTBa 0XOpOHU
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BHecok aemopa: 36ip ma o06pobka
HarnucaHHs mekcmy cmami.

iHgbopmauir,

It is recommended to continue introducing 3-phase OSG, SPECT
and SPECT/CT into clinical experience along with up-to-date
algorithms for processing scintigraphic information in order to
optimize early diagnosis, to assess the activity of metabolic
processes and the degree of musculoskeletal structures damage,
to increase treatment efficiency and to improve disease prognosis.
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