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rpacpin, OPEKT, ODEKT/KT, TpucazoBa | rornoBHMM DAKTOPOM 3HWKEHHS MNpaLe3naTHOCTi HacerneHHs B YCbOMY CBITi, TOMY
OCT. paHHsA X giarHocTuka i NikyBaHHA — Le MNPIOPUTETHUA HaMNPAMOK PO3BUTKY KNiHIYHOT
MegunumHu. CydvacHi MeToau sgepHoOi MeauuMHW  O03BOMS0Tb  3HAYHO NIgBULLUTU
MOXNMUBOCTI  AndepeHUIHOi  AiarHOCTMKW, ONTUMI3yBaTWM nNiKyBaHHA Ta MOKpaLLUTH
NpOrHo3 3axBOpOBaHb OMOpHO-pyxoBoro anapaty (OPA).

MeTta po6oTu — gocnigMTy Ta ysaranbHUTW CBITOBWMIA [OCBI4 3aCTOCYBaHHSI Cy4acHMX
Camup Mapura BonodumupigHa meTogdiB octeocumHTUrpadii (OCI) ana AiarHOCTVKM 3axBOproBaHb CyrnobiB, BU3HAYUTM
HepxaBHa yctaHoBa «IHCTUTYT CEPUA | MoxNMBOCTI | NEPCMEKTUBM 3aCTOCYBaHHS PI3HUX CLMHTUrPAdIYHUX pexumiB  ans
MiHicTepcTBa OXOPOHM 300pOB’st YKpaiHu», BeleHHs navieHTiB 3 naTtonorieto OPA.

[ns kopecnoHAeHLii:

BiAAINEHHs pafioHyKMigHOT AiarHOCTUK; Marepianu i metoam. MNoBHOTekcTOBI Ny6nikauii, po3mileHi y 6asax gaHux Scopus,
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PesynbraTu Ta iX 06roBopeHHs. Y poboTi po3rnsiHyTo OCHOBHI Niaxoau A0 NPOMEHEBOI
© Camup M.B., ConodsiHHukosa O.1., fjiarHoCTVKM NaTornoriYHMX 3miH cyrrnobiB Ta micue y Hili octeocumHTurpadii. BusHadeHo
Hosepko I.B., Manbqetrko O.10., 2021 OCHOBHI MPUHUMNK, MNpoaHani3oBaHO MOXMMBOCTI Ta nepeBarM PisHUX MpPOTOKONIB il
NPOBEAEHHS: KOHBEHLIHOrO MnaHapHOro AochigKeHHs Bcboro Tina, Tpudpasosoi OCT,
0OHOMOTOHHO-eMiICINHOT koMm'toTepHOi Tomorpadii (OPEKT) Ta cymiweHoi TexHonorii
3 pEeHTreHiBCbkol Komm'toTepHol Tomorpadieto (OPEKT/KT). BusHaueHo nokasaHHs
no 3actocyBaHHst OCIT npu pisHux natonoriyHmx 3miHax OPA. Po3srnsiHyTo acnektu
npoMeHeBoi Bidyanisauii BignoOBIOHO A0 naToreHesy pPi3HUX MaTOMNOrYHWMX Mpouecis —
CUCTEMHUMX apTpuTax, 3axBOPIOBaHHSAX CyrnobiB xpebTa, BEpXHiX Ta HWXKHIX KiHLiBOK.
[MpoaHanizoBaHo i MOPIBHAHO MOXMMBOCTI Pi3HUX MPOMEHEBUX METOAIB AiarHOCTMKM Ta
3acTocyBaHHs1 pisHux pexuMis OCI™ 3anexHo Big naTtoreHesy i nokanisadii ypaxeHsb.
BucHoBku. BukoHaHHa OCI B TpudazoBomy i TomorpadiuHmx (OPEKT, OPEKT/KT)
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].
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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.
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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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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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