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MOPIBHIAbHUI AHAAI3
ABTOMATM3OBAHOTO TA PYYHOTO
BU3HAYEHHS KOPTUKAABHOTO IHAEKCY
CTETHOBOI KiCTKW Y AITEA PAHHbOTO BIiKY
3A PEHTTEHOAOTIYHUMW AAHUMU

ApceHiase T.0.", ABpyHiH O.I2, ABep ‘sHosa A.O.?
1XOpKI'BCbKO MEANYHA QKOAEMIS MICASIAUIAOMHOI OCBITV
2XapKIBChKV HALIOHQALHII YHIBEPCUTET POAIOEAEKTDOHIKM

PE3KOME. MeToto AOCAIAXKEHHST BYAO MOPIBHSIHHST PE3YALTATIB ABTOMATU3OBAHHOIO | PYYHOrO BU3HOYEHHST KOPTU-
KAAbHOTO iHAeKCY (KI) CTErHOBOI KICTKM Y AITEM PAHHBOrO BiKY 30 PEHTFEHOAOMNYHUMU AQHUMU. AAS LIbOrO BYAU
MPOAHAAIZOBAHI PEHTTEHOMNPAMM CTEMHA Y NPSIMIN NPOEKLIi AlTe BIKOM AO 3 POKIB i3 MIAO3POK HA TPABMY ABO
AVCTIAQCTUYHI 3MIHK KICTOK, 6€3 BUSIBAEHOT NATOAOTIT. Py4He BUMIpIOBAHHS Kl MPOBOANMAOCH AIKAPEM HO PEHTFEHO-
rPAMAX 30 AOMOMOIO AIHIMKW. Ti CAMi PEHTTEHOMNPAMM OHAAIZYBAAUCH 30 AOMOMOTIOIO PO3POBAEHOIO HAOMU PO3-
PAXYHKOBO-TPAdIMHOro 3adeaneydeHHs1 (MNateHT YkpdiHn Ha kopucHy MoAeAb N2 105663 Bia 25.03.2016 p.). Micasa
MOPIBHSIHHS PE3YALTATIB Bi3YAABHOIO TA MPOrPAMHOMO BUMIPOBAHbL Kl CTEFHOBOI KICTKWM Y AITEN PAHHBOTO BiKY BCTA-
HOBAEHO, LLO CepeAHi MOKA3HMKN Kl, BUMIPIOBOHI Bi3yOAbHO, GiAbLUI, 3Q Lii XX MOKA3HUKM, BUMIPSIHI MOOrPAMHO.
TAKMM YYHOM, HA CbOTOAHI HEOBXIAHO PO3POBUTU BIKOBY HOPMATKBHY 6A3Y MOKA3HUKIB KI AAS MPOrPAMHOrO pO3-
PAXYHKOBO-TPADIMHOrO 3a6e3MneyeHHs AAS PI3HNX KICTOK Y AiTEN, OCKIAbKM Ti BUKOPUCTAHHS AO3BOASIE O6'EKTVBHO
NPOBOANTU BUMIDIOBAHHS PEHTTEHOMOPPOMETPNYHIX MOKA3HUKIB.

KAtOHOBI CAOBQ: ABTOMATM3OBAHE BU3HAYEHHS KOPTUKAABHOTO IHAEKY, PYYHE BUBHAYEHHS KOPTUKAABHOTO IHAEKCY,

CTErHOBA KiCTKA, AT PAHHLOTO BIKY.

BCTYNn

AKTyanbHicTb NpobaemMmn 0CTeonoposy B Neni-
aTPUYHIA NpakTULi BU3HAYaAETLCS TUM, WO MNPO-
rpecuBHe 30iNbLUEHHS YMCa XBOPUX Yy nonynsuji
BiOYBAETLCA HE TiNIbKM 3a paxyHOK "CTapiHHA"
HacesieHHd, a M yHacnigok "OMONOAXEHHS"
3axBoploBaHHe [2, 6].

TpuBanuin 4yac OCTEONOPO3 BBaAXABCH 3aXBO-
PIOBAHHAM BUKJIIOYHO CTapLUOl BIiKOBOI rpynu,
MpoTe OCTaHHIM 4YacoM 3'ABNAETLCA BCce Oinblue
OaHuX, 49Ki cBigyaTtb NPO Te, WO BUHUKHEHHS
OCTeonoposy y JopoCcinxX HEPO3PUBHO NOB'A3a-
HO 3 0CcOBNMBOCTAMU POPMYBAHHS | MiHEpani3a-
il KICTKOBOIrO ckefieta y aiten, Tomy gymka npo
Te, WO OocTeornopo3 — npobnema, gka CTOCY-
€TbCS TiNIbKM AOPOCNUX, BTpaTMia CBOIO akTyaslb-
HicTb [1, 3, 4, 7].

[na piarHOCTMKM OCTEoNopPOo3y LLMPOKO BUKO-
PUCTOBYIOTb Pi3HI MOPPOMETPUYHI iIHOEKCU, HA-
OinblWw MowupeHi 3 HUX iHaekcu Barnett —
Nordin, Exton, PoxniHa, «OCTeOonopoTU4HUN
iHOEeKC» Ta iH.

Inoekc Barnett — Nordin, abo meTakapnanb-
HUI iHOEKC, 3anponoHoBaHmi asTopamin B 1960 p.,
PO3pPaxoBylOTb 32 PEHTreHorpaMmamu KMcTen: Ha
OPYrin MeTakapnasbHil KiCTui NiBOT KUCTI y Hal-

BYXXYOMY MicLi MenynapHOi MOPOXHUHK (abo
NnocCepenmHi KiCTKM) BUMIPIOIOTb 3arajibHy LLUMpPU-
Hy (giameTp) Ta WupuHy (giameTp) MeaynsapHol
MOPOXHUHU. |HOEKC 064YMCHTL 3a cheLi-
aNbHOK HGOPMYSIOID: BiAHOLIEHHS KOPTUKATbHOIO
wapy A0 TOBWMUMHWU KIiCTKM (IHOEKC MOXHa
BM3Ha4yaTu abo B abCconoTHUX uudppax, abo y
BigcoTkax). NonibHui iHaeKC, AKMii 3apas Hasn-
BalOTb KOPTMKAbHMM, MOXHa BUMIPSATU i B iHLLINX
KicTkax. Hanpuknag, ona CTerHOBOI KICTKM BUMI-
pu KopTukaneHoro iHgekcy (Kl) y nopocnux BUKO-
HYIOTb NPMOAM3HO Ha 10 CM HWXYe Bif Manoro
BepTaora. Y 340poBux Nioaen iHOAEKC n'aCTKOBOI
KicTkn nepesulye 50%, CTErHOBOI KicTkM — 54%.

B YkpaiHi ons OuiHK/ PO3BUTKY KiCTKOBOI TKa-
HUHW Yy OjTen Han4yacTille BUKOPUCTOBYIKOTb 3BU-
YyaHy peHTreHorpadilo (abo KOHBEHLliHy, abo
LUMPPOBY), LONOBHEHY PEHTTEHOrPAMMOMETPUY -
HUMM MOKa3HMKaMK, OO SKMX HanexaTtb abco-
JIIOTHI BUMIPIOBaAHHS KiCTOK, @ TakoX pPO3p0o0ieHi
Ha iX OCHOBIi BiOHOCHI MOKa3HWKW, Cepen SKUX
Baxnmee micue nocigae Kil.

MeTa — NopiBHAHHA pe3yNbTaTtiB aBTOMaTU-
30BaHOr0 i Py4HOro BU3HAYEHHSI KOPTUKAJIbHOrO
iHOEKCY CTErHOBOI KICTKN Y LITEN PAaHHLOro BiKY
3a PEHTTEHONOMNYHUMN JaHUMMU.
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MATEPIAJIU TA METOOU

MpoaHanisoBaHO pPEHTreHorpamMun CTerHa y
npPsMIn npoeku;i aiten Bikom go 3 pokiB, sKi BUKO-
HyBanu 3 Nigo3poto Ha TpaBMy abo AMCNNacTUYHI
3MiHM KicTOK, 6e3 BuasneHol natonoril. Kl Bu3Ha-
YaBCH 3a 3arajibHOBIgOMOIO (HOPMYSIO: BiOHO-
LIEHHHA CYMapHOI TOBLUMHW KOPTUKAIBHOIO LWapy
[0 3arafsbHOro giametpa aiadida KicTKM Ha 0gHO-
MY PiBHi, BUpaxeHe y BiacoTkax. Bcim naujieHtam
BMMIpM NPOBOAWAN CTAHAAPTM30BAHO — B MpPO-
KCUMaUbHI YacTuHi giadisa (y giten go 6 mic. —
Ha 4 CM HMXYE MPOKCUMASIbHOI TOYKN OKOCTEHIH-
HS LWWAKKW CTErHOBOI KiCTKM, WO BignoBigano
cepenuHi giadisa, y aiten, ctapwmx 3a 6 mic. —
Ha 4 CcM HuX4e Bif NigBepTAOroBol NiHii). Kpim
LLbOro, Ti X caMi peHTreHorpamm aHanisyBaamnchb
3a OOMoMOrolo cneujasbHOI KOMMN'IOTEPHOI NPOo-
rpamun. Hammn 6yno po3pobaeHO po3paxyHKOBO-
rpacgiyHe 3abe3nedeHHs (MaTeHT YkpaiHu Ha
kopucHy moaenb Ne 105663 Big, 25.03.2016 p.),
ke [O03BOJISE 4YIiTKO Bi3yanizyBaTu nepenaj,
IHTEHCMBHOCTI «M'AKi TKAHUHU — KICTKOBi CTPYK-
TYypW» LLASXOM MPOBELEeHHS aBTOMaTU30BaHOIro
oeHcutorpadiyHoro aHanisy, 3acHOBaHOro Ha
aBTOMaTUYHIN 0OpoObLI xapakTepncTnk npodinto
IHTEHCUMBHOCTI Mi>XX ABOMA TOYKaMW HA PEHTIEHO-
rpami. 3aBOsgKn LbOMY 3MEHLLYETLCS CY0’EKTUB-
HICTb MPU BU3HAYEHHI MeX KICTOK Ta, K Hac/li-
00K, NiABULLYETLCA TOYHICTb po3paxyHKy Kl i,
TakMM YNHOM, 30ibLUYETLCH TOYHICTb AiarHOCTU-
K octeonopo3dy. PoboTta 3 nporpaMmHum 3abes-
MEYEHHAM 3BOAUTLCA OO 3aBaHTAXEHHS BigMno-
BilHOro 300paxeHHs y umudbpoBomMy dopmarti 1
iHTEPaKTUBHOI BKa3iBKM MO4aTKOBOI Ta KiHUEBOI
TOYOK TPaEKTOpil geHcutorpamn (puc. 1). Bci
nogasnblli onepawii NpoBOAATLCS MOBHICTIO B
aBTOMaTUYHOMY pPexXumi. 3rigHO 3 KOPMCHOIO
MOZENJI0, BUMIp FEOMETPUYHUX napameTpis
CTErHOBOI KiCTK/ BUKOHYETLCSH 3a NOBHICTIO aBTO-
MaTUYHUM anropuTMOM, LLIO BKoYae NobyaoBy
JEeHCUTOorpamMm CTEerHOBOI KICTKM Ha 3ajaHOoMy
piBHi (puC. 2a), ycepenHeHHs ii 3Ha4YeHb, YNCESb-
HOr0O PO3pPaxyHKy MepLUoi NOXiaHOI AeHCcMUTOorpa-
MU 32 KOOpaMHaTO (puc. 26), BU3HAYEHHS Oins-
HOK deHcuTorpamMmy 3a MakCUMasilbHUM FpagieH-
TOM iIHTEHCUBHOCTI Ta BUMIp XapakTEPHUX PO3Mi-
piB CTErHOBOI KICTKM, TaKUX 5K 30BHILLHI Ta BHYT-
PILLHIN giamMeTpu CTEFHOBOI KiCTKM, TOOTO po3pa-
XYHOK PO3MipiB KOPTUKAIbHOIO LWapy i KiCTKOBO-
MO3KOBOI MOPOXKHUHM KICTKM, Ta Ha IX OCHOBI PO3-
paxyHok Kl. aHa meToamka npocTa y BUKOHaHHI,
He BMMarae npuabdaHHa 004aTKOBOrMO OOPOroro
yCTaTKyBaHHS, y 3B'13Ky 3 YAM MOXJIMBE 1T LUMPO-
Ke 3aCTOCYBaHHS B MEOMYHIN MPaKTULL.
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Puc. 1. lNMpuknag peHTreHorpaMmy CTerHoBol
KICTKM B NPSIMIi MPOEeKLil 3 BABHAYEHHSIM PiBHSA
OOCHNIIKEHHA Ta 30BHILLHIX | BHYTPILLHIX MeX KOp-
TUKaJIbHOI O LLApPY KiCTKN

TakuM 4YMHOM, aBTOMaTU4yHE BM3Ha4YeHHsa Kl
'PYHTYETbCA Ha 3HAXOOXEHHI MeX KiCTKOBUX
CTPYKTYp 3a [A0MNOMOrol aBTOMaTU30BaHUX
[eTeKkTopiB KOPAOHIB, peanizoBaHux y cneujani-
30BaHUX MporpamMHumx 3acobax, a pyyHe — Ha
PEHTrEHIBCbKOMY 300paxeHHi iHTepakTUBHO
daxiBLueM 3a A0NOMOrok NiHINKN.

PE3YJIbTATU

Hamun 6ynn Bu3HadveHi noka3Hukm Kl cterHoBoi
KICTKM y fOiTel 9K BidyasibHO, Tak i 3a 4OMOMOroto
po3paxyHKOBO-rpadiyHoro 3abe3neyeHHs Ha
pPEHTreHorpamax NpoKCMMasbHOro Bigainy crer-
HOBOI KIiCTKM Y npsmin npoekuii. CepeaHi nokas-
Hukn Kl HaBegeHo B Tabnuui.

Ak BMAOHO 3 TaAbNWUi, nicnsg MOPIBHAHHSA
pe3ynbTaTiB BidyasIbHOro Ta MPOrpamMHoOro BUMi-
ptoBaHb Kl CTerHOBOI KiCTKM Yy OiTEN pPaHHbOro
BiKy cepeHi noka3Huku Kl, BuMiptoBaHi Bidyasib-
HO, BiNnbLUi 32 Lj XX NOKa3HNKM, BUMIPSHI Nporpam-
HO. Lle MOXHa NOSICHUTY TUM, LW Jlikap BU3HA4Yae
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Puc. 2. [leHcuTorpama CTerHoBoOI KiCTKM Ha 3a4aHOMYy PiBHi (a); BiANOBigHA NoxigHa AeHcUTorpamm
3a KOOPAMHATO 3 BU3HAYEHHAM AITHOK EHCUTOrpamMu 3a MakCuMaibHUM rpagi€eHTOM iHTEHCUBHOCTI,
32 9KMMU BUMIPIOOTLCS XapakTepHi FeOMETPUYHI PO3MipY CTEMHOBOI KICTKN (0)

Tabnuusa
CepepHi noka3uuku Kl, %
Bik n 3
BisyanbHo a AOMOMOrol0 PO3PaxyHKOBO-
rpacdiyHoro 3abesaneyeHHs
0o 6 mic. 8 0,59+0,02 0,5587+0,0210
0o 1 poky 9 0,55%0,08 0,5163+0,0114
1-3 pokn 11 0,6+0,01 0,5466+0,0271

PO3MipK KiCTKOBO-MO3KOBOI MOPOXHUHWN FK PO3-
Mip Hanbinbll 3aTeMHeHOol AinaHkn (puc. 3),
Hacnpasi X Ler po3Mip He € giaMeTpOM KiCTKO-
BO-MO3KOBOI MOPOXHUHU, SKLLO BUXOOUTU 3
TOro, WO KicTKka Ma€e OAHOMOPOXHUHHY CTPYKTYPY
[5]. Po3pobneHe X Hamu po3paxyHKOBO-rpadiy-
He 3a6e3neyYyeHHs BU3HA4Ya€e Po3Mipu MOPOXKHMHMA
3a eKCTpeMymMaMum OeHcuUTorpammu, §ki Bigrnosi-
0alTb MEXi KOPTUKANbHOIO Wapy, Oe OYIKYETbCA
HarObinbLUe NOrIMHAHHSA PEHTIEHIBCbKOIrO BUMPO-
MiHIOBaHHS, TOOTO BM3HA4YaETbCHA CPaBXHIN
PO3Mip KiCTKOBO-MO3KOBOI MOPOXHUHU. Xo4a
PISHULA MK LMK OBOMA PO3PaxyHKaMU iCHYE,
asie npaBoMipHO BUKOPUCTOBYBATU K OOVH Tak i
OpYrnii po3paxyHok, HeoOXigHO NuLle BPaxoBy-
BaTW, WO 3MILLLYETLCA Ajiana3oH HOPMU.

TakMMm 4YMHOM, Ha CbOroOAHI Ham HeobxigHO
pPO3p0o6UTK BiKOBY HOpMaTUBHY 6a3y NOKa3HUKIB
Kl ona nporpaMHOro po3paxyHkOBO-rpadiyHoro
3abe3neyeHHs oS PisHUX KICTOK Yy AiTel, OCKifb-
K1 Tl BUKOPUCTaHHS 003BONSIE 00'EKTUBHO NMPOBO-
ONTN BUMIPIOBAHHS PEHTrEHOMOPGPOMETPUYHNX
nokasHukiB. HeobxigHO nam’aTtaTu, WO KinbKicHi

Puc. 3. Npoxoa)XeHHs pEHTIEHIBCbKOIO BUMPOMI-
HIOBaHHS Yepes O0CiaxXyBaHui 06’ekT 3 oaep-
>XaHHSAM MOro PeHTreHIBCbKOro 300paXeHHs:

1 - mMoAenb AocnigxXyBaHOro 06’ekTa;

2 — peHcuTorpama ob6’ekTa;

3 — peHTreHiBcbke 300paxeHHs 06’eKkTa.

MOKa3HWMKKM 3anexaTthb Bifg SKOCTi peHTreHorpamMmu,
TOMy HeOoOXxifHO X MepeBipaTM 3a A0MOMOrol
noOynoBwu rictorpamu.
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BUCHOBOK

BukopucTaHHSA TeXHIYHMX 3acobiB Yy MPOLECI
aHanizy peHTreHorpam i MOHITOPUHIY CTPYKTYpP-
HO-®YHKLIOHANBHOro CTaHy KiCTKOBOI TKaHWHW,
0co6MBO B AUTAYOMY Billi, 3HAYHO MOJNErwnTb
poOoTYy nikaps-giarHocTa i 4O3BOINTbL ONTUMI3Y-
BaTW pes3ynbTaTh OOCAIOXKEHD.

AHani3 peHTreHiBCbKnx 306paxeHb KiCTKOBUX
CTPYKTYp 3a O0MNOMOrot po3pobsieHoro pospa-
XYHKOBO-TrpadiyHOro nporpaMmHoro 3abesneyeH-
HA Mae OyTW HEeBiA'EMHOK 4YaCTMHOW npouecy
KOMMJIEKCHOI AjarHOCTUKN CTPYKTYPHOrO CTaHy
KICTKOBOI TKAHWUHW Y OITEN.
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CPABHUTEAbHbI AHAAU3 ABTOMATU3UPOBAHHO-
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MHAEKCA BEAPEHHOW KOCTU Y AETEW PAHHETO
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TXapbKOBCKAST MEAVLIMHCKAST AKQAEMMST
MOCAEANMIAOMHOIO O6PA30BAHUST
2Xcrpb/<OBCKMV“/ HALMOHQABHbIN
YHUBEPCUTET PDAANOIAEKTOOHMKM

PE3IOME. Llenbto MCCAEAOBAHUS GbIAO CPOBHEHME
PE3YALTATOB ABTOMOTU3MPOBOHHOIO M PYYHOTrO onpe-
AEAEHVST KOPTUKAABHOTO MHAEKCa (KN) GeapeHHoM
KOCTWN Y AETEN PAHHETO BO3PACTA MO PEHTTEHOAOTNYE-
CKMM AQHHBIM. AAST STOrO BbIAV MPOAHAAN3NPOBAHDI
PEHTTEHONPAMMbI 6EeAPA B MPSMOWN MPOEKUMN AETEN
AO 3 AET C MOAO3PEHMEM HA TPABMY VAN AVCIAQCTU-
YeCcKkMe U3MEHEHUSI KOCTEN, Y KOTOPbIX KOCTHAS NATO-
AOTUS HE BbIAQ BbISIBAEHA. PyyHOE namepenmne KN npo-
BOAMAOCH BPAYOM HA PEHTTEHOINPAMMOX C MOMOLLBIO
AVHENIKU. Te )Ke PEHTTEHOrPAMMbI AHAAM3VMPOBAAUCH C
MOMOLLbIO PA3PABOTAHHOIO HAMKW PACYETHO-TPADU-
yeckoro obecneveHus (MNateHT YKpArHbI HO MOAE3HYHO
Moaenb N2 105663 ot 25.03.2016 1.). lNocAe CpOBHEHMS
PE3YALTATOB BU3YOABHOTO U MPOMPAMMHOIO M3Mepe-
HUIN KN BeApPEHHOM KOCTU Y AETEW PAHHETO BO3PACTA
YCTAHOBAEHO, YTO CpeAHMe nokadateAn KW, namepen-
Hble BW3YAAbHO, OOAbLUE, YEM 3TU e MOKA3ATEAM,
M3MEPEHHbIE MPOrPAMMHO. TAKMM OBPA30M, HO Cero-
AHSILLHUA A€Hb HEOBXOAMMO PAa3pPABOTATL BO3PACT-
HYIO HOPMOTMBHYIO 603y nokadatenen K aaga npo-
rTOOMMHOIO PACYETHO-TPAGUYECKOTO ObecrnedeHus
AN PA3ANYHBIX KOCTEN Y AETEN, MOCKOABKY €€ NCMOAb-
30BAHME MO3BOASIET OOBEKTVBHO MPOBOAUTL U3MEpPE-
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COMPARATIVE ANALYSIS OF AUTOMATED
AND MANUAL DEFINITION OF CORTICAL INDEX
FOR FEMUR IN INFANTS BY X-RAY DATA
Arsenidze T.0.", Avrunin O.G.?, Aver'yanova L.O.?
T Kharkiv Medical Academy of Postgraduate
Education
’Kharkiv National University of Radioelectronics

SUMMARY. The aim of the study was to compare the
results of the automated and manual definition of the
cortical index (CI) of the femur in infants by the X-ray
data. Hip X-rays of children under 3 years with a sus-
pected injury or dysplastic changes in bone without
identified pathology were analyzed. Manual Cl meao-
surement was conducted of doctor on the X-ray using
metallic ruler. Also those X-rays were analyzed using our
developed settlement and graphic software (Patent
of Ukraine for utility model N2 105663 from 25.03.2016).
After comparing the results of visual and software
measurement Cl of femur in infants, was found that the
average ClI indicators measured visually higher than
the same indicators measured by software. So, today we
need to develop age-regulatory framework indicators of
Cl for sefflement and graphic software for different
bones in children, because it allows to use objective
measurements of X-ray indicators.

Keywords: automatic definition of corfical index, mao-
nual definition of cortical index, femur, infants.





