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MaremaTnyHa MOfie/Ib TPUBUMiPHOIO BUSHAYEHHA
cryneHd gegopMmalii xpe6Ta mpu MiTITKOBOMY
imiomaTMYHOMY CKOMi031
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Bigomo, mo B YkpaiHi KO>KHa 4eTBepTa OUTMHA Ma€ MOPYIIEHHA IOCTaBU. 3a JaHUMM LleHTpy TpoMafchbKOro
3popos’s MO3 Ykpainu, y 2019 p. y 99 467 fiteit BUAB/IEHO MiTiTKOBNI iiOIIaTYHNIT CKOTIO3 PI3HOTO CTYIIEH:, a 32
marnmu Lentpy memyranoi craructiky MO3 Ykpainy, muie mif 9ac mpodinakTnaHux orsAais y 2020 p. BUAB/IEHO
92 322 pytyiam nikoM 0-17 poKiB i3 MiJIiTKOBMM iZliONIaTVYHVM CKOTi030M, cepep AKMX 45 553 cCTaHOBM/IV XJIOITYVKIA.

Mera - IpoBecTy KOMIUIEKCHY OLIHKY BIPa3HOCTi fiepopMantii xpe6Ta B caritanbHilt, ppoHTaIbHIi Ta aKCiaTbHIX
IJIOIMHAX 3 YPaXyBaHHAM IIEPBMHHOI CKOIIOTVYHOI KPYBMSHY B IIALII€HTIB i3 IMiTITKOBUM i[JiONIaTMYHMM CKOTiO30M.

Marepiamu i MeTopu. Y cTBOpeHHI MaTeMaTU4HOI MOJie/li BpaxoBaHO MOP(OMETPIYHi [jaHi, OTpYMaHi IIAXOM
MiHIHUX BUMIpIiB Ha peHTreHorpaMax y 45 XBopux 060X cTaTeit, i3 monepeHbO BUCTABIEHIMH [IiarHO3aMI CKO-
niosy I-II ct. Bik xBopux cTanoBuB Bif 10 0 18 pokiB (cepenHiit Bik — 15,2+0,45 poky). Cepen 3aranbHOi KilbKOC-
Ti MaIi€HTiB TiBOGIYHY IIATOJIOTi0 BUABIEHO y 21 XBOPOTO, a IpaBOOiuHy — y 24 miteil. Bemnunuu o6paHmx aHa-
TOMIYHVIX Y/HHVKIB BUMipPSHO OJHOMOMEHTHO Ha BOX ABOBUMIPHMX PEHTT€HONOT YHMX 300paKeHHAX XpebTa
y GpoHTaIbHill i cariTa/nbHIii TPOEKILiAX.

Pesynbrarn. [loBeneHo, 1110 Bi3ya/IbHMIT aHa/Ti3 IPOCTOPOBOI Opi€HTALlil XpeOIIiB ITpy CKOMIOTHYHIIT fedopmartii
B IIi/I/TITKiB HAa OCHOBI IBOBVMipHIX PEHTT€HOIPAM 3a3BMYail OMAH/IVIBUIL i He A€ TOCTOBIPHMX NAHMUX, OCKIIbKI
pe3y/IbTaTy ITACKUX 300pakeHb He 3[aTHI [I0Ka3aTy CIpaBXHi ppoHTasIbHI Ta 614Hi MiHIHI TapaMeTpy aHATOMiY-
HJX 00 €KTiB.

BucHoBku. Po3po6rena i sanpononoBaHa MaTeMaTiYHa MOJIe/Ib BU3HAYEHHS CIIPABXXHbOI BEIMYMHY BUKPYB-
JIeHHA Xpe0Ta Iy MifIITKOBOMY iffionaTnaHOMY cKO/i03i myraxoM 3D-peKOHCTPYKTMBHOTO MOJIe/TIOBAaHHSA PEHT-
TeHOJIOTiYHNX JBOBUMIPHIX 300pakeHb y PPOHTAIIBbHIN i cariTa/bHil MPOEKIIIsAX ja€ 3MOTY IIPOTHO3YBATH Iepe-
6ir mmaTosIorii 3a71e>XXHO BiJ ToKanisarii 60Ky popMyBaHHs aTOMOTII.

ABTOpU 3asB/IAIOTH PO BiACYTHICTb KOHPIIKTY iHTepeciB.

Kntouoei cnosa: ninyiTkoBmii ifionaTiaHmit CKO1i03, MaTeMaTN4He MOZIeTIIOBaHHSA, epopMallis, BUKPUBIICHHS
xpe6Ta, KyT Cobb, 3D-300pakeHHs1, peHTTeHOIpaMI, IiarHOCTHKA, TIKyBaHH, IPOTHO3YBaHH:A Hepeoiry.

Mathematical model of three-dimensional determination of the degree of spine deformation in
adolescent idiopathic scoliosis

V.S. Konoplitskyi, O.F. Tkach, Yu.Ye. Korobko

National Pirogov Memorial Medical University, Vinnytsia, Ukraine

It is known that every fourth child in Ukraine has a posture disorder. According to the Public Health Center of the Ministry of Health of Ukraine,
in 2019, 99,467 children were diagnosed with adolescent idiopathic scoliosis of varying degrees, and according to the Center for Medical
Statistics of the Ministry of Health of Ukraine, only during preventive examinations in 2020, 92,322 children with adolescent idiopathic
scoliosis were diagnosed with a peak of 0-17 years, among whom 45,553 were boys.

Aim —to make comprehensive assessment of the severity of spinal deformity in the sagittal, frontal, and axial planes, taking into account the
primary scoliotic curvature in patients with adolescent idiopathic scoliosis.
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Materials and methods. When creating a mathematical model, morphometric data obtained by linear measurements on radiographs in
45 patients of both sexes, with previously diagnosed scoliosis of the I-Il degree, were taken into account. The age of the patients ranged from
10 to 18 years (mean age 15.240.45 years). Among the total number of patients, left-sided pathology was observed in 21 patients, and right-
sided scoliosis was observed in 24 children, respectively. Measurements of the values of the selected anatomical factors were performed
simultaneously on two two-dimensional X-ray images of the spine in the frontal and sagittal projections.

Results. It has been proven that visual analysis of the spatial orientation of the vertebrae in scoliotic deformation in adolescents based on
two-dimensional radiographs is usually misleading and does not provide reliable data, since the results of flat images are unable to show the
true frontal and lateral linear parameters of anatomical objects.

Conclusions. A mathematical model has been developed and proposed for determining the true magnitude of spinal curvature in adolescent
idiopathic scoliosis by 3D reconstructive modeling of two-dimensional X-ray images in frontal and sagittal projections, which allows predict-

ing the course of the pathology depending on the localization of the side of pathology formation.

The authors declare no conflict of interest.

Keywords: adolescent idiopathic scoliosis, mathematical modeling, deformation, spinal curvature, Cobb angle, 3D-image, radiographs,

diagnostics, treatment, prognosis.

Beryn

IigmitkoBuii igionatiananii ckomnios (IT1IC), 3a ocran-
HiIMM CyYaCHUMH YABI€HHAMMU, — 1€ 3aXBOPIOBaHHA
BCbOT'O OPraHi3My, OCHOBHUM IIPOSIBOM AKOT'O € TPUBU-
mipHa (3D) nedopmanis xpe6Ta B caritanbHil, ppoH-
Ta/IbHIiN i TOPM3OHTAIbHIN IUIOIMHAX, @ TAKOX JIaTe-
panbHe BifxmieHHs xpebTa it poranis xpebuis
y ppoHTanpHil momyHi, o cnocTtepiraerbes B 0,47
5,2% meniaTpuyYHOI OIy/ALl, i B leKiNIbKa pa3iB 4yacTi-
IIe ypaXKye€ [iB4aT MOPiBHAHO 3 xom4uKamu. CraTese
CIiBBiTHOLIIEHH 3a/IeKUTh Bifi BemmuyuHy KyTa Cobb,
3a jtoro 3sHa4yeHb 10-20° Mi>KcTaTeBe CIiBBiIHOIIIEHHS
cta”HoBuUTh 1,3:1, 32 20-30° - 5,4:1,a3a >30°-7,0:11
6inpe [6]. Tepmin ITIC ynepuie B KIiHi4HY IPaKTUKY
BBefieHo KreitH6eprom y 1922 p. Xoya BUAINAIOTH Kifb-
Ka TuIiB ckomniosy, I1IC e HajinommpeHinmm 1oro Tu-
TIOM, AKMII € MiAIPYHTAM y GOpMyBaHHi CKOMOTHYHOI
xXBOpo6u, mocsiratoun 80% BifT 3aranbHOI KiTbKOCTI ma-
TOJIOTi, Ta IIepes6adyBaHoO 3a/IXKNUTD Bifi reorpadidHoi
IIVPOTY IPOXXVIBAHHS XBOPUX [9].

Bimomo, 1m0 B YKpaiHi KOXKHa 4eTBepTa AUTIHA MA€E
MOpYILIEHH: NOCTaBN. 3a fanuMu LleHTpy rpoMaicbKo-
ro 3gopoB’s MO3 Ykpainn, y 2019 p.y 99 467 miteii Bu-
asneno I1IC pisnoro crynens, a 3a janumu Llentpy
MenguuHoi cTatucTukyu MOJ3 Ykpainu, nuure mif gac
npodinakTuuyHux ornagis y 2020 p. BUABIEHO
92 322 putunn nikom 0-17 pokis i3 I1IC, cepep axux
45 553 cTa”HOBUIY XJIOMYMKH [9,17].

[Tarodisionoriuni Ta erionoriyni unHHNKYN PopmMy-
BanHa IIIC i moci 3anuMmamTbCsI OCTATOYHO
He3’sicoBaHMMM. Tak, BUBUYEHHs MOPQOIOTiYHIX 3MiH
T/ XpebuiB i MbkxpeOieBux Auckip y mauienTis i3 I[TIC
Ha OCHOBi 3BMYalHNX JBOBUMipPHMX PEHI€HOTPaM CBifl-
YNTb, IO AVICKM MAIOTh Oi/bII KIMHONOAIOHY hopMmy
HOPiBHSAHO 3 Tinamu XpeO1iiB, a Ije, BiAIIOBiHO J10 3a-
koHy Hueter-Volkmann’s (1862-1873), 3acBifuye BTO-
PUMHHICTD flepopMaliil Tin XpeO11iB i MOSCHIOE IPUPORY
poraniitHoi ixHpoi fedopmariii [18].

HocnigkeHHA OCTaHHIX POKiB CBif4aTh, 110 Hall-
Oi/IbIII BaXK/IMBUMM YMHHUKAMIY IIPOTPECYBaHHA CKOJi-
OTUYHOI XBOpOOU, IOB’I3aHVMMI 3 IIPUPOLHUM IIepe-
6irom maTosorii, € cTaTh NalieHTa, XapakTep BUTUHY
xpe6ra i pisionoriuna 3pinicts guTnnu. Tounime, pu-
3MK IPOTPECYBAaHHS 3a/IeKUTh Bifl HAIPSAMKY BUKPUB-
NeHHA i cTaTi XBoporo [7]. Y mIporHocTUYHOMY CeHCi
iCHYI0TB CrIOCTepeXXeHHS, 10 AiBYaTa 3 IPaBOOIYHNM
TPYAHMM BUKpUBJIeHHAM >10° 3a Cobb i Ti, ki He f0-
CAIIN MEHapXe, MiJIATaloTh BMCOKOMY PU3MKY IOJab-
moro nporpecysanss: I11C, Topi Ak nmpefcTaBHUKY YO-
JI0BiYOi cTaTi i3 MPaBOOIYHUM MONIEPEKOBYUM 3TMHOM
Xpe6Ta MaKCMMaIbHO CXW/IbHI IO IIPOrPeCyBaHHs BU-
KpUBJIEHHS XpeOTa. 3 iHIIOoro 60Ky, 4epes CBOI CIabKy
TEHJIEHIIi}0 10 IPOTpeCyBaHHA NiBOOIUHI IPy/AHi BU-
KPUBJIeHH XpeOTa 3a3B14ail MaloThb 6i/bl JOOPOsIKic-
Huit xapaxrep [20].

HesBa)xaroun Ha yjaBaHy IPOCTOTY, iiarHOCTYBaHH:A
ITICiitoro cTyneHs BUPasHOCTi CTAHOBUTD IIEBHIi TPYJI-
HOILli Y pi3HMX JIOKa/i3allisX aTOJIOTii Ta BiKy naiji-
€HTIB, Yepes pisHMII0 B Kopensauii Mix kyrom Cobb,
SIKMIT 0OYNCTIOETHCS 3a TApaMeTPaMyl PeHTTeHOIOT 4~
HUX 300pakeHb XpebTa i JaHMMU KTiHIYHMX 06CTe-
KeHb, ¥ T.4. 32 TecToM Afamca. ToyHicTb Ta afexBaT-
HicCTb paHHBOTO BCTaHOBJIeHHA giarHosy IIIC
6e3nocepefHbO 3a/IEKNUTD Bijj CIiBBiHOIIEHHS KyTa
Haxwmy Tyay6a i kyra Cobb sIK IpuitHATHUX KPUTEPIiB
miarHocTyBaHHA [11].

ITicna Toro, sax Cobb 3anpononysaB MeTOx BU3HA-
YeHHs 0CbOBOTO 3MillleHHs XpeOIiB y InppoBOMY eK-
BiBa/IeHTi HAa OCHOBI PEHTTeHONOTIYHUX 300pa’KeHb
y KOpOHapHili IIOMVHI, JOCTiI>KeHHA CTYIeHs 0bep-
TaHHA XpeOl[iB I0Yanu IMPOBOAUTH 3a LOIOMOTO0
2D-pentrenorpam, 3D-Moen0BaHHA KiCTOK, pacTpOC-
tepeorpadii, komn roreproi Tomorpadii (KT) Tomo [2].

Benmnunnua 3D-pedopmanii xpedra mpu ITIC crienn-
¢ivHa [/1s1 KOXKHOTO Ialli€eHTa 3 OIVIAAY Ha KiZIbKiCTh
1 MOBXUHY JiIAHOK BUTVHY, CTYIIiHb IXHbOTO IIOBOPOTY
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Ta BEJIMYMHY KyTa KPUBU3HM HABKOJIO OCi, TOMY afieK-
BaTHEe AKiCHe Ta Ki/JibKicHe Ii BU3SHaYeHHA MOX/IMBE
JIMILE 3 ypaXyBaHHAM [TOKa3HUKIB Y Pi3HUX IIOIMHAX:
¢dbpoHTaNIbHI, cariTabHiil Ta 060B I3KOBO B aKCia/lb-
Hiit [4,18].

Hocnimxenuamu ILE. Ketenci Ta ciBasr. (2018) go-
BEJEHO, 1[0 MiHiManbHi 3HaYeHHs pOTALiiHMX KYTiB
crioctepiraroTbes Ha Th ), Tpy 1[bOMY BeTMYIMHY Ky TO-
BUIX [IOKa3HUKIB Ha YBirHyTOMY 0OIIi IeI0 BUIL, HiX
IO BUTHYTOMY, i3 MaKCMMAa/IbHOIO Pi3HULIEIO B IIOKa3-
Hukax Ha pisHi Th. -Th,, mo nos’s3ano 3 inTpasepre-
OpanbHOIO poTali€ro anikanapHoro Bigainy [10,12].

Komr’ioTepHa Tomorpadis € ogHuM i3 HallKpaiux
METOMIB Biyaisalii KiCTKOBUX CTPYKTYD, a 3 ypaxXyBaH-
HAM TpUBUMIipHOI fledopMariii cipaBXHs 0CbOBa IIO-
I[1IHA KOYKHOTO XpeO1is AB/IsA€ COO0I0 IUIOLMHY HAXITY.
Il BUMipIOBaHH: TapaMeTpiB Y X KOCKX IUTOLIHAX
KT-ckaHy aHami3yI0Th y BUIJIAAL MY/IbTUIUIOIMHHUX
ToHKMX (0,6 MM) 3pi3iB 110 BCill ZOBXMHI I'PyIHOTO Ta
IIOIIepeKOBOTo BifainiB xpedTa. OgHAK CYTTEBUM 00-
ME>KEeHHAM MOJiOHNX 1iaTHOCTUYHIX METOMVIK € BiCyT-
HicTb (CKIaHICTD) BUMIpIB y cariTa/IbHiil IIOMVHI Ta
HNOPiBHAHD i3 HOPMA/IbHVMM ITIOKa3HUKAMU, Ha TJIi TOTO,
1[0 AMCKM pOO/IATh OibInit BHeCOK y 3D-medopmanii
HOPIBHAHO 3 KiICTKOBUMIM CTPYKTypamu [18].

Cepen ocHoBHux npo6yem ITIC € cknapHicTb mpo-
THO3YBaHH II0Ja/IbIIOrO Hepebiry narosorii mics nep-
BMHHOTO iHIMBiflya/IbHOTO 3BEPHEHHS Ialli€HTA 3 Ta-
KUM [iarH030M [16].

[Tpubmusno 10% miarnocroBanux I1IC norpebye
KOHCEpPBaTUBHOTO JIiKyBaHHA, a 0,1-0,3%, 3a yMOB Ie-
pesuienHs Kyra Cobb 40°, — onepaTuBHOi Kopekuii
[6,14].

3HayHa yactoTa nomupeHocTi I1IC y negiarpnynii
IOIIYJIALil B Cy9aCHMX YMOBaX PO3BUTKY CYCIIi/IbCTBA
i icHy10UNX 0COOMMBOCTAX HABKONIMIITHBOTO CEPEIOBH-
113, HEJOCTATHA MOIINPEHICTD, a iHOJi HEJOCTYIHICTh
110 00’ €EKTMBHVX METOJiB /JiaTHOCTYBaHHSA CIIPaBXXHbO-
IO CTyIIeHs BUKPUBJICHH: XpeOTa, JOMiHYIOUNM cepef
SIKMX NBOMipHE PEHTI€HOJIOTiYHE JOCIiIXKEHHA Ta
NIOB’sI3aHi 3 UM NIPUYNHHO-HAC/TIIKOBI 3B A3K) HEBi-
pHoI i/ab0 HecBO€YacHO 06PaHOI TAKTUKMY, LII0 CIIPHsAE
B ITOfla/IbLIIOMY HE3aJOBITbHMM HAC/TiIKaM JIiKyBaHHA
i OTipIIEHHIO AKOCTI XKUTTH, 3yMOB/IIOE 3HAYHY aKTY-
A/7IbHICTDb TAKOTO HAIIPAMKY JOC/TIIKEHD Y IIOIITYKY HO-
BUIX IOCTYIIHUX i BUCOKOIH(OPMATMBHIX METOHIB Jjia-
THOCTMKM IIi€1 CK/IaJTHOI ITaTOJIOT1i1.

Merta focniykKeHHA — IPOBECTY KOMIIIEKCHY OLIIHKY
BUPA3HOCTI ledopmaliii xpebTa B cariTanbHiit, ppoH-
Ta/IbHiil Ta aKCia/IbHMX IIOLVHAX 3 yPaXyBaHHSAM IIep-
BMHHOI CKOJIIOTMYHOI KPMBYM3HU B ITALi€HTIB i3 MifjIiT-
KOBUM iJiOIaTUIHUM CKOJTi030M.

Marepianu Ta MeTOAM JOCTiP>KEHHA

O6’eXT mOCHi>KeHHa — MaTeMaTW4Ha MOJeENb
BU3HAUYEHHA CIPaBXHbOI BeIMUYMHIU BUKPUBIEHHS
xpe6ta nipu ITIC nvraxom 3D-peKOHCTPYKTUBHOTO MO-
[IeMOBaHHS PEHTTEHOMOTIYHNX IBOBUMIPHUX 3006pa-
JKeHb Y GPOHTAIbHIN i cariTa/bHiil IPOEKIisX.

Y cTBOpEHHI MaTeMaTU4HOI MOJIe/li BpPaXOBAaHO MOP-
¢dbomeTpuyHi AaHi, OTpUMaHi IMUIAXOM JIiHITHUX BUMIpiB
Ha peHTTeHOrpamax y 45 XBopux 060X crareit, i3 momepe-
IOHbO BUCTaBJIeHMMM AiarHo3amu ckomiody I-II cT. Bik
XBOpUX cTaHOBUB Bif 10 10 18 pokiB (cepenHiit Bik —
15,2+0,45 p01<y), 0, 32 BU3HaYeHHAM Opranisanii
O6’epnanux Hauiii, Bifnosifae mijy1iTkoBoMy nepiony.
Cepen 3ara/ibHOI Ki/IbKOCTI Ia1ji€HTiB 1iBOOIYHY ITaTOMO-
Tifo BUABJIEHO Y 21 XBOPOTO, a IpaBoOiuHy — y 24 miTeil.

BenuunHu 06paHuX aHATOMIYHUX YMHHNKIB BUMi-
PSAHO OTHOMOMEHTHO Ha IBOX JIBOBUMipPHMX PEeHTTeHO-
JIOTiYHMX 300paKeHHAX XpebTa y ppoHTaNbHil i cari-
TaJIbHIN IpoeK1ifax. BusHaveHi 1A KOXKXHOI IPOEKIii
penepHi TOYKM NPOEKLITHO JIOKa/Ii3yBaucs Bi/jIIOBifI-
HO Ha BePXHil 3aMuKasbHil mwractuHmi xpebrsa Th,
1 HVDKHIN 3aMUKaAbHIN IJIACTUHIL Th“. Ortxe, B ycix
KJIiHIYHVX CIIOCTEPEXKEHHAX NVICTaHLlis BUMIpPY CTyIIe-
HA fepopmanii xpe6Ta 06MexXyBamacsa Jyrow Mix
xpe6bugamu Th ~Th .

Yci peHTreHOMOTiYHI 06CTeXXeHHsI BUKOHAHO Ha OfI-
HOMY i TOMy caMoMy Lj1(pPOBOMY peHTreHanapari 3a
OJJHAKOBOTO (CTaHAAPTU30BAHOTO) MPOEKLINIHOTO
36inpIeHHs, ogHUM i TMM camMuM ¢axiBiem. []ist sMeH-
IIeHHS MOX/IMBUX HOXMOOK i po3bixkHOCTeN 306pa-
JKEHb YCi 3HIMKIM BUKOHAHO Y BEPTUKATbHOMY I10JIO-
KeHHi manieHTa (CTOSAYM) y ABOX HPOEKIifAX:
bpoHTaNbHIl i cariTanbHiil, y paHKOBi rofuHm [3].

PesynbraTy mocnifKeHHs Ta iX 00rOBOpeHHs

OcHOBM MeTOZIOOTII Ta eTany CTBOPEHHS MaTeMa-
TUYHOI MoZeni. Y HOpMi B ITOTI0XeHHi cTosA4M BCi Xped-
Il MigganTbhbcsa 0CbOBOMY CTUCKAHHIO, a KpiM TOTO,
MeBHI TiIAHKM XpeOTa MifIsAraloTh TOAATKOBUM Pi3HO-
CIPsAMOBAaHMM HaBaHTa)XXEHHAM 3CYyBY, 3aJIEXKHO Bif
ixHBOI IpOCTOPOBOI OpieHTalil. [loBefeHO, 1110 3aTHbO-
CIpsIMOBaHi HaBaHTAXXEHHs CIIPUAIOTh TOMY, L0 Liel
CerMeHT XpeOTa CTae MEeHII POTALiIHO CTabi/IbHUM
IIOPiBHAHO i3 cErMeHTaMI, AKi 3a3HalOTh IIEPEJHbOTO
3CYBHOTO HaBaHTakeHHA [21] (puc. 1).

3 ypaxyBaHHAM TaKOTO IIOJIOKEHHs pedeli, 3aKOHY
Hueter-Volkmann’s i Toro, mo ITIC € TpuBuMipHOIO
nedbopmariero xpebTa, JIArHOCTUIHI 3aXOM L0/ BI-
3HaYeHHsI J10T0 CTyINeHs fedopMmarliii He MaloTh 6asy-
BATHCA NMIIE HAa JAHUX PEHTI€HOJIOTiYHUX OCTi/[KEHb
y ¢ponTanbHiit miomuHi. Crify BpaxoByBaTy faHi a-
TOJIOTiYHMX 3MiH i B IHIIMX NPOEKLiAX, 3BaXKA4YM Ha
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Puc. 1. Cxema gjinAaHok xpebTa, siKi 32 MOro BEPTUKA/IbHOTO
MOJIOMKEHHS 3a3HAOTb 3a4HBOCMPAMOBAHMX (CTPIIKM YepBo-
HOro KO/IbOpY) Ta NepesHbOCNPAMOBAHUX (CTPINKM 3e1eHO-
ro KoNbopy) 3CYBHWUX HaBaHTaXKeHb

Te, mo ¢poHTanbHi i caritanbHi medopmanii
B3a€MOIIOB sI3aHi, TOMY 3MiHMU Y GPOHTA/IbHII ITOLIN-
Hi BUK/IMKAIOTD IIATOJIOTiuHi fedopManii B cariTa/bHiil.
Bopnnouac caritanpHi cimHHO-Ta30Bi gedopmarii npu
ITIC 6e3nocepenHbO NOB’A3aHI 3 POTALITHUMY 3Mi-
HIeHHIMU XpeOIliB, 1110 Y CBOIJ ITaTO/IOTi4YHiN CYKYII-
HOCTi BU3HAYAIOTh BeJINYMHY KpuBM3HU KyTa Cobb
[13]. BaxxnmuBuM y 1boMy ceHci € popMyBaHHA NIpu
I[TIC medopmarift rpyaHOI KTiTKY, Bif Il HEOPO3BUTKY
10 pebepHMX BUTMHIB Y BUITIAI TOp6a, AK1il BUHIKAE
BHACJIiIOK pOTalillHOrO KOMIOHeHTa fedopmanii
xpebra [7,15,21].

OckinpKi CKOTTi03 SIBJIsIE COO00 TeopMalliio y TpbOX
IUIOLIMHAX, [/Isl BCTAHOB/IEHHS JIOTO CTYIIEH: HeoOXifHe
KiZTbKiCHe BU3Ha4YeHHS cKomioTnyHOro (hpoHTanbpHa
IUTOIMHA), KiPOTUYIHOTO (cariTaabHOro) i poTariitHoro
(akciampHOrO) KOMIIOHEHTIB Hedopmanii [5].

ITrommHa B TprBMMipHOMY EBKIIiOBOMY IIPOCTOPI BU-
3HAYA€ETHCA 32 IOTIOMOTOX0 TPhOX HEKOJTIHEapHIX TOYOK.

JloBeneHo, 10 BisyanbHMII aHaJIi3 TPOCTOPOBOI OPi€H-
Taril XpeO1iB Ipy CKOMOTIYHI Aedopmariil B MiTiTKIB
Ha OCHOBI IBOBMMipPHMX PEHTI€HOIPaM 3a3B/4all OMaH-
JIMBMIA i He [Ia€ TIOCTOBIPHMX JAHUX, OCKI/IbKY Pe3y/bTaTi
IUTACKIX 300pakeHb He 3[JaTHI OKa3aTy CIIpaB)XHi GpoH-
TajIbHi (KopoHapHi) i 6iuHi (cariTanbHi) iHiHI Mapame-
TPY aHATOMIYHMX 00’ €KTIB (BifmoBigHOrO Xpebiis) [1].

[ 064mCcIeHHs CcTyneHs cKomoTn4HoI fiepopmariii
xpe0Ta 3 ypaxyBaHHAM POTAL{ITHOrO 3MillleHH: XpeOIIiB
H06YJOBaHO CHCTEeMY KOOPAVHAT IXHIX IEBHUX PelepHIX
TOYOK Y JBOX IUIOIIMHAX: CariTa/IbHill i GPOHTAIbHIIL.

Ha Bigminy Bif eAKUX TOCTiZHMKIB, AKi 111 BUMi-
pIOBaHHA 0O6epTaHHs XpeOlliB HABKOJIO CBOEI BepTHu-
KaJIbHOI OCi BUKOPUCTOBYIOTDb IIOKa3HMK MM PYHY Tisla
xpebus B AinAHLI '/, itoro BUCOTH, HaMM 32 6a30BY
OCHOBY y BU3Ha4YeHHI KyTa HaXM/Ty KOXKHOTO OKPEMOTO
Xpe611st 00paHO IJIOIIMHY IIOBEPXOHb IX 3aMUKaIbHNX
IIacTUHOK [2,20]. Takuit Bu6ip € iHTYiTMBHO 3p0O3yMi-
JIUM Ta 00’ €KTVBHO OOI'PYHTOBAHMM, OCKi/IBKM 3aMU-
KaJIbHi IJIACTUHKY, O € aKTVBHUMMU JiNAHKaMU 30H
pocTy Xpe61iB y fiiTeil MiTiTKOBOTO BiKY, AKi Hal6i1bII
YiTKO Bi3yasli3yI0ThCs Ha peHTTE€HOrpaMax y Ialli€HTiB
TAKOTO BiKOBOTO IIE€PiOY, O3BOJIAI0UM 00 €EKTUBHO BI-
3HAYNTH CEPeAVIHY Ti/la XpeOIis, 110 3HAYHO IOIIOMarae
106y yBaTI CXeMY PO3PaxyHKOBOTO OOUNCIIeHH T1a-
paMeTpiB TAKOTO aHATOMIYHOTO 06’€KTa (pHc. 2).

A

b

Puc. 2. Cxema BM3HaUYeHHs KOOPAMHAT penepHuUX TOYOK xpebLis y caritanbHil (A) i dpoHTanbHi (B) nnowmHax

68 | ISSN 2304-0041 Paediatric Surgery (Ukraine) No.1(86)/2025



Opucinanvhi 0ocnionenus. Opmonedis

BepxHa Mexa po3paxyHKOBOI MOJE IYT¥ CKOMTiOTNY-
Hol frepopmartii xpe6Ta CXeMaTUYHO PO3TAIIOBAHA YiTKO
IO IVIOLIMHI BepXHbOI YaCTVHM 3aMIKa/IbHOI ITIACTUHKMI
Th, (srigHo 3 peHTreHONOriYHMM 306paskeHHAM XpebTa
B CariTa/IbHil i PpOHTANBHIN IPOEKIIAX Y TOTOXKEHHI
CTOSYM), BiIIIOBIZHO TOYKU Pp PZ, P3, a HIDKHSI MeXKa
IYTU 49iTKO BifiTIOBifja€ IJIOMIVHI HYDKHBOI 3aMMKa/IbHOL
IJTACTUHKY, BigmoBifHo Touku Q, Q,, Q.

[ MopdoMeTpUYHOro BUMIPY BeTMYNH HAXUITY
XpeOLiB y BiAIIOBifHil I/TOMMHI, Yepe3 LIeHTpP BepPXHbOI
(Th,) i mmxuboi (Th, ) saMuKaTbHUX MTACTUHOK, '/, M-
PUHM Tina XpeO1is, IPOBOAATH TOPU3OHTA/IbHI /iHii. Be-
nmr4MHa h, sxa JopiBHIOE BificTaHi BiJi FOPM3OHTAIBHOI
JIiHII 0 epIEeHJVKYIAPHO BI3HAYEHO]I BiITOBIIHOI pe-
IIEPHOI TOYKM, CK/IA/IA€ NiHiIIHY BENMMYMHY KyTa HAXVTy
XpeOI1s Ha BepXHill i HUDKHIN MeXaX CKO/IIOTUYHOI AYTH.

B ocHOBY opMyBaHHSA TPUBMMIPHOI METOAMKM 06-
YJC/IeHHsI CTYIIeHsI CKOMOTUYHOI fedopMariii xpebdTa
noknageHa cxeMa Cobb. BigmosigHo go cxemu Cobb, mic-
/15 BUSHAYEHHs POCTOPOBOi Tokaizartii mromymm Th, i
Th, , xyT ixuporo nepeTnny (a) BifiTIOBifa€ CIIpaBXHilt
3D-BenmmunHi ckomioTnaHOI Aedopmariii xpedra (puc. 3).

3a yMOBHU, SIKIIO BiOMi KOOPAMHATY TPbOX TOYOK Ha
HOBEpXHi XpeO1id, sAKi He po3TalIOBaHi Ha OHII ps-
MiJl, MOXXKHA IIPOBECTY €IVHY IUIOIIVHY.

OTpumaHO piBHAHHA TaKoi IVIOLUIVHMY, 1O IIPOXO-
OUTb Yepe3 TOUYKMU Pl(xl,yl,zl); P, (xz,yz,zz);
P, (x3 s V3523 ) . [lnommHa IpoxoxuTh Yepes TouKy P, i
Mag€ TaKe PiBHAHHA:

A(x-x)+B(y-y)+C(z—-2z)=0,
ge A, B, C - koopguHaTI HOPMAJIbHOTO BEKTOPA.

ITnomuHa, AKa JOCTiAKyBanacs, IPOXOAUTD Yepes
TOYKY P, TOfli Ma€ BUKOHYBaTUCA PiBHICTb:

A(x2 —x)+B(y,-»)+C(z,-z)=0.

Touxa P, TakoX 1€KUTH Ha IUTONIMHI, 1l KOOpAMHATI
3a/I0BONIbHAIOTD PiBHAHHIO:

A()c3 —xl)%rB(y3 —yl)+C(z3 —Zl)=0.

Y TppoX piBHAHHSAX, 1[0 MiCTATDH TPU HEBifOMI ITapa-
MeTpU — KOOPAMHATY HOPMaZIbHOT'O BEKTOPa MIYKaHOI
mnowyHy. i piBHAHHA € MiHITHMMU BiJHOCHO HEBIiO-
mux A, B, C. Toxi Maemo cuctemy nmiHiTHNX anrebpaiu-
HUX PiBHAHD:

A(x—xl)+B(y—yl)+C(z—zl):0
A(x2 —xl)+B(y2 —yl)+C'(z2 —zl):0
A(x3 —x1)+B(y3 —y1)+C(z —zl)=0
Po3sp’a3aBumm cucTeMy MiHIHNUX anreOpaiyHuX piB-
HAHb, OTPYMAHO PiBHAHHA IUIOLVHMA, 1O IIPOXOJUTD
4epes3 TpY TOYKY Ha IIOBEPXHi XpeO1is.

Hanpuxnao, njist mpaBo6iYHOT0 CKOMi03y KOOPAVHATI
TOYOK Ha BepxXHiil mosepxHi xpebua Th, Taxi:

Puc. 3. BU3HauYeHHA BEIMYMHU KyTa NepeTuHy ABOX NNOLMH
npw CKONIOTUYHIN aedopmaliii xpebTa

B (4,25,0,-3); P,(-4,25,0;3); P(0;3,25;0).
PiBHAHHA NIOIIVMHY IO TPHOX TOYKAX MAE TAKUI BUTIAL:
12x+17z=0. (1)
Jlns nuxHbol mosepxHi xpebus Th,  koopaunaTn
TPbOX TO4OK Taki: O (6, 75;0;3); 0, (_6, 755();_3);
O, (0; 4,75;0). PiBHAHHS IIOMMHM IO TPHOX TOUKAX
Mae€ TaKUil BUTTISIT:
4x-9z=0. (2)
s ob6umcineHHs KyTa MiXX JBOMa IJIOLIVHAMMA
(puc. 4), sAKi 3amaHi TaKMMU PiBHAHHAMU:
Ax+By+Cz=0;
Ax+B,y+C,z=0.

BUKOPMCTAHO TaKy GOPMYIIy:
|4,4, + BB, + C,C,|
\/Af + Bl +C} \/Azz +B;+C;

O = arccos

Jl1a mpaBo6iYHOrO CKOMi03y BiTHOCHO piBHAHD (1)
i (2) pospaxoBaHuil KyT IepeTUHY ABOX IUIOLIVH Ma€
Take 3Ha4eHHA O = 59°.

Jai 3a I1i€0 TEXHOTIOTi€I0 IPOaHaIi30BaHO Ky TU IIe-
peTUHY IUIOLIMH JIA Kido3y, mpaBo6iuHoro i 1iB06iu-
HOT'O CKOJTiO3iB.

HactynauMm etanoM gociigKeHH: € CTBOPEHHS IIpo-
THOCTUYHOI MOJIe/Ti 3HAYE€HHS CTYTIEHA CKOLIOTUYHOL Jie-
dopmarii xpe6Ta sanexxno Big Haxury xpebuis Th, i Th |
y dpoHTaIbHII i cariTabHiil IVIONIMHAX, TOOTO 3 ypaxy-
BaHHSIM POTAL{iTHOTO 3MillleHHsI BifIIIOBITHOTO XpeOIs.

Oxkpemo po3paxoBaHO MMOKA3HUKM /IS TPaBOOIYHO-
r0 i 1iBOOIYHOr0 aTO/IOT{YHOTO IPOLIECY.
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Ta6munsa 1

PedepentHi sHavenHs Benuuunu h mpu 1iBobitHOMY i IpaBO6IYHOMY CKO/TiO3aX Y PPOHTAIBHIN i CariTabHil IPOEKLIIAX

TouKa

3HaueHHA h (Mmm)

Pi 6 .
iBeHb xpebusa Bumipy Min

HanpamokK sumi BeNAnunHu h
[ Max P py

MaTonoria Ta NPOEKLif AOCNIOKEHHSA

MpaBobiyHMi1 CKOOI3.
®poHTanbHa NPOEKL,iA PEHTreHONOrYHOT0 306paskeHHA

Th, p 0

1

3 Bropy Bif, ropM30OHTaNbHOI NiHiT

Th Q, 0

-3 BHW3 B, rOpM30HTaNbHOI NiHIi

11
MaTonoria Ta NPoeKLUia AocniaKeHHs | /1iBobiYHNI cKoNio3.

dpoHTaNbHA NPOEKL,iA PEHTFEHONONYHOI0 306paXKeHHA

Th P 0

2 3

3 Bropy Big, ropu30oHTaNbHOI NiHiT

Th Q, 0

11

-7 BHM3 Big, rOPU30OHTANbHOI NiHiT

MaTonoria Ta NPOEKLif AOCNIOKEHHSA

MpaBob6iuHMii/NiBOGIYHMI CKONIO3.
CariTanbHa NPOEKL,iA PEHTrEHONOTYHOIO 306paXKeHHsA

Th, P, 1 4 Bropy Bifg ropu3oHTanbHOI NiHii
Th,, Q, -3 -5 BHW3 Bif, rOPU30HTa/IbHOI NiHii
Ta6mmusa 2

Posmopin crynens ckomio3y BifnosifHo fo kacuikaniit-
HIX O3HAK 3a Berm4anHo Kyta Cobb

CTyniHb KnacudikaLinHux
NaToNoriYHUX NPoABIB

BennunMHa BUKPUBEHHA
xpe6Ta 3a Kytom Cobb

Hopma 0°
CKonioTuyHa nocTtaea 1-3°
Ckonios | cT. 4-10°
Ckoniosz Il cT. 11-30°
Ckonios lll cT. 31-60°

Ckonios IV cT. 61° Ta binblwe

X

Puc. 4. MogentoBaHHA 3D-cxemMun BU3HAYEHHS O 3a/1€XKHO Bifg,
NpPOCTOPOBOI N0KaNizaLii penepHMx To4ok Th,iTh,

ITporHocTIYHY MOJI€/b BUSHAYEHHS CTYIIEH CKOMLOTINY-
Hoi ehopMmariii TOOYHOBaHO IIIXOM PO3POOTIEHHS OKpe-
MUX JIiHIHUX PiBHAHD 3aJIEKHOCTI IOJIOKEHHA PENEPHIX
TOYOK BiJi Be/4yHM h, 1110 BU3HAYAE BETMUIHY CIIPaBKHbO-
ro porariitHoro smimenHa xpe6uis Th, i Th, | y igmosimiit
IJTOLVHI ITPY ITPaBOGIYHOMY/TIBOOIYHOMY CKOTIO3aX.

[l 1bOTO B OKpeMy Tab/IMIjIo 3BeleHO MiHIMa/IbHi
11 MaKcuManbHi pedepeHTHi 3Ha4eHHA h OCHOBHUX pe-
nepHux To4ok xpebuis Th,i Th, s ypaxysanuam Ha-
IPSAMKY (3HaKY «+» a00 «-») BUMIipy OKa3HMKa Bifi piBHA
TOPU3OHTAJIbHOI JIiHil, IPOBENEHOI Yepe3 LEHTP 3aMU-
Ka/IbHOI IVTACTUHKY (BepXHBOI 200 HIDKHBOI) BiIIIOBif-
Horo xpe6iys (tab. 1).

[TpornocTuyHa OLjiHKa BenunHM fedopmartii xpeo-
Ta KOpenoBaja 3 KIacuikalifHuMy TOKasHUKaMu
Cy4acHoI rpajialii CTyIeHs CKOIio3y Ta peKOMeHzali-
savu SOSORT 3a xyrom Cobb (tabm. 2) [8].

Cepep KOropTy XBOPHUX, 3a/Ty4eHNX [0 HOCTiI>KeHHS,
MaKCUMaJIbHa Beln4rHa KyTa 3a Cobb craHOBuMIa 26°,
10 3TiZTHO 3 PO3MOAINOM 3a KracugikaliiiHuMy 03Ha-
kamu BigmoBimao II cT. marosorii.

Ha ocHoOBi oTpyMaHuX y nmpolieci KIiHIYHUX JOCTi-
IKeHb pedepaTUBHUX 3HAYeHb BeMM4MH h pu npaso-
6iuHOMY i TiBOG6IYHOMY CKOMi03i i 32 KTacudikaniitHoro
posmnopiny maronorii 3anexHo Bif BemunHu Kyta Cobb
106yoBaHO BifOBiAHI rpadiku MiHITHOI 3a/TeXXHOCTI
crocoBHo xpe6uis Th, i Th , sxi 6ynu Tpanchopmosa-
Hi B J1iHiVHI piBHAHHA (puc. 5-8).

Posp’a3aBmum niHiliHI piBHAHHA, OTPUMAHO TaKi
IIPOTHOCTIYHI 3HaUYeHHsI ITepebiry naTosnorii.

BigHOCHO mpaB0O6iYHOTO CKOTi03Y, TO BIUIMB Be/INU-
quHM 3Mienns (naxuny) xpebus Th, y 1,47 pasa nepe-
BUIIy€e aHa7ori4He smimenHsa xpe6bus Th, . Kpim roro,
IpY MaKCMMAaJIbHUX BemudnHax Haxuty Th, BusHaya-
erbca III cryninb ckomiosy.
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o=f{Q1;Q2) npm P1;P2=const MNb ckonio3

——Pi=-15 -Pl=30 = =m=——— Mocrasa
o = emaa. o = & =ee-- Mo

Nuneiinan [P1=-15) Nuneiinan (P1=-3,0

Puc. 5. NiHiliHWi rpadik 3anexHocTi KyTa Haxuny Th. Big Be-
IN4MHK h npy NnpaBobiYHOMY CKONiO3i

o=f(Q;;Q,) npu P;;P,=const /16 cronio3

o, rpag

Koopamnat Touru Qy; Oz, mm

——Pl=15 -P1=3,0 - = === [locTasa

ler e=e—- g =ee=- e

Nuneisan (P1=1,5) NuHekHan (P1=3,0)

Puc. 7. NiniiHWi rpadik 3anekHoCTi KyTa Haxuay Th, Big,
BenYMHU h npm niBobiyHOMY CKoi03i

CrocoBHO NiBOOIYHOTO CKOTTO3Y, 32 OTPUMAHNMI JIAHN-
MU, TIpY JIiBOGIYHOMY CKO/Ti031 OUeBUAHNM € (PaKT BIIUBY
Ha sMimenna xpe6ua Th, y 1,78 pasa 6inbure, Hix Ha Bem-
uuHy smimenns Th . Kpim Toro, pesynbraty pitenns mi-
HIiIHVX PiBHAHD IIEPEKOH/IMBO 3aCBi[YYIOTh, L0 TiBOOIY-
HIIT CKO/Ti03 Ma€ OiTbII BYPasHY TeHAEHLiIO 10 30i/TbIIIeHHS
CTyTeH: narosorii. Takoyx oTpyMaHi HamMu B IIpolLieci CTBO-
PEeHHs1 MaTeMaTNYHOI MOfieri Ta il 004NC/IeHHs faHi HosIC-
HIOIOTb IIPUYVMHHO-HACIIKOBI 3B’sI3K1 BipoOrigHOCTi 6i/1b-
1101 YaCTOTY HasIBHOCTI Ta Oi/bIII 3HAYHOI BUPA3HOCTI
pebepHOro ropba came 1py MiBOOIYHOMY CKO/IO3.

[TepeBa>kaHHSA BeIMYMHY KyTa 3MillleHHA XpeOisa
Th, mpn miBO6iYHOMY CKOMTi03i, Ha HAII MOT/IAL, IPO-
THOCTMYHO 3aCBifuye 61/Ib1i BUCOKNII IIPUXOBAHNIA 110-
TeHI[ia/1 MOXX/IMBOI BPas3/IMBOCTi caMe JTiBOOIYHOI He-
¢dopmanii xpe6Ta, 110 C/1iff 060B’I3KOBO BPaXOBYBaTH
SK Ha BCiX eTamax JiKyBaHHA, TaK i IiJ] 9ac MpOBeJeHHsA
JVICIIaHCEepM3allil alli€HTiB.

BucnoBku

Pospo6neHa i 3anponoHoBaHa MaTeMaTU4Ha MOJIE/b
BYI3HAY€HHSA CIPABXHbOI BETMYMHY BUKPVBJIEHHA
xpe6Ta rpu ITIC mrsxom 3D-pekOHCTPYKTUBHOTO MO-
Ie/TI0BaHHS PEHTIeHOMOTiYHMX IBOBUMIPHMX 300pa-

o=f({P1;P2) npm Q1;Q2=const b cronio3

y=11,882x + 13,359
0 05 1 15 b 25 3

Monomerna Toukn Py, Pz, mm

——02=-15 -o— 02 =30 == === [lOCTEEE
ler meme—-—- fle = mme- Micr

- Nunednan (02 =-15) Nunesinan (02 =-3,0)

Puc. 6. NliHiiiHKI rpadik 3anexHocTi KyTa Haxuny Th, Big,
BeAn4MHM h npmn npaBobiyuHoOMYy CKOANiO3i

a=f(P;P;) npn Q;;Q,=const f1b ckonio3

y=11797x+ 46,968

o, rpag

0 05 1 15 2 25 3

KOODAMHAETH TOUKK Py; Py, MM

—e—02=35 -02=70 — —NocTasa

lor - =l - = =lllcT

- Nuneinan (Q2 = 3,5) TNunedinan (02 =7,0)

Puc. 8. NliHiHnii rpadik 3anexxHocTi Kyta Haxuay Th | Big
Be/IYMHM h npu niBobiyHOMy cKoniosi

KeHb y QPOHTA/IbHIII i cariTanbHil MPOEKIIAX Aa€ 3MO-
Iy BpaXOBYBaTy KOMIIOHEHTH fiedopMallio XpeO1iiB 3a
BCiMa MPOCTOPOBMMM BEKTOPAMU: CKOTIOTUYHIM, Ki-
($OoTUYHMM Ta aKCiaTbHUM (POTALiTHUM).
3amIpoIllOHOBaHA PO3paxXyHKOBa MaTeMaTM4Ha MO-
Jie/ib BUSHAYEHH: CTYIIeHA BUKPUBJICHHA XpeOTa nIpn
iZionaTMYHOMY CKOJIi031 B [iiTell MOXK/IMBA [0 3aCTOCY-
BaHH SIK Py PpaBOoOivHilt, Tak i mpu iBo6iuHiii T0Ka-
Misanil maTosorii He3aneXXHo Bif II CTYIIeHA BUPa3HOCTI.

CTBOpeHH: i po3B’sI3aHHA NiHIHUX PiBHAHD B3a€M-
HOi 3a71eXHOCTi KyTiB Haxumy xpe6uis Th, i Th, mpu
npaBo6iuHoMy/miBo6idHOMY ITIC mae smory BusHauM-
TH, 1J0 TIpY NPaBOO6iYHil aToOril 36i/1bIIeHHS 3Mi-
meHHs B 1,47 pasa nputamanHe xpe6iio Th, nopisHsHO
i3 Th, , a mpu niBo6iYHii M0Kami3alil MaToMOTiYHOTO
nporuecy 3MileHHs Th2 BITHOCHO "[h11 30iMbIIYETHCA
B 1,78 pasa, To6to Ha 17,42%.

Pospo6eHa Mozie/Tb TPMBUMIPHOTO BU3HAYEHHS CTYTICHS
nedopmarii xpe6ra mpu I1IC fonomarae mporHo3yBaT Ie-
peOir marosorii 3a/1eXHO BiJI IoKaTisawii 60Ky hopMyBaHHS
narojrorii. Tak, mpy mpaBo6iYHOMY CKO/Ti03], 32 yMOBY MaK-
cuManbHUX BemrayH Haxury Th, BusHagaerscs III crymiab
3axBOpIOBaHH:. PO3B’A3yBaHH BiIIIOBIHVIX JTiHIHVX piB-
HsHD 3aCBiTYYe OUIBII eCTPYKTVBHI (BMpa3Hi) IposABU Ipu
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niBo6iuHil /T0Kami3anii maromnorii, y T.4. XapakTepHOI0
€ 6i/1plia yacToTa i BupasHicTb pebepHOro rop6a.

Aemopu 3as61710mv Npo 6i0CymMHicmv KOHPiKmy

iHmepecis.
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