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PE3IOME: Bgeoenue. Ckonuo3s npeactasisieT co00i UCKPUBICHUE [TO3BOHOYHHKA BO (DPOHTAIb-
HOM MJIOCKOCTH, COMPOBOXKAIOIEeCs] TOpCHUEN Tel MO3BOHKOB U UX 3aIHUX 3JIEMEHTOB B MpOLECCe
pocTa. /lnarHocTHUKa CKOJINO3a MPOBOJUTCS MO PEHTreHOIpaMMaM MO3BOHOYHHUKA, MTOJIYUEHHBIM B
npsMoi poeknuu. CTaHIapTHBIM METOJIOM OLIEHKH yTJia CKOHo3a siBisiercs yroi Ko6ba, koto-
PBI CTPOUTCA MEXKY TPAHSIMH KOHEYHBIX T03BOHKOB, MAKCHMAJIbHO HAKJIOHEHHBIX OTHOCHTEIIHPHO
npyT apyra. JIns noctpoenus yriia Kob6a Bpau-peHTT€HOIOT BPYYHYIO Ha PEHTTeHOT paMMe ITPOBO-
JIUT KacaTeJIbHbIE K TPOEKIIMSM 3aMbIKAaTEIbHBIX TOBEPXHOCTEH TeJ MO3BOHKOB. BapnabenbHoCTh B
pesynpraTax u3mMepeHuii yrina Ko06a siisieTcst akTyallbHOU MPOOIeMOi pEHTICHOJIOTHH U OPTOTIe-
nuu. Cucrema Esper.Scoliosis aBromatnyecku onpenenser no3sonku Th~L, ¢ nomonisro 06yden-
HOW HEHPOCETH, a TAK)KE YeTHIPE TOYKH TEJ TO3BOHKOB, 10 KOTOPBIM IIpOrpaMMa CTPOHT yTiibl Ko6-
0a u ompenensieT creneHb UCKpuBIeHUA. Ienb uccnedoeanus — TMONTBEPKICHUE COOTBETCTBUS
nporpamMmsbl Esper.Scoliosis MeTpukaM TUarHOCTHYECKOW TOUHOCTH. Mamepuaisl u memoowt. J1ist
MCCJIEAOBAHUS PETPOCHEKTUBHO OBIJI0 0TOOpaHo 120 peHTreHONIOrnYecKuX M300pakeHut, mpeno-
craBnenHbix CII60 'BY3 «lopoackas Mapuunckas 6onpHuna» u ®I'bY OHIPU um. I'A. Anb-
opexta MunTtpyna Poccun. Beioopka nzo0pakeHuit ssBaseTcsi coajJaHCUPOBAaHHOM, IIe COACPIKUTCS
paBHOE KOJTMYECTBO M300pakeHUH ¢ MpU3HAKAMU CKOJIFo3a u 6e3 Hux. KonndecTBo n300paskeHU
I, II, III u IV cTemeHn ckoiano3a OBLIO OMWHAKOBEIM. B pe3yibpTaTe COMOCTaBIICHUS WHICKC- U Pe-
(hepeHc-TecTa OB pacCUYMTAaH CTAHAAPTHBIA HAOOpP METPHK, COCTOSAIIUA W3 YyBCTBUTEIHHOCTH,
crenupUIHOCTH, TOYHOCTH (00mas BamuaHocTh) U miommaau moa ROC-kpusoit (ROC AUC). Pe-
gyabmamol. [loxazano, yto cucrema Esper.Scoliosis 00y1ajjaeT BEICOKOW TOYHOCTBIO OMPEIEICHUS
ckonrosa (ROC AUC=0.9). Ha ocHOBe KITMHHUYECKUX UCCIEAOBAHNI PEKOMEHIYEeTCsl UCTIOIb30BaTh
nporpammy Esper.Scoliosis Ha mpakTHKe B KadeCTBE OOBEKTHBHOTO MHCTPYMEHTA OIPEICIICHUH
CTEIeH! CKOJINO03a.

KJHIOYEBBIE CJIOBA: ckonno3, peHTTeHOTpaMMa, UCKYCCTBEHHBIM WHTEIIJIEKT, IIO3BOHOYHUK,
HCKYCCTBEHHbIE HEHPOHHBIE CETH.
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PRELIMINARY RESULTS OF CLINICAL TESTING
OF A NEW INTELLECTUAL PROGRAM ESPER.SCOLIOSIS
FOR AUTOMATIC DIAGNOSIS OF SCOLIOSIS ON FRONTAL RADIOGRAPHS
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ABSTRACT: Introduction. Scoliosis is a lateral curvature of the spine with torsion of the vertebral bodies
and their posterior elements. Cobb’s angle is considered the “gold standard” for diagnosis of scoliosis on
frontal radiographs and it is defined by the most tilted vertebrae toward the apex of the curve (end vertebrae).
To measure Cobb’s angle the doctor, have to apply manually lines parallel to the end vertebrae. Variability
of Cobb’s angle measurements is a current disadvantage of this method. Esper.Scoliosis is an automatic
program that is based on machine learning. The aim of the study is to confirm that using program Esper.
Scoliosis is in keeping with accuracy metrics. It can detect vertebrae form T Ly, as well as four points of
each vertebral body, according to which the program can construct the angle and determine the degree of
scoliosis automatically. Materials and methods. 120 X-ray images were collected retrospectively from
the archive of St. Petersburg State Medical Institution “Mariinskaya hospital” and the Federal Scientifi
¢ Centre of Rehabilitation of the Disabled n.a. G.A. Albrecht. The data set consists of 60 images without
scoliosis and 60 images with different grades of scoliosis from 1 to 4 that were distributed evenly (15 X-ray
for each grade). Results. The results of the index test (the new program) were compared to a reference test
(radiologist conclusion), and a standard set of metrics was calculated (sensitivity, specificity, accuracy and
the area under ROC curve). Conclusion. Our study shows that Esper.Scoliosis system has a high accuracy
in diagnosing scoliosis (ROC AUC = 0.9). Based on this clinical test, it is recommended to use program
Esper.Scoliosis in clinical practice as an objective tool for determining the degree of scoliosis.

KEY WORDS: scoliosis, X-ray, artificial intelligence, spine, artificial neural networks.

BBEIEHUE

Hedopmanny TO3BOHOUHHKA SBISIOTCS pactpo-
CTpaHEHHBIMU 3a00JICBAaHHUSMU CPEIU JIFOJICH BCeX
BO3pacTHHIX TpyI. CKOIHO3 3aHUMAaeT 0coboe Me-
CTO, TIOCKOJIbKY SIBJISICTCSI HanboJiee CepbE3HO op-
TONEANYECKON MaTojoruen JeTel U MoJpPOCTKOB, a
TaKXe MOKET MPOrPeCCUpOBaTh, 0COOCHHO B MEPU-
0J1 aKTUBHOTO Pa3BUTHS OIOPHOTO JBHUTaTEIHHOTO
anmapara. CTeneHb CKOJINO03a ONpPENENIeTCs PEHT-
TEHOJIOTOM TO (POHTANBHBIM PEHTTEHOTPaMMaM
Ha ocHOBaHWMHW m3MepeHus yrina Ko6b6a [3]. Bapu-
abenbHOCTh B pe3ynbTaTtax u3MepeHui yrna Koooa
SBIIACTCS aKTyaJIbHOU TIPOOJIIEMOI pEHTICHOIOTHH
u opronenuu. CyliecTBYIOT HEKOTOphIE (PaKTOPHI,
KOTOpBIE MOTYT MOBJIHATH Ha TOYHOCTh U COIJIac-

HOCTh u3MepeHus. K HUM oOTHOcCHUTCS OIBIT Bpa-
Ya-peHTTeHONIOTa U BHIOOP KOHEYHBIX ITO3BOHKOB,
OrpaHUYMBAIOIINX OYTy cKoiuo3sa [1, 4].

C HenmaBHEro BpEMEHH B PEHTT€HOJIOTHH MPH-
MEHSETCSI MHOXECTBO TEXHOJIOTHI HCKYCCTBEH-
Horo uHTennekra (M), ocHoBaHHBIX HA HEMPOH-
HBIX ceTsaX. HekoTopble u3 HUX y>K€ aKTHUBHO HUC-
MOJIB3YIOTCS B KJIIMHMKAaxX IO BCeMy MHpy. Takue
TEXHOJOTUU TOBBIMIAIOT 3PPEKTUBHOCTh -
THOCTHKH 32 CYET aBTOMATUYECKOTO BBITOJIHEHUS
HEKOTOPBIX CTaHIAPTHBIX HU3MEPEHUN U yMEHb-
LIEHUs] KOJIM4YeCcTBa OLIMOOK, CBSI3aHHBIX C Ye-
noBeueckuM Qakrtopom. Kpome toro, M1 moxer
B34Th Ha ce0s pyTUHHBIE 3aJ]a4M Bpadeil-peHtTre-
HOJIOTOB, YTO C3KOHOMHT BPEMS U CHJIBI PEHTTE-
HoJjiora [2, 5-8].
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[Ipu >ToM MOWCK WHTEIUIEKTYaJLHOTO aBTOMa-
TUYECKOTO MeTona olieHku yria KoOba Ha ocHoOBe
HEUPOHHBIX CETEH U €ro BHEAPEHHE B KIIMHUYECKYIO
MIPAKTUKY MOXKET MUHUMHU3UPOBATh BapUaOEIbHOCTh
m3Mepennii yra Ko66a pasHeIME BpauamMul M TIOBBI-
CUThb JMarHOCTHYECKYIO 3(QEeKTUBHOCTh Ompese-
JICHUSI CTETICHW CKOJMOTHYECKOW IedopMmanuu mo-
3BOHOYHUKA. J[JIs1 3TOTO MBI pazpaboTaiy mporpam-
My Esper.Scoliosis 1 mpoBenn €€ TecTUpOBaHUE B
OTIpeNIeJICHUH TOYHOCTH B mM3MepeHnn yrina Kobba u
OIIPE/ICJICHUH CKOJIN03a Pa3HbIX CTETICHEH.

HE/b UCCIAENOBAHUA

[ToaTBep:xaeHUE COOTBETCTBUSA MPOTrPaMMBbI
Esper.Scoliosis MeTprkaM TUarHOCTHYECKON TOU-
HOCTH, NPEIyCMOTPEHHBIM TEXHUYECKOM M H3KC-
IUTyaTallMOHHOW TOKyMEHTalUE.

MATEPUA/IbI U METO[IbI

Jns  uccnenoBaHHsT PETPOCIEKTUBHO OBLIO
orobpaHo 120 pEHTTEHONIOTHYECKHX H300pake-
Huit, npenocrasneHHsx CII6 T'BY3 «loponckas
Mapuunckas OonpHunay u ®I'BY ®HIPU um.
I''A. Ams6pexta MunTpyna Poccnu. Habop manabIxX
npencrasiasul 120 o6e3nmnyeHHbIX (AaHOHUMUHU3H-
POBaHHBIX) pEHTreHorpaduvIecKrux H300paKeHUH
IPYAHOTO OTAENa MO3BOHOYHMKA, BBIIOJTHEHHBIX
B TIPSMOW MPOSKIUH W 3alHUCaHHBIX B (opmare
DICOM. 60 uccnemoBanuii (50%) 6110 6€3 TIpH-
3HAKOB CKOJIM03a U CTOJIBKO € — C MpU3HAKaMH
CKOJIMO3a. PeHTreHorpaMMbl ObUTH pacipe/ieeHbl
[0 TpyHIaM COINIacHO IpuKasy MUHHCTEpCTBa
o0opons! Poccuiickoit @eneparuun (MO PD), roe
I crenens ckommoza — c ymmom Kob66a 1-10°;
II crenens — c yrmom 11-25°; III cremens — ¢
yrmom 26—50° u IV creneras — ¢ yrom 6oitee 50°.
Pentrenorpammel ¢ npusHakamu ckonuo3sa I, I1, 111
u IV crenenu ObUIM pactpeaeieHbl PABHOMEPHO U
cocTapisiy nmo 15 pentreHorpamm. Pacnpenene-
HUE PEeHTIeHOrpapuIeCKUX N300paKECHUH 10 MOy
coctaBisuio 48% Myx4uH U 52% >KeHIIHH, 10 BO3-
pacty — 1/ 17 /76 ner (MuH. / MenuaHa / Makc.).

Jns KaKmoro AMarHOCTUYECKOTO Ciiydas OBUTH
ompeneseHbl CBEJCHUS O HAJWYMH U CTENCHU CKO-
JI03a AByMS BpauaMH-PEHTI€HOJIOTaMH HE3aBUCHMO
JPYT OT APYyTa, CO CTAKEM PadOTHI 110 CHELMAIBHOCTH
oonee 10 ner. B ciydae pacxox/IeHUS] MHEHHS Bpauei
UTOI0BOE 3aK/II0UeHUE (POPMUPOBATIOCH TOCPEICTBOM
KOHcuIyMa. Pesynerarsl aHanisa Bpadeid-peHTreHo-
JIOTOB (pUKCHpOBaIH B KadecTBe pedepeHc-TecTa.

OneHka IMarHOCTUYECKOM TOYHOCTU IMPOTpam-
Mbl Esper.Scoliosis mpoBoJuiack B COOTBETCTBUH
¢ Metoguueckumu pexkomenaanuamu Ne 43 «Knu-
HUYECKHE HCTBITAaHUs NpPOrpaMMHOro obecreue-

HUA Ha OCHOBE HHTEJUIEKTYyalbHBIX TEXHOJOTUH
(JrydeBass ~ OMAarHOCTHKA)», I[OATOTOBICHHBIMU
I'bY3 «HayuHo-npakTHUeCKUN  KIMHUYECKUN
LEHTP AUArHOCTHKHU W TEIEMEIUIIMHCKUX TEXHO-
jJorui JlemapramMeHTa 31paBOOXpaHEHHUs TOpona
MockBbl». MecTo npoBeieHHs IPEIBAPUTEIBHBIX
KIMHUKO-TeXHHYeCKknX wucnbiTanuit (IIKTHU) —
CII6 I'bY3 «l'oponckas MapumnHckas 00JIbHUIIA.

PE3Y/ILIATbI N ObCYXKIEHUE

B pamkax wuccnemoBanusi mporpammbl - Esper.
Scoliosis ObLTH cONOCTaBICHBI PE3YIBTATHI HHICKC-TE-
CTOB U pehepeHC-TeCTOB B a0CONFOTHBIX 3HAUCHHSIX:

* WCTWHHO OTpHUIaTenbHbIi pe3ynpratr (MO) —
nporpamma Esper.Scoliosis onpenensier uzo-
OpaskeHne 0e3 IMaTONIOTHYCCKUX H3MEHEHUH
KaK He UMeIolIee MPU3HAKOB MaTOJIOTUH;

* JIOXKHOOTPHUIATEIBHBIN pe3ynprar (JIO) —
nporpamma Esper.Scoliosis onpenensier uzo-
OpakeHHEe ¢ MaTOJOTHMYECKUMHU W3MEHEHMUsI-
MU KaK He UMeIollee IPHU3HAKOB IaTOJIOTUH;

* HCTUHHO NOJIOKUTENbHBIN pe3ynbrar (UII) —
nporpamma Esper.Scoliosis onpenenser uzo-
OpakeHHe ¢ MaTOJOTMYECKUMH W3MEHEHHs-
MU KaK UMEIoIIee MPU3HAKH NaTOJIOTHH;

* JIOXKHOTIONOXUTENbHBIN pe3ynsrar (JIII) —
nporpamma Esper.Scoliosis onpenensier uzo-
OpaskeHne 0e3 IMaTONIOTHYCCKUX H3MEHEHUH
KakK MMelollee MPU3HAKU MaTOJIOTHH.

Ha ocHOBaHMM cONOCTaBICHHS PE3YNIHTATOB
HWHACKC-TECTOB U pe(depeHc-TeCTOB OIpeeIeHbI
METPHKH THATHOCTHYECKOW TOYHOCTH:

* YyBCTBUTEJILHOCTH — BEPOSITHOCTh TOTO, YTO
MHJ/IEKC-TECT OKa)KETCs TIO3UTUBHBIM NP Ha-
JMYUU IPU3HAKA, pacCUUThIBaeTca 1o Qop-
myne: UIT/(UTT+J10);

* cnenupUIHOCT — BEPOSTHOCTH TOTO, YTO
MH/IEKC-TECT OK@KETCS HEraTUBHBIM IpHU
OTCYTCTBHM IPH3HAKA, PACCUUTBHIBAETCS TIO
dopmyne: UO/(MO+IIIT);

* TOYHOCTH (00IIasi BaMMOHOCTH) — YPOBEHb
COOTBETCTBHS MOJNyUYECHHBIX PE3yIbTATOB WH-
JEKC-TecTa K JCHCTBUTEIbHBIM 3HAYCHHUSIM
pedepeHc-TecTa, pacCUUTHIBAETCS 1O Qop-
myne: (UTT+UO)/(UTT+UO+HIII+I10);

» wiomans noa ROC-kpusoit (ROC AUC) —
miomanb nog ROC-kpuBoii Ha rpaduke 3aBu-
CUMOCTH «4yBCTBUTEIBHOCTH» OT «EAMHHUIIA
MHUHYC CHenUpUIHOCTE» (10 ocu abcrmce —
3HAUCHHE BEJIMYMHBI «CHEUU(PUIHOCTH», IO
OCH OpIMHAT — 3Ha4YeHHE BEJIMYMHbI 1yBCTBU-
TEIHHOCTH).

Bce meTpuku ouenens! B quanazone ot 0 1o 1.

[Iporpamma Esper.Scoliosis momkHa ObITa cOOT-
BETCTBOBATb COINIACHO METOAMYECKMM pPEKOMEHa-
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Tabmuua 1

TounocTh mporpammbl Esper.Scoliosis B onpeieieHny CTETIeHH CKOITN03a

KonuvecTBo nzodpaskeHuit Becob HaGop

Crenens 0

Crenenpb 1 | I'pynna 2 | I'pynna 3 | I'pynna 4

Wupaexc-TecT (KOTMYECTBO PE3YIIBTATOB 108
COIIACYIOT PE3yNbTaThl pedepeHc-TecTa)

56 9 13 15 15

Pedepenc-tect 120

60 15 15 15 15

ROC-kpuBan

L0+

0.8 4

0.6

HYBCTEMTEABHOCTE

0.2 4

0.0

0.0 0.z 0.4 0.6 0.8 10
1 - CNEURHYHOCT

Puc. 1. [Tnomans nox ROC-kpusoit (ROC AUC) 0,93. Tou-
HOCTb MOJICTIH BBICOKast

LUSIM CIIETYTOIFM XapaKTePUCTHKAM: TyBCTBUTEIb-
HocTh >0,81; cnenmduanocts >0,81; TouHOCTH (00-
ast BamuaHocTh) >0,81; mommans mon ROC-kpuBoit
(ROC AUC) >0.81. Cpemnee BpeMs aHATTH3a IUATHO-
CTUYECKOTO N300payKEeHHS JOJDKHO OBLIO COCTABIISATD
He 6ormee 30 ceKyHIT Ha OTHO UCCIICIOBAHNE.

DTarbl MONy4YeHHs Pe3yIbTaTOB aHalu3a Mpo-

rpamMmoii cucreMoil Esper.Scoliosis:

* 1-i1 sran. Ilonp3oBarens BBOOUT B BeO-Opa-
y3epe BblaaHHb eMy URL-agpec. Emy or-
KpBIBa€TCSl TOJh30BATEILCKUI BeO-HHTEP-
¢eiic nmporpammel Esper.Scoliosis.

* 2-#i otan. [loas30Barens 3arpykaeT OMHO WU
HECKOJIbKO PEHTTEHOBCKUX HW300paKeHUI B
¢dopmate DICOM wu ornpaBiser ux JJjis aHa-
TM3a U BBIABICHUS HAUYHS CKOJHO3a.

* 3-it stan. [Ipu ycnemHo#t 006paboTKe CHUM-
KOB TTOJIb30BATEII0 BO3BPAIIAETCS Zip-apXUB,
cogepxamuii DICOM-¢aiinsl ¢ pesynsrara-
MU 00pabOTKH.

* 4-ii sram. [locie momy4yeHus: pe3yasTaroB 00-
paboTKK /I BCEX MUAarHOCTHYECKUX H300pa-
JKeHW 13 TIOATOTOBJIEHHOTO Habopa IJaHHBIX
U UX PaCllaKOBKH U3 Zip-apXUBa IOJyYCHHBIC
DICOM-daiiner 3arpyxarorcs 8 DICOM-mpo-
CMOTpPOBIIMK ~ WH(OPMAIMOHHONH  CHCTEMBI,
ycranoBneHHoi B CI16 I'bY3 «loponckas Ma-
PUHHCKAs OONBHUIAY, U (PUKCHPYIOTCS PE3YITh-
TaTel MHACKC-TecTa. B Tabmuue 1 mpexncrase-

HBI PE3YJIBTaThl MHJEKC-TECTa B COMOCTABICHUH
C pe3ynsraramu pedepeHc-Tecta u pacrpeaerne-
HHEM T10 YETHIPEM CTETICHSIM CKOJIHO3a.

[lo pesynbraram McciegoBaHUS MONYYEHBI 3HA-
YEeHUS METPUK JMAarHOCTUYecKod TouHocTu Esper.
Scoliosis: wyBctBUTENBHOCTE — 0,97; cenuduy-
Hocth — 0,88; TouHOCTH (OOIIast BaMUAHOCTH) —
0,93; mromane mox ROC-kpuBoit (ROC AUC) —
0,93. Cpennee Bpemsi aHaiM3a JAUArHOCTHYECKOTO
M300paXeHHsI COCTABMIIO 5 CEKyH] Ha OTHO HCClIe-
nosanue. ROC-kpuBas nmpencrasieHa Ha pUcyHKe 1.

AHaIM3 pe3yNbTaToB MCCIENOBAHUS  TIO3BOJHI
YCTaHOBUTB, YTO pa3paboTaHHas mporpamma Esper.
Scoliosis aBTOMAaTHUECKOTO OTIPEEIICHHUS CTETICHH CKO-
JIo3a U mMeperHns yria Koo6a Ha 0CHOBE HEHPOHHBIX
ceTell IMeeT BBICOKHE METPUKH JMarHOCTUYECKON TOY-
HOCTH. BaykHO! 0COOCHHOCTBIO HMCTIONIB30BAHMS TIPO-
TPaMMBI SIBJISIETCS TO, YTO OHA SKOHOMHUT BpeMs Bpada
(5 cekynm Ha 00pabOTKY ONHOW PEHTTECHOTPAMMBbI),
YTO 0COOCHHO BAYKHO TIPH PabOoTe C OONBIIMM TIOTOKOM
Jy4YEBBIX TUATHOCTUYECKUX N300paKeHHUH.

Cremyer OTMETHTH, YTO HETOYHBIC DPE3YIBTATHI
yarie HaOMoaanich Npy aHANIN3€ IPOrpaMMOi PEeHT-
TEHOBCKHX M300pakeHHH 3I0POBBIX MAIMEHTOB, T7IC
HeT ckonmo3sa (yron Ko66a pasen 0°) 1 Ha peHTreHO-
rpamMmax co ckonuo3zoM I cremenu (yron Ko66a no
10°). Takum o6pazom, mporpamma M1 moxxeT oOHa-
PY’KUTB YOI HEMHOTO OOJIBIIIE WIIM MEHBLIE TOpora,
W TOTJIa CTENICHb CKOJIN03a MEHSIETCSI.

Orpannyenusa nporpavvbl UU

[Iporpamma Esper.Scoliosis npenna3zHadena ams
aHaJM3a PEHTTeHOJNOTHYECKUX M300paKeHU Tpy.-
HOTO W TIOSICHUYHOTO OT/AEJIOB TI03BOHOYHWKA, BBI-
MOJTHEHHBIX B TOJIOKEHUHU JIEXA U CTOSI, B MPSIMOM
npoekuuu. Jpyrue BUAbl WCCIAEAOBAHUM, MOJAb-
HOCTH, aHATOMUYECKHe O0NacTH W MPOSKINHU JHa-
THOCTUYECKUX M300paKeHNH aHaIM3y He MOIIexkar.
TpeboBanus k m3o0pakenuto: popmar DICOM, mo-
HOXpOMHOE (grayscale).

SAK/TIOYEHNE

Ha ocHOBaHMM BBIMOJHEHHOTO KCCIEI0BA-
HUs TPOBEJEHA OIEHKAa HOBOW HMHTEJUICKTyallb-
HOW TIPOTpaMMbl aBTOMATHYECKOTO OMNPEICICHUM
CTEICHH CKOJIMO3a. BhUI0 HEOOXOAMMO HE TOJIBKO
OIleHUTL paboTy mporpammer Esper.Scoliosis B
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OIIPE/ICICHUH CTETICHH CKOJIM03a aBTOMATHYECKOM
crocoOoM, HO M aHAJIM3UPOBAaTh BO3MOXKHOCTH €¢
BHEJIPEHHS B KIIMHUYECKYIO PakTHKy. [1o pe3yns-
TaTaM MCCIIEeJOBAaHUS NOTY4YeHbl 3HAYCHUST METPHK
JMNAarHOCTUICCKOW TOYHOCTH (B muara3zone ot 0 1o
1) cucremsl Esper.Scoliosis: 4yBCTBUTEIBHOCTD —
0,97; cneruduunocts — 0,88; TouHOCTH (0OIIAs
BamuaHOCTh) — 0,93; uromane nox ROC-kpuBoit
(ROC AUC) — 0,93. Cpennee BpeMs aHATU3a IHA-
THOCTHYECKOTO N300pakeHHsI COCTABHIIO 5 CEKyHJ
Ha OJJHO UCCIieOBaHue. Pe3ynbTaTel KITMHUYECKUX
HCCIICIOBaHHI MTO3BOJISIOT TOBOPHUTH 00 3 dekTus-
HOCTH TIporpaMMebl Esper.Scoliosis, koTopast MOXXeT
OBITH MCIIONBb30BaHA B KIIMHUYECKON MPAKTUKE KaK
MHCTPYMEHT, TIOMOTAIOIINH CIIeIHaINCTaM 00BbeK-
TUBHO OIPEIENUTh CTEeNeHb ckonno3a. E€ raBHas
0COOCHHOCTh 3aKJIIOYAaeTCs B CHIDKCHWH Bapua-
OeNbHOCTH pe3ylbTaToB u3MepeHus yria Kob6a
pasHBIMU BpadaMu, YTO IMOBBINIAET JHArHOCTUYC-
CKYIO 3((EKTUBHOCTH ONPEAETICHUS CTETICHH CKO-
JUOTHYECKON AeopMaiy MO3BOHOYHHKA.
Htorom Hacrosmelt pabOTH SBHIOCH HAYIHOE
000CHOBaHHE NPHUMEHEHHUS WHTEIUICKTYaIbHOU
MpOTrpaMMBbl, OOBEKTHBHO OIpEAEIAIOmEenl cTe-
MIeHb CKOJIN03a HA OCHOBAHWU TOYHOTO U3MEPECHHUS
yria Ko66a Ha (bpOHTaJIbHBIX pPEHTIeHOrpaMMax,
9TO JIaeT BO3MOKHOCTH PEKOMEH/IOBATH HCIIOJb-
30BaHMe mporpammsel Esper.Scoliosis B mpakTuue-
CKOM 37paBooxpaHeHuH. JlanmbHeiied mnepcrek-
TUBOW HAay4YHOIl pabOTHI 10 TOYHOMY BBISBICHHIO
kudo3a 1 Jop103a MO3BOHOYHHKA SIBISIETCS pa3pa-
00TKa MporpaMMbl HEHPOCETOBOTO aHAIN3a PEHT-
TeHOTpaMM T03BOHOYHHKA B OOKOBOM MPOEKIIUH C
aBTOMAaTHYE€CKHM M3MEPEHNEM yTIIa HCKPUBIICHHUS.

BbIBObl

1. IIporpamma Esper.Scoliosis mo3BomnseT co-
KpaTuTh BpeMsl aHalli3a PEHTIeHOTPaMMBI 10 5
MUHYT, CHU3UB Harpy3Ky Ha Bpadel-peHTIe€HOJO-
TOB B AMarHOCTHKE CKOJIHO3a.

2. MeTpuKku TUarHOCTHYECKOW TOYHOCTH TPO-
rpammebl Esper.Scoliosis, onpezaeneHHble 0 pe3yiib-
TaraM CpaBHEHHMsI MHJIEKC-TecTa U pedepeHc Tecra,
COOTBETCTBYIOT METPHKaM, 3asBJICHHBIM B TEXHH-
YECKOW U 3KCIUTYyaTallMOHHOW IOKYMEHTAIUH.

3. PexomeHnayeTcs HCIONB30BaTh NPOTPaMMy
Esper.Scoliosis B mpakruyeckoli pabore peHTre-
HOJIOTa B KauyecTBE OOBEKTUBHOTO HHCTPYMEHTA
OTIpeNieICHNs CTETIeHN CKOINO03a Ha (PpOHTATIBHBIX
IU(QPOBBIX PEHTTCHOTPaMMax MO3BOHOYHHKA.

1ONOIAHUTE/IbHAAL UHPOPMALINA

Bkaan aBropoB. Bce aBTOphl BHECHH cylle-
CTBEHHBIH BKJIaJ B pa3pabOTKy KOHIIEIINH, ITPOBe-

JICHUE WCCIIEOBAHUS U MOJITOTOBKY CTaThH, MPOY-
T 1 o100puiy (UHATBHYIO BEPCHIO Tepe] myonu-
Kalueu.

Hcrounuk ¢uHancupoBaHusi. ABTOpPHl 3a-
SBJISIIOT 00 OTCYTCTBUHW BHEIIHETO (DMHAHCHPOBA-
HUS TIPU TIPOBEJICHUH UCCIICIOBaHUS.

KoudaukT unTepecoB. ABTOPHI IEKIapUPYIOT
OTCYTCTBHE SBHBIX W MOTEHIIMAIBHBIX KOH(IHK-
TOB HHTEPECOB, CBA3AHHBIX C MyOInKanueil HacTo-
SIILIEN CTaThU.
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