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Henn. Vicrmons3yss XpOHOOMOJNOTHYECKYIO METONOJIOTHIO OIPENEIHTh HAa OCHOBE HHIMBHIYAaNIBHOIO aHANM3a XapakTep HM3MCHCHUS OMIMOKH
Bocnpoussomumoctu (OB) MeTona IByX>HepreTHIecKoil peHTreHOBCKoH abcopbumomerpuu (JIDPA) nipy onpeneneHUy IPOSKIMOHHOA MHHEpaIbHON
MIOTHOCTH KOCTHOH TKaHM B 30HaX IpyeHa B paHHEM MOCIEONEPALMOHHOM IEPHOJE y MAlMEHTOB ¢ TOTAJIbHOH 3aMEHOW Ta300€ApEHHOIO CycTaBa.
Marepuaias! 1 MeToabl. O6cIe10BaHO 8 MY)KUHH U 2 JKeHINUHBL. Pe3yibTarel. YcraHOBIEHO, 4T0 BenndnHa OB MeHseTCs B KOJIe0aTeIbHOM PEXIME.
Beickaszana rumoresa, 4To IPHYMHON SBIIAETCS TPEMOp, H Ha 3TOH OCHOBE NPEUIONKEHa TeopeTHdeckast hH3HdecKas MOIeNb, KOToOpask pacCMaTpUBaeT
MEXaHM3MBI OCJIabJeHys PEHTTCHOBCKOTO M3IyYeHUs NP IIPOXOXICHHU dYepe3 KOCTHYIO TKaHb. COIIACHO MOJEIH, TPEMOP M3MEHSCT UIHHY IyTH
PEHTIEHOBCKOIO JIy4a B KOCTHOH TKaHH. B Moze/ny yuuThIBaeTCS TOT (DaKT, 4TO KOCTHAs apXUTCKTYpa XapaKTepPU3yeTCs YIaCcTKaMK C BBICOKOH M HU3KOM
ATOMHOI! IUIOTHOCTBIO. DTO 0COOEHHO PE3KO NPOSIBIIETCS B yuacTKax TpabeKymapHoit kocti. TeopeTnueckoe MOIEINPOBAHIE MTO3BOIIIO IIPEUIOKHUTE
(r3nyecKre MeXaHU3MBI BIMSHIS TPEMOPA Ha IIPOXOXKIEHHE PEHTTEHOBCKOTO M3JTy4eHHs Yepe3 KOCTHBIC CTPYKTYPBI i [TOKA3aTh 3aBUCHMOCTb PE3YIIETaToB
HCCIIEIOBaHHs OT IPOCTPAHCTBCHHBIX KOJIEOaHHH KOCTHBIX CTPYKTYp, BEI3BAHHBIX TPEMOPOM. 3akJIioueHHe. DTH JaHHbIE HEOOXOAMMO YUUTBIBaTh IPU
HCCIIeJOBAHHY [IPOESKIIMOHHOH MIUHEpaIbHO INIOTHOCTH KOCTHOH TKAaHU B IIEPUIIPOTE3HOMH 30HE IOCIe IHAOIPOTE3UPOBAHI Ta300eJPEHHOIO CYCTaBa.
KtioueBbie ¢10Ba: TOTAIBHOE YHIONPOTE3HPOBAHIE Ta300¢APEHHOTO CyCTaBa, IByXdHEPreTHIecKasi peHTTCHOBCKas abcopOrmoMeTpus, 30Hb I pyeHa,
omuOKa BOCIIPOU3BOUMOCTH

Purpose Using chronobiological methodology and on the basis of individual analysis, to determine the character of changes in the reproducibility error
(RE) of double-energy X-ray absorptiometry (DEXA) by assessment of the projection bone mineral density in the Gruen zones in patients after total hip
arthroplasty in the early postoperative period. Materials and methods Eight men and two women were examined. Results RE value was changed in
oscillation manner. It was hypothesized that it is caused by tremor. On this basis, a theoretical physical model was proposed which considers the mechanisms
of X-ray radiation attenuation by passing through bone tissue. According to the model, the tremor changes the length of X-ray path in the bone tissue. The
fact that bone structure is characterized by parts with high and low atom density was taken into account in the model. It is especially strongly manifested in
the areas of the trabecular bone. Theoretical modeling allowed us to suggest the physical mechanisms of tremor effect on X-ray radiation passing through
bone structures as well as to demonstrate the dependence of the study results on tremor-related spatial vibrations of bone structures Conclusions These
findings should be taken into account when investigating the projection mineral density of bone tissue in the periprosthetic zone after hip arthroplasty.
Keywords: total hip arthroplasty, double-energy X-ray absorptiometry, Gruen zones, reproducibility error

B KJIMHHYECCKOH OpPTONEIUH PEHTTEHOBCKHE TEXHOJIO-
MM TPEJICTABIIOT COOOH OCHOBOIIOJIATAIONINE METOMBI
JIUATHOCTHKKA M KOHTPOJs d¢dexTuBHOCTH NeueHus. Oji-
HOH U3 HUX SIBJIIETCS IByX3HEPreTHUecKass PEHTICHOBCKAs
abcopoumometpust (JIOPA), mo3Bomsiiomasi 0CyIecTBIATh
OOBEKTHBHBIN KOJMYECTBEHHBIH KOHTPOJb MPOCKIIMOHHOH
MHUHepabHOH u1oTHOCTH KocTHO# TKanu (IIMIIKT) B 30He
MHTEpeca, B YaCTHOCTH, B [IEPUIIPOTE3HOM 30HE OeIPEHHOM
KOCTH Y MMAIMCHTOB, IEPSHECINX TOTAIBHYIO 3aMEHY Ta30-
Oeapennoro cycrasa [1, 2]. B kak10M KOHKPETHOM ciay4ae
PENpEe3eHTaTHBHOCTh PE3y/IETaTOB MCCICHOBAHHS 3aBUCUT
ot oumOku Bocmpoussoxumocti (OB) MeTona, u mosTomy
3HAHKWE TPUYMH €¢ BO3HHKHOBCHHUS ITO3BOIMT HE TOJBKO

AJICKBATHO OLICHHBATH IIOJy4YCHHBIC Pe3ybTaThl, HO U CHU-
3UTh PUCK HEODOCHOBAHHOTO HA3HAYCHMS TEX WA HHBIX
neqeOHBIX MeponpuaTud. CormacHO paHee MPOBEICHHBIM
uccaenoBanusim, npuunHamu OB siBsitores [3, 4, 5, 6, 7, 8]:

— cOOCTBEHHAsT OMmMMOKA MPOrpaMMHO-ANAPATHOTO
koMmILIeKca [3, 5, 8, 9];

— 0COOEHHOCTH CTPYKTYpBI 00beKTa Hccenosanys [5, 10];

— HapyuieHus ykiaaku [4, 5, 117;

— OKOJIOHEE/IbHbIC (DU3HOJIOTHUYCCKHIE KOJICOaHUsT MH-
HEpaJIbHOH IIOTHOCTH, BBI3BAaHHBIE OOMEHHBIMH IIPOLIEC-
camu [12, 13, 14, 15].

OpHaKo 0 HACTOSIIErO BPEMEHHU He ObLIa ompernene-
Ha POJIb MHAWBH/YaJbHOTO BIMSHUS IAllUEHTA HA BEIH-
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yuHy OB. HeoOxomumocTs ee ompeneneHus Haspeaa B
CBSI3H C T€M, 4TO B YCJIOBHUSIX IIPAKTHYECKOI paboTs! KaOu-
HETa JCHCUTOMETPHHU IIPU CTPOTOM BBITIOIHEHHHU TIPABHUII
YKIaJKH y psiia MAlUEHTOB MPH TTOBTOPHBIX HCCICI0BA-
HUsAX 0e3 M3MEHEHHUS TOJIOKEHHs Tesla Ha cToie npudopa
MEePUONYECKH HAOIIONAIOTCS CYLIECTBEHHbIE BBIOPOCH
3nayeHuit [IMITKT Bblme qomycTHMBIX TpaHuIl. DTH BbI-
OpocChI Henb3sl O0BSICHUTH HAPYIICHHEM YKIaIKH, TaK KaK
HOJIOXKEHUE TeJIa BO BPEMs BCEro LHKJIA HCCIIEI0BAHMS HE
meHnsieTcs. Hactosimas pabota npezcrasiaser co6oit yacTh

pE3y/IbTaTOB BIIEPBBIC IMPOBEACHHOIO C MPHMEHEHHEM
XPOHOOHOJIOrHYECKONH METOI0IOT UK UCCIIEIOBAHUS MH/IH-
BuayanbHoi auHamuku [IMIIKT B nepunpoTe3Hoii 30He
(puc. 1) B paHHEeM MocClIeONepaOHHOM MEPUOE Y MALH-
€HTOB C TOTaJIbHOH 3aMEHOH Ta300€IPEHHOT0 CyCTaBa.
Hens. Mcnonb3ys XpoOHOOHOIOTHYECKYIO METOIOIOTHIO
OIPe/IeUTh Ha OCHOBE MH/IMBHU/TyaJIbHOIO aHAIH3a XapaKTep
mmenenns OB merona JIDPA npu onpenenenun [IMITKT
B 30Hax [pyeHa B paHHEM I10C/ICONEPALIOHHOM TEPUOJIE Y
TMAIMEHTOB C TOTAIBHOM 3aMEHOI Ta300€IpeHHOIO CyCTaBa.

Puc. 1. Cxemaruyeckoe n3odpakeHue 30H [pyeHa

MATEPUAJIbI U METO/1bI

I'pynna nayuenmog cocrosiia u3 8 My)X4HH B BO3pac-
Te oT 54 net 1o 71 rona (cpennuit — 60 neT) u 2 KEHIIHH
B Bo3pacte 40 u 48 ner. JIeBATH manmeHTaM MpPOBEIACHO
TOTAJIBHOE HIONPOTE3UPOBAHUE Ta300eIPEHHOr0 CyCTa-
Ba 10 MOBOJAY KOKCapTpo3a Ta300€JpeHHOro CycTaBa H
OJIHOMY TALMEHTY — IO MOBOY JIOXKHOTO CyCTaBa LICHKH
nesoro Oenpa. [TocrneonepanuonHoe Teuenne — 6e3 0co-
OeHHOCTEH.

Onpedenenue muHepanbHoli NAIOMHOCHMU 6 NepU-
npomesnoi 30ne. [launentos o0cnenoBanu Ha UGPOBOM
nercutomerpe PRODIGY (GE Medical Systems LUNAR)
€XKEJIHEBHO B O/IHO 1 Toxke BpeMs ¢ 9 10 10 gacoB. Y Boch-
MM NaIHEHTOB HCCIEI0BAHUE MPOBOIMIN B TedeHune 10
JIHEH U y IByX — B TeueHue 8 nHeil. ExxetHeBHOE TeHCUTO-
METPUUYECKOE CKAHUPOBAHUE TIEPUIIPOTE3HOM 30HBI TOBTO-
PSUTH IATUKPATHO C HHTEPBAJIOM 2-4 MUH., 0€3 H3MEHECHUS
HOJIOKEHUSI TeJIa Ha cTolie mpubopa.

Jobposonvnoe ungopmuposannoe coznacue nauyu-
enmog. llpenBapUTEIFHO IIPOBEACHHOE HCCIICIOBAHUE
Jy4eBoii Harpy3kH [16] mokasano, 4ro 3¢ dekTuBHas 1032
BHEIIHEr0 OOTy4eHHMs YeJIOBEKa MPH MPOBE/ICHUH JICHCH-
tomeTpuu Ha mudposBoM aeHcuromerpe PRODIGY (GE
Medical Systems LUNAK) OTHOCUTEIBHO Maja M COOT-
BETCTBYET CPEIHEMY YPOBHIO €CTECTBEHHOIO OOIydeHHMS
HACEJICHUSI OT MPUPOAHOTO (pOHA B TEHEHHE OIHOIO JHs
[5, 16]. DT naHHBIC OBLIM MPEACTABICHBI HAa 3aCelaHUU
KomuteTa 1o 3THyYecKoil SKCrepTu3e KIMHUYECKUX U IKC-
NePUMEHTAJIBHBIX HCCIIeN0BaHM Ha 0a3e kanHukH @I BY

«PocHUUTO um P.P. Bpenenay, re ObLI10 MOITyYeHO pas-
pEILIEHUE Ha MPOBEACHHE ICHCUTOMETPHYCCKHX HCCIIe-
JoBaHuMi manueHToB. Ilocre 3Toro, Ha OCHOBE MOJIHOM
uH(bopManuK, ObLIO MOIYYEHO MUCbMEHHOE cortacue 10
MAIMeHTOB U1 Y4aCTHA B HACTOAIIEM HCCIICIOBAaHHH.

Cmamucmuueckas odopabomka oannwix. 110 pesyib-
TaTaM MCCJIE/IOBAHUS Ka)KIOTO MAIMEHTa BBIYUCIICHBI 3HA-
UQHUY, CRAIKRIA MIERDATLYQY TRV B RARAVH SUHT
I'pyena, a 3aTeM Ha 3TOi OCHOBE JIaHHBIE KaX/OI0 HCCIIe-
JIOBaHHsl OBUIM MEPECUYUTAHBI B MPOLEHTAX OT 3TOi BEJH-
YHHBL. 3aTEM I10 PE3YJIBTAThI KaJKI0T0 5-KpaTHOTO MOBTOP-
HOT'O HCCIICOBAHHUS PACCUUTAHO CPEIHEE KBAIPAaTHIHOE
OTKJIOHEHHE (o) M OmIpe/eseHa UIMPUHA JOBEPUTEILHOTO
UHTEpBaNa 40 B KaxJ0W 30He I'pyeHa Ha Kaabli CHb
MCCIIEIOBAHUSl Y KOHKPETHOro mnanueHTta. DakTH4eckH,
3TOT mokasarenb sBisiercss OB meTona Ha KaKIblidl 1CHb
uccrne0BaHus nanuenTa. [Ipu craructiuyeckoit mpoBepke
TUIOTE3bl 00 OHOPOJHOCTH JBYX BHIOOPOK HCIIOJNB30Ba-
mu U-kputepuit Bunkokcona-Manua-YutHu (pasnudus B
CPEIHUX TEH/CHIMAX /Ul HE3aBHCHMBIX BBIOOPOK).

Cmamucmuueckoe mamemamuueckoe Mo0enUposa-
Hue. Ha OCHOBaHMH Pe3y/IbTATOB, MOMyYEHHBIX IPH 00CIe-
JIOBaHUHM KaXJI0# 30HBI [pyeHa, GopmupoBamy AuHaAMUUeE-
CKHE PSI/Ibl, KOTOPBIE AIPOKCUMUPOBAITH ITOJTMHOMHATBHBIM
CILTalfHOM YE€TBEPTOrO MOPSIKA U CTPOM/IM CTaTUCTHYECKHUE
Maremarudeckue mozeiu (yposeHb 3HaummoctH P < 0,05)
KoneOaTelbHOM KPUBOH C IMapamMeTpamMM amllpOKCHMAIUH
p = 0,95. OuenuBanu cpeauuii nepuosa konedanuii OB.

PE3VIJIbTATBI U OBCYXXJIEHHUE

B pesynsrare nposenenHoro uccienoBanus [IMITKT
B TEPUIIPOTE3HON 30HE MALEHTOB C TOTAJIBHON 3aMEHOM
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Ta300€PEHHOT0 CycTaB ycraHoBieHo, yto OB wmetona
JIOPA (puc. 2) xapakrepu3yercs ClIeAyOILUM:
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— ee BeJIMYMHA MEHSETCS B KOJIEOATeIbHOM PeXKUME;

— xonebanus OB HOCAT MHAMBUYAIbHBINA XapakTep, U
B OOJIBIIMHCTBE ClIy4aeB MX pa3max He npesbimaet 10 %;

— 1pu cpaBHeHHH 30H [pyeHa Mexay coboit y 9 ma-
[[HCHTOB BBISBICHO, uTO Kosiebanus OB mpoucxoasr co
cABUTOM IO (aze, a y oaHOro (MarueHT 5) — ¢ MaKCH-

mManbHbIM pazmaxoMm OB, nocruraroum 30 %, xoneda-
HUSI CHHXPOHU3UPOBAHEI 10 (ase.
Ananu3 3Hauenuid OB (tabnuma) mokasani, 4To B

OCHOBHOM HX BEIMYHHA YKJIaJbIBACTCA B IPEICIIbI
5 % ¥ TOJBKO y 4eThIpeX 00C/Ie10BaHHBIX OHA IIPEBbI-
maet 10 %.

naymenr 10

3oHa pyeHa: —— — 1, —— -2,

-3,

-, -5, -7

-6,

Puc. 2. UnuBuayansHbie XapakTepucTikyu Konebanuit OB merona JISPA npu onpenenenun [IMIIKT B 30max I'pyena y nmaiueHTOB € TOTalb-
HOM 3aMeHO#l Ta300€IPeHHOTr0 CyCTaBa B PAHHEM I0CJICONEPALIMOHHOM MIEPHO/IE
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Tabmuna
Uagmona, 2AISRIRRNS. DRATREEELY, RRTes, QR moy, v IR Iy ankmon, aHamre (%),

Bennuuna [Tanuent

OB 1 2 3 - > 6 7 8 9 10
g0 1,0 11,4 214 57 3,6 8,6 8,6 8,9 14,3 43 10,0
1,1-2,0 41,4 3537 28.6 28,6 18,6 40,0 39,3 28,6 32,9 47,1
2,1-3,0 25,7 21,4 18.6 25,0 18,6 28,6 30,4 22,9 32,9 243
3,1-4,0 17,1 143 11,4 10,7 15,7 8,6 14,3 17,1 14,3 10,0
4,1-5,0 43 2.9 11,4 10,7 7,1 4,3 3,6 10,0 7,1 43
5,1-6,0 = 2:9 10,0 1,8 2,9 5,7 1,8 5,7 8,6 =
6,1-7,0 = 1.4 4 10,7 . 2,9 = 1,4 1,4
7,1-8,0 - — 43 1,8 43 — 1,8 1,4
8,1-9,0 = = 29 1,8 43 = = -
9,1-10,0 — 2 - 3,6 1,4 1.4 — =
10,1-11,0 — — — 1,8 2,9 - = N
11,1-30,0 = — — = 15,7 — — 1,4

[Ipu 0OBsICHEHUU TPUYHH BOSHUKHOBEHHUS BBIIICOITH-
CaHHBIX ()EHOMEHOB HEOOXOMMO OBLIO OTBETUTH HA CIie-
JYIOIINE BOTIPOCHL:

— KaKkoil MexaHu3M MHUIUHpyeT uzmeHenue OB kone-
OaresibHOM pexume?

— moueMy y OOJIBIIMHCTBA MALMEHTOB KOJIeOaHHs 3Ha-
yeHnid OB cIBUHYTHI 10 (baze MpH CpaBHEHHU pe3yIIbTa-
TOB HCCIICZIOBAHUS B 30HaX [pycHa, a y OJHOrO ManueHTa
C MaKCHUMaJIbHbIM pa3maxoM kosiebanuii OB BOIHBI 3TOrO
MOKa3aTeJs [0 30HaM [ pyeHa CHHXpOHU3UPOBaHHI 110 (haze?

— MoYeMy y OJHHX IAIMCHTOB 3HAYCHUS KOJICOAHUIT
OB He mpeBbimaioT 5 %, B TO BpeMs Kak y APYTUX OHU
MHOTOKPATHO BbIIIe?

Jlns oTBETa Ha 3TH BOIPOCHI NIEPBOHAYATIBHO PACCMO-
TPUM BO3MOJKHOE BIIHMSHHE KaXKIOW M3 TEPEUUCIICHHBIX
BBILLIE IPHYUH BO3HUKHOBeHUs OB.

Owiubka 6ocnpouze00uMocmu AnNAPAmMHO-NPOZPAMM-
HO20 Komniiexkca npu uccnedosanuu panmoma Lunar Prodigy
(version Encore) (Prodigy) onieHeHa Ha OCHOBaHUH MHOTOJIET-
HUX HCCJIEIOBaHMH (haHTOMA, MPUIaraemMoro K rmpudopy. Yera-
HOBJICHO, YTO €€ MaKCHMaJIbHas BenmurHa coctaBmsieT 0,4 % u
HE U3MEHSIETCS B TEUEHUE BCEro Cpoka HabmoaeHus [8].

Bnuanue guzuonozuveckux KonebaHuil MuHepaIbHou
NI0OMHOCIU, 8bI36AHHBIX 0OMEHHBIMU NPOUECCAMUL, HA Be-
manHy OB ObL1a HEOTHOKPATHO T0Ka3aHa paHee [ 13, 14, 15,
17]. W, X0OTst 3TU HCCIeNOBAHMS KaCAUCh TOJIBKO IIUPKACEII-
TAHHOH MEPUOTMYHOCTH H3MCHEHHS aKTHBHOCTH OOMEHHBIX
MIPOIIECCOB B CKEJIETE, SICHO, YTO MHHEpaJIbHAsl IUIOTHOCTH
KOCTHBIX CTPYKTYp JIOJDKHA MEHSTHCS M B JPYTHX MacIlTa-
0ax BpEMECHH COOTBETCTBEHHO IPOCTPAHCTBEHHO-BPEMEH-
HO#1 opranu3aiuy opranm3mMa. OIHaKO COMHUTEIBHO, YTOOBI
0OMEHHBIE MPOLIECCHI MOIIIH BBI3BATh B TEYEHUE 5 MUHYT JIO-
KaJIbHOE M3MEHCHNE MHHEPAIBLHOW IUIOTHOCTH Ha 5 % u 00-
JIee B PAZOM PACIIOIOKEHHBIX 30HaX [ pyeHa. D10 coOMHEHue
OCHOBBIBAETCS HA TOM, YTO, BO-TIEPBBIX, 10 HACTOSIIIIETO Bpe-
MEHH MO00HBIX 3((EKTOB B JIUTEpAType HE OMHUCAHO, a, BO-
BTOPBIX, MCXaHU3MBI, CIIOCOOHBIC BBI3BATh X, HEU3BECTHBI.

Bnuanue ocovennocmeit cmpykmypol 00vekma uccie-
006aHUA U HapyuwieHUua YKAadku. B mpoKkcuManbHO pac-
MOJIOKCHHBIX 30HaX [pyeHa OepeHHast KOCTh umeeT doiee
CIIOXKHYIO YIUTOIICHHYIO OPTaHU3ALHIO C Pa3IHYHOro posa
BBICTYIIAMH, & TUCTAIILHO — 00JICE MPOCTYIO — IIHTHH/IPUYC-
ckyto. [Ipu 3TOM y Ka)XI0ro ManueHTa MpoCcTPaHCTBEHHBIS
pa3Mephl ITUX BBICTYIIOB CTPOrO MHIMBUAyatbHBL Creno-
BaTeJIbHO, OHU PA3/IMYHBI U B MPOCSKIMHU Ha IUIOCKOCTU. B
pe3ysbTare, IpH M3MEHEHUH YKIIAJKU C poTaluel OeapeH-
HOU kocTu OB BBIIIE B TPOKCUMAITBHBIX OTJETaX H MEHbIIIE
B IMCTATBHBIX [6, 7, 11] u moxxet nocturats 74,5 % [6].

Bonpocwr opmoneouu

Tunomesa o npuuunax xonevanuit eenuyunvt OB 6
nepunpome3noii 30ne. [Tpu HGopMUPOBaHUY THIIOTE3HI MBI
YUYHUTBIBAIH CICAYIOMINE (PAKTHI:

— MOBTOPHBIC HCCIICAOBAHUS B KaXIOH BPEMEHHOM
TOYKE MPOBOAMIN 0€3 M3MCHEHUS YKJIAJIKHU, T.€. MAlUeHT
JIe’)Kal B OZIHOM M TOM K€ 1103€¢ B TEYEHUE BCErO BPEMEHU
ucciaenoBanus (0koo 20 MUH);

— m3meHenue BenmuuHbl OB mpoucxoaut B Koneba-
TEJIEHOM PEXKHME;

— BenmuuHbl OB BBIIIE B MPOKCHMAIBHBIX 30HAX, YEM
B TUCTAJIbHBIX;

— xonebanus OB npu uccnenoBanuu pasHeix 30H [py-
eHa y 9 MalMeHTOB HOCST aCHHXPOHHBIA Xapakrep, a y
OJIHOT0, C MaKCHMalIbHOM BeuunHoi OB, 3TH kojaeOaHus
CHHXPOHU3UPOBAHHI 110 (hase.

Y4auThIBas HM3II0KEHHOE, OBLIO JIOTHYHO MPEAIIONO-
JKUTb, YTO JUIsI BOSHUKHOBEHHMSI KOJIe0ATEIbHBIX N3MEHEHHH
BenumuuHbl OB Benm4mHA MPOCTPAHCTBEHHBIX CMEIICHHN
KOCTHBIX CTPYKTYp B 30HaX MHTEpeca JODKHA MEHATHCS
AQHAJOTWYHBIM 00pa3om. J[iisi BBISBICHHS MEXaHH3MOB,
BBI3BIBAIONIUX 3TH MPOCTPAHCTBEHHBIC CMEILICHUS, OBLI
MIPOBEICH aHAIN3 JTUTEPATyPhI U HA €r0 OCHOBE IPEIIIOIIO-
)KEHO, YTO OHH BO3HHUKAFOT MOJT BIMSHUEM TPEMOpPA MBIIIIII.

Teopemuueckoe 060cHo8aHUE 803MONHCHO2O GIUANHUSA
¢uzuonozuueckozo mpemopa mviuiy na eenuuuny OB

Tpemop mpezcTaBiaser co0Oi HEMPOH3BOIBHBIC OCIIUI-
JSIUHA KOHEYHOCTEH ¢ CHHYCOMAAILHBIMU CBOMcTBamu [18].
OH ezBa BUJTIM HEBOOPY)KEHHBIM IJIa30M M COCTOMT H3 JABYX
Pa3IMYHBIX OCILLsIIMEL OT § 10 12 I, KoTopbIe 100aBICHEI
Ha (hoHE HeperyJIPHBIX KOIeOaTeIbHbIX COKPAIICHHH MBI
U CMelIeHHs1 KoHewHocTeH [19]. YV MonoabIX 310pOBBIX HH-
JIMBHIYYMOB (DU3HOIIOTMYECKHI TPEMOp €/1Ba 3aMETEH, 1 €ro
cpenHsist amiuTyza cocrasisier 1-3 mm [20]. Ilpu crapenyn
OpraHm3Ma, a TaKXKe IO BIMSHHEM OICPAIIMOHHON TPaBMBI
aAMIUTHTYyZIa MOKET CyIIeCTBeHHO yBemmuuthes [ 19, 20]. Kak
BH/ITHO M3 PHUCYHKA 3, MHOYKECTBO MBIIII, 00€CIICINBATOIINX
(byHKIMIO Ta300eAPEHHOTO CyCTaBa, ¥ CJIOKHBINA XapaKkTep UxX
MPUKPEIUICHUs] TPEANOIAraeT, 4T0 UX COKpAIICHHE TODKHO
BBI3BATh PA3IIMYHOIO po/a nehOpMaIiK B Pa3IHIHbIX y4acT-
Kkax OepeHHo# KocTtH. To, 94T0 TpeMOp BhI3bIBACT AehOpMaLiin
KOCTHBIX CTPYKTYp, noxrBepykaaor qanusie W.C. de Jong u
coaBropamu [21], KOTOpble HA OCHOBAHHH CYTOYHOTO MOHH-
TOPHHIa YacTOTHI JAe(opMalHii KOCTHBIX CTPYKTYP BBISBHIIH
BBIpaXKEHHBIE MUKH B 30HaX ~ 5 ', =9 'mu = 13,0 I'n. ABro-
PBI OTMETHIIH, YTO Ae(OpMaLiK KOCTH € 9acToToi =~ 9 ' Ho-
CSIT IUKJIMYECKUI XapaKTep U, 10 MHCHHIO aBTOPOB, BHI3BaHBI
(M3HOTOrHYECKUM TPEMOPOM MBI, KOTOPBIH XapaKTepeH
JUTSL BCEX BBICIINX ITO3BOHOYHBIX.

55



Fewot Opmonednn Tom 23, Ne 1, 2017 r.

lliacus

Sartorius

Rectus femoris
urator internus
gemeli

Piriformis

_/
Gluteus minimus A
Vastus lateralis
'\)uadratus

lliopsoas
Vastus medialis

Vastus intermedius
‘ Obturator externus
l Adductor brevis J
| 2

Adductor magnus
Gracilis —

Gluteus maximus
Gluteus medius
Gluteus minimus
Sartotius

Rectus femoris
Obturator externus

Gluteus medius

Quadratus femoris
lliopsoas

Vastus lateralis

Obturator
internus

Adductor
magnus

?ﬁf"c'é‘gs" femoris

Semimembranosus

Pectineus
Gluteus maximus

Adductor magnus

Adductor brevis

Gemelli

Puc. 3. MecTa npHKpeIUIeHHs! MBIIIIL B 00JACTH Ta30BOH KOCTH M MPOKCUMAJIBHOTO OT/Ies1a Oepa: a — BU criepeau; 6 — Bua c3aau [22]

[To maHHBIM aBTOPOB, IIOBEPXHOCTH KOCTH MOIBEPTHY-
ta 2,9 + 1,4 x 10° cobbrTusim nedopmaruii B 4ac. YauThl-
Basi 9TH JaHHbIC, HAMHU pa3paboTaHa TeopeTHyeckas (Gu-
3U4eCKH 00OCHOBAHHAsi MOJIEIIb, OTMCHIBAIOIIAs BIHSIHHE
tpemopa Ha OB metona /IDPA.

Teopemuueckas mooenp pacCMaTPUBACT BOIPOCHI
ocaleHnsl PEHTTEHOBCKOTO U3Ty4eHHs IIPU IPOXOXKIE-
HUHU Yepe3 KOCTHYIO TKaHb. B olmem ciaydae 3To ocia-
O1eHue obecneyuBaeTCs TPEMsl MEXaHM3MaMM: OTpaKe-
HHEM OT €€ MOBEPXHOCTH, PACCESHHEM U MOIVIONICHUEM.
IIpu wnCronb30BaHUM PEHTTCHOBCKOH aOCOpPOLMOHHON
CIEKTPOCKOIHUHU JUISl U3YyYCHUS MIPOCTPAHCTBEHHOTO pac-
Tpe/ICJICHUs] AaTOMHOH TNIOTHOCTH B KOCTHOW TKaHU 00BIY-
HO MpEeHeOperaoT OTPAKEHUEM OT MOBEPXHOCTU KOCTH.
B sToM ciiyyae OTHOIICHHME MHTEHCHBHOCTH IaJarolle-
ro (/,) m mpomeamniero (perucrpupyemoro) (/) usmyde-
HUSL OIpeNessieTcsl ero mnorioueHneM (ociaabieHueMm) B
KOCTHOM TKaHHU M 3aBMCHUT OT ee Koaudecta: [ = [ e
3nech 4 — TUHEHHBIH K03 (UIHEHT MOIIOLICHUs, KOTO-
PBIi OnpeaesieTcs INIOTHOCTBIO aTOMOB KOCTHOH TKaHH,
a X — JUIMHA MYTH PEHTICHOBCKOIO JIy4a B BBIOPAHHOM
HAlpaBJIeHUM ee uccienoBaHus. Eciau BennuuHa X 110-
CTOSTHHA, TO U3MEPEHUs KOd(PGHUIMEHTA TOTIIONICHHS U3-
Jy4EHHs MO3BOJIAIOT OJHO3HAYHO OINPEAEIUTh aTOMHYIO
IUIOTHOCTb BJIOJIb BEIOPAHHOTO HAIPaBICHHUSI.

Tpemop M3MEHSET ATHHY IyTH X PETUCTPUPYEMOTO
u3IydeHus. B pamkax in-vivo Mojenu BeIWYHHA X CTa-
HOBUTCS OCLMUTUPYIOLIEH NEPEeMEHHOMH, KOTOPYIO MOXK-
HO OIHCATh BBIpAXKCHHEM: X(Q2) = x, +4sinQt, tae x, —
CpeAHsAs UIMHA ITyTH PEHTTCHOBCKOTO Jy4ya B KOCTHOM
TKaHU B BHIODAHHOM HAIPABJICHHH C YY4ETOM TpEeMopa,
Q=9 I'il — COOTBETCTBYIOIIASI YaCTOTAa OCUMIISALUMN, a
A — aMIIMTy/a MU3MEHEHUH JUIMHBI IMYTH B PE3yJbTaTe
Tpemopa. Kak Obu10 OTME4YEeHO BbIlIe, Beln4yuHa A 3a-
BUCHUT OT COCTOSIHHMS MAalMEHTa M MCHBITHIBAET OKOJO-
HeJenbHbIe Konebanus ¢ yacToramy . Ilpunnmas Bo
BHUMaHHE TPEMOpP U HHU3KOYACTOTHBIE M3MEHEHHS €ro
AMIUTUTY/Ibl, HHTCHCUBHOCTh PErHCTPUPYEMOTO U3ITyde-
HUSI MOJKHO IPE/ICTAaBUTh B BUJC

I=1, e"oe®,

(D
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®akrop Tpemopa e MOSBIACTCSA TOIBKO B in-vivo
MOJICIA U OIKCBHIBACT YMCHBIUICHUEC WHTEHCHBHOCTH M3-
JIy4eHHMSI, BBI3BAHHOE TPEMOPOM. DTOT (haKTOp 3aBUCHUT OT
MOKa3aTeIs

O(w) ="/, ,uszAj(w)Z. 2)

IIpu BbIBOzIe cooTHOMmEeHHMI (1) 1 (2) yuTeHBI OKOIOHE-
JIeTIbHBIC KOJIeOaHUsI aMILTUTY/Ibl TPEMOPHBIX KOJIeOaHMIL.
CornacHO BbICKa3aHHBIM B JAHHOU paboTe MpeICTaBICHHU-
sSIM, UIMEHHO (aktop e ®® oTBedaeT 3a HaOIrofacMble Ha
pucynke 2 ocrwuimun OB. Ananus BimusHHA (akTopa
Tpemopa TpeOyeT JOMOJHUTEIbHBIX HCCIIEOBaHUI, Hpe-
&Ie Bcero, mnposeneHus Dypbe-aHannza H3MEPEHHBIX
IIMIIKT.

B cBs3u ¢ Tem, 4TO KOCTHas apXHTEKTypa Xapak-
TEpU3yeTCs Yy4aCTKaMH C BBICOKOW M HHM3KOH aTOMHOM
IUIOTHOCTBIO, @ TAKXe, NPUHUMAas BO BHHMaHHE IPO-
HNOPIIMOHAIBHOCTh BEIMYUHBI [ aTOMHOH IUIOTHOCTH,
BUIUM, YTO TPEMOP MOXKET BBI3BaTh CYLICCTBEHHBIC OT-
KJIOHEHHUs OIpeIeIsieMON IUIOTHOCTH KOCTHOW TKaHH.
[Ipu stom BenuvuHa A, a, ciexoBaTesbHO, U (hakTop
€@ 3aBUCAT OT HAINPaBICHHsS PEHTTCHOBCKOTO JIyda
OTHOCHTEJIBHO U3y4aeMoro o0beKTa, 30HbI [ pyeHa u co-
CTOSIHUS MAILHCHTA.

Kpamkoe obcyscoenue nonyueHHvIxX OAHHBIX C yue-
mom npedcmagnennoi modenu. Kak BUIHO U3 TpaUKOB,
B OonpmmHCTBE ciaydaeB y 9 manmeHToB u3 10 xomebanus
OB B 30Hax ['pyeHa mporekaiau co cMelieHHeM 1o ¢ase
(aCHHXPOHHO), y OIHOTO MAIMeHTa CHHXPOHHO. [Ipudem y
9TOro manueHTta pazmax konaeOanuii OB MakcuMmanbHbI U
npocturaeT 30 %. MOXHO MpPEANONOKUTh, YTO CMEIIEHUE
no (aze BBI3BAHO ACHHXPOHHBIM MPOSIBICHHEM TPEMOpa
B PasHBIX TPYIIAX MBI, IPUKPEIUIIOMIMUXCA K TPOKCH-
MaJIbHOMY KOHIly OenpeHHo# koctu (puc. 3). U, HarmpoTus,
addexr konedanuit OB mox BIUsiHUEM TpeMopa CBsI3aH, 110-
BUIUMOMY, C 0COOCHHOCTSIMHU ONEePallMOHHON TPAaBMBI y Ia-
[IMEHTA, KOTOpasi, BO3MOKHO, 00ecHednsia CHHXpPOHH3AIHIO
TpEeMOpa IPYIII MBIIIL], BHI3BIBAIOIINX POTALIHIO OCAPEHHO
koctH. [lomoOHbIH (eHOMEH HEeoOXOaUMO HCCIe0BaTh B
JabHEHIIEeM, TaK KaK OH MOKET SBUTHCS TUaTHOCTUYECKH
¥ IPOTHOCTHYECKH 3HAYHMbIM COOBITHEM.
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