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Lean: onpeaeanTs JuddepeHUHPOBAHHO HA in Vitro MOJe/lH BJIHSHHE HAPYLIEHHS YKJIAAKH M COGCTBEHHO OMMOKHM aNNapaTHo-
NPOrpaMMHOI0 KOMILIEKCAa HAa Pe3yJbTaThl MCC/IEJ0BAHHS NPOEKIMOHHOH MHHEPaIbHOH IJIOTHOCTH KOCTHOI Tkanu (IIMIIKT)
METO0M JBYXIHepreTHYeKCKoii peHTreHoBcKoii aGcopounomerpun (IIPA) npu 3HI0NPOTE3HPOBAHHH Ta300e[PEHHOT0 CyCTaBa
¢ HeMeHTHOIi pukcanueii Ha npumepe CPT (Zimmer). YcTaHOB/IEHO, YTO NPH HAPYIIEHHH YKJIAAKH ¢ poTanueii OeApeHHOli KocTH
+5° cpesHue BeJIMYHHBI OIMOKH 110 30HaM I'pyeHa oT MeHbeii K Gosiblieli pacnpenen/uch cielyl0muM o6pasom: 30Ha I'pyena
4, 1,3, 5,2, 6, 7. MakcumMa/bHasi omINGKa BOCHPOM3BOJMMOCTH ANNAPATHO-NPOrpaMMHOro Komiiekca J9PA nabémonanace B

30He 6 M cocraBisiia 6,2 %. [l HUBeJMPOBAHUSI OLIMGKH 10 KIMHHYECKH He3HAYMMBIX BeJMYHH (£1 %) mpemiiokeH cienyomuii
aaroput™. IlepBoHAYaIbLHO MPOBOASATCH ABa MOC

TeJbHbIX HCC usi 6e3 M3MEHeHMsl YKJAAKH, H N0 HX pe3y/bTaTam
ISl Kaxpaoii 3oHbl I'pyena paccuntbiBaercss Mep, IIMIIKT. Ecam o6a pesyibTaTa HaxoasTcsi B mpeieaax Mep, (x1 %),

AajibHelilee MccleJ0BAHHE MOXKHO NPeKPaTuTh B mporuBHOM ciydae BeinojHsieTcsi eme oaHo. Ilocae 3Toro mo pesyiabraram
BCEX TpeX MccjeloBaHHii B Kaxk10ii 30He I'pyeHa paccuntbiBaercs Meps u cpaBHuBaercs ¢ Mepb Eciu pasHMua Mexay HUMM
Menbme 1 %, KOJIMYECTBO HCCJIEI0BAHUI CUNTACTCH JOCTATOYHBIM, ec/IH 6oJblIe, TO HEOOX0AMMO elle 0HO MCcC/eJoBAHHE H T.
A. 10 TeX IOp, MOKAa pa3sHuNa Mexay Mep npeabiiymero uccieioBanusi 1 Mep mocieanero He craHer > 1 %. 9ToT ajropurm
N03B0JIsieT BPayy KOHTPOJHPOBATHL BEJMYHHY OIMOKH BOCIPOU3BOAMMOCTH ANNAPATHO-NPOrPAMMHOIO KOMILIEKCA.

KiloueBble cjioBa: : JHAONPOTe3HpoBaHHe Ta3obeapenHoro cycrapa, IMIIKT, omuoka BocnpousBoaumoctu JI9PA.

Aim: To determine differentially with in vitro model the influence of positioning non-observation and that of the proper error of
apparatus-programming complex on the results of projection BMD (PBMD) study using DEXA method for the hip endoprostheses
with cemented fixation (CPT model, Zimmer). It has been revealed that in case of incorrect positioning with femoral rotation +5°
the error average values in the Gruen zones increased in the following sequence: the Gruen zone 4, 1,3, 5, 2, 6, 7. The maximal
error of DEXA complex reproducibility was observed in zone 6, amounting to 6,2 %. To take it down to clinically insignificant
values (£1 %) the following algorithm has been suggested. At first two consecutive measurements should be made without
changing the position, and after that, according to the results obtained, PBMD Mav, should be calculated in every Gruen zone. If
both results are within the boundaries of Mav, (x1 %), there is no need in further measurements. Otherwise one more measurement
should be performed. Then, on the basis of the all three measurements Mav, is calculated in each Gruen zone, and it is compared
with Mav,. If the difference between them is < 1 % the number of measurements is considered sufficient. If it exceeds 1 % one
more procedure of PBMD estimation is necessary, and so on until the difference between Mav of the previous and that of the last

measurement amounts to > 1 %. This algorithm allows a physician to control the amount of reproducibility error of the apparatus-
programming complex.

Keywords: endoprosthetics of the hip, PBMD, DEXA reproducibility error

KonuyecTBeHHass olLieHKa NPOEKIIMOHHON MHHE-
panpHOW TUIOTHOCTH KocTHOW Tkanu (IIMIIKT) B
MEPUNPOTE3HON 30HE METOJOM JABYXIHEPreTHUEKCKON
peHTreHoBCKoi abcopbunomerpuu (ADPA) mpu 3H-
JOTIPOTE3UPOBAHUU Ta300€PEHHOTO CycTaBa IUPOKO
UCTIONB3yeTCsT B KIMHUYECKOH mpakTuke. OmHako
WHAWBUIYAJIbHBII MOHUTOPHHT TpeOyeT, 4ToOBI Be-
nuurHa omubku BocmpousBogumoctu (OB) mertoma
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HE MpeBBIANa KINHAYECKH 3HAYUMBIX CIBUTOB, BBI-
3bIBAEMbIX IEPECTPOMKON apXUTEKTyphl KOCTHBIX
cTpyKTyp. B To ke Bpems, kak otmeuatoT G. M. Blake
u I. Fogelman [7], B oTninuue OT HCHONB30BAaHHUS IPH
KIMHUYECKUX HCITBITAHUSAX, TJe MPOBOJUTCA CPEIHE-
rpynnosoil ananu3 IIMIIKT, npu unauBuayaabHOM
KOHTpOJIE caM METOJA C KIMHHYECKOH TOUYKH 3PEHUS

MEHEee 3HAaYyhM. OJTO BBI3BAHO COIIOCTABUMOCTHIO BeE-



JIMYUHBI CABUIOB IIpU AWUHAMHUYECKOM KOHTPOJE C
BenuuuHoi OB Metona.

Bennunna OB ¢opmupyercst Tpemsi COCTaBIIsIO-
119709078

- cobcTBeHHOM OmMMOKOIl paboThl MpPOrpamMMHO-
anmapaTHoro kommiekca [12];

- HapymeHueM ykaaaku [10];

- KpaTKOCPOYHBIMHU (OKOJIOHEJEJIbHBIMU) KOJe-
6anuamu I[IMIIKT orpaxamouumu
npolecchl B KOCTHOM TKaHu [2, 3,4].

OB mnporpamMmHO-anmapaTHoro KOMIIJIEKca B Ka-
KJOM KOHKPETHOM Clly4yae 3aBHCHUT, B TOM YHCJE, OT
¢dbopMbl GEAPEHHOI0 KOMIIOHEHTA JHAOMPOTE3a, THUIA
ero (uKcaluu, MPOXOXKICHUSI PEHTICHOBCKOT'O MOTO-
Ka psaaoM C PEHTICHOKOHTPACTHBIMU BE€LIECTBAMU
(MeTtas, HeMeHT) U Tak ganee. [logoOHas MHOrogax-
TOPHOCTb BIUSHUMN TPeOyeT MPeebHOTO YIPOLUICHUS
cxembl dkcrnepuMeHrta Ilociaeanee HeoOXoaAMMO U
IpU OIEHKE POJU HapyleHus yknaaku. Iloatomy mis

oOMeHHEIE
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in vitro Mollenu BBIOpaH IMIMPOKO PaclpOCTPaHEHHBIN
TUI OEJPEHHOr0 KOMIIOHEHTA - IOJIHMPOBAaHHAs K-
HOBHIHAsI HOXKa C IIEMEHTHON (ukcanueid. [Tpu mia-
HUPOBAHHUHU IKCIEPUMEHTA YYUTHIBAJIM, YTO JBYXILIO-
CKOCTHasi KIMHOBHAHAs ()OpMa HOXKH M BBIITOJIHSIO-
mas KOCTHOMO3TOBYIO IOJOCTb ILEMEHTHAas MAaHTUS
Jlayke IPU HE3HAYUTEIbHOM M3MEHEHUU yIJla pOTaluu
OepeHHOW KOCTM MOTYT OTYETIMBO CKa3aTbCsi Ha
IUTOIIAAM, UHTEHCHBHOCTH M ()OpPME PEHTIEHOBCKOM
TEHM, NPHYEM 3TU H3MEHEHHs CYIIECTBEHHO pa3iiu-
4aroTcs B pa3HbIX 30Hax I'pyeHa.

ens: ompenenuts audpdepeHIUPOBAHHO HA in
Vitro MOJieH BIUSHHE HapyLIEeHMs YKJIaAKH H COO-
CTBCHHO OIUNMOKH ammapaTHO-IPOTPAaMMHOTO KOM-
njexkca Ha pesyiabraTel ucciaegoBaHus IIMIIKT
metonoM JIDOPA npu 3HAONPOTE3UPOBAHMHU Ta30-
OeApEeHHOr0 CycTaBa C LIEMEHTHOW Qukcanuei Ha
npumepe CPT (Zimmer).

MATEPUAJ U METO/1bI

In vitro modens. Tpu npaBbie OepeHHBIC KOCTH
yenoBeka, o0OpaboTaHHBIE IyTeM oOcTeokiapuduka-
11K (CI0XHOTO MHOTOATAITHOTO IPOIecca OUUICHHS
KOCTH OT MATKHMX TKaHeW) ¢ Hocielyroleld HMIUIaH-
Tanueil Ha neMeHTe OeAPEeHHOr0 KOMIIOHEHTa 3HJO-
npore3a CPT (Zimmer) Obuln 3aKperieHbl B CIICLH-
anpHO paspaboraHHON KoHcTpykuuu (puc. 1). Ilo-
cienHssl mpeacTaBisieT coboit pamy (puc. 1A - 1), Ha
KOTOpOW (UKCHPOBaHO KONBLO amnmapara Miausaposa
nuamerpoM 140 mm (puc. 1, A - 3) ¢ mIACTUKOBBIM
YyTIOMEpOM JUIsl ONpeNesieHHs yrila POTaluu OeapeH-

HOH KOCTH ¥ KOHTpOJS €€ IOJIoKeHus. B ueHtpe
KOJIbLIa pacroyioxked noawunuuk (puc. 1, b - 7), Ha
KOTOPOM 3aKpeIlieH 0ceBOH cTepkeHb (puc. 1, A -2)
nas pukcanuu K Hel kommiekca (puc. 1, A - 5) ¢
OenpeHHOM KOCThIO. [IpomonbHAs OCh CTEPIKHS COB-
Ia/IaeT C OChI0 BpALICHUs KOCTH, MPOXOASLICH uepes
CepeIUHy MEKMBIIIEIKOBOTO PACCTOSHUS M LEHTP
roJioBku sHponpotresa (puc. 1, B). Ha 6aze anmapara
UMeeTCsl ynop, IpeJoTBpallaoluii U3MEHEeHue Mpo-
CTPAHCTBEHHOI'O PACIIOJIOKEHHs KOCTH B Mpolecce
paboThl.
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1. Koncrpykuus aaa ¢pukcanuu GeapenHoii koctu: A - Buja cooky, b - Bua cnepeaun, B - Bua ¢ pukcupoBannoii kocrpio (1 -

0a3a annmaparta; 2 - (pUKCHPOBAaHHBIH B MOAIIMNHUKE CTep:KeHb ¢ pe3bloii; 3 - koabuo annapata MausapoBa, pukcupoBaHHOe K 06a-

3e ammaparta ¢ yriaomMepom; 4 - KoJbIO, K KOTOPOMY KpemuTcsi KpecToBHHa (6); 5 - KomMmiekc, odecneyuBaomuii pukcanuio oex-

PEeHHON KOCTH M YCTaHOBKY ee MOJ He0OXOJMMBIM YIJIOM K NJOCKOCTH CT0Ja; 6 - KpeCTOBHHA, H3TOTOBJeHHasi W3 6ajJoK ammapara
WnunsapoBa; 7 - noAMMNHUK; 8 - Koabna A8 GpuUKcanuu OeApeHHON KocTH cnuunamu Kupmnepa
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Anzopumm  Ixcnepumenma. Ilepen Haganom

JKCIEepUMeHTa ICHCUTOMETp KaluOpoBald coriac-
HO NpuiaraeMod k mpubopy mHCTpykiuu. KocTts B
HCXOMHOM IIOJOXEHUHU in Vitro MOJIENIN IPOCTpPaH-
CTBEHHO 3aKpellieHa TaK, 4TO (POHTANbHAs IJIOC-
KOCTh, MPOXOJSAIIasi 4epe3 MBIIEIKH, HapaulesbHa
MIOCKOCTH  CTONa  IUPPOBOTO  JEHCUTOMETpA
PRODIGY (GE Medical Systems LUNAR). Msr-
KHE TKaHU 3aMEIIEeHbl KIOBETOH, HAIONHEHHOH BO-
no#. B 3THX yCIOBUSX NEHCHTOMETPHUIO HPOBOIUIH
10-kpaTHO ¢ WHTEpBalIOM 2-5 MHUH. 0e3 H3MCHCHUSA
nmonoxeHuss oObekra. Ilocie 3TOro NPOU3BOAMIN
MOCJIEI0BATENBHYI0 POTANMIO KOCTH C Imarom 5°
KHApyX¥U WIH KHYTPH U IOCIe KaXIOW MOIIaroBoit
porauuu tpexkpatHo ouexHusanu [IMIIKT, ycpen-
Hs TOJydeHHBbIe NaHHBIE. [locimegHee MO3BOIHIO
MHUHHMH3UPOBATh COOCTBEHHYI0 OMmMMUOKY Ipo-
IrpaMMHO-aNNapaTHOTO0 KOMIUIeKca. 30HBI MHTEpeca
(3U), B xotopeix oneHupamach IIMIIKT, mpen-
CTaBJICHBI HAa PUCYHKE 2.

CraTucTuyeckoe
CKOC

KOMIIBIOTEPHOC
MOJACIUPOBAHUC

MaTeMaTHde-
BEPOSITHOCTH OTKIOHEHUS
pe3ynbTaToOB HCCIENOBAHUS OT MX HCTHHHBIX 3Hade-
HUil. 13 pe3ynbTaToOB NOCIEAOBATEIbHBIX HCCIIEIO-
Banmii 3M kaxmol KocTH (opMHpOBaIH HUPPOBHIC
panel. 3ateMm U3 Kaxzaoro psana npoumssommiu 10000
BBIOOPOK NBYX CilydailHO B3sATHIX 3HaueHuidd. [locie
9TOTO JUIS KaxJ0H BBIOOPKHM ompenensan Mep u
CpaBHUBAJIM C TeHepaJbHOM Mep, paccuuTaHHON 1O
Bcemy psany u3 10 uccnenoBanuii nannoit 3M. 3arem
Haxomuiau s kaxkaod 3W momio BEIOOPOK, B KOTO-
peIx Mep He BEIXOAWT 3a TpEAENsl TeHepaTbHOU
Mcp+1l % (upm ompeneneHHH AOMYCTHMBIX T'PaHUI]
OIMOKH MBI HUCXOAMM H3 TOTO, YTO MHHHMAaJbHAS
BEIMYMHA JWATHOCTHYECKH 3HAYMMOTO  CJIBHTA
IIMIIKT cocraBnser 3 %. COOTBETCTBEHHO, €CIH

IIpH TIEPBUYHOM OOCIEIOBAaHHM pE3yIbTaT H3Mepe-
Hus Oyzmer Ha 1 % BBINIE HCTHHHOTO, a IPH MTOBTOP-
HOM (uepe3 ron) - Ha 1 % Himke, To OB mporpamm-
Ho-anmapaTHoro komiuiekca wusMenutr [IMIIKT
Tompko Ha 2 %. Taxum obOpa3om, OHa HE CMOXKET
MIOJTHOCTHIO HUBENUPOBATh HCTHHHOE H3MEHCHHE
IIMIIKT, ecnu ono gocturaer 3 %). AHaJIOTHYHO
MOJEIUpOBaIN BBIOOPKY 3, 4 W Tak Janee [o
10 pe3ynbpTaToB HCCIEOBAHUS.

Puc. 2. 3onb1 uHTepeca (30HbI I'pyena)

Craructudeckasl MpoBepka IHIOTe3sl 00 OmHO-
PONHOCTH IBYX BBIOOPOK MpPOBOAHMIACH IO TPEM
KpuTepusM: t (paBEHCTBO CpeAHUX 3HadeHuit), F
(paBenctBO pucnepcuii), U-kpurepuil Bunkokcona-
Manna-Yutaun (U-BMYVY) (pasnuuust cpegHHX TeH-
JNEHIUU JJIS He3aBHCUMBIX BBIOOpOK) [5].

PE3YJIbTATBI U UX OBCYXIEHHUE

[lepBoHayalbHO OTMETHM, YTO OICHKY BIIUSHHS
WHAWBUAYAIBHBIX aHATOMO-CTPYKTYPHBIX OCOOEHHO-
creit kocteidt u 30H ['pyeHa Ha Benmuunny OB mposo-
JOWIN pa3fenbHo. IS 9TOro NpH aHalu3e BIHSHUS
MEPBBIX BCE Pe3yIbTATHl T'PYIIHPOBAIN B 3aBUCHMO-
CTH OT HccleayeMoil koctu 0e3 nuddepeHIHpOBKU
o 30HaM I'pyena. M Hao60poT, mpH OIEHKE BIUSHUS
MOCIEeIHUX HaHHBIE OOBEIWHSIIM B 3aBUCHMOCTH OT
30HHI 0€3 ydera HcclIeIyeMol KOCTH.

Pomayusa 6edpennoii kocmu om -30° 0o 50" B
JaHHOM pa3Jielie pacCMOTPEH BapHaHT MaKCHMalb-
HOW pOTAamMM, OTPAHMYEHHOH TOIBKO BO3MOXKHO-
CTAMHU KOCTHOTO JACHCHTOMETpA.

Bauanue xocmu. CpaBHUTEIbHBIH aHANN3 IIOKa-
3anm (tabx. 1), 4To aHaTOMHYECKHE OCOOCHHOCTH
KOCTH BIHSIOT TOJBKO Ha JUCHEPCHUI0 BEIUIHHBI
IIMIIKT, xotopas ojisi KOCTH 3 DOCTOBEPHO HUXKE,
yem y koctedd 1 u 2 (P<0,05) (tabmn. 2).

Brusnue 30om Ipyena. YcTaHOBIEHO, YTO CTe-
neub orkiaoHeHud I[IMIIKT npu poraumm xoctu
craructudeckd 3HauuMo (P<0,05) 3aBucUT OT 30HEI
uHTepeca (Tabn. 2). Ilpu paHXKHUpPOBAaHUU CPETHUX
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BennuuH otkiaoHeHuil I[IMIIKT no 3onam I'pyena
OT MEHBIIETO K OOJIBIIEMY BBICTPOMIICS CIEAYIO-
mwid pan: 30ubl ['pyena 4, 1, 2, 3, 5, 6 u 7. Ilomy-
YeHHBIC JTaHHBIC IO3BOJAIOT yTBEPKIAaTh, YTO HE-
3aBUCHMO OT METOJa CTaTHCTHYECKOTO aHaliu3a
HauMeHbImHe oOTkIoHeHHs I[IMIIKT, BrI3BaHHEBIE
poTamnueii, BO3HUKAIOT B 30Hax ['pyeHa 4 u 1, a Ha-
OonbIiue - B 30Hax 5, 6 u 7.

Pomayusa o6edpennoii kocmu na =5". Brime
paccMOTpeH nuamna3oH poTalud OEeqpeHHON KOCTH,
KOTOPBIH B KIMHHYECKUX YCIOBHSIX HEBO3MOXKCH
Jake TeopeTHmdeckd. Ha mpakThke, 1O Hamemy
MHCHHIO, HapylIeHHE YKIAIK{A dYalle COCTaBIsET
+5° WM TOJXBKO B OTHACNBHBIX CIIy4asx JIOCTUTAET
+10°. IlosToMy OBLTI NMpOBEACH aHANW3 JAHHBIX B
npeaenax KIMHHYECKH 3HAYMMOTO BapHaHTa poTa-
Uy +5°.

Busnue kocmu. ComocTtaBiaeHHE PE3yIbTaTOB
HUCCICAOBAaHUA TPEX KOCTEeH IoKa3ajio, 4TO U IIpH
OTUX TIpaHUIaX pOTAlUHU HWHAWUBHUAYAJIbHBIC aHATO-
MHYECKHE OCOOCHHOCTHM BIMSIOT TOJLKO Ha JAucC-

MEePCUI0 HCCIIeAYeMOoro moxkasarens (tadi. 2)



Bausnue 3om Ipyena. YCTaHOBJIEHO, YTO MEXAY
30HamMu ['pyeHa mpu poTalMu B yKa3aHHBIX MalIbIX
opejesiax  CyWIeCTBYIOT — 3HAUMMbIC  Pas3JIMuus
(P<0,05) (tabn. 2). IIpu paHXHPOBAHHH CPEIHUX
BesuuuH oTkinoHeHui IIMIIKT mo 3omam I'pyena

I'CHHP! Opmonedun N2 1, 2010 .

OT MEHBIIEro K OosblieMy o0Opa3oBajid ClieAylo-
i pan: 3oHa I'pyena 4, 1,3, 5, 2, 6, 7. OT0T pan
MPaKTHYECKH aHaJOrMuYeH IOJYyYEeHHOMY IpH paH-

KUPOBAHUHM PE3yJbTAaTOB OOJBIION poranuu (cM.
BBILIE).

Tabnuna 1
Bemnunna orkionenust [IMIIKT (%) B 3onax I'pyeHa B OCTH OT CTEIICH! POTalU GeAPEHHOM KOCTH 110 OTHOLLe-
VYron porauuu 3oHa ['pyeHa
(rpan.) 1 2 3 4 5 6 7
1 2 3 4 5 6 7 8
Kocmyo 1
-30 -4,1 0,3 9,1 6,2 -0,2 -21,1 -26,6
-25 -4,2 1,0 9,5 54 13 -21,7 -23,9
-20 -4,8 4,0 8,9 3,5 0,8 -17,8 -22,8
-15 -4,6 4,8 7,5 23 13 -16,4 -18,9
-10 -3,9 4,0 53 1.8 1.6 -13.8 -14,7
-5 -2,8 2,8 3.9 12 1,0 -11,3 -9,6
5 0,6 -2,5 -1,1 0,0 0.9 3.1 7,0
10 15 -3,4 -2,5 14 -2,1 8,5 133
15 29 -5,9 -3,8 0,5 -2,6 11,5 22,9
20 4,0 -7,4 -4,7 1.1 -5,3 13,8 33,0
25 5,5 -7,4 -4,9 1,8 -6,4 15,0 36,8
30 6,1 -8,0 -4,7 2,0 -8,3 12,5 39,2
35 7,6 -7,0 -4,6 2,8 -10,2 9,6 35,0
40 8,7 -6,2 -4,5 34 -10,7 6,3 30,8
45 9,1 -5.9 -4,2 2,6 -11,6 33 22,4
50 10,1 -4,0 -3.1 29 -12,0 1,0 12,1
Kocmop 2
-30 4,8 14,3 5,8 12 9,7 9,0 -31,7
-25 42 15,7 6,1 0,8 9,3 9.4 -32,0
-20 39 11,3 53 11 5,7 6,8 -24,6
-15 4,7 8,5 4,3 0,3 29 7.5 -17,6
-10 2,5 5,0 33 -0,3 -0,2 4,7 -10,7
-5 2,0 2,6 1.1 0,1 -0,5 3,9 -4,2
5 -2,4 -2,8 -1,2 L1 14 -3,8 -2,3
10 -4,1 -3,8 -2,7 2.1 2,8 -6,6 -6,1
15 -6,2 -5,3 -3,2 34 54 -6,9 -13,4
20 -8,7 -6,0 -4,6 55 8,5 -6,8 -18,7
25 -11,2 -7,2 -5,2 6,7 12,0 -6,4 -21,3
30 -12,8 -15,9 -6,0 8,9 17,2 -3,6 -23,7
35 -16,1 -4,9 -7,2 94 20,6 -0,2 -26,1
40 -18,5 -3,5 -9,3 9,7 25,1 2,4 -17.4
45 -21,0 -1,4 -9,7 103 30,2 7.9 -27.9
50 -25,1 0,7 -12,3 114 333 14,9 -29,6
Kocmoy 3
-30 -6,8 10,9 11,3 10,8 164 -22.4 -20,4
-25 -6,6 9,2 10,3 9,0 142 -1,7 -17,3
-20 -5,4 10,1 8,4 7,9 11,6 -54 -14,1
-15 -4,1 54 7,6 6.4 9,6 -2,3 -10,7
-10 -2,8 4,0 5,8 4.4 6,4 -2,0 -7,5
-5 -2,9 2.1 2,6 2,0 32 -1,2 -6,3
5 -0,1 -1.4 -1,3 -1,6 -1,8 -1,2 -0,6
10 -0,5 -2,9 -5,3 -2,5 -4,2 -4,7 -0,6
15 -0,8 -5,8 -6,8 -5,0 -5,0 -8,4 -4,8
20 -0,6 -6,3 -8,4 -6,1 -6,9 -10,7 -6,9
25 0,0 -7,9 -10,0 -6,7 -6,8 -13,7 -9,8
30 -3,7 -9,4 -11,2 -7,0 -6,8 -15,0 -14,5
35 -3,3 -9,5 -12,0 -8,8 -6,6 -16,5 -19,1
40 -4,1 -8,7 -12,4 -8,2 -7,0 -16,8 -19,4
45 -4,5 -7,6 -13,5 -8,8 -6,4 -16,2 -22,0
50 -3,5 -7,6 -13,6 -8,6 -6,6 -16,1 -21,7

Ipumeuanne: * - MPoAOABLHAA OCh MIEHKM MapajjelbHa MIOCKOCTH CTOJA.
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Tabnuna 2
Pe3yabTaThl CTATHCTHYECKOI0 aHAJIN3a OTKJIOHEHHUI MOKa3aTeJsi OT HCTHHHBIX 3HaveHnuii (%)
CraTHcTHYeCKHIi MoKa3aTelb
Mep N Mmake T-kpurtepmuii U-BMY F-xpurtepuii
Kocmu
IMpeneas poranun ot -30° 1o 50°
Koctp 1 8,1 8,3 39,2 P>0,05 P>0,05 P;"'<0,05
Kocts 2 9,0 8,1 33,3 P>0,05 P>0,05 P;<0,05
Koctp 3 7,8 5,2 22,4 P>0,05 P>0,05 P1.2<0,05
Mpegeasl porauuu +5°

Koctp 1 3,4 3,5 11,3 P>0,05 P>0,05 P,. 3<0,05
KocTn 2 2,1 1,3 4,2 P>0,05 P>0,05 Pi<0,05
Kocts 3 2,0 1,5 6,3 P>0,05 P>0,05 P,<0,05

Porauum Her
Kocts 1 0,7 0,9 4,2 P>0,05 P>0,05 P3<0,05
Koctp 2 0,7 0,9 4,8 P>0,05 P>0,05 P>0,05
Koctp 3 0,6 0,8 3,8 P>0,05 P>0,05 P,<0,05

3onwt  Ipyena

IMpeneast poranuu ot -30° 10 50°
3ona 1 5,8 5,3 25,1 P.7"<0,05 P3.6.7<0,05 P2.3.4.51<0,05
3ona 2 6,1 3,7 15,9 P4.6.7<0,05 P,4.6.7<0,05 P|.5.6.7<0,05
3ona 3 6,5 3,5 13,6 P46.7<0,05 P, 6.7<0,05 P|.5.6.7<0,05
3ona 4 4,5 3,4 11,4 P2 3.5.6.7<0,05 P2.3.5.6.7<0,05 P 6.7<0,05
3ona § 7,9 7,4 33,3 P4 7<0,05 P,67°0,05 P..2.3.47<0,05
3oHa 6 9,3 6,0 22,4 P1.2.3 4.7<0,05 P1.2.3.4.5.7%"0,05 P,.3.4.7<0,05
3ona 7 18,2 10,0 39,2 PI1.2].4.5.«<0,05 P1.2.3.4.5.6<0,05 P 1.2.3.4.5.60,05
Ipeneas poranuu £5°

3ona 1 2,2 1,2 2,9 P,<0,05 P,<0,05 P;.7<0,05
3ona 2 2,8 0,5 2,8 P, 54<0,05 P,5<0,05 P6.7<0,05
3ona 3 2,5 1,2 3,9 P,<0,05 P>0,05 P4,<0,05
3ona 4 2,0 0,8 2,0 P, 5 7<0,05 P 6 7<0,05 P47<0,05
3ona 5§ 2,5 1,0 3,2 P,,<0,05 P2.6.7<0,05 P6.7<0,05
3ona 6 4,6 3,7 11,3 P,4<0,05 P,.5<0,05 P,.2.3.4.5<0,05
3ouna 7 5,4 3,3 9,6 P|.2.3.4.5<0,05 P].4.5<0,05 P,.2.3.4.5.<0,05

Porauum Her
3ona 1 100 1,0 4,5 P>0,05 P>0,05 P4<0,05
3ona 2 100 0,8 5,5 P>0,05 P>0,05 P>0,05
3ona 3 100 0,9 3,7 P>0,05 P>0,05 P4<0,05
3ona 4 100 0,6 2,5 P>0,05 P>0,05 P,3.4<0,05
3ona 5 100 0,8 4,0 P>0,05 P>0,05 P4<0,05
3ona 6 100 1,1 6,2 P>0,05 P>0,05 P,.5<0,05
3ona 7 100 0,8 3,1 P>0,05 P>0,05 P>0,05

Ipumeyanue:

* " HMAKHMI WHIeKc 0003HAYaeT HOMep KOCTH, 1O cpaBHeHHI0 ¢ Koropoi orimuusi IIMITKT craTucTHueckH 3HAYMMBI;
*% - HHZKHMI HHJeKc 0003HauaeT 30Hy I'pyena, no cpaBHenuio ¢ koropoii ormuusi IMIIKT cTaTucTHYeCKH 3HAYHMBI.

OB annapamno-npozpammnozo kKomniexca /[3-
PA. B xaxpnoit 3one unrepeca OB ompenensuin kak
pa3HMuy Me)]()ly MakKCHUMAJbHBIM HW MHHUMAJbHBIM
3HAYCHUAMHU pesyanaTOB II0CJICAOBATCIIbHBIX OCCs-
THKPATHBIX HccaenoBanuii (Tabmn. 3). MakcumanbHas
BCJIMYMHA 3TOHM pasHHIBl HaOm0aamach B 30HE 6 U
cocTapisia 6,2 %, 4TO COMOCTABUMO C M3MEHEHHUSIMHU,

neyeOHbIe 3P PEKTHl MOYTH y TMOJOBUHBI MAIIUECHTOB
ele MeHblle. AHAJIOTMYHBIC JaHHbBIE IPEACTABICHBI B
tabmune 3. CienoBaTenbHO, NPU HHIMBHIYAIbHOM
MOHHUTOPEHIe PEe3yJbTaThl COIMOCTaBUMBI C BEIHUYH-
Hoii OB. B 37101 cBA3M paccMoTpuM npobiieMy ONTU-
MH3AIMU QITOPUTMa HCCIICAOBAHMS, IO3BOJISIOIIETO

HuBenupoBatb OB 10 KIMHUYECKM HE3HAYMMBIX Be-
BO3HUKAKIIMMHU M0 BIUIHUEM MEIUKAMEHTO3HOIO JINIHH.
JICYEHUSI OCTEOIOPO3a, MCIOIb3YEMOTO MPH dHIOIPO-
tesupoBanuu. Tak A.E. Goodship c¢ coaBTopamu,
NPpUMEHAA 30J€ApPOHAT NPHU NPOBECACHHUHU SHAOIPOTEC-
3UpOBaHMs Ta300€IPEHHOr0 cycTaBa Ha HemeHte [11],
HaOmonann yMmensiienue norepu IIMIIKT B mpo-
KCHMaJbHOM oTaeje OeapeHHoi koctu a0 3,2 % mo
cpaBHeHHIO ¢ 9,7 % B KOHTPOJIbHOM rpymie (pa3Huuna
Bcero 6,5 %). Ilpu 3ToM HEOOXOAMMO MOTYEPKHYTH,
YTO aBTOPBl INPOBOJMIM CPEIHETPYIIOBONH aHaIU3.
CnenoBarenabHO, TP MHAUBUIYaJIbHOM MOHUTOPHUHIE

Teopemuueckoe obocnosanue anzopumma Hu-
senupyowezo OB annapamno-npozpammnozo xom-
nnexca. B KIMHMYECKOH MpaKTHKE MyTH HUBEIHMPO-
BaHUs BIMSHHUA HapyumieHus yknanaku u OB ammapat-
HO-TIPOrPaMMHOT0 KOMIIJIEKca pasnuuHbl. Ecnm Ha-
pylIeHHe YKIaJKd MOXHO YHPEIUTh WM MUHUMH3U-
poBaTh KECTKMM KOHTPOJIEM BBIIOIHEHUS MEAINEPCO-
HaJIOM MHCTPYKLUH, TO Bo3HHMKHOBeHHe OB ammapat-
HO-TIPOrPaMMHOI0 KOMILJIEKCA B KaKJA0M KOHKPETHOM
cllydae MNpeAOTBPAaTHTh JaXKe TEOPETUYECKH HEBO3-
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MOXHO. Ee MOXHO HHMBETHPOBATh TOIBKO MyTEM IIO-
BTOPHBIX HCCICI0BAHMIT' M YCPENHEHHS MONyUCHHBIX
aHHBIX. B 3TOH cBS3M BO3HHKaeT BOMpoc, o Tpedye-
MOM YHCJI€ TOBTOPHBIX HMCCIEIOBAaHUM MJIsI KaKIOM
30HBI MHTepeca. Kak oTMedanoch Bbllle, OIIKOKa
BOCIIPOM3BOANMOCTH HE JOJDKHA MpeBbmaTh +1 %.
Ilpu BbIpaboTKe anropuTMa B HAcTOsIIEH paboTe
UCTIONB30BaH METOJ KOMIIBIOTEPHOTO MOJIENUPOBa-
HHSI, TIO3BOJISIOMIETO OIpPEJENUTh HEOOXOoAuMOe KO-
JIUYECTBO TOBTOPHBIX HCCIENOBAHUN JUIS KaKIOM
30HBI MHTEpeca, NMPU KOTOPBIX B 95 % cmydaeB oT-
kiaoHeHus 3HadyeHHd IIMIIKT oT uCTHHHBIX Haxo-
astest B mpejgenax £1 %.

Komnviomepnoe mooenuposanue. YCTaHOBIEHO

Tenuni  Il[moneoun No 2010

1,
(Tabn. 4), 4to HEOOXOIUMOE KOJUYECTBO HCCIIEIOBA-
HUi 1 cHiwkeHus OB ammapaTHO-ITPOrpaMMHOTO
KOMIUIEKCa 10 KIMHUYECKH HE3HAUMMbIX BEIMYUH
(haKTHYECKH 3aBHCUT KaK COOCTBEHHO OT KOCTH, TaK U
or 30Hbl ['pyeHa. Hampumep, mnpu omnpeneneHun
IIMIIKT koctu 1 B 30Hax 4 U 7 AOCTaTOYHO OBYX
MOBTOPHBIX HCCIEAOBAHMM, B 30HE 5 - 4YeThIpeX, a
30He 6 HEeIOCTATOYHO U JeCiATH. B TO ke Bpems B 3TOH
30HE MPH HCCIEJOBAaHUU KOCTH 2 JAOCTATOYHO OJHOTO
uccienoBanus (Tadn. 4). B cBsA3M C BBINICH3IIOKEH-
HBIM B Ka&XJIOM KOHKPETHOM CIydae INpU pEUIeHHH
BONPOCa O MHUHHMMAaJIbHO HEOOXOAMMOM KOJHYECTBE

MOBTOPHBIX MCCIEJOBAaHUIN NpPENIaraeTcsi ONMCAHHBIN
HIDKE MOAXO.

Taéanua 3

PesyabtaTsl nmepecdera qanHbIX B. Cohen u N. Rushton [9] u coGcTBeHHBIe JaHHbIE 0 BeJH4YnHe OMHOKH npu poranun u OB

NporpaMMHO-anmapaTHoOro KOMIUIEKCa

Jannbie B. Cohen u N. Rushton OB no pesyabTaram nacros-
3 urero ucciaegoBanus (%)
ona IMIIKT nocie onepamuu (r/cm”) anmaparTHo-
I'pyena MaKCHMAaJIbHAS .
NpPOrpaMMHBbIH | poTanus +5°
10 cyT. 6 Mecsmen 11 mecsiueB pa3uuna (%)
KOMILIEKca
1 0,964+0,264 (100") 0,926+0,195 (94,1) 0,927+0,168 (96,2) 5,9 4,4 2,9
2 1,419+0,225 (100) 1,309+0,17 (92,2) 1,286+0,196 (90,6) 9,4 3,5 2,8
3 1,755+0,387 (100) 1,666+0,332 (94,9) 1,666+0,317 (94,9) 5,1 3,7 3,9
4 1,962+0,32 (100) 1,975%0,26 (100,7) | 2,047+0,295( 104,3) 4,3 2,4 2,0
5 1,83+0,36 (100) 1,754+0,318 (95,8) 1,81+0,365 (98,9) 4,2 4,0 3,2
6 1,589+0,217 (100) 1,503+0,26 (94,6) 1,509+0,216 (95,0) 5,4 6,2 11,3
7 1,204+0,223 (100) 1,105+0,218 (91,8) 1,111+0,215(92,3) 9,2 3,0 9,6

Ilpumeuanue: * - B cKOOKaX yKka3aHbl JaHHbIe Hamero nepecyera B % k IMIIKT uepe3 10 cyT mociie onepanuu B Kaxaoii 3oue I'pyena.

Tabénuna 4
Joust (%) n3 10000 B16opok, Mep KOTOpPBIX He BBIXOIMT 32 Mpeaessl renepanbHoii Mcp+1,0 %
3o0Ha Ymncao uccieoBanuii B BbIGOpKe
I'pyena 2 3 4 5 6 7 8 9 10

1 86,4 94,9 96,8 98,2 99,4 99,5 99,7 99,9 99,2

1 2 73,4 97,6 95,4 98,8 99,4 100 99,9 100 99,8
3 91,1 94,2 97,1 98,3 99,1 99,2 99,3 99,3 99,2

1 91,0 98,4 99,2 99,9 99,9 99,8 99,7 99,7 99,5

2 2 97,8 100 100 98,9 100 100 100 100 98,7
3 91,1 96,0 98,1 99,0 99,5 99,8 99,9 99,9 98,9

1 93,2 96,1 97,8 98,5 98,3 98,8 99,1 99,3 99,2

3 2 81,6 93,4 94,1 97,0 97,6 98,4 98,9 99,3 98,3
3 91,1 94,9 97,4 98,2 97,8 98,4 98,8 99,3 99,2

1 100 100 100 100 100 100 100 100 100

4 2 93,1 98,1 99,2 99,5 99,8 99,9 99,9 99,9 99,0
3 100 100 100 97,6 100 100 100 100 98,9

1 78,0 87,9 93,2 94,5 96,3 97,2 97,8 98,2 98,5

5 2 100 100 100 98,0 100 100 100 100 99,1
3 97,8 99,6 99,9 99,5 99,8 99,7 99,5 99,4 99,2

1 53,7 58,2 70,0 74,9 77,8 81,6 85,8 88,3 89,3

6 2 100 100 100 100 100 100 100 100 99,0
3 97,9 99,6 100 100 100 100 100 100 98,8

1 98,0 99,6 99,6 99,9 99,9 100 100 100 100

7 2 84,2 94,7 95,6 97,9 98,9 99,5 99,6 99,9 99,1
3 90,9 96,7 99,0 97,0 99,0 98,3 98,6 99,2 99,0

1

Meauuunnckoe oﬁﬂyqeﬂne He HOPMHPYeETCHA 32 HCKJIIYEHHEM Cy4daeB l'l])Oq)PlJ'laKTPl'-lecKl/lX MEeAHUMHCKHX HccaeI0BaHUIT M Mccae0BaHMIT

NMPaKTH4YEeCKH 310POBBIX C Hayqno-nccﬂeuosaTeﬂbcxoﬁ neanio. B nmocaeanem ciay4ae roaposas 3¢¢EKTHBH‘¢U{ A032a He T0JI’KHA NMpeBbIINATH 1

M3B [6], B TO BpeMsi KaK AHANA30H 3HAYeHHil 2 (PeKTHBHBIX 103 A5 COBPeMEHHBIX KOCTHBIX JeHCHTOMETPOB cocTaBiaseT of 1 mo 10 mMx3B

[8], a cormacHo HAMIMM AAaHHBIM, Jy4YeBasi Harpyska mpu mucnoan3oBanuum JIIPA cocraBaser 0,01 m3B m menbme [1]
cpeHeMy YPOBHIO 061yuyeHns Hacejdenus Poccum oT mpupoanoro ¢poHa B TedeHHe OJHOrO JTHS.
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O6ocHoBanue anroputma ouenku [IMIIKT wme-
tonoM JIOPA nans HuBenupoBaHHS OMMUOKH BOC-
MPOU3BOJAMMOCTH aNmMapaTHO-MPOTPAMHOTO  KOM-
niaeKca 10 KINHUYECKH HE3HAUYUMBIX BeNWYHH. Jls
pemieHus 3TOH 3aJayd HEOOXOAMMO YUHTHIBATh
cieaymomee:

- BemumumHa OB anmapaTHO-TPOrpaMMHOTO
KOMILJIEKCA 3aBHCUT OT Pa3HbIX (aKTOPOB;

- KOHTpPOJIUPOBATh BIIMSHUE 3TUX (aKTOpOB Ha
OB HEBO3MOXXHO Jja)ke TEOPETHUECKH;

- OB He fmomxHa BBIXOAMTH 3a mpenensl £1 %
oT ucTUHHBIX 3HaueHu [IMIIKT.

B atux YCIOBUAX MBI HNpeajiara€éM HCIIO0JIb30BaTh

JAJKU, U TI0 UX pe3yJbTaTaM AJs Kaxaou 30HbI ['pye-
Ha paccuuteiBaeTca Mep, [IMIIKT. Ecnu oba pe-
3ynbTaTa HaxoAaTcs B mpexenax Mcpi (1 %), manb-
Helllee HCCel0BaHMEe MOXHO NpeKkpaTtuTb. B mpo-
TUBHOM CIIyyae HaJ0 BBIMOJIHUTH €IIEe OIMH 3aMmep.
ITocne 3TOTO MO pE3ynmbTaTaM BCEX TPEX HCCIEHOBaA-
HUIl B Kaxao0u 30He I'pyeHa paccuutbiBaeTcss Mcp, u
cpaBHHBaeTcss ¢ Mcpi. Ecnu pasHuma Mexay HHUMH
MeHbiie 1 %, 3TUM MOXHO yIOBIETBOPHUTHCS, €CIU
GoutbIlie, TO HEOOXOAUMO €Ille OJHO HCCIEIOBaHUE U
T. A. 10 TeX MOp, MOKa pasHULa Mex1y Mep mpenabl-
JyIIero ucciegoBaHus U Mep MOCIeIHEro He CTaHeT
< 1 %. DTOT anroput™ MO3BOJSIET Bpauy KOHTPOIH-

cnegyrouui nmpuem. [leppoHadyaabHO MPOBOJSATCS ABa posats BemmuuHy OB ammapaTHO-mpOrpaMMHOro
NOCIIEJOBATEIbHBIX HM3MEpeHHss 0e3 H3MEHEHHMsd YK- KOMILIEKCA.
3AKJIOYEHUE.

PaccmaTtpuBaemsie B HacTosmeid pabore mpo-
O6neMbl KacaloTcsd, B MEPBYIO OYepe]b, aJeKBaTHO-
cTH ucnosb3oBanus merona JOPA mpu umnauBuny-
aTbHOM MOHMTOpDHHIe mnainueHTta. [las 3Toro Tpe-
Oyl0TCS Ha OCHOBE HMPUHUUNA KIUHUYECKOU uene-

coo6pasnocmu TOBTOPATH MCCIEJOBAHUS 10 MOIY-
YeHHs KJIMHUYECKH pPENpe3eHTaTHBHBIX pe3yJbTa-
ToB. Tombko B 3TOM ciydyae Oyner coOmoaeH
RpUHYUN  KIUHUYECKOU O00CMAmMOYHOCmU,

0e3 coMHeHUsA, 00eceYnT HHTEPECH MalueHTa.
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