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THE IMPORTANCE OF QUANTITATIVE ULTRASOUND
INTHE EARLY DETECTION AND MANAGEMENT OF

OSTEOPOROSIS

Can we adopt the QUS ISCD Position Statements
to the Omnisense QUS series?

IPOPEKTUBHOCTb NPUMEHEHUA
KOJINYECTBEHHOIO VJIbTPA3BYKOBOIO
NCCNEQOBAHUA ANA PAHHEN QUATHOCTUKU
U NEYEHNA OCTEOINMOPO3A

MOo>XHO N NPNHATb oduLUMaNbHbIe NOJIOXKEHNA

MexxayHapoaHOro o6uiecrea KNNMHNYECKON AeHCUTOMETPUN
B OTHOLWIEHMN annapaToB Omnisense ANA KONMN4YECTBEHHOro
yNnbTpa3BYKOBOIO nccnegosaHuna?

Key messages

ISCD published position statements on heel
QUS devices in 1997 follow-up by an update in
2010. The objective of this short head to head re-
view was to see, if based on selective literatures
search, one can extrapolated with sufficient level
of confidence the QUS ISCD Position statements
to the Omnisense QUS series and if the claims of
the manufacturer in regards to the use of their de-
vices are reasonable. In summary:

— SOS measurements provide a more complete
picture of the bone’s fragility than Bone mineral
density alone as assessed by DXA.

— Non-heel axial transmission QUS can dis-
criminate those with osteoporotic fractures from
age-matched controls without osteoporotic frac-
ture.
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OcHOBHbIe NONOoXKeHnA

Medscdynapooroe obwecmeo kaunuueckoii Odencumomempuu (1SCD)
onybaukosano oguyuanvHble nosoxcenus no annapamam Y3HU oas uccae-
dosanust nsimouHoi Kocmu 6 1997 200y, 00H06AeHHAs PeOaKyus KOMOPbIX
yveudena ceem 6 2010 200y. Lleavio Hacmosieeo Kpamko2o NPSMoeo CpasHU-
menbHo20 0030pa ObLA0 Y3HAMb, MONCHO AU, NOAARASCH HA OMOeAbHble AUme-
PAMYpHble UCMOYHUKU, ¢ O0CIAMO4HOL CIENEeHbI0 YBePeHHOCIMU NPUZHAMY
cnpaseonugbimu ouuanbHsie noroxcerus Meicdynapooroeo obuecmea
KAUHUMECKOLl OeHCUMOMEMPUU NO KOAUYECMBEHHOMY YAbIMPA38YKOGOMY UC-
€1e008aHUI0 8 OMHOUWIEHUU Y1bMPa3eykoeblx annapamoe Omnisense, u 16-
JSIOMCA AU YIMBEPICOeHUS] NPOU3BOOUMENs KACAMENbHO NPUMEHEHUS IMUX
annapamog 000cHo8anHvimMu. Umak:

— Hzmepenue ckopocmu npoxodicdenus 38yka uepes kocmo (SOS) s6is-
emcs boaee UHGOPMAMUBHBIM MEMOO0OM OUEHKU COCMOSIHUS KOCMHOU MKa-
HU, YeM MOAbKO onpedeneHue MUHEPANbHOU NAOMHOCMU KOCMHOU MKa-
HU Memodom 08YXIHepeemu4eckoil PeHmeeHO8CKOL  abcopoyuomMempul
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— Discordant results between radius/tibia/
phalanx QUS and central DXA, which are not
infrequent, are not necessarily an indication of
methodological error.

— From the latest prospective study, Radius
and Tibia SOS estimate sufficiently the predic-
tion of fragility fracture in postmenopausal wom-
en to be used in conjunction with clinical risk fac-
tors.

— QUS in conjunction with clinical risk fac-
tors can be used to identify a population at very
low fracture probability in which no further diag-
nostic evaluation may be necessary.

— If central DXA cannot be done, pharma-
cologic treatment can be initiated if the fracture
probability, as assessed by QUS using device spe-
cific thresholds and in conjunction with clinical
risk factors, is sufficiently high.

— QUS cannot be used to monitor the skele-
tal effects of treatments for osteoporosis. Normal
bone status follow-up in the postmenopausal pe-
riod is however doable.

Rational

According to the internationally accepted
definition, osteoporosis is a progressive system-
ic skeletal disease characterized by a low bone
mass and micro architectural deterioration of
bone tissue, with a consequent increase in bone
fragility and susceptibility to fracture [1]. Os-
teoporotic fractures and specifically hip frac-
tures increase dramatically with age and are re-
sponsible for considerable mortality. Therefore
it is accepted as a major public health prob-
lem with huge associated cost. However, many
studies have been conducted in the field of os-
teoporosis over the last two decades and several
treatments have proven effective for the reduc-
tion of fracture risk and/or bone mineral den-
sity increase.

Osteoporosis is currently diagnosed by the
occurrence of a low trauma vertebral or hip
fracture (clinical diagnosis), or by measure-
ment of bone mineral density as assessed by
dual-energy X-ray absorptiometry (DXA) ac-
cording to the World Health Organization
(WHO) criteria [1].

Today at least two major challenges remain.
The first is still related to the awareness to the
disease or at least turning awareness into ac-
tion. Indeed, from an International Osteopo-
rosis Foundation (IOF) report, more than 70 %
of the people at risk of osteoporosis have nev-
er been diagnosed nor screened [2]. This prob-
lem might be different depending on the coun-
tries (for example Europe versus Asia) but the
overall aging of the population will amplify this
phenomenon. The second major challenge is to
better identify individuals at high risk of fracture
who would benefit from intervention. Indeed,
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— Koauuecmeennoe yrvmpaseykoeoe ucciedosarue (KY3), ocnosanmoe
HA aKCUQAbHOL MPAHCMUCCUU YAIMPA3EYK0BOU B0AHbI KOCMEI, KpoMe Nsi-
TMOUHOTL, MOJICEm NOMOUb OMAUYAMb OOALHBIX C NAMOAOUMECKUMU Nepe-
JAOMamu npu 0CMeonopo3e om 00AbHbIX COOMBEMCMBYIOUIe20 803PACMA U3
KOHMPOAbHOLL 2pynnbl 6e3 MaKux nepeiomos.

— IIpomusopeuusvie pezyavmamot KY3-uccaedosanuii ayuesoit kocmu,
bonvutebepyos6oil Kocmu u ganareu narvua u J[PA uenmpansroeo ckeaema,
KOMmopble 6Cmpedaromcsi 0080AbHO HACMO, He 00513amMeNbHO C8UOCMeNbCmE) -
10Mm 0 MeMOoA0A0UMECKUX OUIUOKAX.

— CoenacHo nocaednemy npocneKmueHoOMy UCCAe008aHUI0, NOKA3ame-
au SOS ayuesoil u 60abuedepy06oil Kocmell 015 dQpeKkmusHoo npoeHo3U-
DOBAHUSL NAMOAOUMECKUX NEPENOMOB Y JICCHUUH 8 Nepuode NOCHMEHONA)-
36l 00NICHbL UCHONB30BAMBCSL C YHEMOM KAUHUMECKUX )aKmopos PUckd.

— KV3 6 couemanuu ¢ kaunuueckumu pakmopamu pucka mMoxcem uc-
101b308aMbCs1 04151 BIAGACHUS 2PYNN HACEACHUS C OYeHb HUBKUM YPOBHEM 6e-
POSIMHOCMU 803HUKHOBEHLSI NEPENOMOB, KOMOPbIM MOJcen He NOHAd0OUmb-
51 0ONOAHUMENbHASL OUACHOCIUKAL.

— Ecau nem eo3moocnocmu vinonnums JIPA yenmpanooeo ckenema,
npu 00CMamo4Ho BbICOKOLU 8ePOAMHOCIU nepeaomos no oyerke KY3 ¢ npu-
MeHeHUeM NpedenbHbIX GeAUHUH pegepeHmHOL 6a3bl annapama 6 covema-
HUU ¢ KAUHUMECKUMU PaKmopamil pucka, MOJNCHO Ha4amb MeOUKAMEHMO3-
Hoe neveHue.

— KYV3 He mooxcem npumensmocsi 0451 KOHMPOsL COCMOSHUS. KOCHHOLL
cucmembvl npu aeveHuu ocmeonoposa. OOHAKO HOPMANbHYIL KOHMPOAb CO-
CMOSIHUSL KOCMEIl Y JICCHUUH 8 NOCMEHONAY3AAbHOM Nepuode 8NoaHe 0cy-
WEeCMBUM.

Mpeanocbinkn

ComlacHO MPUHSITOMY MEXIYHAPOAHOMY OIpEEIeHUI0, OCTEOIO-
P03 — 3TO MPOTPECCUPYIOLLIEE CUCTEMHOE 3a00JIEBaHUSI KOCTHOM CUCTe-
MBI, XapaKTepu3yIoleecsi HU3KOM KOCTHOM Maccoil 1 MUKPOAPXUTEK-
TYPHBIMU TIOBPEX/IEHUSIMA KOCTHOW TKaHU, C TIOCJIEAYIOIIUM YBEIN-
YeHMEM JIOMKOCTU KOCTeli M ToABep:KeHHOCTU nepeomaM [1]. Yacto-
Ta MaTOJOTMYECKUX MEePeIOMOB MPU OCTEOINOPO3€, B YACTHOCTH TMepe-
JIOMOB O€JJpEHHOI KOCTHU, Pe3KO YBEJIMUMBACTCS C BO3PACTOM, UTO 00-
YCJIOBJIMBAET 3HAYUTEIIbHBIN yPOBEHb cMepTHOCTH. [ToaToMy ocTteoro-
pPO3 MPU3HAH OYeHb BAXKHOI MPOOJEeMOli 31paBOOXpaHEHUs, KOTopast
TaKXKe UMEET CyLIECTBEHHbIE 9KOHOMUYECKHUe mocenctsusi. OaHako B
MOCJIeIHUE JBA IECATUIETHSI ObLIO MPOBEIEHO MHOXKECTBO UCCJIEI0BA-
HUIT OCTEONOopo3a, TokazaHa d(HPEKTUBHOCTb HECKOIBKUX METOIOB Jie-
YEeHUS B YMEHBIIIEHUH PUCKA MePeIOMOB 1/WJTH YBETMYEHUN MUHEPaTb-
HOM IJIOTHOCTU KOCTHOM TKaHM.

B Hacrosiiee Bpemsi 0CTeOnopo3 IMarHoCTUPYeTCs PU BO3HUKHO-
BEHUU TPAaBMAaTUUYECKUX MEPETOMOB HMXKHUX OTIEJIOB TO3BOHOUYHUKA U
OeIpeHHOI KOCTU (KIIMHMYECKMI TUarHo3) Wi MO OLIEHKE MUHEpalb-
Ho#t roTHocT! Koctu (MITK) MeTonom nByxaHepreTuueckoil peHTre-
HOBCKOIM abcopOLIMOMETpUN C UCMOJIB30BaHUEM KpuTepueB Bcemup-
Ho¥ opraHu3zanuu 3apaBooxpaHerust (BO3) [1].

CeroHsI COXpaHSIIOTCSI TI0 MEHbIIIE Mepe JBe IJIaBHbIE IpO-
osiembl. [lepBas Bce ellie cBsi3aHa ¢ OCBEJOMJIEHHOCTBIO O 00JIE3HU
WIA KaK MUHUMYM TIepEXO/IOM K HeicTBUSIM. JleficTBUTEIbHO, CO-
[JIACHO JAHHBIM, TIPUBEIEHHBIM B oTyeTe MexmyHapoaHoro (oHaa
ocreonopo3sa (IOF), 6osee 70 % mozeil, UMEIOIIMX PUCK Pa3BUTHS
OCTEoNnopo3a, HUKOTAA HEe MPOXOAWIM OOCeIOBaHUE WIM CKPU-
HuHT [2]. Kazanock Obl, cepbe3HOCTb MPOOJIeMbl J0JKHA ObLia OT-
JIMYaThCs B Pa3HbIX cTpaHax (Harmpumep, B EBporie 1Mo cpaBHEHMIO ¢
Aszueii), onHako geMorpaduyeckoe crapeHre HaceJleHUe paciupsi-
eT reorpauyeckue rpaHuIIbl 3TOTO siBJIeHUs. BTOpas riiaBHas rpo-
Osiema — yJydlleHWe KauecTBa BbISIBICHUS JIIOJCH C BBICOKUM PU-
CKOM BO3HUMKHOBEHUSI TIEPEJIOMOB, KOTOPBIM TTOMOXET BMeIlIaTeb-
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bone density is one of the major determinants of
bone strength and fracture risk, but it is not the
only determinant/clinical risk factors (CRF),
and considerable overlap exists in BMD values
between individuals who develop fragility frac-
tures and those who do not [3]. It is therefore of
major importance to improve our strategy in de-
tecting patients at high risk of fracture, who will
benefit from treatments.

In practice, central DXA is unfortunately not uni-
versally available and in addition, currently raised re-
imbursement issues in many countries will not help
the spreading of this technique [4]. In many coun-
tries, bone specialists use other available technol-
ogies, such as Quantitative Ultrasound (QUS), pe-
ripheral DXA, hand X-ray, or clinical judgment.

The introduction of quantitative ultrasound
(QUYS) applicable to different and peripheral skel-
etal sites [5], along with the absence of technology-
specific guidelines, have created great uncertainty
in applying the results of such technique to man-
aging individual patients in clinical practice. Yet,
QUS has several advantages over DXA, in early de-
tection: Its lower cost, size, portability, operation
cost, the lack of the need for a roentgen technician
and a special room, and the lack of ionizing radia-
tion lends to greater availability especially in the de-
veloping world or where DXA reimbursement be-
come an issue. The International Society for Clin-
ical Densitometry (ISCD) addressed these uncer-
tainties (clinical applications of QUS for fracture
risk assessment, diagnosis of osteoporosis, treat-
ment initiation, monitoring of treatment, and qual-
ity assurance/quality control) in 2007 in its Official
Positions on the appropriate clinical application of
QUS, based on a review of the relevant evidence at
that time [6], and has adapted these recommenda-
tions for use in the Asia-Pacific region [7]. These
recommendations were further evidenced in the
2010 ISCD — IOF FRAX initiative [8] and in a me-
ta-analysis just published recently on 55,164 wom-
en and 13,742 men [9]. However these statements
were focused mostly on Heel QUS devices.

The objective of this short head to head review
is to see, if based on selective literatures search,
one can extrapolated with sufficient level of con-
fidence the QUS ISCD Position statements to the
Omnisense QUS series (BeamMed Ltd, Israel)
and if the claims of the manufacturer in regards to
the use of their devices are reasonable.

Technological diversity amongst
QUS devices

— For QUS, bone density measurements from
different devices cannot be directly compared (ISCD
Official Position [6]).

Technological diversities amongst QUS devices are
not a new concept in the medical field. Indeed, while
DXA is the gold standard for the diagnosis of osteopo-
rosis, there are major differences among manufactur-
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CTBO MEIULIMHCKUX CMIEUaTUCTOB. [ITOTHOCTh KOCTHOM TKaHU, He-
COMHEHHO, SIBJISICTCSI OTHUM M3 OCHOBHBIX, HO HE €IMHCTBEHHBIM
orpeesioUM (haKTOpOM ITPOYHOCTU KOCTEil M prCKa NepeioMOB
(knmuHnueckue dakropsl pucka). 3HadyeHust MIIK B uenom cosma-
NIal0T y JII0/Iell C MaToJOTUYeCKUMU TiepesioMamu 1 6e3 Hux [3]. Ta-
KM 00pa3oM, Ype3BbIYaitHO BasKHO pa3BUBATh M YJIydIIaTh CTpaTe-
TUIO BBISIBJIEHUST TTAlIMEHTOB C BBICOKUM PUCKOM TIEPEIOMOB, KOTO-
PBIM MOHO TTOMOYb a/IeKBaTHBIMU TE€PaneBTUYECKUMU MEPOTIpH-
SITUSIMM.

JPA 1LeHTpaJlbHOIO CKejieTa, K COXaJeHUIO0, He JOCTYIIHa I10-
BceMecTHO. Kpome Toro, akTyasibHbIe JJ1s1 MHOTUX CTPaH MpooJeMbl
KOMIIEHCAIIMU 3aTpaT HE CIOCOOCTBYIOT PACIpOCTPAHEHUIO 3TOM
MeTonnKu [4]. Bo MHOTMX cTpaHaX CIIEIIUAIMCTHI IO 3a00IeBaHUSIM
KOCTEH MCTTOIb3YIOT IPYTUe JOCTYITHBIE TEXHOJIOTUH, TAK1E KaK KO-
nuuectBeHHoe Y3U, JIPA nepudepuueckoro ckeyiera, peHTIeH K1-
CTHU WJIM OIICHKY KIMHUYEeCKON KapTUHBI.

TTocne mosiBIeHUST KOJMYECTBEHHOTO YJIbTPAa3BYKOBOTO MCCIIEIOBA-
nus (KY3), npuMeHsieMoro Uist pa3IMyHbIX KOCTEH CKeleTa, B TOM Ul-
CJie KOHEYHOCTei [S], Hapsimy ¢ OTCYTCTBUMEM COOTBETCTBYIOIIMX CITELI -
TbHBIX METOIUUYECKUX PEKOMEHIAIIMIA, BOSHUKIIA OTPOMHAsi HEeOorpe-
NIeJICHHOCTh B TIPUMEHEHUM DPE3YJIbTaTOB 3TOM METOAMKM ISl OKasa-
HMSI TIOMOIIM OTAE/IbHBIM TAallMeHTaM B KIMHMYECKOM MpakTuke. Tem
He MeHee y KY3 ectb psin npenmyiiects niepen JIPA nipu paHHeM BbI-
SIBJICHNY 3a00J1eBaHMsT (HI3Kast Ce0eCTOMMOCTD, pa3Mep 000pyIOBaHMS,
MOOWJTBHOCTb, CTOMMOCTb 9KCIUTyaTalliy, OTCYTCTBHE HEOOXOIMMOCTH
YYacThsI PEHTTeHJIA00PaHTOB M 0OOPYIOBAHUS CITEIIMATBHBIX TTIOMETIIe-
HUIA, a TAKKe OTCYTCTBYE MOHU3UPYIOIIETO N3ITyIeH 1), KOTOphIe 00ec-
MeYnBaIOT OOJIBIIYIO JOCTYITHOCTD 3TOIO METOAa IMarHOCTUKU, OCOOEH-
HO B pa3BMBAIOLLMXCSI CTpaHaX WM TaM, Tie Bo3MellleHure 3aTpaT Ha JIPA
SIBJISIETCSI CYIIIeCTBeHHOM Tipobiiemoii. B 2007 rony MexxmyHapoaHoe 00-
mecTBo KianHuueckoii aeHcuromerpur (ISCD) B «OduiimanbHbIX TO-
JIOKEHUSIX 00 ameKBaTHOM TpuMeHeHur Metonuku KY3 B kinHuue-
CKOH MpaKTUKe» MOAHSUIO BOMPOC 00 STHUX HEOMNPEIeIeHHOCTSX (TIpU-
MmeHeHne KY3 B KIMHMYECKOM TIpaKTUKe I OLIEHKM PUCKa IIepesio-
MOB, TMArHOCTUKA OCTEOIOpo3a, HavasIo JedeH!sI, KOHTPOJIb Ipoliecca
JIeYeHUsI, obecTieueHre U KOHTPOJIh KauecTBa JIeUeHMsT), OCHOBBIBAsICh
Ha 0030pe aKTyaJIbHBIX Ha TOT MOMEHT CYILIECTBEHHBIX TOKA3aTeTbCTB
[6],  mpuHSIO HaHHBIE PEKOMEHIALMU B A3MATCKO-TUXOOKEAHCKOM
pervoHe [7]. B nanabHeiieM 3T peKoMeHIaluy ObUTH MOATBEPKIEHbI
B uHuimaruse ISCD — IOF FRAX 2010 roaa [8] 1 HeraBHO OMmyOJIMKO-
BaHHOM MeTaaHaJIn3e ¢ ydacTueM 55 164 sxeHiuH u 13 742 myskuuH [9].
OnHaKO 3TH TIOJIOXKEHHUsI TJIABHBIM 00pa3oM ObLIM OPUEHTUPOBAHBI Ha
armapatbl KY3 17151 msITouHOo# KOCTH.

Lleab naHHOTO MPSIMOTO CPAaBHUTENILHOTO 0030pa — Y3HaTh, MOXKHO
JIW, TIOJTarasich Ha OTAEJIbHBIC JIMTepaTypHbIe NCTOUHUKH, C TOCTATOY-
HOM CTETNeHbI0 YBEPEHHOCTH TIPM3HATH CITPAaBEUTMBBIMU ODUIIMATb-
HbIe TTOJIOXKeHMsT MeXTyHapoIHOTo 0011eCTBa KIMHUIECKON NEHCHUTO-
meTpuu B oTHoieHun KY3 Ha yiabTpa3ByKoBbIx arnmaparax Omnisense
(BeamMed Ltd, M3panib) U SABISIIOTCS JIM YTBEPXKACHMS TTPOU3BOAM-
TeJIsl KacaTeIbHO MPUMEHEHUST 3TUX armnapatoB 000CHOBAHHBIMU.

TexHonornvyeckoe pasHoobpasme
KY3-annapartos

— 3Hauenus naomuocmu Kocmell, nOAY4EHHbIE ¢ NOMOUBIO PA3HBIX
yempoiicme ons KY3, neavssa cpasnusamo nanpsamyr (oguyuansroe
nonoxcenue ISCD [6]).

Texnonornyeckoe pazHoodpasue KY3-ammaparoB — He HOBOE sIBIIe-
HUe B 001aCT MeIMIIMHEL. [leficTBUTEIbHO, HECMOTPsI Ha TO uTo JIPA
SIBIISIETCSI 30JI0THIM CTaHIAPTOM LISl IMATHOCTUKK OCTEOIopo3a, MexX-
Ty POU3BOAUTENSIMUA Y MOJIEJISIMU amrapaToB MMEIOTCs OOJIbIINE pa3-

N2 4(8), 2012



ers and models. As a result, absolute value of BMD,
the common parameter for all DXA devices, cannot
be compared with different manufacturers and models.
It is usual to categorize DXA into fan, pencil or cone
beam X-ray devices. The degree of technical diversi-
ty of QUS devices and parameters is much larger than
what is commonly found in DXA. This increases the
difficulties in comparing measurements with different
QUIS devices and may lead to misinterpretation of re-
sults. Therefore direct comparison of the QUS devices
cannot be performed without significant bias, i.e., re-
sults from one QUS device cannot be extrapolated to
another one that is technologically different. This state-
ment is also true for the Omnisense QUS devices.

The Sunlight Omnisense/Mini Omni Ultrasound
Bone Sonometers are the first non-invasive ultra-
sound device capable of measuring bone speed of
sound (SOS) at one or more skeletal sites. It is com-
prised of a Main Unit and small hand held probes,
each designed to measure SOS at one or more spe-
cific skeletal sites such as the distal one-third of the
radius, the proximal third phalanx, the fifth metatar-
sal and the mid-shaft tibia. All types of Sunlight Om-
nisenses measures SOS utilizing a technology based
on well-established laws of physics (Ultrasound Crit-
ical Angle Propagation Chronometry) applied to
the transmission of signals along the bone [10—13].
However it is important to note that no significant
difference was found between the different Sunlight
QUS models [14] when comparing the same skele-
tal sites. Nevertheless, as for DXA, one cannot ex-
pect forcedly to have the same results between skele-
tal sites (e.g. radius versus Tibia).

It has been shown that SOS provides a measure
of skeletal fragility [10—13]. Indeed from these dif-
ferent papers it appears clearly that SOS at the radius
or at the tibia is related to cortical thickness, cortical
density as well as to some extent to its porosity. When
we have a thin cortical shell in reference to the wave-
length, then, the ultrasound waves will also travel in
the trabecular bone layer immediately under the cor-
tical shell. In addition, results suggest that different
axial transmission approaches give access to differ-
ent bone mechanical parameters (e.g. failure load).
The association of different axial transmission tech-
niques should be able to provide a good prediction of
bone mechanical parameters, and should therefore
be helpful for fracture risk prediction.

In conclusion, SOS measurements reflect sev-
eral varied bone properties, such as density, elas-
ticity, cortical thickness, and to a smaller extent
micro-architecture, thus providing a more com-
plete picture of the bone’s fragility than Bone
mineral density alone as assessed by DXA.

Can QUS be used for fracture risk
assessment?

— The only validated skeletal site for the clinical
use of QUS in osteoporosis management is the heel
(ISCD Official Position [6]).
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Juuust. B pesynbrare Hesb3sl cpaBHUBATh a0COMIOTHbBIE 3HaueHust MITK,
o011ero mapamerpa a1 Beex armaparoB JIPA, moxydeHHbIe Ha amnmapa-
Tax pa3HbIX MOJIEJICI U pa3HbIX ITpor3BoauTeseil. Armapatst I PA ripu-
HSTO KJacCU(PUIIMPOBaTh Ha PEHTTEHOBCKME armapaTbl C BEePHBIM,
OCTpPOHANPaBJIEHHbIM WM KOHYCHBbIM M3ydeHueM. CTerneHb TeXHU-
yeckoro pazHooOpasus arirapatoB KY3 u nmapaMeTpoB uccienoBaHUit
ropasmo BBIIIE, YeM TpamuIMOHHO y ammapatoB JIPA. D1o ycrmBaeT
CJIO’KHOCTH, BO3HUKAIOILIME TIPY CPAaBHEHMM JAHHBIX, TIOMYYEeHHBIX Ha
pasnbIx armaparax KY3, 1 MoxeT npuBecTH K HEBEpHOMY HCTOJIKOBA-
HHUIO pe3yabTaToB. [109TOMy HemocpeacTBEHHOE CpaBHEHME anmnapaToB
KY3 He MoXeT ObITh BBITTOJTHEHO 0€3 CYI1IeCTBEHHBIX TOrPELIHOCTE, TO
€CTb Pe3yJIbTaThl, MOTy4yeHHbIe Ha onHOM arnmapate KY3, Henb3st nepe-
HECTH Ha JAPYToii TeXHMYECKU OTJIMYHBIH arrapar. DTo MoJIoKeHHUe TaK-
K€ BEpHO IS YJIbTPa3ByKOBBIX arrapatoB Omnisense.

YabrpasBykosbie amnmapatel Sunlight Omnisense/MiniOmni —
MepBbie HEMHBA3WBHBIE aliapaThl, KOTOPbIE CITOCOOHBI U3MEPSTH
CKOPOCTb TPOXOXKACHUS 3ByKa yepe3 KOCTh B OoJjiee yeM OTHOM
TOUYKe CKeJieTa. ¥ CTPOMCTBO COCTOMT M3 OCHOBHOTO 0JI0Ka U He-
OOJIBIIMX PYYHBIX TATYMKOB, KaXKIbIi U3 KOTOPBIX MOAXOAUT IJIs
usmepeHusi SOS B HECKOJIBKUX OIpeae/IeHHbIX TOYKaxX CKejeTa,
HarmpuMep B IMCTaTbHONM TPEeTH Jy4eBOU KOCTH, CpeaHeil TpeTu
(anaHru nmaabua, MATON MJIIOCHEBOW KOCTU U CpeHEN TPETH AU-
acduza OoJsbliedbeplioBoil KocTu. Bee tumbl anmapaToB Sunlight
Omnisense n3mepstior SOS 110 TeXHOJOTHM, OCHOBaHHOI Ha Tpa-
NUIIMOHHBIX 3aKOHaX (U3UKU (KPUTUUYECKUI yroa pacrpocTpa-
HEHWS YIbTPa3BYKOBOW BOJIHBI), MPUMEHUMBIX K TPAHCMUCCUM
YABTPa3BYKOBOM BOJHBI Bmoyib KocTu [10—13]. OgHako BaxXHO
OTMETUTh, UTO TIPU CPABHEHUH PE3YJIbTATOB, TMOJTYYSHHBIX Ha O/~
HOM YyYacTKe CKeJieTa, CYIIeCTBEHHBIX OTIUUYUN MEXAY pa3HbIMU
MonensiMu amrapatoB Sunlight o6HapyxeHo He Obuto [14]. Tem
He MeHee, uTo KacaeTcs JIPA, oxxunath ONMHAKOBBIX PE3YJIbTATOB
Ha pa3HbIX yuyacTKax CKejieTa He IPUXOAUTCS (Harmpumep, Ha JIy-
YEBOU KOCTU U 00JIbIIEOEPIIOBOIT KOCTH)

Bruto mokaszano, uyro SOS oTpaxkaeTr cTemeHb NMPOYHOCTH
Koctei [10—13]. eiicTBUTENbHO, B pa3IMYHBIX paboTax 4eTKO
ykazaHo, 9yto SOS, n3MepeHHas Ha JIy4eBOU WK 00abIIe0epIIo-
BOM KOCTH, CBsI3aHa C TOJIIIMHON U TJIOTHOCTBIO KOPTUKAJIBHOTO
cllosl, a TakkKe B HEKOTOPOI CTENEeHM ¢ ero mopuctocThio. Eciu
KOPTUKAJIBbHBIMA CJIOU TOHKUU MO OTHOLICHUIO K IJIMHE BOJIHBI,
TO 3BYKOBbI€ BOJIHBI TPOHUKHYT B TPaOEKYJISIPHBIN CI0M, KOTO-
Pblif HAXOAUTCSI HEMOCPEJCTBEHHO MO/ KOPTUKAIbHBIM. Kpome
TOTO, pe3yJbTaThl YKa3bIBAIOT HAa TO, UTO aKCHaIbHasi TPAHCMUC-
CUsl U3 pa3HbIX JOCTYMOB MO3BOJISIET OLIEHUTH pa3jiMuHbIe Me-
XaHUYeCKUe MapamMeTpbl KOCTU (Hampumep, KPpUTUUECKYIO Ha-
rpy3Kky). CodyeTaHue pa3HbIX METOAUK aKCHAJbHOW TPaHCMUC-
CUY TOJDKHO JaTh KAYeCTBEHHBIN MPOTHO3 KacaTeIbHO MEXaHM -
YeCKUX MapaMeTpoB KOCTU M, COOTBETCTBEHHO, B OTHOILIEHUU
puCKa MepeIoMOB.

B zaxiiouenune ormetum, uyto uaMmepeHuss SOS oTpaxaioT He-
CKOJIbKO pa3HbIX KAYeCTB KOCTEi, TAKUX KaK MIOTHOCTb, YITPYTOCTb,
TOJILIMHA KOPTUKAJILHOIO CJI0SI U, B MEHbIIIEH CTeeHu, MUKpoap-
XUTEKTYpa KOCTU, TAKHMM 00pPa30M CIOCOOCTBYS MOJIy4eHHIO 0oJiee
MOJIHOM KAPTHHBI IOMKOCTH KOCTH, YeM MPH OLIEHKE TOJbKO MUHE-
PAJbHOI INTIOTHOCTH KOocTH MeTomoM JIPA.

MoxxHo nn npumeHaTb KY3 ansa oueHkn pmucka
nepenomoB?

— EOuncmeenHbIM NPOBEPEHHbIM YHACMKOM CKeaema, Ha KOMopom
svinoansemes KY3 6 kaunuueckoii npaxmuke npu ocmeonopo3se, 51645~
emcs namouHas Kkocmo (oguuyuansvroe noroxcenue ISCD [6]).
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This statement has been made couple years
ago as at that time because of the insufficient
number of publications for non-heel QUS de-
vices. Since then, things changed substantial-
ly with more than 60 publications on Omni-
sense QUS devices on fracture discriminations
[15—30], fracture prediction [31—34], age re-
lated changes [35—37], screening strategy [38—
41], bone status follow-up with- without treat-
ment [42—48], secondary osteoporosis [49—
52], etc.

— Validated heel QUS devices predict fragility
fracture in postmenopausal women (hip, vertebral
and global fracture risk) and men over the age of
65 (hip and all non-vertebral fractures), indepen-
dently of central DXA BMD (ISCD — IOF Official
Position [6, §]).

— For QUS, different devices should be inde-
pendently validated for fracture risk prediction by
prospective trials or by demonstration of equiva-
lence to a clinically validated device (ISCD Offi-
cial Position [6]).

— Discordant results between heel QUS and cen-
tral DXA are not infrequent and are not necessari-
ly an indication of methodological error (ISCD Offi-
cial Position [6]).

It is becoming well established that overall,
non-heel axial transmission QUS can discrim-
inate those with osteoporotic fractures (hip,
spine, any osteoporotic fracture) from age-
matched controls without osteoporotic frac-
ture [15—30]. Most of these studies outcome,
although slightly less sensitive than heel ultra-
sound, were independent of BMD and age and
demonstrated that the combination of QUS and
BMD measurements may improve the accura-
cy of identification of women who will sustain
a fracture.

The power of non-heel axial transmission QUS
to predict fracture observed in cross-sectional stud-
ies has been confirmed by some but not all prospec-
tive studies [31—34]. Indeed, the first prospective
study by Lee S.H. et al. [33] failed to demonstrate
the ability of Radius and Tibia SOS to predict pro-
spectively osteoporotic fracture. However this study
has a major limitation related to a too large age dif-
ference between groups which could not be entirely
adjusted by statistics explaining these partially neg-
ative results. A previous attempt was done by Dob-
nig et al. [31], but in a population of elderly wom-
en living in nursing homes Whereas incident hip
and non-vertebral fracture risk was related to Achil-
les+ SI (HR 1.3 (1.1—1.4), respectively 1.1 (1.02—
1.3)), Omnisense SOS phalange or radius was not
predictive of fracture. But again the sample size was
very small and the studied population very specif-
ic. In fact even the Achilles+ showed borderline re-
sults about twice as low as usually reported in the
literatures. The most important positive and robust
results are coming from a large prospective study
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D710 nosoxeHue 100aBIeHO HECKOJLKO JIET Ha3all, Koraa ObLIo He-
JIOCTaTOYHOE KOJIMYECTBO IybnuKaiuii o6 anmaparax KY3, npume-
HSIEMBIX [UTSl aHAJIM3a APYTUX KOCTeil, KpoMme TiaTouHoii. C Toro Bpe-
MEHU CUTYalUsl CYIIIECTBEHHBIM 00pa30M M3MEHUJIACh — TOSIBUIOCH
6osee 60 mybauKanuii 06 yabTPa3BYKOBBIX armaparax Omnisense,
MOCBSIIIEHHBIX BBISIBJICHUIO ITepeoMoB [15—30], TporHo3upoBaHIIO
nepenomMoB [31—34], Bo3pacTHBIM U3MeHeHUsIM [35—37], cTparerun
npoBeaeHsT NPOoGUIAKTUIECKIX uccaenoBanuii [38—41], Habmone-
HMSIM 32 COCTOSTHMEM KOCTHOI CHMCTEeMBI C TTPOBEIEHUEM JIeUeHUST 1
6e3 Hero [42—48], BropuuHOMY ocTteornoposy [49—52] u ap.

— Ymeepocoennvie ons nposedenus KY3 namouroii kocmu annapamot
UCNOABL3YIOMCS 0A51 NPOCHO3UPOBAHUSI NAMOAOSUMECKUX NEPENOMOB Y JICeH-
WUH 8 NOCMMEHONAY3AAbHOM nepuode (PUCK Nepesomos 0eOpeHHOU Kocmi,
NO360HOYHUKA U 00UULL PUCK NEPeoMO8) U MYdIcHUH cmapude 65 rem (nepe-
JN0MbL 0e0perHOIl U dpyeux Kocmeil, Kpome NO360HOYHUKA), He3A8UCUMO OM
MIIK, onpedenennoii memodom uenmpanwvioii J{PA (oghuuuanstoe nonoxce-
nue ISCD — IOF [6, §)).

— Pazauunsie annapamor KY3 dongchbl npoxooums omoenvHyro He-
3A8UCUMYIO BANUOAUUIO 8 OMHOUEHUU NPOCHO3UPOBANUS PUCKA Nepeno-
M08 8 X00e npocneKmueHbIX UCCAe008aHUI Ul nymem 00KA3aHUs K-
BUBANEHMHOCMU KAKOMY-AUOO KAUHUHECKU YMBEePICOeHHOMY annapa-
my (ouyuanvhoe nosoxcernue ISCD [6]).

— Tlpomueopeuusvie pesyasvmamor KY3 namounoii kocmu u J[PA
YEHMPANbHORO CKeAema 6CMpeualomces 00804bHO 4aCmo, HO OHU He 0051~
3amMenbHO C8UAeMeNbCMEYIOm 0 Memodoa02u4ecKux ouuokax (oguyu-
anvroe nonoxcerue ISCD [6]).

C 0ouibilei yBEPEHHOCTBIO MOXKHO FOBOPUTH O TOM, YTO B LIEJIOM
K¥3 apyrux Kocreii, KpoMe NATOYHOI, OCHOBAHHOE HA AKCHAJIb-
HOI TPAHCMUCCHHU YJIbTPA3BYKOBOIi BOJIHbI, MOXKET MOMOYb Pa3Jiu-
4aTh 0OJIbHBIX C MATOJIOrMYECKUMH TEPeIOMAMH NPH OCTEONOPO-
3e (OeApeHHO# KOCTH, TO3BOHOYHUKA, JIIOOBIMM JIPYTHMH NATOJIO-
THYECKHMH TepeioMaMi) U 00JIbHBIX COOTBETCTBYIOLIETO BO3PACTa
U3 KOHTPOJIbHO# Ipynmbl 03 Takux nepeiomos | 15—30]. Pesyibra-
ThI OOJIBILIMHCTBA 3TUX UCCIEIOBAHU, XOTSI METOI U SIBJISICTCS] HEM -
HOTO MeHee IyBCTBUTEIbHBIM, YeM Y 3U MATOUHOM KOCTH, He 3aBU-
cenu ot MITK 1 Bo3pacta 60JbHBIX M TTOATBEPAWIH, UTO COUYETAHUE
KVY3 u uzmepenuit MIIK MoxeT yIydiIuTh TOYHOCTH BBISIBICHMS
JKEHIIMH, Y KOTOPBIX B OyIyIlleM BO3MOXEH IMepesioM.

HaGmonaemast B mepeKpecTHbIX UccaeI0BaHUsIX 3(D(HEKTUBHOCTD
KY¥Y3 narouHoit KOCTH, OCHOBAHHOTO Ha aKCHaJbHOW TPAaHCMUCCUU
YJIBTPa3BYKOBOIA BOJIHBI, B IPOTHO3MPOBAHUU MEPEIOMOB ObLIa IO/~
TBepXJIeHa HEKOTOPHIMU IMPOCIIEKTUBHBIMU UCCIIEIOBAHUSIMU, HO HE
BcemH [31—34]. deiicTBUTENBHO, MIEPBOE MTPOCIIEKTUBHOE UCCIIEIOBA-
Hue, mpoBeaeHHoe S.H. Lee et al. [33], He cMOIIO TPOAEMOHCTPHUPO-
BaThb BO3MOXKHOCTb TTPOTHO3UPOBAHMS TTATOJIOTUIECKUX TIEPETIOMOB
o SOS xydeBoit 1 00mbIIe0eplIOBOil KOocTeil. OmHAKO 3TO MCCIIeIO0-
BaHKMe UMeJIO 3HAYMTEIbHOE OTPaHUUYEHUE, CBI3aHHOE CO CIIMIIKOM
OOJIBIIMMU BO3PACTHBIMU Pa3IUUUSIMU MEXIY TPYMIaMU, KOTOpPbIe
He YIaJI0Ch MOJHOCThIO CKOPPEKTUPOBATh CTATUCTUYECKUMU METO-
JIaMU Y KOTOPbIE OOBSICHSIIOT 3TU YACTUYHO OTpULIATEbHbIE PE3YJib-
tatel. [Tpenpinyiiast monbiTKa Obl1a npeanpuHsaTa Dobnig et al. [31],
HO TOTJIa UCCJICAOBAJIY TTOMYJISILIUIO MOXKUIBIX KEHIIIUH, TPOXUBAI0-
LIMX B JIOMax Ipecrapesibix. Tak Kak HOBbIE MepeioMbl OeIpeHHO 1
NPYTUX KOCTEH, KpOMe IMTO3BOHOYHMKA, OBLITM CBSI3aHBI C U3MEPEHUSI-
mu Ha armapate Achilles+ SI (OP 1,3 (1,1-1,4) u 1,1 (1,02—1,3) co-
OTBETCTBEHHO), pe3yJabTaThl m3mepeHnii SOS damaHru nanblia Win
JIy4eBO KOCTU Ha ammapare Omnisense He TPOrHO3MPOBAIU TIepe-
oM. Ho uccienyemblii 00beM BBIOOPKM ObLI OY€Hb MaJIEHbKUM, a
MOITYJISILMST — BecbMa crielidpuuHoii. Ha camom nene naxe Achilles+
MOKa3aJl MOrpaHUyYHbIe pe3yIbTaThl, KOTOPbIE ObLIM MOYTH B 1Ba pa3a
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from Canada [34]. The purpose of this prospective
investigation was to assess the ability of Beam-Med
(previously Sunlight) Omnisense quantitative ultra-
sound (QUS) to predict fractures over a five year
follow-up period. A total of 1108 men and 2633
women were assessed with QUS at the tibia, radi-
us and phalanx sites as part of the Canadian Multi-
center Osteoporosis Study. A total of 204 fractures
were recorded over the follow-up period. When all
fractures were considered, an increase of 150 m/s
in the SOS measure was associated with a decrease
of fracture risk by 25 % when measured at the ra-
dius (HR = 0.746, p < 0.001), by 30 % when mea-
sured at the tibia (HR = 0.701, p < 0.001) and by
7 % when measured at the phalanx (HR = 0.929,
NS). When fractures were limited to only non-ver-
tebral fractures (187 fractures), an increase in the
SOS by 150 m/s was associated with a decrease in
fracture risk by 26 % when measured at the radius
(HR =0.743, p < 0.001), by 30 % when measured
at the tibia, and by 8 % when measured at the pha-
lanx (HR = 0.923, NS). At the radius and tibia sites
a change in SOS by approximately one standard de-
viation was associated with a 25—30 % change in
five-year fracture risk. The Authors concluded that
the Beam-Med Omnisense multisite ultrasound has
demonstrated to be a valuable tool for fracture risk
assessment. One has to keep in mind that as for
heel QUS device, discordant results between ra-
dius/tibia/phalanx QUS and central DXA, which
are not infrequent, are not necessarily an indica-
tion of methodological error but rather due to the
independence between the two techniques.

In conclusion, all these studies showed con-
trasted (mostly positive) results about the positive-
ness of the Omnisense at difference skeletal sites.
However from the latest prospective study, Radi-
us and Tibia SOS (but not the phalanges) estimate
sufficiently the prediction of fragility fracture in
postmenopausal women (hip, vertebral and global
fracture risk) to be used in conjunction with clini-
cal risk factors. Additional studies would be need-
ed for the phalanges to further strengthen these
conclusions using either a prospective study and/
or another large population based study.

Can QUS be used to diagnose
osteoporosis?

— The WHO diagnostic classification cannot be
applied to T-scores from measurements other than
DXA at the femur neck, total femur, lumbar spine or
one-third (33 %) radius because those T-scores are
not equivalent to T-scores derived by DXA (ISCD
Official Position [6]).

This statement is perfectly applicable to the Om-
nisense devices as well. Indeed, The WHO classifi-
cation of BMD was established using central DXA
technologies at specified skeletal sites with a female
postmenopausal Caucasian reference database [1].
It is not possible to apply the WHO criteria to other
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HIVXE PE3ybTaToOB, O KOTOPBIX COOOMIANOCH B TUTEPATYPHBIX UCTOU-
HuKax. Hambosee BaxkKHbIE TIOJOKUTEIbHBIE U YCTOMYMBBIE PE3YITb-
TaThl OBUTM TIOJYYE€HbI B KPYITHOM TTPOCIEKTHBHOM KaHaJCKOM KC-
cnenoBaHui [34]. Llesnbto 3TOro mpocrneKTUBHOTO UCCIeI0BaHMSI Obl-
JIO OILICHUTh BO3MOXKHOCTD ITPOTHO3a MTEPEIOMOB B TEUCHUE TISITUIICT-
Hero nepuona HaomoneHus ¢ momoinbio anmapara KY3 Beam-Med
(panee Sunlight) Omnisense. B o61ueii cioxHoctu 1108 MyXunH u
2633 xenuuHbl mpouuti KY3-uccnenoBaHue 60J1bIIe0epIOBOi KO-
CTHU, JIy4eBOU KOCTU U (pajlaHTy najblia B pamkax KaHanackoro MHo-
TOLIEHTPOBOTO MCC/IEIOBAHUST OCTeonopo3a. B TeueHne nepuona Ha-
omoneHus Ob10 3apernucTpupoBato 204 nepeoma. Korma yauteisa-
JIX BCe cllydyau repesioMoB, yeenudenue SOS Ha 150 m/c accorumpo-
BaJIOCh CO CHIDKEHMEM PHUCKa ITepeIoMOB Ha 25 % mpu n3MepeHUH Ha
syueBoit koctu (OP = 0,746, p < 0,001), Ha 30 % — nipu usmMepeHun
Ha 6oJbiiedepoBoit koctr (OP = 0,701, p < 0,001) uHa 7 % — npu
usMepeHuu Ha ¢ananre naibia (OP = 0,929, He noctoBepHo). Kor-
Jla BBIOOPKY OTpaHUYMIN TOJBKO HEBEPTEOPATbHBIMU TEepeoMaMiu
(n = 187), yBenuuenue SOS Ha 150 M/c accOLMMPOBAIOCH C YMEHb-
LIIEHNEM pUCKa TIEPEIOMOB Ha 26 % Tipu U3MEpeHUH Ha JIy4eBOii Ko-
ctu (OP = 0,743, p < 0,001), Ha 30 % — npu u3MepeHUN Ha OOJTb-
mebeproBoit KocT U Ha 8 % — Ha danmanre nanbua (OP = 0,923,
He J0CTOBepHO). 3MeHeHue cKOpOCTH 3ByKa B JIy4eBOIi U OOJIbllie-
0epIIOBOI KOCTSIX MPUOIU3UTEIEHO Ha OMHY €IMHUILY CTaHIapTHO-
TO OTKJIOHEHUST OBLIO CBSI3aHO € M3MEHEHHMEM TTPOTHO3a MATUJICTHE -
ro pucka repeaoMoB Ha 25—30 %. ABTOpPBI c/iemain BBIBOJ, YTO all-
napatr Beam-Med Omnisense noka3zai 3¢ (GpeKTUBHOCTD B OLIEHKE PH-
cka nepesiomoB. Uto kKacaercsa ammapara KY3 nis nsarounoii Koctu,
TO CJieflyeT MOMHUTb: MPOTHBOPEYMBBIE Pe3yJIbTAThl UCCJIeA0OBAHMI
JIy4eBOii KOCTH, 00JibIe0epioBoii KOocTd U (hajanru najabua u JIPA
LEHTPAJILHOTO CKeJIeTa, KOTOPbIe BCTPEYaIOTCs I0BOJIBHO YaCTO, HE
0053aTeIbHO CBUIETEIbCTBYIOT 0 METONOJIOTHUECKIX OINMOKAX, a
CKOpee BbI3BaHbI T€M, YTO 3TH METOIUKH a0COIOTHO HUKAK He CBS-
3aHbI MEKITY CO0O¥.

B 3akitoueHre: Bce 3TH MCCIeI0BaHMSI Ay IIPOTUBOPEUYNBEIC (B
OCHOBHOM TIOJIOKUTEIbHBIC) Pe3yIbTaThl 00 3(P(PEKTUBHOCTH MPU-
MeHeHus anmnapaToB Omnisense Ha pa3HbIX yyacTKax ckeneta. Om-
HaKoO, MO NaHHBIM TOCJEIHETO MPOCIEeKTUBHOTO MCCIIEI0BaHUS,
SOS nydeBoit u 60JbLIEOEPLIOBOIT KOCTe (He (ajlaHT IajiblieB) B
COYETAaHUM C KIMHUYECKUMU (haKTOpaMu pUcKa JOCTATOYHO d¢-
(heKTUBHO TIPOTHO3UPYIOT BEPOSITHOCTH MATOJOTMUECKUX MepPesio-
MOB y XEHIIWH B TTEPUOJ TOCTMEeHOMay3bl (0eIpeHHOIM KOCTH, TT0-
3BOHOYHMKA, JTIOOBIX IPYTUX MaTOJOTMUeCKUX nepeoMoB). [ToTpe-
OyeTcsl TpoBeeHYE JOTTOTHUTEIbHBIX UCCeIOBaHWI (haaHT Masib-
1IeB, YTOOBI 3aKPETUTh 3TH BBIBOIBI, a TaKXKe IMPOCIEKTUBHBIX U/
WIN OIPYTUX UCCASIOBAHUM OOIBIION ITOMYJISIIAN.

MoxxHo nu ncnonbsosarb KY3 ana gnarHocTnkm
ocreonoposa?

— Jluaenocmuueckasn kaaccuguxayus BO3 npumenuma moavko K
T-kpumepusm, noayueruovim 6 pesyaomame /[ PA weliku 6edpa, écei
OedpenHoll Kocmu, NOACHUYHO20 OmMOeAd NO360HOYHUKA UAU mpemu
(33 %) nayuesoii kocmu, nomomy umo T-kpumepuu, noayuenHbie UHbL-
MU Memodamu, He IKeuUareHmuusl T-Kpumepusm, noay4eHHbIM Memo-
dom JIPA (oghuyuanwvroe noaoxncenue ISCD [6]).

DTO TOJIOXKEHUE TIOJIHOCTBIO CIPaBeNIMBO W IS arraparoB
Omnisense. [leiictButenbHo, Kiaccudukauus MITK (BO3) obuia
co3/IaHa ¢ UCMOJIb30BaHMEM METOIUKM IieHTpaibHOM JIPA Ha ompe-
JIeJICHHBIX YJacTKax cKejieTa 1o pedepeHTHOI 0a3e KeHIIUH eBpo-
MEeOUIHOMN pachkl B IOCTMeHomnay3aibHoM nepuonae [1]. Kpurepuu
BO3 Henb3st MPUMEHSTD K IPYTUM METOAMKAM U APYTUM ydacTKam

17

www.mif-ua.com



HoBiTHi AoCArHeHHA

technologies and other skeletal sites. The WHO T-
score range of —2.5 or less identifies approximate-
ly 30 % of postmenopausal women as having osteo-
porosis, which also approximates the average life-
time risk of osteoporotic fractures (clinical spine
fracture, hip and forearm). The T-score diagnostic
threshold of —2.5 cannot be applied to QUS devices
without the risk of having discrepancies in the num-
ber of women diagnosed with osteoporosis.

From this variation and because of the intrinsic
origin of the WHO classification of osteoporosis,
one cannot use this definition for other sites than
BMD of the femur, spine and 1/3 radius.

In conclusion, WHO classification criteria for os-
teoporosis as developed for DXA measurement of
the spine, Femur and 1/3 radius cannot be applied to
QUS measurement although the Weiss studies [17,
35] are rather opposite to that. Omnisense device spe-
cific thresholds could be calculated and be used in a
triage approach as suggested in the next paragraph.

Can QUS be used to initiate
treatment or further evaluation?

— Central DXA measurements at the spine and fe-
mur are the preferred method for making therapeutic
decisions and should be used if possible. However, if
central DXA cannot be done, pharmacologic treat-
ment can be initiated if the fracture probability, as
assessed by heel QUS using device specific thresh-
olds and in conjunction with clinical risk factors, is
sufficiently high (ISCD Official Position [6]).

Available therapeutic intervention thresholds vary
due to either the presence or absence of clinical risk
factors (CRFs) for fracture or different CRFs being
used as a function of the professional group that are
suggesting the recommendations. It is generally ac-
cepted that the BMD threshold for initiating treat-
ment is higher when CRFs are present. It is also well-
established that the basic parameters associated with
QUS measurement of bone, namely the SOS, are as-
sociated with overall bone strength [10—13]. Bone
strength is related to bone density, bone architecture
(macro and micro) bone turnover, as well as the de-
gree of bone mineralization. It is likely that these fac-
tors work together in an integrated way to maintain
the overall quality and strength of bone to perform its
function while preserving its integrity and its resistance
to fractures. A key clinical question is whether individ-
uals identified by QUS as «high-risk» for fracture will
benefit significantly by treatment with antiresorptive
agents or other specific medications against osteopo-
rosis. Currently, there are no randomized clinical trials
showing reduction of fracture risk in patients selected
for treatment according to QUS measurement. But
we have to face a certain paradox: treatment with ap-
proved antiresorptive drugs is associated with a reduc-
tion in fracture risk that is disproportionately greater
than the increase in BMD, as determined by DXA. In
other words, osteoporosis medications improve bone
strength in ways that are not entirely dependent on
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ckenera. 3HaueHue T-kputepus BO3 meHee —2,5 yka3bIiBaeT Ha Ha-
JINYME OCTeonopo3a npuoan3nuTesibHo y 30 % KeHIIMH B KIMMaK-
TEPUYECKOM TIepUOJIe, UTO TAaKXKe MPUMEPHO COOTBETCTBYET Cpeji-
HeMY MOXM3HEHHOMY PUCKY BOBHUKHOBEHUS MATOJIOTMUECKUX TTe-
peJIOMOB TMPU OCTeoropo3e (MO3BOHOYHUKA, OEIPEHHON KOCTU U
npeamiaedbst). Ecim nuarHoctnueckuii mopor T-kpurepust —2,5 Oy-
JIeT MpUMeHsIThes s anraparoB KY3, pucka pacxoXaeHUi B KO-
JINYECTBE KEHIIMH, KOTOPbIM JIMarHOCTUPOBAH OCTEOINOPO3, HE 13-
0Oexarb.

W3-3a momoOHBIX pas3nmmuuii 1 OCOOCHHOCTeH Kiaccudu-
Kaiuu octenopo3da BO3 3To mojioxkeHWe MOXKET TTPUMEHSITHCS
Toabko miga MIIK GenpeHHOli KOCTU, IMMO3BOHOYHMKA U TPETHU
JIy4€BOM KOCTH.

B szakmoueHue: Kpurepum Kiaccudukauuu ocreroposa BO3,
paspaboTaHHOU Wi uaMepeHuii JAPA mo3BoHoOYHUKA, OenpeHHOMI
KOCTHU U TPETH JIyueBOi KocTH, He puMeHuMbI 115t KY3, xors uc-
cienoBanus Weiss [17, 35] ocnmapuBaioT 3ToT pakT. MOXXHO paccum-
TaTh CrielMajibHbIe 3HAUEHMS [J1s1 annapata Omnisense v UCIOJIb30-
BaTh WX MPY MMOAXO/E C COPTUPOBKOM OOJIbHBIX, OITMCAHHOM B Clie-
nytoleM maparpade.

Mo>xHo nu ncnono3oBatb KY3 gna Hauana
NeyeHNA NN ganbHeNLNX OLEHOK?

— Ilenmpanvnas J[PA no3eonouruka u 6edpeHHoil Kocmu sensem-
¢ NPeonoumumensHoIM Memooom OUaeHOCMUKU Npu 8blbope Memooa
AeHeHUsl, U NO B03MONCHOCMU 00ANCHA UCNOAb308AMbBCA UMEHHO OHA.
Oonaxo ecau evinoanenue yenmpaavhoi J[PA nesozmoxcno, npu
00CMamo1Ho 8bICOKOU 6eposimHOCIU nepeaomos no ouenke KY3
C yuemom npeoeavHvlX eeautun pedhepenmnoil 6azvl annapama u
KAUHUMECKUX (haKmopoe pucka MoMcHO Hauamv MeOUuKaMeHmOo3-
Hoe aeuenue (opuyuansroe nosoxcerue ISCD [6]).

JlocTymHbIE TTOPOTH TePareBTUUYECKOTO BMeEIaTeJIbCTBA OT-
MeyaloTcs MPpU HATUYUU UM OTCYTCTBUU KJIMHUYECKUX (HaKTO-
POB pUCKa MEPETOMOB UM PAa3IUUYHBIX KIMHUUYECKUX (haKTOPOB
pUCKa B 3aBUCMMOCTHU OT TPYIIbI MpodeccuoHanoB, npeajiara-
IolIUX OmpenesieHHble peKoMeHaauuu. O6byHo mopor MITK
IJIsI MHULMWALIMKA JICYCHUs BBIIIE MPU HAJTUUYUU KIMHUYECKUX
daxkTopoB pucka. OCHOBHBIE TapaMeTpbl, CBsA3aHHbIe ¢ KY3-
HncCcIeToBaHUEM KOCTeil, B YyacTHOoCTH u3Mepenue SOS, acconu-
upyrTcs ¢ obuieit mpouHocThio kocTu [10—13]. [IpouHOCTH KO-
CTH CBsI3aHA C TUIOTHOCTBIO KOCTHOM TKaHM, apXUTEKTYPO KO-
¢ty (MaKpo- U MUKPO), peMOAeIMPOBAaHUEM KOCTH, a TAKXKE CTe-
MEeHbI0 MUHEpaIU3aluu KOCTHOM TKaHu. [To Bceit BUmIMMOCTH,
9TU (aKTOPHI NEeHCTBYIOT B3aUMOCBSI3aHHO IJISI TIOAePXKAHUS
0011ero KauecTna U MPpOYHOCTU KOCTe! Ha JOJXKHOM YPOBHE, UX
(GYHKIMOHUPOBAHUSI, COXPAHEHUS 1IEJIOCTHOCTU U YCTOMUYUBO-
cTu K mepesoMaM. KioueBoil KIIMHUYECKUI BOMPOC 3aKJItoya-
eTcsl B TOM, OyJeT JIU JJIs MallMeHTOB ¢ BICOKUM PUCKOM Tepe-
somMoB 10 olieHke KY3 B 3HauuTeNbHOI CTETIeHU OJaromnpusiT-
HBIM JIeueHHe aHTUPE30POTUBHBIMHU MperapaTaMy WU IPYTUMKA
cTielMaJbHBIMM JIEKAPCTBEHHBIMU CpeJCcTBaMU. B HacTosee
BpeMsI HET NaHHBIX KaKUX-JU0O0 paHIOMM3UPOBAHHBIX KJIMHM-
YeCKUX MUCCAETOBAHUI O COKpAIIEeHUU pUCKa TepeoMa y 00Jb-
HBIX, OTOOpPAHHBIX IJs JedyeHus 1o pesdyabrataM KY3. Ho Ham
MPUXOJUTCSI CTATKUBATHCSI C ONMpPeNeJeHHbIM MapagoKCoOM: Jie-
YyeHUe OJO0OpEeHHBIMU aHTUPE30POTUBHBIMU MpernapaTaMu CBs-
3aHO C COKpallleHUeM pucKa MepejoMoB, KOTOPOE HEMPOMNop-
LIMOHaJILHO OoJiblie, yeM yBeaudeHue MITK, nmo nanueim JIPA.
Jpyrumu cioBaMu, aHTHOCTEOTIOPOTUYECKUE CpEeNCTBa YJyd-
Ia0T MPOYHOCTh KOCTU TaKMM 00pa3oM, KOTOPHIX He TMOJHO-
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BMD. Given the strong and positive relationship be-
tween QUS parameters and bone strength, it is un-
likely that bone strength will increase under treatment
with decreasing QUS values.

— Heel QUS in conjunction with clinical risk
factors can be used to identify a population at very
low fracture probability in which no further diag-
nostic evaluation may be necessary (ISCD Official
Position [6]).

With the ability of QUS of the tibia and radi-
us to predict osteoporotic fracture, and with the
provision of central DXA being limited in some
geographic areas, it has been suggested that QUS
could be used in a triage mode. Indeed, one could
define specific thresholds to identify patients at
high or low risk of having osteoporosis. This ap-
proach has been proposed by the UK National
Osteoporosis Society (NOS) for use with pDXA
techniques and others [53, 54]. They have defined
upper and lower values for pDXA parameters with
90% sensitivity (upper threshold) and 90% spec-
ificity (lower threshold) for identifying patients
with central DXA T-score of —2.5 or lower at the
hip or spine. At or above the threshold of 90% sen-
sitivity, the likelihood of having osteoporosis was
very low, with only 10 % of subjects being rated
as false-negative. On the other hand, a specificity
of 90 % could be used to define subjects as having
high likelihood of osteoporosis. This leads to a low
rate (10 %) of false-positive subjects. With such a
triage approach the upper and lower thresholds are
defined, specific to each QUS device and skeletal
site, so that patients with osteoporosis by DXA of
hip or spine are identified with 90% sensitivity and
90% specificity. Patients with a QUS result below
the lower threshold are likely to have osteoporo-
sis at the hip or spine; patients with a result above
the upper threshold are unlikely to have osteopo-
rosis, while those between the two thresholds re-
quire a hip and spine DXA BMD for a definitive
diagnosis [6]. Nevertheless, it is difficult to define
a «high-risk» threshold that will identify a patient
who is likely to benefit from osteoporotic medica-
tion with a sufficient level of confidence. To par-
tially solve this problem, we recommend requir-
ing the presence of major CRFs in conjunction
with low QUS parameters to make treatment deci-
sions. The difficulty of applying CRFs to individu-
al patients is the absence of quantitative values. In-
deed, these parameters are usually categorical and
the weight of each of them may vary. To overcome
these difficulties, the calculation of an osteoporot-
ic fracture probability taking into account the gra-
dient of risk of QUS parameters and CRFs could
replace a device-specific T-score. High- and low-
risk probabilities then would help to determine the
strategy for a given patient.

One can therefore project various scenarios:

1) in places where access to axial DXA is lim-
ited, because of financial and/or infrastructure is-
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cTb10 3aBUCUT OT MIIK. YunThIBass NpouYHYIO U MOJ0XUTEIbHYIO
cBsI3b Mexy mapaMeTpamu KY3 1 IpoyHOCTBIO KOCTH, MaJIOBE -
POSITHO, UTO TIPOYHOCTb KOCTHU YBEJIMUYMUTCS TIPU JICUCHUU, ECIIU
3HaueHuss KY3 ymeHblinatorcs.

— KY3 namounoii kocmu 6 couemanuu ¢ kaunuveckumu Qpax-
mopamu pucka mMozym ucnoab308amocs 045 6biA6AeHUsL PYNN HA-
CeaeHUsA C O4eHb HUKUM YPOGHEM 6ePOSAMHOCHIU BO3HUKHOBEHUS
nepeaomos, Komopvim Mocen He NOHA00UMbCcs 0NOAHUMEAbHAS
duaznocmuxa (oguyuanstoe nonoxcerue ISCD [6]).

C yuyeTom Toro, yto nipu nomoiu KY3 6obiiedbepiioBoii u j1y-
YeBO KOCTEH MOXHO Ipeacka3aTh MaToJOrMYeckKuil rmepeiom, a
TaKXe C yUeTOM OTPaHUYEHHBIX BO3MOXHOCTEI MpUMEHEHUS 1IeH-
TpanbHOTO [IPA B HEKOTOPBIX TeorpaiecKrx 00JacTsIX, pero-
noxunn, yTo KY3 MOXHO MCIIOJIB30BaTh IJISI COPTUPOBKU 0OJIb-
HbBIX. JIeCTBUTEIBHO, MOXHO OTIPEETUTh CrielInpuIecKue opo-
'Y JUTS UACHTU(DUKAIIMY MAIlMeHTOB C BBICOKUM WJIM HU3KUM PU-
CKOM pa3BUTHsI OCTEONOpPOo3a. DTOT NOoAXoHd ObLI IpeaioxkeH bpu-
TaHCKUM HallMOHAJIBHBIM 00IecTBOM ocTeornopo3a (NOS) mpu
ucnoab3oBanuu NI PA 1 npyrux MeTonoB uccienoBaHus [53, 54].
bblnu 3agaHbl BepXHUE U HUXKHUE 3HaYeHus napameTpoB I PA ¢
90% -1 9yBCTBUTEILHOCTBIO TSI BepXHero rmopora u 90%-ii crienu-
(UYHOCTBIO JIST HYUXKHETO Mmopora sl UAeHTU(GUKALUY TallueH-
TOB CO 3HaUeHUEM T-KpuTepust 6eIpeHHON KOCTH WJIN TTO3BOHOY -
HUKa —2,5 Wiu HUXe 1o JaHHbIM 1eHTpajibHOTrO JIPA. Ilpu mno-
pore yyBcTBUTEJNbHOCTH 90 % WM BBIIIE BEPOSTHOCTh PAa3BUTHUS
OCTeoTropo3a OblJla OYeHb HU3KOM, IPU 3TOM JIOXKHOOTPHUIIATE b~
HBIMU IIPU3HAHBI JaHHbIE TOJIbKO 10 % mamueHToB. C 1pyroi cro-
POHBI, MOXKET UCTOb30BaThest 90%-5 crniennGUUHOCTD ISl OTpe-
JeJieHus CyObeKTOB C BBICOKOI BEpOSITHOCTBIO ocTeornopo3sa. [1pu
9TOM MPOLEHT JIOKHOIOJOXUTETbHBIX CYObEKTOB TaKKe HU3KUIA
(10 %). Tlpu TakOM MOAXOAE COPTUPOBKM MALIMEHTOB OMPEACIIsi-
IOTCSI BEpXHUE WM HUXKHME TTOpPOru i Kaxmaoro anmnapara KY3 u
yyacTka ckejeTa TakK, YTOObl MalMeHThl C OCTEONOPO30M OelpeH-
HOW KOCTM WJIM TTIO3BOHOYHMKA 10 AaHHbIM [{PA Obliu maeHTH-
dummmpoBanbl ¢ 90%-1ii 9yBcTBUTETLHOCTBIO M 90%-11 cierinuy-
HOCTBIO. Y MamueHToB, pe3yabTaThl KY3 KOTOphIX HMXKE HUKHE-
rO MOopoTa, BEepOsITHO, Pa30BLETCSI OCTEOTOPO3 OEAPEHHON KOCTH
WY TIO3BOHOYHMKA; y TIAIMEHTOB C PE3YJIbTATOM BBIIIIE BEPXHETO
MOpora OCTEONOPO3 MAIOBEPOSITEH, B TO BpeMsl Kak MallMeHTaM,
YbU Pe3yJbTaThl HAXOIATCS MEXIY STUMU MOpOraMu, MOTpedyIoT-
cs1 JIPA nnsa onpenenenust MITK GenpeHHON KOCTH U MO3BOHOY-
HUKa JIJIg YTOUHeHus auarHosa [6]. TeM He MeHee CJI0XKHO Oorpe-
JIEJTUTh TIOPOT «BBICOKOTO PUCKA» C TOCTATOYHOM CTEMEeHBIO yBe-
PEHHOCTH, KOTOPBIH TTO3BOJIUT BHISIBUTH MAIIUEHTOB, KOTOPHIM T10-
MOTYT aHTHOCTEOTIOPOTHIECKIUE cpeacTBa. [IJIsl 4aCTUIHOTO pele-
HUS 3TOM IIpo0IeMbl Tpy HU3KMX 3HaUYeHUsIX KY 3 MbI pekomeHmy-
€M YYMTBIBaTh OCHOBHBIE KIMHUYECKUE (PaKTOPbl pUCKa MPU BbI-
0ope crnocoba jeyeHuss. CI0XHOCTb NMPUMEHEHUS KJIMHUYECKUX
(akTOpOB prCKa K OTAETbHBIM MallMEHTaM 3aKJII04aeTcsl B OTCYT-
CTBMU KOJIMUECTBEHHBIX JaHHBIX. JIeiCTBUTENbHO, 9TU MapaMeTpbl
OOBIYHO SIBJISIIOTCSI KATETOPUIMHBIMU U 3HAYCHME KaXKIO0Tro M3 HUX
MOXeT U3MEHSIThCsI. YTOOBI pa3pelInTh TaKKE CIOXKHOCTU, T-Kpu-
Tepuit, crienUIECKUil sl OTNpeNesIeHHOro arrmapara, MOXHO
3aMEHUTh PACUETOM BEPOSITHOCTU TMATOJOTMYECKUX TMEPETOMOB C
YYIETOM TpagueHTH pucka mapaMmeTpoB KY3 u ximmHndeckux ax-
TOPOB pUcKa. BBICOKMIT M HU3KWIT PUCKU BEPOSITHOCTH TTOMOTYT
OTPENeUTh CTPATErNIO JIEYSHUS 151 KOHKPETHOTO TMallueHTa.

TToaTomMy MOKHO 3arIaHMPOBATh HECKOJIBKO CLIEHAPHEB:

1) ecnu gocrynHocth JIPA orpaHunyeHa u3-3a (pMHAHCOBBIX U/
WX MH(PPACTPYKTYPHBIX MTpobsieM, KY3 MoXKeT MpuMeHSThCS B I -
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HoBiTHi AoCArHeHHA

sues, QUS could be used for treatment decisions
independently of DXA and in conjunction with
CREF;

2) in places where the awareness of osteoporosis
is insufficient or where the number of axial DXA
per habitants is not enough to cover the needs,
QUS could be used in conjunction with clini-
cal factors to establish the diagnosis in most cas-
es [55], with DXA allocated for use to differentiate
patients whose probability of fracture falls in the
medium range; in this approach, QUS and CRF
could be used to identify subjects at very low risk
who do not need further evaluation as well sub-
jects at very high risk for whom treatment initia-
tion could be started (similarly to FRAX without
BMD [56]). Any subject in the intermediate group
of risk would be referred to additional test such as
DXA. This approach seems to be aligned with the
new 2007 ISCD recommendation [6].

Can QUS be used to monitor
treatment?

— QUS cannot be used to monitor the skeletal ef-
fects of treatments for osteoporosis (ISCD Official
Position [6]).

Monitoring treatment will depend of the preci-
sion of the device but also on the efficacy of such
treatment at a given skeletal sites as well as a func-
tion of the magnitude of response. At present, there
are very few studies evaluating the effects of phar-
macological treatments on QUS parameters and
clearly there is a lack of large randomized double-
blind placebo-controlled studies. From the differ-
ent studies listed previously [42—48], there is no
clear evidence that QUS is even clinically useful in
monitoring treatment. The best results are however
related to HRT. Concerning the first one, as stated
the clinical interest is limited as it is not even lon-
gitudinal. The second is much more exciting and
could be used as such knowing that the main limita-
tion is that it is an open label study with no real pla-
cebo group. Amazingly the Tibia SOS show good
results for monitoring in comparison to the oth-
er skeletal site as assessed by QUS Omnisense but
it still not surpasses the BMD measurement. Most
importantly, for unclear reasons, current osteopo-
rosis therapies are not always associated with mea-
surable changes at peripheral skeletal sites depend-
ing on the region of interest and the device used.
‘Whether this is a precision problem or simply a rela-
tive lack of treatment response at the peripheral site
(or a combination of the two) remains unknown. As
such it is not recommended for any type of QUS to
monitor treatment in individual patients.

However theoretically, if a device is displaying a
sufficiently good precision it should at least be able
to monitor bone status over time. This is the case
for the Omnisense Devices [15—48]. Indeed most
of the studies reported in vivo precision inferior to
1 % as short or long term which appears to be very
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arHOCTUYECKUX LIeJsIX He3aBucumo oT JAPA u ¢ yueTom KiMHUYe-
CKuX (paKTOPOB PUCKA;

2) B TeX peruoHax, rie ypoBeHb OCBEIOMJIEHHOCTU 00 OCTEO-
MOpO3€ HU3KUI WU TJe BO3MOXHOCTHU MPOBEIECHUS aKCUAIbHOU
JIPA He mocTaToyHbl, YTOObI YIOBIETBOPUTH MOTPEOHOCTH Hace-
JICHUSI, B OOJIBIITMHCTBE CyJaeB ISl IMaTHOCTUKU MOXKET UCITOJIb-
30Bathcst KY3 B coueTaHUM € OLIEHKOW KJIMHUYECKUX (DAaKTOPOB
[55]. IIpu stom A PA MOXHO MCITOIB30BaTh 111 U depeHIINPO-
BaHWS NALIMEHTOB, BEPOSITHOCTh BOZHUKHOBEHUSI TIepejioMa Y KO-
TOPBIX JIEXUT B CpelHEM auara3oHe. Takoil moaxoj rompasyme-
BaeT, yTo KV 3 u k1uHnveckue ¢pakTopbl prucKa MOTYT MCIIOJIb30-
BaThCs 1151 UAEHTU(DUKALUY JIIO/IeH C OUeHb HU3KUM PHUCKOM, KO-
TOPbIE HE HYXIAIOTCI B JaJIbHEUILEN OLIEHKE, a TakXe IallMeH-
TOB C OYEHb BBICOKMM PHUCKOM, YTOOBI HayaTh MX JieueHue (aHa-
JIOTUYHO IIKaJIe OLEHKU BEPOSITHOCTM BO3HUKHOBEHUS MEpeo-
MoB (FRAX) 6e3 MIIK [56]). JTio60if maieHT MpOoMeKYTOUHOM
TPYIIBI pUcKa Oy/eT HaNpaBJISITbCS Ha JOTTOJTHUTEIbHOE 00CIIe10-
BaHue, Hanipumep JIPA. DToT moaxon, mo-BUAMMOMY, COBIIANAET C
HoBoii pekomenaauueir ISCD 2007 roxpa [6].

MoxxHo nu ncnonbsoBatb KY3 ana KoHTponsa
nevyeuma?

— KY3 Heawvssn ucnonv3oeamso 045 KOHMPOAsL 8030elicmeust Ha KOCH-
HYIO cucmemy npu AeveHul ocmeonoposa (0uyuaibHoe noaodceHue
ISCD [6]).

KoHTpOJIb JIeueHUsT 3aBUCUT OT TOUHOCTH amrapata, 3G(GeKTuB-
HOCTH TaKOTO JICUEHUSI Ha ONpeaeICHHOM YyJacTKe CKeJieTa, a TaK-
K€ BEJIMYMHBI TepaneBTuuyeckoro addexkra. B HacTosiiiee BpeMst
MPOBEJIEHO HEMHOTO UCCJIeI0OBaHU, OLIEHUBAIOIINX BIUsIHUE (hap-
MaKOJIOTUYECKOTO JieueHus: Ha mapameTpbl KY3, u ssBHO HenmocTa-
TOYHO KPYITHBIX PAaHIOMU3UPOBAHHBIX TBOMHBIX CIIETIBIX IUIale6o-
KOHTPOJIMPYEMBIX MccienoBaHuii. [IpyHUMasi BO BHMMaHUE pa3-
JIMYHBIC UCCIIEA0BAHUS, YIIOMSIHYTHIE BhIlIe [42—48], HET HUKAKUX
OYEBUIHBIX J0KA3aTeJbCTB KIMHUYECKOU moab3bl KY3 mpu KoHT-
poute neyeHust. OqHAKO HAWJTYyUIIME Pe3YJIbTaThl CBSI3aHbI C UCTTIOb-
30BaHMEM TOPMOHO3aMECTUTEbHOI Tepanuu. OTHOCUTETBHO TIep-
BOTO OBLIO 3asIBJIEHO, YTO KJIMHUYECKMI MHTEpeC OrpaHUYCH, I10-
CKOJIbKY OHO HEeTpoJoJKUTeIbHOe. BTopast HaMHOTO O0JIee MHTe-
pecHa 1 MorJia Obl UCTIOJb30BAThCSI caMa Mo ce0e € y4eTOM TOTO, UTO
IJIaBHOE OTPaHWYEHME 3aKJII0YaeTCs] B TOM, YTO 3TO OTKPBITOE MC-
cleqoBaHue 0e3 pealbHOM TPYMITBI Iane60-KoHTporst. SOS 001b-
1e6epIoBOil KOCTH MOKa3bIBAET MOPA3UTETbHO XOPOIIIUE Pe3yIbTa-
ThI IPY KOHTPOJIE MO CPaBHEHMUIO C IPYTUMHU Y9acTKaMu CKejeTa Ha
yAbTPa3ByKOBOM arnapaTe Omnisense, HO TeM He MeHee He MPeBoC-
xonuT uamepenuit MITK. BaxHee TO, 4TO IO HESICHBIM MpUYMHAM
COBpPEMEHHBIE METOJIbI JICYEHMSI OCTEOTOpO3a He BCerjaa acCOLUM-
PYIOTCSI C UBMEPUMBIMU M3MEHEHUSIMU Ha yJyacTKax rnepudepuue-
CKOTO CKeJleTa B 3aBUCHMMOCTH OT U3y4aeMOli 00JIaCTH U UCTOJIb3Y-
eMoro yctporictBa. OcTaeTcsi HeM3BECTHBIM, SIBJISIETCS JIU 3TO TPO-
0JIeMOiT TOUHOCTU U3MEPEHUI WIM TTPOCTO OTHOCUTEbHBIM OTCYT-
CTBHEM peakiMy Ha JiedeHre Ha TepudepruyecKrux yJactkax (Wi
KoMOuHauus 3TuX IByx paktopos). [1o cyiiecTBy HM OOUH TUII arl-
napatoB KY3 He pekoMeHayeTcs IS KOHTPOJIS JI€YeHUST OTAEb-
HBIX MAllUEHTOB.

OpHako TEOPETUUECKU, €CM anmnapar J0CTaTOYHO TOYHBI, MO
KpaifHeil Mepe OH OJKEH KOHTPOJMPOBATh COCTOSIHUE KOCTEN B
TeUeHHUe IIUTEIBLHOro mneprofa. DTo crpaBeUIMBO ISl arrapa-
ToB Omnisense [15—48]. deiicTBUTEIbHO, OOJBITMHCTBO UCCIIEIO-
BaHWIA MTOKA3aJI0 TOYHOCThH in vivo MeHee 1 % KakK B KpaTKOCPOY-
HOM, TaK U B IOJITOCPOYHOM MEPHOJE, YTO, TO-BUAUMOMY, OUCHb
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good. However one has to be careful in compari-
son precision between manufacturers. Indeed if we
are looking for the SOS precisions for some of the
heel ultrasound devices, they will be in the range of
0.3 %. These results are however completely mis-
leading since it does not take into account the bio-
logical range of the parameters (e.g. the «<bone loss»
over life time as assessed by SOS). Therefore one
would have to take into account the normative data
biological range or as a surrogate, the standardized
coefficient of variation (SCV%), using the follow-
ing formula: root mean squared coefficient of varia-
tion (RMSCYV) divided by (four times the standard
deviations of the population divided by the mean of
the population). When doing so, the standardized
precision of the Omnisense is perfectly aligned with
most of the good heel ultrasound devices.

In conclusion, although reported precision is
usually very good, as today QUS cannot be used
to monitor the skeletal effects of treatments for os-
teoporosis. Normal bone status follow-up in the
postmenopausal period is however doable.

What should be in the QUS
reporting?

— For QUS, the report should combine the follow-
ing standard elements (ISCD Olfficial Position [6]):

— Date of test, Demographics (name, date of birth
or age, sex), Requesting provider, Names of those re-
ceiving copy of report, Indications for test, Manufac-
turer, and model of instrument and software version,
Measurement value(s), Reference database, Skele-
tal site/region of interest, Quality of test, Limitations
of the test including a statement that the WHO di-
agnostic classification cannot be applied to T-scores
obtained from QUS measurements, Clinical risk fac-
tors, Fracture risk estimation, a general statement
that a medical evaluation for secondary causes of low
BMD may be appropriate.

— The report may include the following optional
item (ISCD Official Position [6]):

— Recommendations for follow-up imaging

— Recommendations for pharmacological and
non-pharmacological interventions.

Such a list is perfectly agreeable for any type of
QUIS devices and so it is for the Omnisense series.

What are the Quality Assurance
and Quality Control (QA/QC) Criteria
for QUS?

— For QUS, device-specific education and train-
ing should be given to the operators and interpreters
prior to clinical use (ISCD Official Position [6]).

— Quality control procedures should be per-
formed regularly (ISCD Official Position [6]).

Technical issues potentially affecting the utility of
QUS include the dependence of measurements on
temperature and acoustic coupling, the properties of
soft tissues overlying bone and the absence of a univer-
sally accepted QUS phantom for cross-calibration be-
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xopouo. OJHAKO HYKHO C OCTOPOKHOCTbIO OTHOCUTBCSI K TOUHO-
CTU CpPaBHEHMUSI pe3yJIbTaToOB, MOJYYEHHBIX Ha anraparax pa3HbIX
npousBoauTeseit. IeiiCTBUTENIbHO, €CiM Mbl OyleM OIpenessiTh
TOYHOCTh HEKOTOPBIX armnapaToB npu usMepeHnu SOS msTouHoOi
KOCTH, TO oHa Oymer B auarna3oHe 0,3 %. OmHako 3TH pe3yJibTa-
Thl TIOJTHOCTBIO BBOJST B 3a0JIyXJeHME, TaK KaK BO BHUMaHUE HE
OPUHIT OMOJIOTUYECKUI AUAara3oH mapaMeTpoB (HampuMmep, 1o-
Tepsl KOCTHOM Macchl B TeueHue XKu3Hu 1o oueHke SOS). [Moato-
MY HYXXHO MPUHUMATh BO BHUMaHWE HOPMAaTUBHBINA OuUoOJOrMye-
CKHUil IMana3oH WM B KauecTBe 3aMEHbl KBaApaTUUeCKUil Koad-
dunment Bapuauuu (% KKB) no cnenyromeit hopmyie: cpemaHe-
kBagpatnueckuii koadgdumnuent Bapuanuu (CKKB), pasnenen-
HBII Ha (YETBIPEXIbl CTAaHAAPTHOE OTKJIIOHEHME TIO MOTYJISIINY,
paszesieHHoe Ha cpefaHee apuMeTuYecKoe no nomynsinuu). Tak,
CTaHAApPTU3MPOBAaHHASI TOYHOCTH amrmapara Omnisense OTIUYHO
BBIPOBHEHA C APYTMMU TOYHBIMU YJIbTPA3BYKOBBIMU arapaTaMu
JUISI NSTOYHOM KOCTH.

B 3zakiioueHue: HECMOTpPSI HA TO YTO OOBIYHO COOOIIaeTCs 00
OYEHb XOPOIlIeil TOUHOCTH, Ha HacTosilKi MOMeHT KY3 He MoxkeT
WUCTIOJIb30BaThCS IS KOHTPOJISI COCTOSIHUSI KOCTEH TMpHU JIeYEHUU
ocreonopo3a. OgHaKo HOpMaJIbHBII KOHTPOJIb COCTOSTHUSI KOCTE B
KJIMMaKTEPUIECKOM MEePHUOJIE BITOJHE OCYIIIECTBUM.

Yro pomxHo YKa3biBaTbCA B 3aK/loHYeHnn
KONN4YyecrBeHHOro ynbrpa3sByKoOBOro mnccnepoBaHuna?

— B 3akniouenue KY3 donxcrbl ekaouamscs caedyroujue cmanoap-
muble anemenmol (oguyuanvroe nonodcerue ISCD [6]):

— dama nposedeHus: uccredoganus, Odemoepaguueckue OaHHble
(DHUO, dama poxcdenus uau 6o3pacm, noa), 8pai, bl0AIOUULL HANPAG-
JAeHue, UMeHa mex, Komy caedyem Hanpagums KONUio 3aKA4eHus, Ha-
3HAYeHUs 015 UCCAe008aHUS, NPOU3B0OUMEeNDb U MOJenb annapama, eep-
cusl NPOSPAMMHO20 0becnevenus, 3HaYeHUus usMepeHuil, pegepeHmuast
basa, yuacmok ckenema/uzyuaemas 061acms, Ka4ecmeo uccaedosa-
HUsl, 0epaHuyerus 0 nposedeHus Uccae008anUs, 8 MoM Yucie 3a56-
AeHue 0 mom, umo duaeHocmuyeckas Kaaccugurkauyus BO3 ne npume-
Huma Kk T-kpumepusm, noayueHHvim no peayassmamam KY3, kaunuue-
cKue hakmopul pucka, oueHKa pucka nepeaomos, obujee ymeaepcoenue
0 MOM, 4MO MeOQUUUHCKAsl OUeHKa 8mopuuHbix npuuur Huskoi MITK
MOodcem Oblmb YMECMHOIL).

— 3akaiouenue moxcem GKANOHAMYb CAeOYIOUUE He00A3amenbHble
anemenmol (opuyuanvroe nosoxcenue ISCD [6]):

— PeKOMEeHOayUulU no KOHMPOAbHbIM UCCACO08AHUIM,

— peKomeHOayuu no hapmaxkomepanuu u opyeum HemeouKkameHmo3-
HbIM Memooam AeueHus.

TTomoGHBIA CIMTUMCOK MOJHOCTBIO TMOAXOAUT sl anmnapaToB KY3
JII00OTO THUIIA, B TOM yncie cepuit Omnisense.

KakoBbl Kputepun o6ecneuyeHnna
1 KOHTPONA KayecTBa
ana Ky3?

— Onepamopbi u cneyuanucmol KY3 doaxcror npoiimu obyuenue u
NPAKmMuKy Ha OnpeoeneHHOM annapame neped e2o dKcnayamayueil @
KAUHUMecKux ycaosusx (oguuyuanvroe nosoxcerue ISCD [6]).

— IIpouedypst KOHMPOAS Kauecmea 00AHCHbL BPOBOOUMbCS PeyAsp-
Ho (oguyuansroe nosoxcenue ISCD [6]).

Cpenn TeXHMYECKHMX MpoOJeM, MOTeHIMaJbHO OKa3biBa-
IOIIUX BIUSHUE Ha nmpakTuuHocTh KY3, — 3aBuCHMMOCTDb U3-
MEPEHHUU OT TeMmepaTypbl U aKyCTUUYECKOM CBSI3U, CBOWCTBA
MSTKMX TKaHell BOKPYTI KOCTH M OTCYTCTBUE OOIIENPUHSITO-
ro KY3 ¢antoma nist mepekpecTHOM KaTuOPOBKU MEXIY CKa-
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tween scanners. Manufacturer-specific phantoms ex-
ist but are not anthropomorphic, making quality con-
trol and cross-calibration among scanners challenging
[57—59]. As the Omnisense is concerned [58], as to-
day, when the device is turned on, the operator is in-
structed to perform a daily System Quality Verification
measurement for each probe. This verification proce-
dure is designed to test on a daily basis the accuracy
status of the entire Omnisense system. The probe is
placed on the surface of the phantom (using a contact
ultrasound gel) and a standard type SOS measurement
is performed. At the end of the measurement the oper-
ator is asked to enter the phantom’s temperature-cor-
rected SOS (see below). A measurement history graph
is then displayed, depicting a validity range around the
expected temperature corrected values plus the mea-
sured points. Measurement history is shown, per op-
erator’s choice, of the last month, last three months,
last year or the entire history file. If for any reason the
measurement value is outside the validity range, the
operator is instructed to consult technical support.
Each Omnisense (including MiniOmni) is supplied
with a Perspex phantom. A thermometer strip is at-
tached to the Perspex phantom, enabling a reading
of the true phantom temperature. A conversion table
attached to the phantom enables readout of the tem-
perature-corrected phantom SOS. SOS readout tol-
erance is 3 m/sec.

In conclusion, monitoring the performance and
stability of the devices by regular temperature con-
trolled quality control measurements using appro-
priate phantoms is a precondition for the assessment
of good measurement quality. Also, QUS-specific
training should be performed to raise the operator’s
awareness to the specific requirements of QUS mea-
surements. Indeed for most devices the operator has
no influence over the study exam result after the sig-
nal has been recorded (i.e., no scan analysis).

Can QUS be used in children?

There is no ISCD Official Position on the use
of QUS in children [60], mostly by lack of data at
the time of the Consensus conference. Howev-
er the concept that osteoporosis prevention begins
during childhood is becoming increasingly accept-
ed [60]. Bone fragility throughout the life cycle is
determined in large part by bone density and ge-
ometry. Most pediatric bone studies have relied on
DXA to assess bone mineral content and density.
However, DXA provides areal bone mineral densi-
ty (aBMD) measurements which, in children, are
inherently biased by the size of the child, and have
required software modifications due to the small-
er size of the bones and surrounding soft tissue in
younger children. In the field of pediatric bone re-
search, peripheral Quantitative Computed To-
mography (pQCT) is an imaging tool of increasing
interest because of its ability to assess both densi-
ty and geometry. Unlike DXA which is a two-di-
mensional imaging technique, pQCT provides au-
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Hepamu. [TpousBoauTENN YIBTPAa3BYKOBBIX allllapaToB BhIMY-
CKaloT CBOU (DaHTOMBI, HO OHM HE SIBJISIIOTCSI aHTPOTIOMETPU -
YeCKMMU, UYTO OCJIOXKHSIET KOHTPOJb KayecTBa M MEPeKpecT-
HYI0 KaauOpoBKYy Mexny ckaHepamu [57—59]. UTto kacaetcs
anmapatoB Omnisense [58], Ha CeromHSALIHMUN OeHb omepa-
TODP JOJKEH eXeJHEBHO BBIMOJHSATh NMPOBEPKY KauyecTBa CU-
CTeMbl MIPM BKJIOYEHUM armnapara, MpoBOIAS M3MEpPEeHHUs Ka-
KIABIM AaTYMKOM. DTa Mmpolieypa MpoBepKu pazpaboTaHa aas
eXeIHEBHOM MPOBEPKU TOYHOCTHU Bcel cucTeMbl Omnisense.
JlaTuMK momeniaeTcsi B MOBEPXHOCTh paHTOMaA (C MCITOJb30-
BaHueM reis s Y3UW), u BBITIOJHSAETCS CTaHAApTHOE U3Me-
penue SOS. B KoHIle M3MepeHUlT oneparopa MPOCIT BBECTU
SOS ¢panToMa, CKOPppEKTHPOBAHHYIO HAa TeMIIepaTypy ¢paHTO-
Ma (cMm. Huxke). [lamee BRIBOAUTCS TpaduK UCTOPUU U3MEpe-
HUH ¢ AMarnma3zoHOM MPUMEHUMOCTH BOKPYT OXMAAaeMbIX 3Ha-
YeHW i, CKOPPEKTUPOBAHHBIX HA TeMIIEpaTypy, U TOUKHU U3Me-
peHuii. [lokazaHa ucTopus uaMepeHuil (Ha BbIOOpP oIlepaTo-
pa) 3a MPOILIBII Mecsll, MOCJeIHUue TPU Mecsla, MPOULIbIi
roj uiu Bcs ucrtopus. Eciam mo Kakoii-to npuuynmHe 3HaYeHUE
M3MEPEHUsI HAXOAUTCS BHE Juana3oHa MPUMEHUMOCTH, Ofle-
paTop NOJKEH NPOKOHCYJIbTUPOBATHCS CO CAYXKOOI TeXHUYE-
ckoit monnepxku. Kaxnpiit anmapatr Omnisense (B TOM 4ucie
MiniOmni) caHabxeH panToMoM Perspex, Ha KOTOpOM UMeEET-
Cs1 TIOJIOCKA-TEPMOMETD MJIsl OTIpeleIeHUsT TIPaBUJIbHOU TEM-
nepatypsl dantoma. K paHTOMY NpukpengeHa Tabauiia cooT-
BETCTBUS AJSI CUYUTBhIBaHUS CKOppeKTupoBaHHOU SOS ¢ yue-
TOM TemnepaTypbl ¢paHToma. [TorpemrHocTh cunuThiBaHuss SOS
coctaBisieT £3 m/c.

B 3akiiroueHue: 00513aTEIbHBIM YCIOBUEM 151 KAYeCTBEHHBIX
WUCCJICIOBAHUIA SIBISIETCS KOHTPOJIb pabOThI U CTAOMIBHOCTY arl-
MmapaToB B XOJIe TIPOBEACHUS PETYJISIPHBIX KOHTPOJbHBIX U3ME-
PEHUII C yUeTOM TeMITepaTyphl Ha COOTBETCTBYIOIIMX (DaHTOMAX.
KpoMme Toro, moJKHO MPOBOAUTHCS CIelMaTbHOE 00yYeHe Ha
onpeneneHHoM anmnapare KY3, 4To0n1 oniepaTop ObLI 3HAKOM CO
crenududeckumMu TpedoBanusmMu KY3-usmepenuii. [eiicTBu-
TeJIbHO, TIOC/Ie 3alMCH CUTHAJa ONlepaTop He BAUSET Ha Pe3yib-
TaThl MCCEeA0BaHUS Ha OOJIBIIMHCTBE ammnapaToB (T.e. aHAIU3
CKaHUPOBAaHMUSI HE IPOUZBOAUTCS).

MoxxHo nu ncnonbsosartb KY3 y peren?

OdunmansHoro nosoxkeHust ISCD mno ucrnonszoBanuio KY3 y
nereit HeT [60], IaBHBIM 00pa30M M3-3a HeJOoCTaTKa MH(GOPMALIUN
Ha MOMeHT npoBeneHunsi KoHbepeHINN MO TOCTUKEHUIO KOHCEH-
cyca. OgHako uaest o MpodUIakKTUKE 0CTEeONopo3a HauMHasl ¢ IeT-
CKOTO BO3pacTa HaXOJIUT Bce OOJIbIee KOJTMUECTBO TTPUBEPKEHIICB
[60]. XpyrmKocTh KOCTeH B TEUEHME XKU3HU 00YCIOBIEHA B OOJBIIENH
CTeTNIeHU WX TUIOTHOCTBIO M T€OMETpUYeCKUMM cBoiicTBamMu. [lpu
OOJIBIIIMHCTBE UCCIEA0BAHUI KOCTEN Y MeAMaTpUIecKrX OOJbHBIX
JIJISI OLIEHKU MUHEPAJIbHOIO COCTaBa M ITUIOTHOCTU KOCTE moJjiara-
torcst Ha JIPA. OnHako ¢ moMolibio JIPA BbIMOJHSIIOTCS U3MEPEHUST
MUWHEepaJIbHOW TJIOTHOCTH YYACTKOB KOCTHOM CUCTEMBI, KOTOPBIC Y
JieTeil ecTeCTBEHHBIM 00pa30M MCKaXaloTcs U3-3a pa3Mepa Teja pe-
oeHka. [Toaromy TpeOyroTCs MOAM(UKAIIMK MTPOrPaMMHOTO 00ec-
MeYeHrs M3-3a MEHBIIETO pa3Mepa KOCTel W MEHbBIIel TIIomaamn
OKPYKaIOIINX MITKUX TKaHe y neTeit Mmuianiiero Bo3pacra. B cdepe
HCcCeoOBaHUS KOCTeH y TIenuaTpuuecKuX O0JIbHBIX pacTeT MHTEPeC
K niepudepruyecKoii KOIMIeCTBEeHHOM KOMIBIOTePHOI ToMOrpadun
(mKKT) 6Gmarogapst BOSMOXXHOCTH OILIECHMBATh U TUIOTHOCTb, U Ie0-
MEeTpHUYECKHe CBOICTBA KOCTei. B oTiimume oT 1ByXMepHOI METOIM -
ku Bugyanusainuu [ PA ¢ momoibio nKKT monyyaloT ayrTeHTUYHBIE
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thentic three-dimensional measures of trabecu-
lar and cortical density [61]. However, keeping in
mind the issues related to the exposing children to
ionizing radiation, a steady trend in QUS develop-
ment from neonate to adolescent has been clearly
seen. More than 20 papers have been published on
the topic using the Omnisense QUS devices [62—
90] and the majority of them carried out positive
encouraging outcomes adjusted for gender, puber-
tal status etc. Today it might be difficult to extract
a consensus on how to use it in clinical routine as
the field of «children» is tremendous but it is worth
using QUS as a side exam to help us in patient de-
cision when needed and build awareness and con-
fidence [69, 89, 90].

Are the manufacturer Intended use
appropriate?

— The Sunlight Omnisense 7000/8000/MiniOmni
Ultrasound Bone Sonometer is a non-invasive device that
is designed for the quantitative measurement of the veloc-
ity of ultrasound waves («Speed of Sound» or «SOS» in
my/sec) propagating along bones of adults and children.
SOS provides a measure of skeletal fragility [91].

— The output is also expressed as a Z-score, and for
adults also as a T-score, and can be used in conjunction
with other clinical risk factors as an aid to the physician
in the diagnosis of osteoporosis and other medical condi-
tions leading to reduced bone strength and, ultimately, in
the determination of fracture risk [91].

— The SOS measured by Omnisense 7000/8000/
MiniOmni has a precision error low enough in compari-
son with the expected annual change in a patients’ mea-
surement to make it suitable for monitoring bone changes
which occur during the years of accelerated growth and in
the early years following menopause (i.e., age range ap-

proximately 50—065 years) [91].

Based on the literature reviews, one can con-
cluded that when use appropriately, following the
good clinical practice and knowing the limitations
of the clinical use, the Omnisense device is in con-
formity with its above specified Intended Use.

TpeXMepHbIe U3MEPEHUS TUIOTHOCTH KOPTUKATBHOTO CJIOSI KOCTU U
ry6ouaToro BerectBa [61]. OqHAKO ¢ y4eTOM TOTO, YTO ICTH MOABEP-
raloTCcsl MOHU3UPYIOIIEMY U3JIyYEeHUIO, B TIOCJIEHEE BpEeMsl OTYET-
JIMBO MPOCJEXKUBaeTCsl TeHIAEHIMs K ucroib3oBaHuio KY3 ¢ me-
pUOJIa HOBOPOXIEHHOCTU 10 MOAPOCTKOBOTO Bo3pacra. bulio omy-
onukoBaHO 6ojiee 20 paboT, MOCBSIIEHHBIX TPUMEHEHUIO YJIbTpa-
3BYKOBBIX armapatoB Omnisense [62—90], 1 B OOJIBIIMHCTBE U3 HUX
TOBOPUTCS O TMOJOXUTEIbHBIX pe3yibTaTaX ¢ TOMPABKOW Ha IO,
MmyOepTaTHBIM CTaTyC U T.JI., KOTOPbIe BHYIIAIOT HaaeXIbl. Bo3amMoK-
HO, CEeTOJIHS elIlle TSKEJIO JOCTUYb COTJIacusl B TOM, KaK MCIOJIb30-
BaTh 3TOT METOJ B KJIMHWYECKOM MPaKTUKE, MOCKOJIbKY MeAraTpu-
yeckas 00J1acTh O4eHb 001MpHa, Ho KY3 Bce-Taku cieayer mpume-
HSITh B KAYECTBE BCITIOMOIaTeIbHOIO METOJA TUAarHOCTUKU JJIST T1O-
JIydeHUsT JOTIOJIHUTEIbHON MH(pOpMaILIMK, YTOOBI TPUHUMATH pe-
LIeHUsI ¢ 00JIbIIER YBEpEHHOCTHIO [69, 89, 90].

COOTBeTCTByeT nn 'rpe6osa|-|m|M npeapnoiaraemoe
npomnssognTenem ncnoJsibsosaHne annapara?

— Yavmpaseykoeoii annapam Sunlight Omnisense 7000/8000/
MiniOmni seéasemcs HeUHBAZUBHBIM YCMPOUCMEOM 05 KoAUYe-
CMBEHH020 U3MePeHUs CKOPOCMU PACNPOCMPAHEHUs YAbMPA36Y -
K08blX 601H 8004b Kocmeil (ckopocms 38yka, uiu SOS (m/c)) y
g3pocabix u demeii. SOS nozgonsem usmepums XpynKkocmos Ko-
cmeli [91].

— Pesyabmam makace gvipaxcaemcs 6 eude Z-kpumepus, 04
83pocavix — T-kpumepus, u Modicem UcnoAb308aAMbCA 8PAYOM 8 CO-
uemaruu ¢ Opyeumu KAUHU4eCKumMu haKmopamu pucka npu 0uazHo-
cmuke ocmeonoposa u opyeux 3a001e6aHuil, 6e0YUWUX K CHUNCEHUIO
NPOHYHOCMU KOCMU, U 8 KOHEUHOM cueme — npu onpedeseHuu pucka
nepeaomog [91].

— Cayuaiinas owubka npu usmepenuu SOS nma annapame
Omnisense 7000/8000/MiniOmni docmamouno HU3Kas o cpas-
HEeHUI C 0JcUOaemMbim 20008bIM USMEHEeHUeM U3MepeHUll Y nayueH-
mog, NOIMOMY dMOm napamemp nooxXooum 04 KOHMPOAs U3Me-
HeHuUsi cocmosAHUs Kocmell 8 200bl YCKOPEHH020 pocma U 6 nepavle
2006l nocae meHonaysuvl (m.e. 6 gozpacme npubausumenvho 50—65
aem) [91].

OcHOBBIBAsSICh Ha 0030PaX JIMTEPATYPHBIX HCTOYHMKOB, MOKHO CIe-
JIATh BbIBOJ, YTO IPHU J0LKHOM MCIIO/Ib30BAHMH C COOIIOIEHIEM Mpa-
BWJI HAJLJIEXKANIEH KJIMHNYECKOM MPAKTUKM ¥ OTPAHMYEHUIA 1J151 KJIMHU-
YeCKOr0 HCIOJIb30BaHHS YJIbTPa3ByKoBoii armapat Omnisense cooT-
BETCTBYET ONMCAHHOMY BbIIIIE MPENoJIaraeMoMy UCIO/Ib30BAHMIO.
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