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miRs present in the serum/plasma may be within exosomes
and/or bound to Argonaut proteins. To identify biomarkers
in disease we are in an era of extensive miR expression
profiling. Differences in sample preparation, RNA isolation
and miR expression methods contribute to the heterogeneity
of published miR expression profiles in disease states. There
is one 64 miR panel in current clinical use for identification of
metastasis of unknown origin [9].

Differential expression of miRs has been demonstrated
in many diseases. The miRs often have biological function
in the phenotypes of the disease. Therefore, miRs are targets
for therapeutic development either by a miR mimic, anti-miR
(inhibitor) or sponge (inhibitor) [10]. There is one such anti-
miR in clinical use that inhibits the activity of miR-122 in the
liver of hepatitis C patients [11]. miR-122 is only expressed
in liver and is necessary for HCV replication. Patients treated
with the anti-miR-122 have sustained reduction in the HCV
virus levels.

Research from my lab has focused on miRs in the prostate.
We have identified tumor suppressive miRs that are regulated
by vitamin D in both primary epithelial prostate cells and
in laser-capture micro-dissection prostate epithelium from
vitamin D clinical trial patients [12]. We have also identified
a panel of miRs in the serum of prostate cancer patients that
predicts the absence of aggressive disease [13].

In summary, this is an exciting time in miR research in
which the knowledge of basic biology and clinical applications
are rapidly expanding. It is likely that current studies have only
begun to reveal the true biological functions of miRs.

JIUTEPATYPA

1. Ambros V. The functions of animal microRNAs.
Nature. 2004 Sep 16;431(7006):350-5. PubMed PMID:
15372042.

2. Bartel DP. MicroRNAs: target recognition and
regulatory functions. Cell. 2009 Jan 23;136(2):215-33.
PubMed PMID: 19167326. Pubmed Central PMCID:
3794896.

3. Tay Y, Zhang J, Thomson AM, Lim B, Rigoutsos
I. MicroRNAs to Nanog, Oct4 and Sox2 coding regions
modulate embryonic stem cell differentiation. Nature. 2008
Oct 23;455(7216):1124-8. PubMed PMID: 18806776.

4. Vasudevan S, Tong Y, Steitz JA. Switching from
repression to activation: microRNAs can up-regulate
translation. Science. 2007 Dec 21;318(5858):1931-4. PubMed
PMID: 18048652.

Seeman E. u coasr. [1] chopmynupoBanu mo-

HSTHE XPYIKOCTH KOCTEH CIICAYIOUIMM 00pa3oM:

KOCTHas TKaHb CIOCOOHA aJalTHPOBaTh CBOIO

(dbopMy U pa3Mep B OTBET Ha MEXaHUYECKYIO Ha-

Ipy3Ky 4epe3 MeXaHH3M MOJICIIMPOBAHUS, IIPH pa-

60Te KOTOpOro KOCTH (OPMHPYIOTCS WIH Iepe-
CTPaMBAIOTCS I10]] HE3aBUCUMBIM JICHCTBUEM OCTEOKJIACTOB
u octeobracToB. PemonennpoBanue — 9T0 mporecc, moaaep-
JKHBAIOIINIT MEXaHUYECKYI0 CTOMKOCTBH CKeJleTa, IO3BOJISIS
CEJIEKTHBHO BOCCTAHABIMBATH M 3aMEIaTh MOBPEKACHHYIO
KOCTHYIO TKaHb. B mepuox pocta, 3T mpoueccs GopMupy-

5. Huang V, Zheng J, Qi Z, Wang J, Place RF, Yu J, et
al. Agol Interacts with RNA polymerase II and binds to the
promoters of actively transcribed genes in human cancer
cells. PLoS genetics. 2013;9(9):¢1003821. PubMed PMID:
24086155. Pubmed Central PMCID: 3784563.

6. Place RF, Li LC, Pookot D, Noonan EJ, Dahiya
R. MicroRNA-373 induces expression of genes with
complementary promoter sequences. Proceedings of the
National Academy of Sciences of the United States of America.
2008 Feb 5;105(5):1608-13. PubMed PMID: 18227514.
Pubmed Central PMCID: 2234192.

7. Mitchell PS, Parkin RK, Kroh EM, Fritz BR, Wyman
SK, Pogosova-Agadjanyan EL, et al. Circulating microRNAs
as stable blood-based markers for cancer detection. Proceedings
of the National Academy of Sciences of the United States
of America. 2008 Jul 29;105(30):10513-8. PubMed PMID:
18663219. Pubmed Central PMCID: 2492472.

8. Nonn L, Vaishnav A, Gallagher L, Gann PH. mRNA
and micro-RNA expression analysis in laser-capture
microdissected prostate biopsies: valuable tool for risk
assessment and prevention trials. Experimental and molecular
pathology. 2010 Feb;88(1):45-51. PubMed PMID: 19874819.
Pubmed Central PMCID: 2815196.

9. Meiri E, Mueller WC, Rosenwald S, Zepeniuk
M, Klinke E, Edmonston TB, et al. A second-generation
microRNA-based assay for diagnosing tumor tissue origin. The
oncologist. 2012;17(6):801-12. PubMed PMID: 22618571.
Pubmed Central PMCID: 3380879.

10. Hydbring P, Badalian-Very G. Clinical applications of
microRNAs. F1000Research. 2013;2:136. PubMed PMID:
24627783. Pubmed Central PMCID: 3917658.

11. Janssen HL, Reesink HW, Lawitz EJ, Zeuzem S,
Rodriguez-Torres M, Patel K, et al. Treatment of HCV infection
by targeting microRNA. The New England journal of medicine.
2013 May 2;368(18):1685-94. PubMed PMID: 23534542.

12. Giangreco AA, Vaishnav A, Wagner D, Finelli
A, Fleshner N, Van der Kwast T, et al. Tumor suppressor
microRNAs, miR-100 and -125b, are regulated by
1,25-dihydroxyvitamin D in primary prostate cells and in
patient tissue. Cancer prevention research. 2013 May;6(5):483-
94. PubMed PMID: 23503652. Pubmed Central PMCID:
3644314.

13. Mihelich BL, Maranville JC, Nolley R, Pechl DM,
Nonn L. Elevated serum microRNA levels associate with
absence of high-grade prostate cancer in a retrospective cohort.
PloS one. 2015;10(4):¢0124245. PubMed PMID: 25874774.
Pubmed Central PMCID: 4396984.

HEUHBA3NBHAS OLHIEHKA KAYECTBA
KOCTH B KJIMHUYECKOM MPAKTUKE

PROF. DIDIER HANS

Center of Bone diseases, Bone and Joint Department, Lausanne University

Hospital, Lausanne Switzerland.

IOT CTPYKTYPY, CHOCOOHYIO aJaNTUPOBATHCS K HArpy3KaM U
COXPaHATh NPOYHOCTb. C BO3PACTOM 3THU K€ HMPOLECCHI CO-
IIPOBOMKAAIOTCS HAKOIUICHHEM HApyLICHUIl B 3TOM KJIETOY-
HOM MEXaHHM3Me: HEJOCTaTOK U U30bITOK TOPMOHOB, MECT-
HBIX POCTOBBIX (DAKTOPOB, CHIIKAIOLIAACS MBIILIEYHAST Mac-
ca ¥ (uznYecKas akKTUBHOCTb, HEJOCTATOYHOCTh MHUTAHUS
u npyrue (GakTopsl MEepeBEINBAIOT BOSMOXKHOCTH peMojIe-
JIUPYIOIEr0 MEXaHu3Ma K aJlalTalliu CKelleTa K Bo3pacTa-
IOLIUM Harpy3Kam.

Hapymienus romeocTasa 1 4acTOTbl PEMOAEINPOBAHUS U
OTpaHUYEHUsI B IEPUOCTAILHOM B3aUMOIIOJIOKEHUH HEraTHB-
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HO BIIMSIIOT HA BEIIECTBEHHBIH COCTaB M CTPYKTYpY KOCTH, U
OHa TIepecTaéT OBITh IIOAXOMAIICH» JUISl HATPY30K, KOTOPBIE
OHa JIOJDKHA BBIIEPIKHBATh. XPYIKOCTh KOCTEH — 3TO TOCTe-
CTBHE HECOCTOSITEIILHON aanTariH.

Ocreornopo3 — CHCTeMHOe 3a00JIeBaHNE CKEIeTa, XapaKTe-
pu3yrolieecss HU3KOW KOCTHOW MAaccoil M HapyIICHUSIMH MH-
KPOAPXUTEKTOHUKH KOCTHOM TKaHHM, YTO MPHBOAUT K YBEIH-
YCHUIO XPYNKOCTH KOCTCH (CHMIKEHHMIO IUIOTHOCTH KOCTH)
W CKJIOHHOCTH K repeniomaM. VccienoBareian W KIMHUIIM-
CTBI TIPOJIOJDKAIOT YIIOPHO UCKATh CIIOCOOBI NPEIOTBPATUTh §
MHUUIMOHOB OCTEONIOPOTHYECKHX MEPEIOMOB, TIPOUCXOISIINX
€XErOIHO 110 BceMy MUpy [2]. PaHHsA U TouHas OLIEHKA pU-
CKa IepesioMa, CO CBOEBPEMEHHO Ha4aThIM JIEUEHHEM — TaKOi
TIOIIXO/] BBIVISITAT HANOOJIEe TTOAXOISIIIM JUIsI CHYXKEHHST 9TO-
TO KOJIMYECTBA MEPEIOMOB 1 aCCOLMUPOBAHHBIX C HUM IIEPCO-
HaJIbHBIX U OOIIECTBEHHBIX IOTEPb.

MunepanbHast TIOTHOCTh KocTHOM Tkanu (MIIK), n3me-
psieMasl JByXIHEpPIreTHYECKOM PEHTICHOBCKOM abcopOimome-
tpueit (DEXA, neHcutomeTpusi) — 30JI0TOM CTaHAApT Jua-
THOCTHKH OCTEOIOpO03a MPH OTCYTCTBUU COCTOSIBILIUXCS HU3-
koTpaBMaTtuuHbIX nepesiomoB. MIIK — onHa U3 BakHBIX Ae-
TEPMHMHAHT CHJIbI KOCTHOW TKAaHU M PUCKA TIEPEIOMOB, OJIHA-
KO UMeeTCs 3HaUuTeNbHOe nepekpbiThe (110 40%) B 3HAYeHUAX
MIIK Mexay IpynraMy MalieHTOB, Y KOTOPBIX MPOUCXOIST
MIepesIoMbl U y TeX, Y KOro He rnpoucxonsat. dakTnyecku, Kak
YIIOMHHAJIOTCh paHee, CIOCOOHOCTh KOCTH HPOTHBOCTOSITH
MIEPEIOMY OIPEAEIISETCS KOMMYECTBOM KOCTHOW TKaHU (KOCT-
HOW Maccoi), MPOCTPAHCTBEHHBIM paCTIpeIeIeHIEeM KOCTHOMN
MacChl Ha KOPTUKAIBHYHO (MAaKpOAPXUTEKTOHHKA) U TPaOeKy-
JSIPHYIO KOCTh (MHKPOApXHUTEKTOHHKA), & TAKIKE COOCTBEHHO
CBOMCTBaMHU KOCTHOTO MaTepHana (KOMIIO3HIHS MUHEPAIbHO-
T'O M OPraHMYeCKOr0 MaTPUKCa, MUKPOTIOBPEIKICHUS U COCTOSI-
HHE KOCTHOTO BOCCTaHOBNIEHUS). B CBSA3M ¢ 9THUM, IPEACKA3bI-
BaHME PUCKa I1epeoMoB TobKo Ha ocHoBe MIIK He siBisieTcst
a0comoTHO JocTaTouHbIM. Kak ciencrsue, BO3poc KIMHUYE-
CKHUH ¥ Hay4HBII HHTEPEC K JIOMOJHUTEIBHBIM METO/IaM U3Me-
PEHHs KauecTBa KOCTH, KOTOPBIE MOIJIX OBl YITyUIIHTh OLCHKY
pucka niepeomos [3].

CymecTByeT MHOKECTBO METOIOB HEMOCPEICTBEHHON
OLICHKH CTPYKTYPHOH MPOYHOCTH M BEIIECTBEHHOTO COCTaBa
KOCTH, TaKHe, Kak TeCTHPOBAaHME IEeJI0N KOCTH, KOCTHOM Mac-
CBl, OIIEHKA MPOYHOCTH C MOMOIIBI0 MHKPO- U HAaHO- BIaB-
neruit [4]. OgHaKo BCe 3TH METOIBI UCIOIB3YIOTCS sl HC-
CJICIOBAHMH, in Vitro WM €X-Vivo U TIOTOMY HE MOAXOJST ISt
KJIMHUYECKOW MpakTHKK. OJHAKO B TOCIIETHEE BPEMSI, MUKPO-
WHJICHTUPOBAHUE CTaJ0 MO3UIIMOHUPOBATHCS KaK MPOLETy-
pa Juis KIMHUYECKOTO MCIOJIb30BAHUS C MUHUMAJILHOIM MHBA-
3UBHOCTHIO [5]. B 3TOM MeToze unaeHTanus (BAaBieHue) Ko-
CTH TPOU3BOJMUTCS C IOMOIIBI0 HMHICHTEPHOTO HAKOHEYHH-
Ka C JJATYMKOM TITyOWHBIL. JIaHHbIE TI0 CUJIe U CMELICHHIO aHa-
JM3UPYIOTCS JUTS pacyeTa WHIEKCa HHACHTAlUH U TBEPIOCTH.
Cpeny IpeuMyIIecTB STOr0 MeToa — BO3MOKHOCTh M3Mepe-
HUSI CBOMCTB MaTepraia i MUKPOCTPYKTYPHBIX 0COOCHHOCTEH
Y BBIBJICHHE JIOKAJbHBIX U3MEHEHHH B KOCTHOM Marepuaie,
BBI3BaHHBIX, HAIIPUMeED, 3a00IeBaHUEM WM IPUEMOM JIeKap-
CTBCHHBIX CPCICTB. O}lHaKO METOA OCTACTCsA MHBA3UBHBIM H
KpaiiHe JIOKaJIbHbIM, IOATOMY €IlE MPEICTOUT YCTaHOBHTH,
OTpa)KaeT JIU OH COCTOSIHUE KOCTEH B 1IEIIOM.

Hexotopble HOBbIe HEMHBA3UBHBIE METO/IbI BU3yaIU3allMU
(ocHoBannble Ha KT mnmm MPT), Takue Kak sjaeMeHTapHbBII
xoneunblii ananmu3 (FEA, element analysis), mo3BoisiioT 1mo-
JIYYUTh KOCBEHHBIE JaHHBIE ITO0 KA9€CTBY KOCTH, KOTOPBIE MO-
T'yT OBITH UCIIONB30BAHBI JUISl YAYUIICHHUS] 9yBCTBUTEIBHOCTH
U CHenU(pUIHOCTH OIICHKH pucka rniepeiomoB [6—7]. ITeprbie
HaOJTFOJICHUS TTOKA3aJIM, YTO 3TH METOJIbI Jat0T HH(POPMAIIHUIO,
KOTOpasi IOMOTaeT Y/Iy4IIUTh MMOHHMaHHE MaTo(H3HOIOTHI
XPYIKOCTHU ckeneTa. Taxoke 3TH HaOMIOAEeHHs TI03BOJISIOT Clie-

JIaTh BBIBOJI, YTO 9TH METOAUKH BEPOSTHO UMEIOT CBOIO POJIb B
KJIMHUYECKOM BEJICHHH MAlUEHTOB C PUCKOM IepesioMoB. Tem
HE MEHee, 3TH METOJbl OCTAIOTCSl HETPAKTHYHBIMHU JUIS M-
POKOr0 CKpPUHUHIA M KIMHUYECKOTO BEIEHMS OCTEO0IIOpO3a B
CBSI3U C BBICOKOM CTOMMOCTBIO, HEYJJOOCTBOM ULl IIALIUEHTOB
1 C UX HU3KOH JOCTYITHOCTBIO JUTS TakuX 3aboneBanuii [8-10].

I'ncromophomeTprdeckast OlleHKa KOCTHOTO OHOITaTa M3
rpeOHs MOIB3/IOUIHON KOCTU OCTaéTCs 30JI0THIM CTaHAAPTOM
JUIs TIPSIMOTO MCCIICIOBAaHUST KOCTHON MUKpPOApPXUTEKTOHUKH,
HO 9TOT METOJ] MHBa3UBEH U He TpéxmepeH. Hanbonpimas mpo-
01eMa — ONpPEAENUTh HOBBIH METON, KOTOPBIH OBl MO3BOJIMI
9((}HEKTUBHO U HEMHBA3UBHO OLICHUBATh MUKPOAPXUTEKTOHH-
Ky B KJIMHUYECKOH mpakTuke [11].

3a npoureane HeCKOJIbKO JeT TexHonorus DXA 3Ha4yn-
TEJILHO MPOJBHHYNACH, KAK B TEXHUYECKOM KOMITOHEHTE, TaK
U B IIpOrpaMMHOM obecnedeHuu. ITocnenHue NOKoIeHUs CH-
creM DXA npeocTaBisitoT He TOJIBKO TOYHYIO U BOCIIPOH3BO-
JIIMYI0 UH(MOPMAIHIO, HO H BO3MOYKHOCTH HCIIOJIb30BaTh BBI-
cokokadecTBeHHble DXA-CKaHbl BMECTO CTaHJAPTHBIX PEHT-
TEHOTpaMM JIJIsl TIOATBEPIKJCHUSI M XapaKTEePUCTHKHU HUMEI0-
LIMXCS TIEPEJIOMOB [T03BOHOYHUKA, a TAK)KE OLIEHUBATh apa-
METPbl MUKPOAPXUTEKTOHHKH OCIPEHHON KOCTH. DTH MaKpo-
CKONMYECKUE, TEOMETPUUECKHE M3MepeHHs, (popMHUpyronme
(axrops! pucka, He3aBucumble 0T MITK, U BO3MOXHOCTh HX
nosy4yeHust u3 1ol ke DXA — gononHuTenbHOE IpenumMylie-
cTBO [12-13]. Bonee Toro, A1 AOCTHXKEHUS YPOBHSI HOBOBBE-
nennit uis KT-ckannpoBannss DXA ucronb3yeT anemMeHTap-
HBII aHAJIN3, COBMEIIAs TEOMETPUIO0 KOCTH C BEILIECTBEHHBI-
MH XapaKTepUCTHKaMH JJIsi MPOTHO3MPOBAHUS KauecTBa KO-
CTH — MEPCTIEKTUBHBII METOJ JUIsl OLIEHKH PUCKa I1EPEeIOMOB,
OCHOBAaHHBII Ha OMOMEXaHWKe. DTH IapaMeTpbl, COBMECTHO
C METOJaMH BH3YaJH3allii TPAOEKYIIPHOH CTPYKTYpHI, MO-
TYT ONpPEeAeNEHHO OBbITh MOJE3HBIMH JUIS U3YYCHUs H3MEHe-
HUIl B Ka4€CTBE KOCTHOM TKaHW, BOSHUKAIOUIMX Ha (hOHE Jie-
yeHwus [14-16].

OueBuaHO, 4TO pa3paboTka HOBOTO Merona s dddex-
TUBHOH, HEMHBA3UBHOM KIMHUYECKOW OLEHKH MUKPOAPXH-
TEKTOHUKHU KOCTU OCTA&TCS U KIIOUEBOM 3a1aueld, U 3aTpyJHU-
TenbHOU. Tpabekymnsapublii unnexc koctu (TBS, the trabecular
bone score) — HOBBIIT METOJT, OCHOBAHHBIH Ha HCHOJIb30BAHUI
Bapuanuii ceprix 2-D m300paskeHuil, 1 CrocobeH OTINYarh
JIB€ TPEXMEPHBIE MUKPOAPXUTEKTYPbI C OIMHAKOBOM IIOTHO-
CTBIO KOCTHOH TKaHHM, HO C Pa3HBIMH TPaOeKyIISIPHBIMH Xapak-
TepucTukaMu. beuio mokazaHo, ytro TBS oGnamaer mpsiMoit
KOppEJSIUEH C COOTHOIIICHHEM 00beM TPaOeKyIISIPHOM KOCTH/
o0bem Tkauu (BV/TV), konnuecTBOM TpabeKyIl U UX COeIMHE-
HUiA 1 00paTHOM KOppesMEel ¢ MPOCTPAHCTBOM MEXK/y Tpa-
OeKyIaMH U ¢ MHAEKCOM CTPYKTypHOH Mozenu (SMI — m3me-
pEeHHEe KOCTHBIX OalloK U MJIACTHHOK B TPAOEKYISIPHON KOCTH).
OH TakXKe KOppeIupoBall C MEXAaHUUECKUM XapakTepoM (T.e.
npoyHocteio) [17-20]. Beicokuii TBS orpaxkaer cuibHyto,
YCTOWYMBYIO K IEpesioMaM MHKpPOAPXHUTEKTYpy, TOTAa Kak
Hmskuit TBS — crnabyro, ckioHHyI0 K iepenomam [21]. VBenu-
YEeHHE LIEHHOCTH PEHTICHOBCKON JEHCUTOMETPHUH JUIS OLICH-
KU PUCKa IeperioMoB ipH go0aBinennn TBS Obw10 3aj0KyMeH-
TUPOBAHO B MHOTOLIEHTPOBBIX, MPOCIEKTUBHBIX W JIIUTEIIb-
HBIX UCCIIEIOBaHMsX U 0700peHo EBpomnetickum OO1iecTBoM
Knuanuecknx n Oxonomudecknx AcrektoB OcTeonopo3a u
Ocreoaptpura [22] u MexnynapoanbiM O6mectsom KnnHu-
yeckoil Jlencuromerpuu [23]. Ha atux ocHoBanusix TBS B na-
cTosilIee BpeMsl JONOIHsAeT TpaaulnonHyto DXA B kauectse
UHCTPYMEHTA I ONPEAENICHUs CBOUCTB TpaOeKyJIIpHOM KO-
CTH, a TaKKe SBIISICTCS PEryJIMPOBOYHBIM (PAKTOPOM IIKAJIBI
FRAX [24-25]. VIHTepBEeHIMOHHbIE UCCIIEJOBAHUS TIO3BOJIS-
0T TIPEATOJIOKUTh, YTO 3HaueHne TBS umeer TeHneHIuIo K
TIOBBIIICHUIO Ha (DOHE Teparuu, KOTopasi TaKKe yBelMInBa-
et MIIK, HO BenvumMHA 3TMX U3MEHEHHH MEHEE 3aMETHA, YeM
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y MIIK. D10 MOXKET OTpa)kaTb pa3InyHbIe OTBETHI B 3aBHCH-
MoOCTH OT Buja jiedenus [21-22]. Bonee Toro, npeacrasiser-
cs1, 9To TBS urpaer BakHyIO pOJIb B IHarHOCTHKE BTOPUYHOTO
ocreonoposa [22,23,26].

3HaHUE MHKPOAPXUTEKTYPbI KOCTH — KIIF0Y K TOHUMaHHIO
NaTo(QU3MOJIOTHH OCTEONOPO3a 1 YITYUIIEHHIO €T0 AUArHOCTH-
KU | JICUSHUS; OTBET MHUKPOAPXUTEKTYPHBIX ITapaMeTpoB Ha
JIeYCHHUE JIOJDKEH ITO3BOJIUTD OLICHUBATH PEATBHYIO 2 (eKTHB-
HOCTB Tepanuu ocTeornopo3a. HecMoTps Ha To, 4TO HU OJMH
METOJ HE MOXKET HCIOIb30BAThCS IS TIOJTHON XapaKTepUCTH-
KU KauecTBa KOCTH, CYLIECTBYIOIINE HEMHBA3HBHbBIE METOIbI
BU3YyaJIU3allUl MOTYT OG’LC}IHHﬂTbCﬂ C MEXaHUYCCKHMH U KOM-
[MO3ULIMOHHBIMUA METOLAMHU €X VIVO Ul 00ecriede st OIHO-
[ICHHOTO TIOHMMaHHMs KadecTBa KOCTH. Kak Obl To HU OBUIO, B
HACTOSIIIEE BPEMsI JIYUIIUM JOCTYITHBIM PEIICHHEM JUTS KITH-
HUYECKOW MPAKTUKK SBIsIeTCs: koMOrHanust DXA [y1s1 OleHKH
KOCTHOI{ TNIOTHOCTH, B KOMOWHAIIMY C HHIEKCOM MUKPOAPXH-
TEKTYpBl, OJIly4eHHBIM ¢ nomotnsto TBS. KomOunammst stux
MeToz1oB, BHYTpH FRAX wnm HeT, Mo3BoJIsIeT KOpPEeKTHPOBATh
CTpaTH(HUKALUIO PUCKA IIEPETIOMOB.

Noninvasive assessment of bone quality in clinical
routine.

Seeman E. et al. [1] nicely summarized the concept of
bone fragility as the following: Bone has the ability to adapt its
shape and size in response to mechanical loads via a process
known as modelling in which bones are shaped or reshaped
by the independent action of osteoblasts and osteoclasts.
Remodelling is a process that maintains mechanical integrity
of the skeleton, allowing it to selectively repair and replace
damaged bone. While during growth, these processes fashion a
structure able to accommodate loads and maintain its strength,
advancing age is accompanied by accumulating abnormalities
in this cellular machinery, hormonal deficiency and excess,
deficiency and excess of local growth factors, declining
muscle mass and mobility, nutritional deficiencies, and other
factors that overwhelm the declining ability of the remodeling
machinery to adapt bone to prevailing loads. Abnormalities
in the balance and rate of remodeling and limits to periosteal
apposition compromise the material composition and structural
design of bone so that it is no longer “just right” for the loads
it must endure. Bone fragility is the consequence of failed
adaptation.

Osteoporosis is defined as a systemic skeletal disease
characterized by a low bone mass and a micro-architectural
deterioration of bone tissue, with a consequent increase in
bone fragility (decreasing bone strength) and susceptibility to
fracture. Researchers and clinicians continue to strive to find
ways to better prevent the estimated nine million osteoporosis
fractures that occur worldwide each year [2]. Early accurate
estimation of fracture risk, with indicated treatment initiated
promptly, seems to be the best way to reduce these numbers
and associated personal and societal costs.

Bone mineral density (BMD), measured by dual x-ray
absorptiometry (DXA), has been the gold standard for
osteoporosis diagnosis in the absence of established fragility
fractures. BMD is one of the major determinants of bone
strength and fracture risk, but there is considerable overlap
(up to 40%) exists in BMD values between individuals
who develop fractures and those who do not. In fact, as
mentioned previously, the ability of a bone to resist fracture
depends on the amount of bone present (e.g. bone mass), the
spatial distribution of the bone mass as cortical (e.g. macro-
architecture) and trabecular bone (e.g. micro-architecture) and
the intrinsic properties of the bone material (e.g. composition
of mineral and organic matrix, micro-damage and the status of
bone repair). As such it is normal that fracture risk prediction on
a sole basis on BMD is suboptimal. Subsequently, clinical and

scientific interest has increased in complementary measures of
bone quality that could improve fracture risk prediction [3].

There are many methods to assess directly structural
strength and material properties such as whole-bone, bulk
tissue, micro and nano-indentation testing techniques [4].
However, all these techniques are in vitro or ex-vivo and
therefore are meant to be for research purpose but not clinical
routine. Although, recently, nano-indentation has been
proposed using minimally invasive procedure for clinical use
[5]. In this technique, an indentation test is performed with a
depth-sensing indenter tip. The force-displacement data are
analyzed to obtain the indentation modulus and hardness.
Some advantages of this technique include the capability to
measure the material properties of microstructural features and
to detect localized changes in bone material properties induced
by disease or drug for example. However, it remained invasive
and very localized. Therefore, whether it reflects the whole
bone integrity or not remains to be validated.

Some of the new high end non-invasive imaging techniques
(CT or MRI based), including three-dimensional (3D)
assessments of bone density and geometry, microarchitecture
and integrated measurements of bone strength such as finite
element analysis (FEA), provide indirect estimates of bone
strength that can be used to increase the sensitivity and
specificity of fracture risk assessment [6-7]. Initial observations
have shown that these techniques provide information that will
improve our understanding of the pathophysiology of skeletal
fragility and suggest that these techniques are likely to have
a role in the clinical management of individuals at risk for
fracture. Nonetheless, these techniques remain impractical for
the routine screening and clinical management of osteoporosis,
due to high costs and patient inconvenience, as well as their
availability for such diseases. [8-10]

Histomorphometric assessment of iliac crest bone biopsies
remains the gold-standard method for the direct assessment of
bone micro-architecture, but this technique is invasive and not
directly 3D. A major challenge, therefore, has been to develop
some novel technique that allows for the efficient, non-invasive
clinical evaluation of bone micro-architecture status [11].

Over the past several years, DXA technology has advanced
dramatically, in terms of both its hardware and software
components. Recent generations of DXA systems provide not
only accurate and reproducible measurements of BMD, but
also the opportunity to use high-quality DXA scans in place of
standard X-rays to confirm and characterize existing vertebral
fractures and to assess macro-architecture parameters of the
hip. These macroscopic geometrical measurements constitute
risk factors that are independent of BMD, and the ability to
obtain them from the same DXA examination is an additional
advantage [12-13]. Furthermore, to follow-up on what has been
developed for CT imaging, DXA based-finite element analysis,
by combining bone geometry with material characteristics to
predict bone strength, holds promise as a biomechanically
based technique for fracture assessment. Such parameters
combined with trabecular architecture imaging modalities
may be particularly useful in assessing subtle treatment-based
changes in bone strength [14-16].

Clearly, developing a novel technique for the efficient,
non-invasive clinical evaluation of bone micro-architecture
remains both crucial and challenging. The trabecular bone
score (TBYS) is a novel grey-level texture measurement that is
based on the use of experimental variograms of 2D projection
images, and is able to differentiate between two 3-dimentional
(3D) micro-architectures that exhibit the same bone density,
but different trabecular characteristics. TBS has been shown
to be strongly correlated with the BV/TV (trabecular bone
volume/tissue volume), number of trabeculae and their
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connectivity and negatively correlated with the space between
trabeculae and with SMI (structure model index is a measure
of rods and plates in trabecular bone). It is also correlated
with mechanical behavior (e.g. Stiffness) [17-20]. A high TBS
reflects strong, fracture-resistant microarchitecture, whereas a
low TBS reflects weak, fracture-prone microarchitecture [21].
The added value of the TBS to bone mineral densitometry
in fracture risk assessment has been documented in cross-
sectional, prospective and longitudinal studies and endorsed
by the European Society for Clinical and Economic Aspects
of Osteoporosis and Osteoarthritis [22] and the International
Society of Clinical Densitometry [23]. Based on these
characteristics, TBS is now complementing traditional DXA
as an additional tool for the determination of trabecular bone
properties as well as in the FRAX model as an adjustment
factor [24-25]. Intervention studies suggest that TBS tends
to increase with treatments that also improve BMD but that
the magnitude of change is less marked than that of BMD
but could display different responses according to the type of
treatment [21-22]. Furthermore, TBS tool seems to have an
important role in secondary osteoporosis diagnosis [22,23,26].

Knowledge of bone microarchitecture is a clue for
understanding osteoporosis pathophysiology and improving
its diagnosis and treatment; the response of microarchitecture
parameters to treatment should allow assessment of the real
efficacy of the osteoporosis therapy. Although no single method
can completely characterize bone quality, current noninvasive
imaging techniques can be combined with ex vivo mechanical
and compositional techniques to provide a comprehensive
understanding of bone quality. Nevertheless, as today the best
available solution for clinical routine, is the combination of
bone density as assessed by DXA combined with both clinical
risk factors and bone microarchitecture index as assessed by
TBS. Such combination within FRAX or not, enables to fine
tune the risk of fracture stratification.
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