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Wang et al. (1998) Bone 23:67 have shown that with increasing age, the fracture

toughness of bone is decreased and its microhardness increased without significant
changes in BMD. McCalden et al. reported similar findings, indicating that even

25  without significant changes in BMD, the tensile strength of bone can decrease with
age due to increased porosity (McCalden et al. (1993) J. Bone Joint Surg. 75A:1193).

There is now a belief that the organic phase of bone plays a significant role in
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such as osteoporosis. However, this method is limited to measuring bone mass, and it

does not take into consideration the microarchitecture of the bone, the crystal
30 organization, size and shape, the connectivity of the trabecullar network, and the
structure of the bone proteins. Moreover, DEXA is a relatively expensive diagnostic

procedure that exposes the patient to potentially harmful x-rays; thus it cannot be used
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analysis such as Raman spectroscopy to identify the relative abundance of disulfide
bonds and carbon sulfide bonds in a keratinized tissue such as nail, hair, or skin. The
advantages of examining a keratinized tissue such as nail, hair, or skin lies in the
ability to assess properties other than those measured by standard bone densitometry,
the ease of access to such samples, and the rapid growth of keratinized tissue, which

allows changes to be monitored on a more frequent basis.
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osteoporosis. By "bone disease that is associated with

The present invention is directed to methods for diagnosis and prognosis of
bone disease in a subject, where the disease is associated with a change in bone
elasticity or bone density. The methods rely on detection of physical and chemical
changes in keratinized tissue as markers for the presence of the bone disease of
interest in a subject.

Without being bound by any mechanism or theory of action, it has been found
that physical and chemical changes within a keratinized tissue correlate to the
presence or absence of bone disease that is associated with changes in bone elasticity
or bone density, such as osteoporosis. By "bone disease that is associated with

changes in bone elasticity or bone density" is intended to mean any disease where the

risk of bone fracture is increased due to structural and chemical changes in the bone.
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bone density. Because the presence or absence of reduced bone mineral density is not

in perfect correlation with the risk of bone fracture, changes in the physical or
30 chemical structure of keratinized tissue may be used to assess additional risk factors
such as correlating the likely progression of disease and prognosis of a subject at

increased risk of fracture.
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30  keratinized tissue is used to diagnose bone disease.
Modulus and hardness are measures of the brittleness of a keratinized tissue,

for example, nails, hair, or skin. By "modulus" is intended stiffness or resistance of a
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di agnost.ic, criterion fgr bone fragili

: y and, . .
ostISEHTREK ssug spchias aails hagemikin 5 usedhin qamhinatign with other
Sul §ibign 3B ehifdtia Wrdvidubl P n Rt Bk 2A%ull SShheHHBraPensity tests (e.g.,
nails; hair, or skin provides a diagnostic criterion
f orDBZdesdangjgintl iother preliastyekpovmelimscal lcorrélates @ disease. As
enbodi.nent s, . t.he hardness, the l.us, or {Yhe | evel

.nod o
205t TEGYIOUSY Bitsch Heremonic pr kerafinind fisdie samplos faydbe made in sin
nai oSy, hédstrenftsShade bSthd28cHed Mafl i dk thlﬁﬂ sWnpﬂ:% 8{: Eﬁ Eollecting

di agnostic criteria previously known i'n the ar
as thekeratinized tibsugsample/cigasis slippedynailsHElxareferseisip aamail clippings),

s pbl Bt B0 crbasBin 51 il ot oasirement ot

ti SgietigRMPl es may be made in situ (e.g., neasurenents
made on the attached nail, hair, or skin sanple) or by

25col | ect i Ingnerembedinaent the bardniesssoranedulps of 4 leerafinizeddissue sample is

ol BEEEA) ol erfrephiotag ehusion Being 5 Byt bvigysty
ScraptritgR)hy Afeagaraal (B9 Urblay|[AL1€26:8051EIn this method, force is

applied to a keratinized tissue sample and the resistance measured. In one such

e

embodiment, the keratinized tissue sample is nails (fingernails or toenails), either
30 attached (i.e., measurement performed in situ) or clipped. Where nail clippings are to
be measured, the nail clippings are collected from the free edge of the nail plate as

shown in Figure 1. Following collection, nanoindentation is used to detect hardness
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In one enbodi nent, the hardness or nodulus of a
keratinized tissue sanple is neasured by a nethod

woenisad28ymanoi ndent ati on" using a nachi ne prevPOUAIPY05/006694

describ b te et al 9 Tri bol o Int'1l..

26: 5000 Ips ¢ e AT fihat ALY S RyBpihes e subjected to
kergnoftideatdtibh SSthén B asplocwlg onb endril bE ESINERoMTRARGHE pRSterably
In one such enbodi nent, the keratinized tissue sanple

i s Withing! dayi tageithia three weeksadealleaiion. dn serae embpdiatants, the nail
o SppiFRFLABIEN QST SR iRy wesks o

VWher I'ngs are

5c! i quplieotixsn; dm ethepéhbedimentsy tiemali elippiags aggabietiet henaiwiddentation

pl ate .as shown in Figure 1. Fol]ow ng collection
nan‘ﬁﬁﬁ‘&e’n‘faé(ttpéﬂﬂ%o %(Seq% Grﬁé@gt}iwﬁ&?‘ 8 rvithie 4 daxs of

of  doNRctish. | whkieRiiINGPpinGs &leth BRlstorbd rfaﬂi'?} hyRR

are su(k:)j ected to nangllmr_l11 enteati or? vrviétﬁ)irn ed%?h?gg’ tHéy are collected
wi tandrstayadimseated jos te olitieuzé drpgeindiydratioarfalid winginafiictipping

1 dca 3{48 wi thin three weeks of collection. In sone

enbodi s, the nail clippings are subjected to

10nanoi ndefglRiviag c¥ldctibm oft thid il lefippiniel)ithe ENhi 8 st
yifg c 0 i ptﬂngh e H‘?})ﬂé‘%ﬁg s@jected to

col l ection; in other enbodi nents, the nai pi ngs

ar e1aspigdertetion toosprs bitdaesstandinardulis of] this kerpipized tissue. More
it | ithin 1 d t i thin 3
A N E—

st dné@shtér®, ahd thél6adPadllowisg tHetRMmaaeiof O Ifseé-penetdion data during
stored in sealed jars to mnimze changes in hydration

f olbogwihedoasing and yrdeading plsises cA icorve redsuting Hip penetration depth at

158 P BE AP 180 AT lopGine Rt PilfoatlalSuSnis in R B onerated

nmodul us Iafthik Mfnke dRtihediedcdn tsesdifineVas thelRat §dchidh b¥the
pressure and rel ease cycle readings are taken of the

di d3heiRderiptonyynlegting eiree (ke i FigaiR2) he | oad P,

all owi ng the exam nation of force-penetration data
during both the | oading and unl oadi ng phases. A curve
measur i g soine epibodinieits, die lhedidas, Y, ie definddoasce | evel
during the | oadi ng and unl oadi ng phases can then be

as the lineat section of the nanoi ndentati on unl

spgener at eﬁ.zlfn this manner, the nodul us can be degli:;l Inéal)

25

30

curve (b-c in Figure 2). In sonme enbodi nents, the
hardness, H, is defined as H=- (Fornula 1) A where P

I S Jiilepe PQE G f@&@:‘ab@ﬁedttg tﬁ@ﬁdkﬁt@fﬁcﬁﬁ iffd &@H?&fﬁ & of fhe contact.

proj ected area o e contact. |1 n nanoin atl on,

pr én eanavdatamnptheposjected area of abmtattds ealchilatethfidne the geometry of
eqQnet r.y of

9 Qe ind¥nter and the measured depth of penetration in contact with the indenter, 4,

using the machine disclosed by Arteaga et al. (1993) Tribology Int'l. 26:305, where
A=Fkh* (Formula 2)

and where £ is a constant dependant upon the geometry and type of indenter used. In
some embodiments, the indenter is a trigonal diamond pyramid with an equilateral

triangular cross-section and a 90° angle between each face and the opposing edge (the
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the indenter and the neasured depth of penetration in
contact with the indenter, h, usi ng the machi ne
wdai2esi 10596l by Arteaga et al | ( 1993) Tri bol ogyPat/EP2005/006694

26: 305, A = kh2, (For

coriarmirold g??d Fine ﬂﬂ}ﬁgﬁie{“ﬁg}é —@%eﬁ%ﬂaﬁ (Eﬁlén@fl 2) into (Formula
i nd @(f'used In some enbodi ments, the indenter is a
tri@ona di anond pyramd with an equil ateral

triangul ar cross-sectio and # 90 angl e between %@:1 1a3
face and the opposing ez_ﬁ comer of a cube). gprua )
this indenter k 2 6 SubstT u Png (Formul a 2) into

( For mul Forpul a

ther 1 nieTle e BRuet § moving PR B afuctay 08 jorfh fogtPprchide the
shasstieds Rela e 1shRcsdshs s sippridth¥Piastic lswFaRAERI Yut 6f the
support the plastic flow of material out of the

i ndadentetionpasaxelhey the statie peessira equal o thedigrdnesy Jape todhis, the curve

t he
nar o o aREE i of £ shcblin of B e Btprl RN 1) nelly has
1) wayblghywahasat anmﬂrdéﬁihb Shemathe etraih ratepwvhicH épproponorilao 1/8
the strain rate, which is proportional to 1/d dd/dt,
i s ddtaisegreatestn Issomae embesinenis; assmgleéwﬁgllees Rl ésguoted from the
nb t f t h | t
1 e R e ST b s arphE e Bpd e o
M NnfAsam] hough the foregoi ng di scussi on of
nanoi ndentation is directed to nail clippings,
net hodol Bagrehdhe foregaipmdiseussion of sanpindenkationds mrgcteda@ nail
1! g Y B 58 B SRS e e Wl oot

col kezgtirfgbd tissGeicinCladipk dairtahd kkial whivhrdh &d mdas@edwyigsor on
simlar to that descri bed above for nail c¢Ji [

15t hi eollegie Essucisamplas ihatare hangleddn pananger SRS ! g described above
ex aﬁg%@g ﬁé@%ﬁ A i lh?a%leld E&@ ch% E%}Jutg (1)§ EciRERd, R Exddifle, clipped

e sanple 1S sub
nanginaeletahed sklwitmuenaﬂd tﬂiaycolﬂe:cted tidsiersaamsle ummibjectdd to

coIIectlon .nore ferably within
{ hrigoideiation Vel ﬁé@r Gt ong ol BEAIeRHER, marp preferably
ker @i 1 tB WABHE tHirse ﬁ@éﬂs%%sﬁec%ﬁ mgolﬁele{nssaﬁféms the

ti ssue sanple I's subjected to nanoi ndentation wth
20d aykeratiniead tissue moﬂle@kéami‘ the ebllented tisspe samplehesubj ected to

t Lrgr?agb}q g%tl%gattl ?ﬁ@gﬁ ﬁ)p\ylghl &wcs) %vue%ksl (S)f go ect?(():rg (?1(1:I 0

embodiments, the keratinized tissue is collected and the collected tissue sample is

subjected to nanoindentation within 1 day to within one week, preferably within 1 day
to within 3 days of collection. As previously noted above for nail clippings, where

25  keratinized tissue is to be stored for future analysis, tissue samples are collected and
stored in sealed jars to minimize changes in hydration following tissue collection.

In another embodiment, level of sulfur bonding within a keratinized tissue
such as nails, hair, or skin is measured, either in situ or following collection of the
keratinized tissue sample. Of particular interest is the extent of disulfide bridge

30 formation between cysteine molecules in the keratinized tissue. The extent of

crosslinking of cysteine via oxidized thiols (also known as the formation of cystine)
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subj ected to nanoi ndentation within 1 day to within
one week, preferably within 1 day to within 3 days of
woabdsaerd9en. As previ ously noted above for naiPCTmmmmymmam

cli ppi ratiniz tissue.i.s to be s

£ ordoslet il e Bt pliofitus pifeinfed Govs el S Siedepra. 1o
St Od’n%@ubl{] erBédiftfént, Qlﬁ§e;¥t9ntr8fﬂisﬂlﬁ& %8 BSination Y Aeuk &by means
follow ng tissue collection, anot her enbodi nent,

| evadlspesfirad amalygis, ﬁgh@mgﬂwusmgrR@lma@tmpqm nuplsgruéagnetlc

such as na|I S
o s gt ineBrostBbl. KRR Sldhobchol ARp At (&b liles s
5S argpkétrostbph @htongatd Qﬁplhﬁ trédctioh with diliee chahivals suith as Elman's reagent,

dISU|fIde bridge formation between cysteine nol ecul es
n anddhglikert i nj zed tissue. The extent of crossli nki ng

of cyst
Formiti anr EpoREpEars B B a B il Guanitaive
o cnbalysis @ff nieserées. nit relibstonssspecteed shhrﬁsthalsrmedrssmimn&ght is projected

one such . .the ext 0 qu' e bri.dge

0 i f e i B fhsted g U iedlogPd Rt materiah SibeRe In laser
10f OTR &% PeBirodédp 1 InHRsBAFO AR bR ﬁgﬁmat i8 H@ﬂ&i@éd or scattered off the
magneti c ‘resonance spectroscopy, | R spectroscopy,

chitess pmat@tml suefaderis datested I’PH@SSCprEW d@s@@pysystem The majority of the

chr t,0 reac ion W aI s such as

TR 0By o SREReR R heted Hificalid P Fle 3 CefBty osthe
W' A gindl $igHt douede ﬁl(hrplﬁbk%b khéwn M@R@ﬂ@lgﬁ%@iﬁdﬂnfgt IThe remainder of the
anal SIS of materials. It relies on ectral shift

t h aieﬂ@eté@ hghwﬁ seatterefhinelastiallyjage m@aelsmtg that dififers figm the original
i ?gtﬁg‘ggﬂld nﬁ#&%é‘ss‘i& tS%II’%fSC tﬂa%n 'tﬁ s o?gﬁatttered light
ser SpeCtT0Scopy, THONGChT ofati ¢ M)

t h adre bepatteéd Broinashch btikee ating arylswitabld Wavelagth M@n‘oh alstem, such as
surface i.s detected by .a sen3|t|ve detecti on system

ThePrisaysotiltery, grontical gratings. dderesting Raman spectryingegn dejuged to
scaplal ng Bﬁaﬂ‘tﬁg @hﬁé’enﬁ‘tdh&ﬂﬁ%f%@ﬂ&u Eﬂaﬁ&gt\ﬁg\‘gﬁ tﬁé}@ﬁ material of

orlglna urce In a process known as
S c dhteesst. "Ramdin ecatteriag detected ﬂ"rotrhekeieﬁineed sbub |sq;hple| can be used to

scattered [.nel ically at .a wavel ength that differs

207 £ S T TgRR eV ingiok LTtk QLN HORMARITS LIES YA SS
RamRio ?513’% ering. The two types of scattered |light are
separate rom each other using any suitable

wavel endinlthis ehaier, arkesatitizad) tissuecsangde, sn¢tsassnail (ilet, ingernail or
or opti.cal .grati.n The, resul ting,Raman spectrum.ca .
be 1St BEER RpeaEecT SH oF 9n A it emple gallectl af described
varduys) is wbadiAee 8§ aUghsourtduch@sh 1&%% @hd MenGhe wave number and
interest. Raman scattering detected froma keratini zed

25t | satwsmaoﬁjhe insdastipally seatiered lightismdaguried.d rvpruertnbodiment, the

22;” n%jaﬁ%eg] SIrleI ssalfnque 1sdr?£1[f I?aenmpsp%ct?aogﬁu%f’ner?ﬁl% areul‘c:nown (Akhtar
and Edwards (1997) Spectrochimica Acta A53:81; and Edwards et al. (1998)
Spectrochimica Acta A54:745). The Raman spectra reflect the bonding arrangements

in the molecular makeup of a keratinized tissue such as nail, hair, or skin. Although
30 the Raman spectrum can cover between 300 cm™ and 1800 cm™, particular peaks in
this spectrum correspond to specific chemical structures of interest to the methods of

the present invention. For sulfur bonding, the area of interest is generally between
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In this manner, a keratinized tissue sanple, such as
nail (i.e., fingernail or toenail), hair, or skin
woOne@Esazss in situ or on a tissue sanpl e col | eeCEAPA®S/006694

des 'be-d a(P7 )(JAIJI:: %ga%éé,gdhb a “% { %ggﬂ%%&éﬁ}ondto sulfur

t heodnﬂ@ bfb%éﬂt‘iﬁkéfxitlﬁ e hﬁfse&bddda;&tprb&mmaﬁuﬁ %geclﬁaalgnme disulfide
enbodi nent, the keratinized tissue sanple i S nai |

Rarimds(‘p‘éis gruchstgavaheaaalie conformafiphgi > 51 Quep cemd thelcarbon sulfide

ot SRR P BRRT Sk B TagR Ry PRG FLRI AR alone

5s pegitif @ombinagien to indichtertte bgtear ﬁ)aﬂﬂdneﬂtane 3 oxldized to form disulfide
nmol ecul ar makeup of .a keratjnized tissue such as nail,

hai {1 g@?ms%k‘ﬁaﬁ%z? 1354 sgmBleRaman spectrum can cover

bet veen RN ﬁ@oheaeﬁ%oh%ggntg thé Rafih sh&dtadhed? ntsare conducted
this spectrum correspond to specific chem ca

st rarchails €ise. pﬁngemmlsemtodnaﬂs)he site ohou gaib Elippingy r&seRaman

gorBPSHemRERiRIEHoz 5 (b it 70005 Ah 1o B vasipgeds. See, for
10 n Ik, ﬂﬁlﬂo%rmilm%%ﬁﬂf%&%ﬁ&%? ?ﬂmhﬁs%’éﬂihwz‘umg&ements of

presen in keratin, the mpst abundan rotein in
nai ¢asotergpél,€i\fﬁlsoalhwy1gtweu@ﬂ @acrllbfden Bbh @@IOS 5,873,831 and

Cafig@ g%# fler(% uche{%(g)yg Srg 1%1t eé en ]reti/ an d'gg‘g)gif?c%tlon of

1. thiRepparkrsal dsweeibed th ERdnple 3Lhiﬁiéin dklone Siichlalﬁ apparatus specifically
conmbi nation to indicate the extent to which cyste

i s degigaed g nop-ipvAsiveaneas rameat pf sultide;bond 1§V¢<1§ HhR kﬁﬁaﬂﬁ'@ed tissue
tis
15, R PAP AR o pak, Wik DS T A gl GFBBonding to e
f | nwak appdasingat 5 eaai' bejhe Rarsart speotrumncomprises thq@llmymg

Any Raman spect roscoEy appar at ys, kno int al[lt ¢an

be (PEMPNEYS:y IWE%';‘“F & g\%ner%mg t within awa ‘Frégt £hang a Raman

NONLRMESWHE a Txeéﬂlﬁ &Ctﬁpﬁ st rb%h&'%o f)@aetb&e@' (tZ)’a delivery
0 f

nmeasur enent s tenoid levels in living tissu
d e smednis ok d1rect1h§ﬂn$3hglarmlt¢\ﬂre firgeRial, BBdrednd l@hﬂﬁ& aiﬁdtensny that

Onnoss RGAREA TP b s et SRe AR Bt (o) o

Ex Ak Eion HEHRIHr Qitlceiihg ﬁg!ﬁr&cﬁfbré’@ﬁéﬁl%é‘ ﬁngéiﬁﬁﬂ f@g @ﬁéc&any
desi gned for non-invasive neasurenent of

| e\ﬁ@lestlvmmamisdpasqlentmd{mn@s&mﬂ@hlm@t érosmthe; sasttfnad llgl;lt collected by
par f disul f.ide bondi

P o the Sl siets: (5 Fosection Tl ForEant g atiProcaspring the Raman

Rarmmem%t bR queREBS LIS actéridticloTdiidebdndsNAIAYB)Y §uantifying
(1) a neans for generating light within a wavel engt h

2sg.h \mcdegls éox}alnmlmeg&mﬁn sigitah injensely dorcthg disubfiderhontisy
:re : nsl ?u 5&?? §d$ﬂe§‘ﬁ?ntg’gpb %Ve??q@bgfﬁlgﬁent light used,

whedng stibhs alhd Hily hesoéditomatie light soutddakn be used in this technique. Thus,

for example, the means for generating light can be a laser light source; alternatively,

other means include, but are not limited to, light sources that generate monochromatic
30 light, and any other light projection system. Various delivery means and collection
means can be used, including, for example, optical components for directing a beam

of light from the light source to the nail to be measured, either in situ or as a nail
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does not damage the fingernail and does not alter
di sul fide bond levels; (3) a collection neans for
woabdsems%lg l'i ght scattered fromthe fingernai PCT{E#2005/006694

P ippRizotnd s Calesiive e oregrd lidh becafiedia! Tered 1ighE can be
CO' ?@&I‘dll?%eﬁ@t%ﬂsfor Examysl 6&%?&% HRamBRESeciometes 80 s&fhrabdihe

uring the Raman shifted ght at” frequencies
c hdimveﬂcamred light feting Rapledgh ss@ﬁergd lightd (e, the apratally selective

gngggtF{ngzéngzglt or m t] ({%ﬁ?%ggﬁ cgblgﬂf’i‘%ntté nﬁc?&ﬁla%)ﬁut g{)t lﬁl{:lﬁ?d to,

5th q»ri&ﬁiéeélﬁﬂ@%hloﬁﬁchr&ﬁhﬁm tandl filthis susless halogtapliic cﬁm@rsa diélectnc
fairly nmonochromatic |ight source q%gn he used in

iyt e seatpabont Remtand o dhs fight fgtecton

o t i %teﬁnlgg ﬁ%ﬁl f C(}féhzgsu%f&ﬁg@ltgrnzt@ﬁ%fﬁﬁ t?né Rglglgﬁ“séa\fﬁ%{éﬂ light as a function
sowfdeguédugtin gm’fm«mbmcymang@ bf imbaest,d.d. a0 canfl d'oad‘t;tectmg the level

g:ul}’ “h@‘gl? l{ég&éﬂolg?é {]n Sgé?x{ag'n?%?wﬁﬁg tﬁe ﬁghqecﬁ‘a?ectlon system

Oex QHQ{I@e bAPrkGBle 1%?&%651 bﬁot%ﬁfult?ﬁlfe? ﬁﬁﬁa?a&u@ p‘ﬂ@ﬁﬂld?fes devices
light fromthe [ight source to the nall

neasch esl cleirghequplad deivicg (ECsletectaiattey q@pltﬁ@lﬁ%deCDodetector

COlk 85" LR ke 3555515 e e T80 B 55 Blgion i

ex agdRYétedufitotOsigndREHe Barbhe ik l@ ﬁﬁudlﬂfafor%ﬁmp&! 66 a'lcbmputer
Raman scattered |ight from scattered |1 ght.

Thusonitaser isdikes et lrsyoe‘@rfedtmtv@ﬂgey %t@m erBeriget foymats. The
Var QMG OR h&Ek a‘f %8&% are fkt?ér %gﬁle{?‘%{f Yl?erqél %ngm

prisns, Qrari MONOC
aS 'S0k 894 gudiitityihg lsjlsﬁétﬁ whillch hfa;rtlfel dallf)takdde fat, example by comparison

acousto optic filters, conbinatigns there
| i Keith spestre phtained Stosr ethersamplesoh IpteTesh PRy @ﬁer Rﬂaﬂs on the same
%u ng{.{ltsgﬁle e%fb?ﬂﬁﬁérﬁfs %e élir?]iﬁtl &i‘ﬁ? s&‘fl‘ﬁ (ﬁgpdtéﬂi]%t comprises

i on requency requency r
i ntspeaM datia.aequisitibn vammlﬂstéllxrd sdethaa:cspecngd mhréyshevaai beof

di sul f di h |
200; TRATIPYIRE: G RETRR e FrBRY Gk e ot B igyike; For further
n Otcfeta{ '?igte?(gmgféﬂr RpHeRhit dah b8 indRRA"A L Y€mman spectroscopy

p oto ces such as a charge coupl ed device
( C@‘i)pamims dot measaranzsnts afilevd] of suliﬁurdmmm@, pm-tleldady dlsulﬁde bonding,

e AT A 8L 5 S fyonsos
thq{er&emc%?po%té@bﬁyeeene@mhw enfiiefy, exanpl e, on a

COI’TpUt er nonitor or e, or i S converted into
25 ot her di Igumalhencmbmdment; EIT Iﬂ?oﬁ“mmsr trapisformeindiiaresh) is used to measure

[ ities are ferabl v .analyzed.,v

Sl EhEE kTR FS nlp R b, Br sk,
rmmk@e B NePdtaiRd, us&wls ABILE in i GrmRAédIReRd Metdlinized tissue
spectra obtained fromother sanples of interest_ or

ot rsempjee Thesekilldddn shenast recognize that infrared covers a slightly different
region of the spectrum than Raman spectroscopy. However methods of configuring

30 the FT-IR apparatus to cover this area of the spectrum are well known in the art.
A number of ways of interpreting spectral data are known in the art and are

thus suitable for the diagnostic methods disclosed herein. Thus, for example, spectral
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sanple. In sonme enbodi nents, the quantifying systemis
a conputer that conprises spectral data acquisition
weahiswarsy3 i nst all ed so that spectral anal ysis eauWEBR2005/006694

mani_p exanple to reno e noi se
a4t Plafie o R Reras ey 428 D5 A RO Afrerences between
COMpsHiral tvérsﬁi‘ &Et BislbgREl éd@l?ﬂlé’sdﬁ%kf ¥ivRen iRpEGH#AL Feak of 1nterest for

spectrosco y appar at us f or nmeasur énents of evel
sul éxamplesthe neak 51 0 ico] meypcmdmg toi disnl fidmblindg (S-|S|;1gauche-gauche—

ker at I I§§f§ d@g"fgti‘?{g %8%‘5?%51” %, Seel 8???84}32 ¢l cggyespondmg to

3 ef @arrsac sulfidle b&wads'(CeBY. | Adny- gitéh aten PealE MOERRMLe between a
FT-1R (Fouri er transformlnfrar IS used to neasure

t h eCCPIéKPé |an6 fesfs‘wpmcab saapla gan he anameéthaﬁﬁ Agniaj cogparison of the
rn‘% o Z e xiiich he@e{)f th@ égﬁg b rerdfﬁ ?e%{]}?eéght, area integration

I'ssue i s asur ’n sl
c oI (1&:c;taeeh welkeatherpeziey ccbrhbﬁlaﬁomhﬁﬂeef afldh thedikek ilh k@rde embodiments,
the_ ar} recogni ze t hat frared covers a slj g'r?st(l)tythewidthathalf

di f the OPEGASSRY Sffl#éfd LR ATFRasehon eoImRatLs
165 PepbkRSGER mxlghmvm%ﬂﬁé Rgﬂﬁngf,e&gp{)éa&%amn{e nfid Fd| Bsulfide

apparatus to cover this area o Spectrum a
knobendsefatkeraiimized Aissuendueh aphailydwpir, @f skimier, pﬂuaapeakgt about 510
spectn data are known in. the art (& are

P BT PP Vernis e Ao Bestbat 0w osaiiasd! Ga by Wilized o compare

Thugiffeféice£aH® RAmah REEFalbiah&] Rbh NeRiddidet YR RasABples, for
spectroscgﬁé can be anal yzed for differences between

conexaple, grgntqssxccmg@gﬂ@aspe@m&pe@samsmat@bo@rﬁ10 cm’™

1590° o 1 THgr ks RS ooplty BERTRRTRL ARPERh W described in

gauehas ghahegsl dhe taafaecuraty "ds intentdd td el eetord number of
about 621 cm 1 and 643 cm 1 correspondi ng to _carbon

sul 1eselés ofongiven tesiglividag by the mmylas of cormest repiligk Inqomkect results are
di f 5 %HSE oﬁ@ﬁ‘é‘ﬁ% S ‘%ggkgégllée Qs@%}ﬁ Lxgﬁtggﬁhg bﬁtgelrg ﬁl)tf lll}’lﬂled to

sanp e can be ana arrson o
Wi chtnha@nterhaitfenﬁﬁ,)ﬂsmmdnetegbttlr@fentoh,@nﬂem(hké HBiagadsticiageys can be

eak hei ght,. ea inte tion area under the
GB he{:g"r?ﬁnh%c{ MJRENY ngfa@spomﬁmm%@laemgaﬂweﬁa@&n%alse positive and

ar e ggas e %‘ﬁe Irg%rg}pa% ?&%%Zédol?y ﬁw&qﬁé%{lﬁfﬁ&e‘ﬁ%ﬁ ainst a gold
hei gimda(dlfBY o tetth i mdapié it insndpbakofbivato standard tht s unliely

o Belingartoct Spgsbeep traditopaly ued 10 dpBncib Blsbesesishias Bone
510mEiBr ) den§IRVRY %ﬁteofgdroé@ Fﬁg@ﬂé‘o‘lﬂ\%daﬂdrﬁlts? ?er tive rates affect the

nmet hodol ogy can l1zed to conpare di ences i n
25t hesersitinity apé specifiotytafianedsayr om ker ati ni zed ti ssue

oDl o rheC SRR B SRTSBURS L bl e psive
i g:n ﬂe%ugd \évglgl(l: PF\?ecﬁf 4 478408 pbRfatidilas dbApaes td & rdeRASor "gold
standard"). The sen51t1v1ty of a diagnostic test is calculated as: (the number of true
positive results)/(the number of true positive results + the number of false negative
30 results). The specificity of a test is the probability that a test will produce a true
negative result when used on a non-diseased population (as determined by a reference

or "gold standard"). The specificity of a test is calculated as: (the number of true
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ternms of accuracy. The term "accuracy" is intended to
mean the total nunber of results of a given test

wdizvisdezBoby t he nunmber of incorrect results. | RCOEPE®E/006694
results are a function of error rates {)resent in

th ..
as StpaBYRICFHED/({18 nBmberolirafyresaiiks replt tthm%beéﬁé#ﬁse positive
err S o, : - . .
il 0o By SRR RS g 0l P posic e
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ositive and | se ne iye rate re gener at ed .

Corisirerg Tonplafd vPER e dedsd 15he Hpgndier HAEHvgH serious and the
5t apgahent iBreldthRly BERPendive dnd "r@{dﬂ?fa‘}éiildb‘fe bdtaBRABE cdst of a failing

reference standard that is unlikely to be incorrect or

hastolsletest 2 digersed pafignt s higk (falss ngsttived apdthegosteafdecating an

such @s_bane..n .1 or 1S o

oSt S PSS (AREBYyer APTHARRR. ARl upeliboRt tess ar

sengseful ¥ §orechint SapRitdtions wh¢reothe diseastSigyiot aklyerious and the treatment is

sensitivity of .a test is the probability that it wll .
pr delatiyely expensivsdircaysgdhe tyymdiagnased; dagatsd patignis false ogatives)
po [ r .
10722t (RS pdrtlac AR o AL AL A Y Bmcogssary treatment
" cal dfinhatyatbnadisea§¢dpatientst€alscopositives). plb &5 doutire within the art to adjust
results)/(the nunber .of true positive results.+ the. fe
nurtBg ﬁp%réqﬂan wd s faws_o%‘ft FSRRIFIOF I VATiAnt aaYT Wthide@era}g sensitivity
a tﬁﬂsgbéﬁ&"f‘ﬁto@c%ﬁ@bééiﬁ&’ pbRhtichst e sbhditiviBf SEHHE Gistlosed
true n [t"when used on a non-di s€éased

gative result se
poputthodsofor (esdetistion of abdnd diseaseshicr anesteaporosigais @t least about 70%,

standard:).. .Th if)ci a test is. calcul d

155 TR G BT st RO EP v st BTt b S CiB o0, 1,92
of 43 98, 9508} 9% ©8! 884 lok tnote,!dePendiP @pordtheldddghBstic method used.
positive results). The sensitivity and specificity of

a diwthemnerecthespecifivith efthe prosertanethedsfos detgrtion is apleast about 50%,

PR QBR800 259 Al SRR EHEA Ykont 3,91,

di 392098, 94) 95£96]i92998) 998k bSMORY, depending lgﬁhitﬁéléiagﬁkdstib gethod used.
treatnment is relatively inexpensive and readily .. .

20avai | abl Mepweamens ohhardeess, medylus, oy levghok wiliyebardingin a
di . : . _. i .
ot TPREREr R anlle BhG hioREnRRRl pERUAAE il Al WiTeatment
poSl;Hdisd elilled\irt #hienatary Riwtinelyi aphe ®pdeterivine thy faleshegative and false
useful . in screening popul ations ere the disease is . .
notP°<§§1_V§é?‘ie%9§t%Sﬁ‘oaS§Wé- tﬁl%tmsmkedﬂ@ g arikeegenize that statistical
ex i o . i R
pa O sEF RSy a0F spEAURT R RORRvin IS RRA, applipgble o

25notcontififi@rs agvesdit dsynoasindomapiablesl Thug, ke diagrests awthods described
treat ment of ny non-di seased patients _(false .. . .
poSIEET €85 be BTG aPaER POTY (TR G A0Sp5 48 cingese - nominal
5 pe\%‘ifabl\%} bt 8 RRRhE biel ¥ o fFRBRANS.L!, oS Vardble).
assays t Iffering sensitrvity and specificity to
screen sPasefkitleg aptheart asmsrecTguze thatiesults ofjtheindividual diagnostic

di Sacslsa%lss ed(i‘jsclosed herein can be combined with other assays previously known in the

30 art to further refine the accuracy, specificity, and sensitivity of the diagnosis. Thus,
the assays disclosed herein may be used in conjunction with such other diagnostic

indicators such as clinical presentation, decrease in bone mineral density, radiographic
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met hods for the detection of a bone di sease such as
osteoporosis is at |east about 70% preferably at
woOeeast12zt9put 75% 80% 85% nore preferably at PCEABL005/006694
about .90, 91, 92, 93, 94, 95, 96, 97, ,. 99% or npre, |
depBAdRn%E OEBSFPHCH@ AivagrIet ésompbn, dors od Bbight, thoraciC kyBhosis
Furs BeHLODES 'liE)'{"ﬁa&ﬁ}%CfnfoldﬂgE% cQichdteroRl @ﬁfag?, }%@fnl ¢ Iagftflémenopause,
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statistical neasures such as accuracy, specifijcity,

andhetgingnay ke roptingly uged {91 PLPEREsiic assayise Specilieplys fisggaults of a

S I hal Lahl e ' o}

1072 g losdE aB8P 108, pHBLLER 1Bunel D a BE ol oGO Shitf bonding in.

onl kerathmzq tsseansampie) cah bervorrelateddd anather (ariable, (oncombiahtion of

vari ab but al so the extent or severjt f di sease
(amabE et tisBint el Pl ajean fRe e dertoe Aesy e utates the

al SR1ahSE ) tHEprbBREsibiE R, e Qvetififof dicta¥d, éAteatment response rate,
di agnostic assays disclosed herei'n can bé combined =~

wi tholstiner diagmasiiss, pnéthediks) to tadiaha clinicdl @utoomet Both historical and

further refine € accurac speck fiCi. d

15, st fs (i o PREREC e rSRRRLY afailsbie, Hifee data may be
di sgdsRBRE, sele@htivalPiorkiated Qbth dhah€R)ikl Raidneds, Miotililus,Wihevel of
ot her diagnostic indicators such as clinica

pr essibige bending ofiekeratinieed fisspo famplener al density,
ot or o ¢ T FEVEARTER 0B ERTRE e Myl SR smartiogpgey and

f r agiohint outdnie hrgfugefuPingicnsatiflg 6 @birclatoh es«tiidicht) &hadlyindicates the
premat ure nmenopause, prol onged secondary anenorr hea,

20pr jHegnjtudy 963 somelpdon ascqomnered f9jasgnduip #5sesiaien helreen variables.

Wi té),,0 1104 . j N . . .
ol oSk SRRt £ QOCHN BNl DRy Dipeyostic Medicine
f r giVilkye NeseY ark) pr@tiad mathoedodf dortebdtingapliatickeshifs airgy oown in the art
col | % en, |ow cal carﬁeﬁl ul trasoni ¢ varjapl es (BUA and
sognd thesg mskedsaassal] Hadyse igibe methods disc ek | | ed
in the t ' ] '
ﬂie%ﬂxﬂoﬁﬁﬁ&géé @%ﬂ@%‘%ﬁ[@e“ﬁggg Q{k@ﬁ)%é&h&éﬁlaa%fé used to

descri be Sﬁerel n nmay or prognostic
25as ssimptify Gpeopiofastsapatignts with ineeasadsiskfofdode frgetosdt. i The term "stratify"”
assa nges in hardness, nodylus, .or |evel

e, q., , ch .
of T8I inse e A 220 PP semqngrclersiie. spcl ayhaving
be fRiopsidaiseH subdidfiel fiftb o¥ebt AtEsiRlaséRDI nation of

To determine changes in the physical or chemical structure of a keratinized

tissue sample and thereby detect (by any method known in the art including but not
30 limited to the assays disclosed and incorporated by reference herein) the presence of
bone disease, or stage of bone disease, such as osteoporosis, the signal generated from

a test of the physical or chemical structure of a keratinized tissue sample is generally
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vari abl es) of interest, such as the nean tinme before
death, the recovery rate, the relapse rate, the
worogries®son rate, the severity of disease, thBCTmmmmymmam

{ncEaRTRREd foch BRBRPIS EpeL R EP O b A Riied Sooff value, In
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T ORGSO &S (R found I qRESpPosia Pt is. Byl een use the
O”HYaSQA}Js dziéc'l’&eﬂ %%re'u{‘tot SRR inRmatbs flaf §ﬁfja§§ﬁf B dl‘looilﬁg to initiate,
sone enmbodi ments, the prognostic assays disclosed
herdhange og lmwertdocmseahmgeuas regipeny 95 silqgasscé mmawln addition, a
i ncr,eased ri sk of .bone fract The ter str
| TR TR B iR RRet PV By LR fooh il BaclfisiHistei to confirm or
¢ hagx@Rideposdnitial diapidiedBasB@¥h Bthep dia@APRicahéthods ificluding bone
subdi vi ded into one or nore subcl asses. To determ ne
chaniperalidansityeanginfberciggnosticsheni cal structure of a
keratini I t.
1555t hod idRe SRR fie RRAGHOEA e SERRlis btk 8 Raman

t hespactsayepyissatilioad b piedict the predendd crthbbance of estemosm 1n a subject.
herein) the presence of bone dj sease, gor stage of

d| Jadlis manpeh aRaman WwepEyB s wllepted oaurﬁﬂa(mg@‘ﬁ oF a@%ahppmgs) of the
ke ?sg;o%rcl:l{ e @hteli rﬁdﬁﬂé’ﬁ\/@l‘%f dRuI Y nl?iﬁ{cg 01§ tdEtlégt'gH ‘Bg afiflyZing the

d tissue sanpl e 1I's genera
th rm&hsnltydoﬁthglpehk a0 (Im)hsfeth@ Rladranlspecmrum eAeheﬂed‘ahmmb 1ntens1ty of
cut-off val u

I n one,enbodi nen e cut - of | ue
Of orth%sr@a% crnbé AgErBined ugng ﬁr@énxeﬁwﬂaq dhestel arf?@im wiin the art.
| s f eelﬁfae\rllgf#% ggfhépgé‘éﬁlrgﬁeéeﬂtsaa il 'aﬁ yzs%gretfoﬁﬁfé%ﬁmhleand is

obtal ned fr eratini zed tissue
s anptliestivod the pecteficeamabsdnceof, or wsk hbd¢vebapineg, dsteeparesis. In one

dorastiest diniensly dBs hedns ST ¥ stes RRnat Sl for nails is

t hecali@n A8 B8sed ron"fﬁéi Wld%ﬁ aPhalPmbLindinh (WAEH) VAlES BEth$AREAkE A mean

or a decrease in | evel of sul fur bondln in a
25k er WiHMivabre atios ab@yesadmpﬂ 3 ¢’ umdrs:atlva/ef @ indivighwakhaving a bone

Cnagier R Srspisite Mol @peSupRSRRRA Yoo s). n

us eaceBi®ance with the World Health Organization’s definition and categonzatlon of

osteoporosis, a BMD T-score of < -1.5 is indicative of low bone mass, while a BMD
T-score of < -2.5 indicates the presence of osteoporosis. The sensitivity of this

30 diagnostic test to predict a BMD T-score of < -2.5 (and thus presence of
osteoporosis) in a population of 52 women participating in a blind clinical trial was
93.3%, while

-16 -



assays di sclosed herein to generate information that
can assist in choosing to initiate, change, or
W()ncosaamb decr ease therapeuti C reginmens, as di BCUAER2®5/006694

or o st ah et O RS Fis HMEDE R e Bt et

GX%&@ﬁb%@ntl al diagnoses based on other diagnostic
nmet hods i ncludi ng bone mneral density and ot her
di agnostlﬁl@iherlelil@dmeféM%ﬂEW velve a er aqveiabeut 35 cm™ for the

ut 174 SR BB ene R SRR RS TE RORREO ot ndividual who s

50st# oRk fardtfctirs, for sxdhple] fradtivetabdotiat@iwrith a banRdivesse such as
spectrumis col i ected on nails (in situ or

cl igsgrongigpisdsealiguie i) dhere gn H@l‘f@%ﬁl depts mﬁéﬂ‘fe'r@on @gple, a mean

I
o SRS B8 S5 E UGAIESIALAT or e Raman e
spefot nmhswﬁiﬂes)ppmdcta\tmnedlcal nheraysy toyslaw lassiof bpwinamdlsease

e REFTFT 1314 ToOHE ey By bp HORIECAiegs, Uneof kil in the

107 e%ﬁﬁ%&ﬁ%fmz% tﬁ%b@é!ﬁkhtt diagﬁgﬁ@ag‘s s do@uétBd ivh Siudlar mﬂner e.g.,
is indicative of the presence or absence of, or risk

of spestrsll apdlpisis o’éskempmzsé hssuel_saclomnaehbm andndividuglgndergoing

spaitponnegpod &7 APl sbliroy Rl am< T anupiigrpe greament

hal dffiggyi mum (WHM val ue of this peak. A nean WHM
val ue at _or_ above about 35 cm 1l is indicative of an
i ndi vi duEle Telowing examples ae pHersd byavay efjillpgirationpnd aet by way of
15of IEnfiation. (as nmeasured by DEXA; see Figure 5). Li
accordancé with the Wwrld Health O ganization's
definition and categorization of osteoporosis, a BMD
T-score of < -1.51is indicative of |ow bone nass,
while a BVMD T-score of < EXEERIMENIALs {ne presence
of oste [ -
Cest to mRaamicht ndilfy S FRkkdn hdinls P bSoSUAOIPRL doal encrey x
pr asyp ahserplformatt}e@lEXAs E@nnens oauhmsmhmi—bmd stans Zhatmmsasure bone
ing i blind clinjcal trial, s 93.3%
20wh i ‘feéflﬂp q’i‘ﬁ%“c‘ie?tﬁ E?Q%re&F‘P?‘}?é"et jagnoptic BQ‘BHWE’F *}‘ﬁi tangggpersonnel,
T- SEQEBY Hﬁﬁtn%thélﬂ’aﬁgﬁ@ah%ﬁ?”p' e 2 herein below). In
ot her €nbodi mean WHM val ue at or above about
35 cm 1 Therdisgrnostie aksaps d@iﬁb@ﬂin]EMplhbbmmpeqswmmh
for nailsi.indictiv of , an i ndivj who i s . . .
ety Siaefibets e FuPieRPertom, Which For 888 of s invention are
W trEfeﬁe@@cn@s Bba& ulif IStsIBQAS! AOBOORESutEqBe EhMES propertles
6). Were an individdal tests positive (for exanple,
25me a(mmmnchmqwehpf akerativized tigsuasudbascthe pail a5 oppased @ameasurlng
at ,510 .c

bone den51ty '?Le h?)ef I:\)él)ased SPe tﬁrnﬁlng that there is a statistically significant
difference in the state of the proteins, particularly keratin, between the nails of a
healthy person and those of a person with osteoporosis. Thus, the microarchitecture
of the nail can be used as an analogue for bone quality.

30 The BQT is a much simpler methodology, and is potentially more cost
effective, than other forms of noninvasive osteoporosis detection methods available

today. The BQT can detect osteoporosis fracture risk noninvasively and
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| oss of bone mass, disease progression, and to reduce
Onanstioze3ri sk can be inplenmented. One of skil PCT/EPLIE/006694
art, will i Z hat subse uent Ja Sstic assays
com@pwq? el G e e erepioBgRds piacliaT finese

aﬁ g&%&hmagﬁ&klé fPiGatmeRtd as nails, for an
ergoi ng nedi cal therapy for the bone
d| sease Ex@mplqolr belowelemanstantes Bfo meristtor whigh thegatewd proteins in

_eff %/{{l? e%%ﬂ@ﬂ ¥V' ngano)ﬁ?&gl a%?)ln%fl? a]?él‘cgrﬁg&%up%ms. 0f‘he latter

il
EXF&EBbB’EMBﬁbreH h@lnfglﬂhfy%péctﬂﬁébmcl ﬁﬁﬂmdology,t fon gxamplepRsman

for osteoporosis use dual  ener ra absorptlo

( DESRRRfrosem{a+ derapnsgmted bslsg Nk Bk BRaroiried Slerdifrghercin
bo

cauPShE Pt I MERELEBler A Rt @*Z%W.ﬁmaw. ARG & verify
t hehe spepificitg ahd sensitiMity of| itmgBQa“tbasechmsRmani epestiabamhlysis.

Exanpl e 1 bel ow represent novel noninvasive diagnostic

tests for osteoporosis, which for purposes of this

| nvention ar}ﬁcaﬁl?:ieef I PRyl 88d BABRIcEHChidg¥s HEHUmah Bgernails

A BQT neasure he chem cal properties

(microarchitecture) of aak€emelaies pEBon¢ Bégasesuch as

the nail as opposed to neasuring bone density. The BQT

i s basedvengtonps 6f subbjevts weratidantidied. The ﬁr&ttgmups(mFBhWIagldiagnosed

i di f§ in the state of th t
o o1 kR Ard yhaediratig, CEUeWiEn sTHEmmnit e ROHLE] Ripe <29
perﬂme@dﬁq ﬁ\&?&r‘iﬁ) aPBiaBRS; eltia ﬁoﬂagte@;s&w@usscomm All

the m croarchi'tecture of he nail can be used as an
anatatigtieal tests dooekatingalisense. to FadoBGikpesdent vardables wetlegerformed

met hodo nd is potentially nore cost effective,
théﬁm&mg&vd{‘rm of noni nvasi ve osteoporosis detection

met hods fﬁﬂﬁérﬁﬁpélﬁ)tpir%QVere SbRiIRPFonR Al S6Hje&s. The nail apparatus is
ost eoporosis fracture risk noninvasively

andomprpwhefithensil foddnaili matnw naihbedy anéathy hypenychium, which together

B SR8 Rk Y RASE Rl BOBRL SR g omerses i

t Vﬂhﬂﬁ@ﬂﬁn&lhaﬂﬁfbl@hwﬂlé beihghelddh phicebeithslateralnail ibld: flmbverlays the
be determ ned, i nanol ndent ati on and spectroscopj C
andlaildied and-detaches ebhecwintisallodbhe Hispeny i @ fypre the free edge of

pali PRRESRS THE B IR e KA Goq HIBERN. T epen
as dbﬁiaqﬁ)ndb ﬁﬁhﬁ afea wissre high-sulfur keratin, typical of hard keratins, is found.

Following their sourcing, samples were stored in sealed specimen jars prior to testing.

Notably, the physical properties of fingernails change when soaked in water,
as it becomes soft and flexible. It is thought that the degree of hydration is the most
important factor influencing the physical properties of nails because chemically bound
water is found in both dry and wet nails. The water-protein interaction changes the
keratin structure giving it new mechanical characteristics (Finlay et al. (1980) Br J
Dermatol. 103:357; and Wessel et al. (1999) Biochim Biophys Acta. 1433:210). This
highlights the need to store nail-clipping samples under conditions where they are not

exposed to large amounts of water or dehydrated prior to testing. Accordingly, the
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above. Exanple 2 describes the results of a blind
clinical trial undertaken to verify the specificity
wanossezsssti vity of the BQT based on Ranan speeCTalP2005/006694
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t he, SAREdR afaa&ﬁ Eﬁl% 1§ SEn ﬁ{%&% m@%ﬁemgp&a%é él'ﬂ)% in Table 1,
Specifically, nall rete y over
25peranddh®s§tamuealrmmlymsfmshdvm tinBade 2nd nodul us to

confirmthat no detectabl e changes had occurred. In

Table 1. Measurements of modulus and hardness of fingernail clippings.

Max. Min.

Sample Modulus Hardness Hardness BMD
A(1) 343 0.247 0.236 2
A(2) 3.09 0.186 0.164 2
A(3) 3.88 0.386 0.325 2
A(4) 3.38 0.23 0.201 2
A(5) 3.47 0.298 0.256 2

G2(1) 3.25 0.201 0.173 2
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contrast, nail sanples that were tested one year after
collection exhibited different properties.

wolnsinzkat ati on The nails were trinmed prior POT/EP2005/006694
testing to ewpgse thg 4l at mdysgstion of , h nai
and, theref g redu%% the posglLgslity of q;ﬁ curve§
edges of th il na%@qg prenan( cont ac th t he
i ndent er. es weLg,t hen at ed to a 1 n|um
st ubs mﬁth époxy 3 eS|ve ( a no: 464
Ver sachem 2yUSA) . ,Nanoi nden on experipents we
conduct ed u?h ala at ory- byl machi ng’ eV|ous
descri bed by, teaga6§h al . (1' Trlbo
26:305. For gagh indgibation, tip was % &ught [
cont act vvlttb e sur e usin g?aoad of (fgw m\.
| oad was the5]( ] ncreas q I|nean ngt O 5135up to
naxinun1valqﬁ pf 12 6 FeEabn at t
sane rate taq, (5ero E&eq 150 |ng th l e
readi ngs werg,{ aken Q t he dIS agenent gt&%§
i ndenter d, t”l the | d P, aI qw ng the natlo

of force-pe [atlon %@ta dur|%%6 ot h the adlng a
unl oadi ng pQg es. Q% quentlyosgé i S pos ‘ibeato
data for th studlg wer e gefiel ted usify
For nul ae 1- gpupra. ischematbg fepr esenl’
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Measur enent nodu and har
BVMD A(D 3.4 . 247 O, 109 0.18
A(3) 3.88 0.386 0.32572 A(4) 338 0.23 0.
:'6 0.293 0.259
H(5) 54 0.359 0.298
1(3) 3.03 0.0756 0.0698
i(4) 2.8 0.135 0.122
J(2) 34 0.0762 0.0706
J(3) 2.82 0.0609 0.056
K(1) 4.95 0.342 0.295
K(2) 6.42 0.485 0.416
K(5) 7.24 0.565 0.491
L(1) 3.45 0.309 0.263
L(4) 3.94 0.31 0.27
N(1) 0.967 0.279 0.236

h at eag
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3.47 0.298 G256 2 () 3. 254? b1 0. 173%
(1) 247 0.12 0.109
I(5) 3.15 0.154 0.141
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K(3) 5.48 0.415 0.356
L(2) 3.5 0.233 0.204
N(2) 1.27 0.275 0.237
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J(1) 3.08 0.101 0.0885
J(5) 3.83 0.125 0.112
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L(3) 442 0.447 0.376
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G2(4) 3.64 0.15 0.132 2 G(5) 3.17 0.194 0.172 2 H2(1)
2.95 0.266 0.234 2 H2(2) 4.51 0.497 0.424 2 H2(3) 4.11

WO 246582089352 2 H2(4) 6.24 0.614 0.522 2 H2(5) BC®EP2005/006694
0.219 0.189 D(l) 3. &645 0 D7 13 34 4
0. 0626 0.05 )0 D(3) 4 926 0. 05 2.71
0. 0407 0.039.0 E(1) g34 0. 29 268 0 .1 0. gl
0.353 0 E(3) 0y 8 0. 33720
E(5) 4.86 0. 3 0.33 P 0. 273 0 F(2
3.33 0.293 53 0 Ffgd 3.17 0y J34 0.117 Q1) 5.1§
0.212 0.187 G( 2) 5 0 0 ¢ 3) 4 0.243
0.219OG(4)( }9 5) 5.7 51 0.30Q2
0 H(D 4.83 (940.3 0H(2)0 : ’ 6 0 H3)
4.36 0.265 24 0 H&) 4.69 07283 0.259 D Jd(5) 5.4,
0.359 0.298 FQS) 2.67 0.0898 0.0814 -3

P(4) 0.856 0.0503 0.0472 -3
Q(1) 1.41 0.0425 0.0405 -3
Q(2) 1.68 0.0768 0.0726 -3
Q(3) 1.49 0.133 0.121 -3
Q(4) 1.74 0.165 0.148 -3
Q(5) 1.97 0.183 0.161 -3
R(2) 5.06 0.376 0.324 -3
R(3) 5.6 0.52 0.439 -3
R(4) 4.61 0.305 0.261 -3
R(5) 6.12 0.638 0.52 -3
S(1) 3.02 0.0996 0.0908 -3
S(2) 4.47 0.37 0.324 -3
S(3) 3.58 0.21 0.185 -3
S(4) 3.61 0.18 0.155 -3
S(5) 3.81 0.31 0.263 -3
T(1) 3.68 0.198 0.179 -3
T(2) 3.58 0.137 0.125 -3
T(3) 4.01 0.295 0.251 -3
T(4) 2.99 0.148 0.134 -3
T(5) 3.3 0.105 0.0978 -3
u(1) 227 0172 0.153 -3
u) 1.21 0.122 0.114 -3
u(s) 3.56 0.263 0.233 -3
u(4) 4.08 0.299 0.262 -3
u(s) 3.2 0.138 0.126 -3
V(1) 4.08 0.144 0.133 -3
V(2) 4.39 0.131 0.116 -3
V(3) 6.23 0.458 0.398 -3
V(4) 4.33 0.142 0.134 -3
V(5) 3.75 0.277 0.242 -3
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KD 2.47 0.12 0.109 0 1(2) 2.93 0.0536 0.0506 0 |(3)

3.

03 0.0756 0.0698 0 1(4) 2.8 0.135 0.122 0 I(5) 3.15

w0 20642889341 0 J(D 3.08 0.101 0.0885 0 J(2) 3.2COERZ®2/006694

10

Coooooo0o

.0706 0 J(3) 2.82 0.0609 0.056 0 J(4) 2.64 0.0782
.0714 0 J(5) 3.83 0.125 0.112 0 K(D 4.95 0.342 0.295

K(2) 6.42 0.48% Qléﬂﬁsﬁléﬁcﬁﬁarﬁlﬁﬁs&%m&tméﬁ 0 K(4)

.36 0.61 0.51 0 K(5) 7.24 0.565 0.491 0 L(D 3.
.309 0.263 0 L(2) 3.5 0.233 0.204 0 L(3) 4. 42 o 447

.376 0 L(4) 3.94 0.31 0.27 0 N(D 0.967 0.279 0.236 -3

N(2) 1.27 0.275HuhBNMD Geeym) 0.933 0. 145 0. 131 -3 N(4)

1.
0.
0.
0.

49 0.297 0.255 -3 N(5) 1.49 0.236 0.207 -3 0(1) 3.86
179 0. 158 -3 Of2pn mog8us0. 124.7013368333 3 med) hape @33 0.267467

073 0.0663 -3 0(4), 2.84 0.0987 0.0903 -3% K‘ . 82
072 0. 0672 3stp|(|dfj'dq_evggoro 1 81#343f4 _ 3 deviali 0.121951

Normal BMD
Group
mean modulus 4.193414634 mean hardness 0.238365
standard
standard deviation 1.162156637 deviation 0.139288
Low BMD Group
mean modulus 3.044093023 mean hardness 0.192416
standard

standard deviation 1.413736299 deviation 0.117027
All Non-
Osteoporotic

mean modulus 4.064285714 mean hardness  0.24616
standard
standard deviation 1.094289071 deviation 0.134947

Mean elastic moduli and hardness results for the two sets of fingernails are

included below in Table 3.

Table 3. Mean moduli and hardness (and standard deviations) of fingernails sourced.

Subject Group Moduli (GPa) Hardness (GPa)
Osteoporotic 3.0(x1.5) 0.19 (= 0.12)
Healthy 4111 0.23 (= 0.14)

The mean moduli of fingernails from patients with low BMD are

approximately 25% lower than those with normal BMD. The difference in mean
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P(2) 1.63 0.148 0.128 -3 P(3) 2.67 0.0898 0.0814 -3
P(4) 0.856 0.0503 0.0472 -3 Q1) 1.41 0.0425 0.0405 -3
wQRa)s/122888 0. 0768 O. 0726 -3 Q3) 1.49 0.133 0. PCL/EPHN05/006694
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3§ iflcAfed at §93e0dl @24? dd80 918k ofPoet }sn%lpﬁ-) within the test.
6 0.0908 -3 (2 0.37 0.324 -3 S(3)

.21 0.185 -3 S(4) 3.61 0.18 0.155 -3 S(5) 3.81 0.31

1263 -3 T(1) 368 0.198 0.179 -3 1(2) 3.58 0.137
.1@%‘%—%@&&. 0.295 0.251 -3 1(4) 2.99 0.148

. 134 - 3Fd(Raman andysld) o1 Migéthail Jatdples frbn2 dadh. g%’l&) were analysed to

153 -3 U(2) 1.21 0.122 0.I14 -3 U(3), 3.56 0. 263
. oasgertain thyrezwv@ﬁsdlﬁpmb@wz@gmypw@)i te dotegf optegperotiognduced

3 éﬂaﬁées‘lin%re{?m}z%ﬂ tgsxgeg §/Ilcx% lyz{n%an Lbe%@a gve}éc’lbtginé&-ﬁsmg’ a Dilor

Labram 01 instrument. Excitation was by red laser operating at 632.81 nm. Spectra
were obtained by performing 20 scans, to improve the signal-to-noise ratio, each with
a laser exposure time of 50 seconds. The same operating procedure was repeated for
all samples in order for the resultant spectra to show only the differences between the
osteoporotic and non-osteoporotic tissue. Spectra were recorded from 300 cm™ to
1800 cm™ for identification of all the characteristic peaks in human nail. The interval
from 300 cm™ to 700 cm™ was selected for comparison. Normalization of all acquired
spectra was carried out to facilitate the comparison and to highlight differences
between groups.

Figure 3 shows the typical Raman spectrum of human nail between 300 cm’
and 1800 cm™. The major spectral peaks of human nail include the amide band at
1677 cm™ indicating that nail keratin is predominantly a-helical, the methylene (CHy)
deformation band at 1450 cm™ and the amide [v(CN)] band at 1251 cm™. In the 1000
cm™ to 1200 cm™ region the strongest band occurs at 1006 cm™, corresponding to the
C-C stretching vibration of the aromatic ring in the phenylalanine side chain.
However, it is the lower region of the spectrum that is of most concern in this study.
The area between 700 ém'l and 300 cm™ contains the spectral information about the
sulfur bonding in fingernails. The relative intensities of the S-S and C-S stretching
vibrations give a good indication of the amount of sulfur present and allow
determination of the structural configuration of the S-S bond. Figure 3 shows the
peak at 510 cm™ representing the disulfide bonding [v (SS)]. Lesser peaks at 621 cm™
and 645 cm™ represent carbon sulfide bonding [v (CS)].

Figure 4 shows normalized Raman spectra for an osteoporotic and non-
osteoporotic nail on the same scale. Two main differences between osteoporotic and

normal nails were observed. The disulfide bond (S-S, gauche-gauche-gauche
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For Raman anal ysis, four fingernail sanples from each
group Wef}f‘er@'&gé IR& g shi?t in the carbon sulfide bond (C-S) peak at about 621 cm™!

10  and 643 cm™ as shown by the higher wave numbers detected for the C-S bonds in

15

osteoporotic nail.

In protein spectra the C-S vibrational band originates from methionine,
cysteine and cystine. Since methionine content in human nail is negligible, the C-S
and S-S bands shown must have originated from cysteine and cystine (Marshall et al.
(1996) BMJ 312:1254). While not being bound by any particular mechanism or
theory of action, the shift in the carbon sulfide bonding may be due to the change of
the sulfur content in the nails since it is known that the C-S stretching vibration is

dependent on the conformation of its side chains.

20 Example 2: Verification of Bone Quality Test Based on

25

Raman Spectral Analysis of Nails

The World Health Organization (WHO) defines osteoporosis as "a skeletal
disorder characterized by compromised bone strength predisposing a person to an
increased risk of fracture." The WHO uses the bone mineral density (BMD) T-score
as the standard for identifying the osteoporotic condition. To obtain the T-score, an
individual’s BMD result (for example, from DEXA) is compared with the BMD
results from healthy 25- to 35-year-old adults of the same sex and ethnicity. The
standard deviation (SD) is the difference between your BMD and that of the healthy
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nail at 510 cm 1 was nmuch sharper than for
25 0st eoporothis meaner, fingernsibclippings fodm these Sulfe@emlerd examined using

ostLonor.ot 1,c nai f ound to.pbe l.arger than.the .

nodis RetfosShL (e Hihed 8t hemOL sistmentn

t henandet simslatitootek described in Example 1. For this study, the width at half
maxima (WHM) for the S-S peak from the Raman spectrum was determined for nails

collected from each individual, and the relationships between T-score and age and T-
30  score and WHM value in order to evaluate T-score as a function of WHM and age.

Results are shown in Figure 5. Table 5 shows the number of non-osteoporotic and
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For information regarding the use of these other diagnostic tests as predictors
of osteoporosis, see, for example, Naganathan et al. (1999) Med. J. Aust. 171:297-300
(quantative heel ultrasound (QUS)); Ross and Simon (1998) J. Bone Miner. Res.
23(suppl):S601, Rea et al. (2000) Osteoporos Int. 11(8):660-8, and Rea et al. (2000)
J. Bone Miner. Res. 15(3):564-74 (pDXA); Orthopaedic Nursing 24(1):33-39
(SCORE), and Cadarette et al. (2000) C.M.4.J. 162(9):1289-94 (Questionnaire).

These results indicate that a positive result on the BQT is equivalent to a

15

DEXA T-score of -2.5 or less, and treatment should be considered accordingly.
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sanpl es collected fromthese patients anal yzi ng
f orpreseneecorabsenseiod atdizeasagugh as peieencapsipda IfOlhIW Bwrrmt afficacy of
(i 1Sd1V1d‘i1hl% fhgglagp %l:( Illsk 0 devgiogm\%ear ISt )éié%ﬁ' A B?F lﬁ)ateoporosm and to

cli'pprigs e€se su

Rarpredisifeeture sisRPA I(e&@étﬂinrlﬁ fiebtuddstRded\bit fho?e $¥rbdfing and
Labram O 1 instrunment) in a manner simlar to that

de JEPYBERHVE Hreatnamh P@ﬂd haygsignificant healih/and erenamig benefits worldwide
15half,

spectrgﬁé égﬁ%@ &J%Sgﬁseég? glrﬁatr?‘él SEgE) wlg%)ggdé?g&veach

i ndi vidual, and the rel ationshi ps between T-score and

age and Tsco d Mval in order to evaluate .

T-score as aé’Faé?@?\ré'\H %?ﬁ?o%éppﬁég‘{fafjf’%%?eésmg

shown in Figure S. Ta@sfeogo&@l%ﬁdp%uﬁum{ of

non- ost eoporoti ¢ andosteoporotic patients that had a

C |61|g E eV\?'\A‘ép‘L %%géﬂg%aﬁyf@f?ﬁbig& c%%%rgcﬁnfyes?gtgm O 28 Miized in the

.-1

20D sliggnbstid a@;@a;@fdeﬁﬁibed%mimoﬁghr@ Hhetraes eepadiatcofmponents that can

25

30

patients based on WHM val ue qbt ai ned from BQTI using

Rarpgrowpewithin sugha sysiem fof usqdn pendugiing Reman speciral ahdysis of a
BQk efdtinfred tlg SoER Q@ﬁﬁﬂ Wh& in @?& \I(R/ggé @agl"@a%p?ﬁfg?ste ?lfile components can

positive and have ostedporosi s
28/h’é&)ssenﬂibﬁtésfpm ¢fiandhdividuaBackége, or cart HiEEccmsﬁ'pdEﬂ la®multiple units
t t t t d. dp not have
osttE% ﬁlg‘re 1ggqsg§§ &gg%%greagi@g eagg s;lwe\é?ralaar}lalys?s In order to collect the spectral
data, a probe is placed against the nail of a subject, for example, an intact fingernail of

a finger, and a beam of light from the light source is delivered to the nail surface, for

example, by pressing a button on the apparatus. The light delivery time can vary, but
can be as short as 2-5 seconds. Following spectral selection for Raman scattered
light, detection of the Raman scattered light, and quantification, the spectral result is
displayed, for example, on a screen, and can then be written to a chip with a data

stamp.
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(i.e., 21/22). Table 6 shows the conparative

sensitivity and specificity of the BQTI and ot her
wdiegnossc tests to predict osteoporosis (i.ePCTAP2005/006694

T-score s -2.5)..Table 6. npari son of .Wth oth .

di agnos e BOYIECEgo R ogher prboRipent g infigption so forth herein

| NToIMBRedB ntifd 8 Shd\killein4REar® to WhRAGh&RE MBfentions pertain having
di agnostic tests as predictors of osteoporosis, see,

f orthekenefit of thidepshingh preseatediin the foreggingdescriptiongand the associated

171; 29.7- 30, antative heel ultra n : .
andreyingh (aRTE 0 b e Mferapod RAEAU DLt dre afbbe timited to
5Reahebperific didbhers HRERAEDE thht mddi(iBatione @nd othen émbediments are
et al (2000) J. Bone Mner. Res. 15(3):564-74 ég&»wg' .
Or tintspadfodernsludedgrisupthe sropg of the@prendsd sl apiiraueh specific
et gl 162( 9) - - ' i .
Thagmd G SIS Horelt Hed)ard BRI H4 debHESMAUIRG Rk sense only and
BQhoit forgmuiposed eflimitation. DEXA T-score of -2.5 or |ess,
and treatpent  should be considered accordinglLy.In. .
anot her 4l §'é‘%1§$§ﬂ¥s #d Ragnt ﬁPllélEﬁaEt"i‘S\/‘@e‘%tH?nﬁg "g?%tsﬂg‘“g@t}on are
10t NEndiCAN I Fend 198l Fhcde skilleh P et tbRhiBPRSs Mydktidnypertains. All
score and age was determned for a subset of the wonen
pargublicaions agd patentrpplicatioak areAwreinindogpasated by refierence to the same

Figure 6,.wonen wWi.th fracture histqgries have very.

ai TR At LB Ui of bl ebBRee oMyl Sptiicatly and
abgudiviRialyint]catddatbRARRpMatel byQefefeieb.ur e hi story
(WHNIscoréﬁialue bel ow about SE@gn11). Thus Raman
spectroscopy of nails, either in situ or as nai
clippings, can assess fracture risk in a nore rapid
and | ess expensive manner that avoi ds potenti al

probl ens associated with radiati on assessnent.

Further, a desktop Ranman spectroscopy apparatus such
as that described in Exanple 3 below, could be nade
readily available to practitioners to support mass
screening of subjects for the presence or absence of a
di sease such as osteoporosis, to follow treatnent

ef fi cacy of individuals having or at risk of

devel opi ng a bone di sease such as osteoporosis, and to
predict fracture risk. A reduction in fractures based
on nore screening and preventative treatnent could
have significant health and econonic benefits
wor | dwi de and expand the osteoporosis preventative
drug mar ket considerably. Exanple 3: Raman

Spect roscopy Apparatus for Assessing Osteoporosis and
Fracture Ri sk Any commercially avail abl e Raman
spectroscopy systemcan be utilized in the diagnostic
assays described herein. Figure 7 illustrates the main
conponents that can
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be found within such a systemfor use in conducting

Raman spectral analysis of a keratinized tissue such
wagosarigzei t her in situ or as nail clippings. PTHAEP2005/006694

conmponents can be assenbl ed as_ part of an individual

package, or can be const r uct AR i ple units that

are integrated for operation and spectral analysis. In
order to collect the spectral data, a probe is placed
agai nst l.he nAirhethdd af diagositg bdnerdisrsmiplasubat, said avthod
fingernail of a finger, and a beamof light fromthe

Iig‘}%’F‘ e is delivered to the nail surface, for
sexanpl e, by pgyessi figamidd k@hitited h@uaBRAPIS M a SilFect to be

light delivery time can vary, but can be as short as

2- Sliggnosedifor bpo¢ diseasay spectral sel ection for Ranman
scattered light, detection of the Raman scattered

light, and qulanti fineaduriog the herdsgse of saifl sameple] andi s

di spl ayed, for, exanple,. . on creen, .and can then b

M Lten to a Bhip SHAIPRIA TGRS oA SHORef9 S RPTBHROr

anctheghied digPRRN dRBohe AischtahhtTY @8HoCRRS With a ERnigh in bone elasticity

herein will "cone to mind to one skilled in the art to
10whiasthonpdsesifynvent i ons pertain having the benefit of

the teachings presented in the foregoing descriptions.
and the associ ated drawi ngs. Therefore, it is to be

under st ond t h@the flthol Y elairh AN $/hafetn Sid bose digeaké 18 dsk@porosis.
to the specific enbodi nents di sclosed and that
nodi fi cati ons and ot her enbodi nents are i ntended to be

i ncl udedy; wi t i . of A
At hougﬂs's pe%@gﬁgéﬁe@@ 2érrp %e%ggﬁﬂggg?lﬁhsa% e;t/edafg%m the group
15us exdniistisg gfmedl, hair,camd skescri ptive sense only and not

for purposes of limtation. AUpublications and patent
applications nentioned in the specification are

i ndi catiye of tzh L et
whi ch ths n%%“?ﬁe%ﬁ“%&%ff‘%ﬁ%e?ﬂf%ld% abiinlg16 p@Hdnicd by means
patefmianeipgdéntatadn.ons are herein i ncorporated by

reference to the sane extent as if each individual
publication or patent application was specifically and

20i ndi vi dugl | y ThéneMo8 @1 tRiR S, WheRiP i@ sRApIeYs nail.
reference. CLAIMS: 1. A nethod of diagnosing bone

di sease in a subject, said nethod conprising: a)

obtaining a atinize i ssue.sampl e.froma subrect . .
Lo be di Ggnos LA Fisfofioh el 5o S oBRE 50 pER T B said subjec
hargie $6 nihsiigths Rafdhess ofBgid@hilcor rel ating sai d

hardness of said sanple to a positive or

25 7. The method of claim 5, wherein said measuring of the hardness of said

nail is performed on said nail in situ.

8. A method of diagnosing bone disease in a subject, said method
comprising:
30 a) obtaining a keratinized tissue sample from a subject to be
diagnosed for bone disease;

b) measuring the modulus of said sample; and
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negative di agnosis of a bone disease that is
associated with a change in bone elasticity or bone
wdensi2y932. The nmet hod of claim 1, wherein saPdTE®R®S/006694
di sease is osteoporosis. 3...The,pethod.of clajm?2, ..
wherei n sai d %anpl ‘é’qelé@glsglgtné%d‘ﬂ&soﬂfs(ah Saét}péﬁt)o a positive or
COnRbativdHagiosiRdfla, bohd diseaseMht $Kad3ocidted With AEHANGE iPbone elasticity
claim3, wherein said nmeasuring is perfornmed by neans
of onkawe deisityati on. 5. The method of claim4, wherein
said sanple is nail. 6. The nethod of claimb5, wherein
said nail is clipped fromsaid subject prior to
S5measuri sy t heTHeanethed sf cthins 8] wherein said’bonkhdseasd sadiedporosis.
claimb5, wherein said nmeasuring of the hardness of
said nail is perforned on said nail in situ. 8. A
met hod offp, di ?ﬂi&ﬁéﬁeg B?Elﬁin.g D,Sﬁﬁér%iliﬁi(?sa?ﬁ@é &CelechA! ffom the group
nmet hod conprising: a) obtaining a keratinized tissue
sarphsstingofimmilsbdif,@nd skin. be di agnosed for bone
di sease; b) neasuring the nodul us of said sanple;
andc) correlating said nodulus of said sanple to a
10PpOsi tive10r NEgAhEEd 8f dame 30 Swidreid SARNBesusifa $epdriviined by
is associated with a change in bone elasticity or bone
demmsgang of ganofdentasionod of claim 8, wherein said bone
di sease i s osteoporosis. 10. The nethod of claim?9,
wherein said sanple is selected fromthe group
consi stilag ofTheanhéthod of Elain®nt, wherbin shill sahipte f¥eiatlod of
cl aim 10, wherein said neasuring is performed by neans
of nanoi ndentation. 12. The nmethod of claim 11,
wher ei n 1sai d j i ] J 3 ' . .
183 whor n oeqieget Of B 1 wherf ASAER ibpdd il aid subjoct
pr ipoior toomeEsasing ithegmbbalusofisdidisaibf sai d nail. 14. The
nmet hod of claim 12, wherein said neasuring of the
nodul us of said nail is performed on said nail in

SitU. 14,  Themethod of claim 12, wherein said measuring of the modulus of

said nail is performed on said nail in situ.
20 .
15. A method of diagnosing bone disease in a subject, said method
comprising:
a) obtaining a keratinized tissue sample from a subject to be

diagnosed for bone disease;

25 b) measuring the level of sulfur bonding in said sample; and
c) correlating said level of sulfur bonding in said sample to a
positive or negative diagnosis of a bone disease that is associated with a change in

bone elasticity or bone density.

30 16.  The method of claim 15, wherein the bone disease is osteoporosis.
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15. A nethod of diagnosi ng bone di sease in a subject,
said nethod conprising: a) obtaining a keratini zed
woizesue2®anpl e froma subject to be di agnosed POT/EHPOWS/006694
di sease; {h) ' . e - SUI ' [
said san‘%) e; ngﬁgﬁ{r: %ggtrf?gallﬁétq i%hlé’hgﬂ;elngé%lée%ﬁg& dgs?[l}]g*eg?}om the
bonghonp coisisAigbfhailjiair, md skigposi ti ve or negative
di agnosi s of a bone disease that is associated with a
change in bone elasticity or bone density. 16. The
met hod 0fg Cl airfy drihoWdBCRin 15NGnBRAfsH RRASKRink3s performed by
ost eoporosis.17. The method of claim 16, wheréin said
5s anpeansi of Rashancspecirdscepyi. t he group consi sting of nail,
hair, and skin. 18. The nmethod of claim 17, wherein
said nmeasuring is perfornmed by neans of Raman
spect r ose@py. ThOmetHod oTelatad 80Hhedesi Apddk at WP SI10 cth™ is
peak at about 510 cm 1 is neasured. 20. The nethod of
cl amgdsved. wherein a peak at about 621 cm1 is
measured. 2 1. The method of claim 18, wherein a peak
at about 643 cm 1l is neasured. 22: The nethod of any
100ne of c2@i nsThémiettiodwdlbladdh 1 8ydvhereima pedkcht abomioa 1 ican™ is
nail. 23. The nethod of claim22, wherein said nail is
cl iPBEYT9% om sai d subj ect prior to measuring the |evel
of sul fur bonding in said nail. 24. The nethod of
claim 22, wherein said neasuring of the |evel of
sul fur b2hdi nghe metmddfchith 18swherefroa pealt ab abasi6d3 oai | is
in situ. 25. A nmethod of diagnosing osteoporosis in a
subdPEM®%ai d et hod conprising: a) providing a nail
15f rom a subject to be diagnosed for osteoporosis; b)

measuri ng by neans of Raman spectroscopy a peak at
about 22.  The method of any one of claims 18 through 21, wherein said sample

is nail.

23.  The method of claim 22, wherein said nail is clipped from said subject

20  prior to measuring the level of sulfur bonding in said nail.

24.  The method of claim 22, wherein said measuring of the level of sulfur

bonding in said nail is performed on said nail in situ.

25 25. A method of diagnosing osteoporosis in a subject, said method
comprising:
a) providing a nail from a subject to be diagnosed for
osteoporosis;

b) measuring by means of Raman spectroscopy a peak at about
30 510 cm™ corresponding to the level of disulfide bridge formation in said nail; and
c) correlating said level of disulfide bridge formation in said nail

to a positive or negative diagnosis of osteoporosis.
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510 cm 1 corresponding to the |evel of disulfide

bridge formation in said nail; and c) correlating said
woevel122893di sul fi de bridge formation in said naCI/EP2008/006694

positive or negative diagnosis of osteoporosis.26. The

met hod of claim 25, wherein said nmeasuring is

per f or nRg. on Theimlethad bf dlains23, whepdin sFideneasttimglisprformed on said

claim 25, wherein said neasuring is performed on nail

cl PHbimY@:. obt ai ned from sai d subj ect.

27.  The method of claim 25, wherein said measuring is performed on nail

5 clippings obtained from said subject.
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