SAVMPLE ANALYSI S SYSTEM The present invention relates
to X-ray diffraction and, nore particularly, to the

worewati43g0 and al i gni ng of hairq sanples for X-rBgI/AU2008/000602
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diffraction analysis for the purpose of diagnosis of

di sease. BACKGROUND In 1999 Janes and col | eagues

reported differences in the small angle X-ray scatter
(SAXS) patterns of [zaiprE ranativsdicvEdsTEM Wit h breast
cancer conpared to healthy subjects 1. The SAXS '
pat t er mmeof phasant r anveanicer patatet stoort-aiaeddf frieggion
of conparatively low intensity which was superinposed
Onahdle AOE&BIpagkpbatkeangt i o phhe emeuobing neddf pafpning of
heal t hy control subjects. A detection techni que based
onhi hesearglisar fati Bas:y Sitffeastubprecandiysys far ekite gurpose
, 718, 007. This ring was reportedly observed in all

saapl ésagpfosieabp aiwlame.pubi c hair taken from wonen

di agnosed with breast cancer / as well as from

subjects "not yet diagnosed with breast cancer but
suspected of being at risk". In other words, a nunber

of BAGKGROPBsi ti ves were identified. Subsequent papers

by Janes and col | eagues reported SAXS anal ysis results

of Tbl iL9A8d Jemean assnpicdd eafineh WePertshsAstirenGrenin the

the initial publication 2'3. The |ater {J%Per r pgrted from
onsmakl r égglles Bfray03seatteded (T sBRb l"a'sna?gs S

individuals with Dbreast cancer compared to Thealthy
subjectsl. The SAXS patterns of halr from cancer patients
contained a ring of comparatively low intensity which was
superimposed on the normal alpha—k@ratip pattern obtained
from healthy control subjects. A detection technique based
on these observations is the subject of US patent
6,718,007.This ring was reportedly observed in all samples
of scalp and/or pubic hair taken from women diagnosed with
breast cancexr, as well as from subjects "not yet diagnoséd
with breast cancer but suspected of being at risk". In
other words, a number of false positives were identified.
gubsequent papers by James and colleagues reported SBRXS
analysis results of blinded human samples which were

consistent with the initial publication®’.

The later paper
reported on the results of 503 blinded hair sample analyses

and demonstrated a sensitivity of 100% (no false negatives)



and -denonstrated a sensitivity of 100% (no fal se
negati ves)and a specificity of 86% (14%fal se
w@omstiz4ses by conparison to nmangrogr aphy) for bPEEHAU2008/000602
cancer. However, the finding remains highly
controversial as several groups independent of Janes
havendtd epeted: &0ty eF iscat e1ihesOrdgipdal civadivygsoapdrison
all were unsuccessful 4- 11 . Janes responded by
pubts stamAgyt s Galr Bxphehaidneas.for their
replication failures. The German-Austrian 9 group sent
t hedkveanpl eset héyndiaty examaned t aidahes ghtroversial as
subsequent|ly anal ysed themin a blinded study. The
r esagtexraghogwechgshatindbpetdntbr edst Jasnc ehasanpdtgsenipadd to
been identified correctly2. Janes has consistently
t| arapddcthat the opsdirsdsddindihes gndgusl feddeeduisoccessful®
confirm her findings because of their inability to
pr oducéandse reappudehdnacubiishity refdredthbdnespifanations for
al pha-keratin in their SAXS i mages of human hair12' 13
. Stheiagepiiedtben £addiumes exBngp| Genfaraduepridi’e gdarp sent
t hose published in 1995 by Wlk et all1l7 . This
pubiiicc 2T pamglss Heeyrharbdadrdngdt hoddhogy viyausgarently
process the data and |listed a considerabl e nunber of
vardudiyesdniikEng inhies békpded nehiedy ecHE catdultdi Phpeedt that
to replicate. Prime factors that nust be taken into |
accdiint §ifcl UefeRastthe $RAITEd SFaM9dRBl e N6 | &&tsPon, idepgified
physi cal state _of the hair, the anmpunt of tension with
whi AFEEREL K ai r J88fD| 838s FRAIsd stRNEhe Rlpdpededhptt g most
aCtégges other groups failed to confirm her £indings because

of their inabllity to produce the basic characteristic
reflections of alpha-keratin in thelr SAXS images of human

15  hairt?13,

She has cited as a prime example of acceptable
data those published in 1995 by Wilk et al'’. This
pubiication also described the methodology required to
procesé the data and listed a considerable number of
variables making thigs experiment technically difficult to

20 replicate. Prime factors that must be taken into account
include: the method of sample collection, the physical
state of the hair,.the amount of tension with which the
hair sample is held 'in the X-ray beam, the actual

positioning of the fibre in the beam and the method of

25 image analysis and the interpretation of data®®.



positioning of the fibre in the beam and the nethod of
i mge analysis and the interpretation of datal5

WO Ewstibusn0 dat a supporting the fj' ndi ng was pr eseCit/ati29$/000602
Janmes and col | eagues using an ani mal nodel of breast
cancer3. To correlate the observed change with the

pr ESeR&er 0OdRt £asipanafl, twhi Sk snd ey etdseamAUSE James
mce prior to, and 8 weeks post, subcutaneous

i Manantcalleageés andiBrnbraeast] afeaer as£i o tC elahcer?. To
i ne were anal ysed using SAXS. The post-inplantation
whicsleeetasdhovree bbespresaencagefl wathi rbei prebenGAXSE breast
pattern, simlar to that seen for human subjects
af feagted, byhibkeast reavost . £ddm sSndéd amatsopirhdi cabed and 8
that the ring appeared within two weeks of cancer cell
5i npleafibatocet, asndbdeboeeua \inpilbheatimorofias flommed. breast
This provided further evidence that the alteration
obsalenedareintdmm SHXEL pdtiner wefe hahaleod dubénan S83ELy The
mar ker for the presence of cancer . In 2005, a study
of desitrsmplaraddooerhasikerorsimvedubhectyedancRonti erring in
transforminfrared attenuated total reflection
(FHhR- RRRP peobveded $Hdegendentthadl isgen dorohuppe subjects
under|ying hypothesis that hair fromindividuals with
br edSeceaficey. &XBRBEt §aBCSY r UEELY afabdnelfaal iipgigared that
Wien the FTIR-ATR spectra of hairs from subjects with
catder wére comparerf witihiRe $Weéct W&°6F hafr sCpRrepy cell

non- cancer subjects, differences in the amde | region
[17@@;iatﬁﬁ%ﬁﬁ' and before a visgible ftumor was forméd. This

provided further evidence that the alteration observed in
the SAXS pattern of hair could be an early marker for the
presence of cancer.

15h
In 2005, a study of hairs from cancer and normal subjects
by Fourier transform infrared attenuated total reflection
(FTIR-ATR) provided independent validation of the
underlying hypothesis that hair from individuals with

20 breast cancer exhibits a structural abnormality?*. When the
FTIR~-ATR spectra of hairs from subjects with cancer were
comparéd with the spectra of hairs from non-cancer
subﬁects, differences in the amide I region [1750-1450 cm-
1] and the C~H overtone region [1500-1300 cm-l] were

25 observed. Interpretation of the spectra of these regions

led the researchers to conclude thet there was a



1] and the C-H overtone region [1500-1300 cm 1] were
observed. Interpretation of the spectra of these

w0 e300 ed t he researchers to, conclude that PCIEAB2088/900602
anodi fication of the hair fibre gromh as a result of
the presence of a devel opi ng cancer. The changes in
t henddiifdeat 1620bONLHET Bai AAFEREL VErSitANad NETr £8SELY bE the
bet a- sheet di sorder content conpared to a-helica
St rpiedaenes. ofhe &han@esnyncihesC- Mhevendefss riegic@l amide I
wer e suggestive of an increase in lipid content. Wen
unkejns anples wedbcariacysed bynr ef eeese t drit h@s€a—sheet
two regions of the resulting spectra, the researchers
werdisalridert oc@orarect bympaent | ty adthadfichhe sancsures. The
patients. It is interesting to note that there were
i wocHaalgse positthevas-H lave2@06e lawson ande Traggestive of an
denonstrat ed that nol ecul es such as estrogen receptor
al plrecrepsegest erbifeidr ecoptents, Blen? anndier - Hamplles were
whi ch are up-regulated in breast tunors are al so
up-Fnegiyisatedy | reSkiemcekr om thessdame papiems &5 thénrehelting
basis of these results they proposed that the
i nf3ngstea, ofthgi stasepechereasveranabis it fpsrentdnl fgentify
expressed and | eads to changes in skin and hair, thus
suppdr tfngheheapagerpatimptiypdthési snedraddidg sadnote that
col | eagues. Theyfproposedlphis mechani sm because,

Iy ddsrs Hpke shetifalegeosifearesgl ands which are
epithelial in origin, hair also is epithelial in

io:]il%i rbo%%q %Satwrsg egngnqrg}lhggmgggtnroa %%1 a}:rl'lgtm?ato?ggtll. ésedsuch
a8 estrogen receptor alpha, progesterone receptors, Bel-2

and Her-2/neu which are up-requlated in breast tumors are.

15  also up-regulated in skin from the same patient?®. On the
basis of these results they proposed that the influence of
discrete breast cancers is systemically expréssed and leads

to changes in skin and hair, thus supporting the underlying
hypothesis. of James and colleagues. They proposed this

20 mechanism because, breasts are specialized sweat glands
which are epithelial in origin, hair also is epithelial in
origin and estrogen and other hormones are metabolized in

skin and hair follicles.

25 It has been proposed that the origin of the ring present in

the SAXS images of hair from individuals with breast cancer



skin and hair follicles. It has been proposed that the
origin of the ring present in the SAXS i nages of hair

WO eaati34800 vi dual s with breast_cancerconmes fronP@I/AU2008/000602
variation in the structure of The cell nenbrane of the
fibre as it is assenbled in the folliclel. It has also

beeforpisopgsed thatvagiat deldi tionghe cCopRReAte Ul Ghe cell
theoretically bind to the al pha-keratin fibres form ng

i n ddidbrankebredhat ifdid arenis i@ abeeblel Si ruet Woahiclel.
el ements such as the lipid bi-layers 26. If an

addit i sl a Tonpbaent pkopégwdrporat &0 TadidiRBal component”
structural elenments of the fibre during biosynthesis,

t hespuld | sheoneeivdllye tiad t hbs addi t hopted-kabetihal fibres
can be extracted fromthe fibre. It is also

onteimiall e inhattheenotalerakdaaye exfi baeoits nMederivd  other
fromthe fibre would return its diffraction pattern to

| ookcrvickeréhaelefeatsornalh bai rtheUntigidnowi~lakkrs®®, If an
studi es have aligned the hair fibres in the beam
marasdityonghe cpmpeeehly e i orlngouptragedantntad | ghe ngtauctural
hair sanple manually is described bel ow. An operator

pl s&legeathaiaf f thee fiftre adsaingd ebhobgerhesiappl thary it is
sufficient tension on the fibre to ensure that it is
hel@Prseigpiple  thait Hots suldiitépeat mefmiied tensbeeeghracted

the fibre. Ten such sanples are nounted per sanple
ol igér thRefdper atbr Hounitse vecsanphle Holaderenbaral t e any

extraneous material from the fibre would return its

diffraction pattern to look like that of a normal hair.

Until now, all studies have aligned the hair fibres in the
15 beam manually. The procedure for mounting and aligning a
hair sample manually is described below:
® An operator places a hair fibre into a sample holder,
applying sﬁfficient tension on the fibre to ensure
that it is held straight, but not sufficient tension
20 to stretch the fibre. Ten such samples are mounted per
sample holder
* The operator mounts the sample holder onto the
positioning device. Whilst watching the CCD image on
the monitor, the operator moves the hair fibre into
25 ” the approximate position by entering the co-ordinates

into the computer that drives the motorized stage,



posi tioning device. Whilst watching the CCD i nage on

the nonitor, the operator noves the hair fibre into

WO b@sapsroxi mat e position by §n% eri ng the co- ordi/AH2@®S/000602
into the conputer that drives the notorized stage. A
brief exposure is taken, and the diffraction iroage is

used xg deter rgf,eg%shﬁetl@ SATR, €2h§ ald gﬂ%@rmmm l&nlasce is

beam not , t her adjustnénts are made to

and Y cgseadwac!%rmnghff CONPULELI e ﬂtaqughgg mnethe

has been center anal ysi s of the sanple by X-ray

di ffrackbon, i sr GRIY,| edrOly ARG ERENES SN kBGe | FRGGe X
anal ysed for the presence of tthe feature indicative of

di seasegn@l ?%é%ﬂih&té§ & M8TeY cheghesls, and tine
consum ng process, reliant on the skill and vigilance

Of i ndiyl dualy OReL; g&grﬁaQ%eln c@ﬂﬁé‘%éc?d afngfl.yéﬂé/e dANge

scal e screeni ng program I's an obj ect of

present (LRNLOt Ok 1.9 adfE LS8 1Qlnak <! @&Sﬁmhtma’ﬂ& the
some of the abdve di Sadvantages. References 1 . Janes

V, Keakghgytihg ina%eNgndlys NTEFY and gk LeaksonHa -

Using hair to screen for breast cancer. Nature 1999;

398; 33- 3datdre MMOLLPyaNgk lamRasy¥). Experinental
confirmation of a distinctive diffraction pattern in

t heoihaid yf RIS WOsES weih tHEask Ganceine JedaurSakc process,

Instit 200i;93(11}:873-875. 3 . James V, Corino G,

jRobentisen Fn, thet bR and"ahﬁgsil@nceBGYdiﬁdlvﬁﬁﬁudopérators
and Papadimtriou J . Early diagnosis o f breast

cancel iByuhahitedi ffbt-aghi omgrdaniscdlEasceening program.
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It is an object of the present invention to address or

at least ameliorate some of the above disadvantages.
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Notas
4 1. The term “comprising” (and grammatical variations
thereof) is used in this specification in the inclusive
sense of “having” or “including”, and not in the
ekclusife sense of “congisting only of”.
é. The above discussion of the prior art in the Background
45 of +the dinvention, 4is not an admissidn thaf any

information discussed therein is citable prior art or
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separate samples to be mounted, each sample being

15 uniqgue;

(b) providing an apparatus capable of viewing said
mounted sample, whereby said apparatus is capable of
imaging saild mounted sample, reading the bar code
and determining coordinates of sald sample relative

20 to a reference position, wherein no portion of said
sample mounted in said positioning device is
initially at said reference position;

(¢) providing a source of power for adjusting said
positioning device linearly along two orthogonal

25 axes; and

{d) activating said source of power to cause said



24. Lyman DJ. and Murray-Wjelath J . Fourier
TransformInfrared Attenuated Total Reflection

wW@e@BA 3880 of human hair Conparison o f hair frpoi/AU2@8000602
cancer patients with hair from healthy subjects. Appl
Spectroscopy. 2005;59;2 b-32. 25. Janes VJ. A pl ace

for fiber _difft ' i h A ;
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undul at or 58an i ne 181D a facility for biol ogica

non-crystalline diffraction and X-ray absorption
spectroscopy a t the Advanced Photon Source. J
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term "conprising” (and granmmatical variations thereof)
is used in this specification in the inclusive sense
of "having" or "includi-ng", and not in the exclusive

sense rakabeeNsd S 1588 reBl ¥r Aowercomdittscib@¥eleast one
di scussion of the prior art in the Background of the

I N@Horon, IS not an adm ssion that any informtion
di scussed therein is citable prior art orpart of the
common general know edge of persons skilled in the art
in any .country. BRI EF DBi SCRI PTI ON OF | NVENTI ON
10ACcCHT @i figkyhén wonadoreoad §Droneofintbetigy dnkirenis hererided
is provided a nethod for automatically aligning a
sanphettodpfosidcugdachang §idyle wthnht gl Xragybeam
said sanpl e
diffraction analysis on a sample selec¢ted from a plurality
of samples, said sample consisting of a hair fibre, sgaid
method comprising the steps of:
15

(a) collecting a hair from a subject using a sample
collection device;

(b) ‘transporting the sample collection device containing
the hair samples to an analysis facility:

20 (¢} mounting the hair in a sample holder;

(d) providing a positioning device for mounting said
sample holder so that said sample can be positioned
in the path of a beam of X-rays:;

(e) providing an apparatus capable of viewing said

25 mounted sample, whereby said apparatus is capable of

imaging said mounted sample and determining



nmount ed on a positioning device , said nethod

conprising the steps of: (a) providing a sanple, said
wa200plizspmount ed on a sanpl e hol di ng devi ce: conBCHAUZNYS/000602

of provision for multiple sepdPate sanples to be

nmount ed, each sanpl e being unique; (b) providing an

appar at us capabl e of view,ng sai.d nmounted sampl e

wher eby 55‘1089§b?>%‘i%ﬁ L?stj 'Sglga?)%l@ 516813%‘6‘? f}t& gat grorence

[
nount ed sanpl, readi ng .t he bar_.code and_det B Qi n
coordinat5?58$ig%1dﬁ§% Pen?é?%ﬁﬁ%ﬂg ?g %aygfg%g%gemgynted
posi ti on, Juherehn, 10 ROLLHGN.Qf: aid SAIPLATPYURt gig N
sai d positioning R ce™ 8% frtia 'y a sal&'re erence

position;rggéagﬁggi | g a.50urce of power for
a

adjusting’s positioning device linearly along two

5°”‘h°9t9)2a' r%é?éiﬁ? ?‘pgsq(&lceaé}%igd c—:irn%§a£&*jou°és°éigﬁesgi

power ause sa sittionin evice to adjuste

such that said;s Qiﬁic@o§iﬁé£m§ﬂah8£8 {he Rathef a

beam of beys. Preferably said view ng apparatus Is a

CCD carer a.+RLebei ARl Sai d source of power conprises
at | east one notor. In a further broad formof the

| nvenidon Jheterisy AW dedrée Mot hRdelObo CORMC LAY
single or multiple X-ray
positioning device to be adjusted such that said
10 sample is positioneq into the path of a beam of X-
ravs;
(h) providing a beam of ¥-rays, éaid beam aimed at said
sample; and
0] recording scattering of X-rays from said sample.
15

Preferably said positioning device is a rack connected to a

motorized armature capable of movement in two or more

planes

20
Prefefably sald sample holder is mounted to said
positioning device by means of screws, clamps or clips.
Preferably said viewing apparatus is a CCD camera.

25

Preferably a computer is employed to automate said method.



diffraction analysis on a sanple selected froma
plurality of sanples, said sanple consisting of a hair

wo 2dsa3488@mi d net hod conprising the steps of: (B)T/AU2008/000602

5

10

15

20

25

collecting a hair froma suBjett-using a sanple
col l ection device; (b) transporting the sanple

coly g%&i‘&é}%}geﬁwc%ﬁpﬁf%ﬁﬂ '&Qté@@:f{}@ %s%em; g‘i d to

ana ySIS nmount

ho'r@‘é&rd(éjéa e‘%‘ing 8g x”‘:%%r% %kaﬂ'%ad%‘é\g.ﬁfefor

nmounti ng sal | e hol so that sanpl e can be
positioned in the path of a beam of X-rays; (e)
provi di ng an appar atus capabl e of view ng said nounted

sampkeer MEF &M aS @bgr@epw ?BH@J:' SorgPRakke.0f 14 JBmgichd

sai d nmount ed sanpl e and erm ni ngcoor di nates of said
sappkgrrelative to a reference position, wherein no
portion of said sanple nmounted in said positioning
device is initially at said reference position; (f)
provi ding a source of power for adjusting said

POSint keI NI PEWeeehtbNEA I BEONE: LiWre@k 1BBl €here is
ort hogonal axes; (g) activating said source of power

t Opeaus@eGal Gap@skt akliyg sdeysteni adiel adhush efbriicBing
that said sanple is positioned into the path of a beam
of aXr aysst one sample array, an automated drive mechanism for
urging a sample of said sample array to a first approximate
- location, and a monitoring and control system for
adjustment of saild drive mechanism to locate said sample

into substantial coincidence with an X-ray diffraction

beam.

Preferably said sample array comprises a number of discrete
hair fibres retained in hair fibre holdifAg means provided
on a hair sample holding device; at least a portion of esach

of z33id filbres located in a commeon plane.

Preferably said sample holding device comprises a plate of
rigid material; said plate provided with a hoie or slot to
allow the transmission of diffracted x=-rays; said hole or
slot being bordered by raised ridges projecting from an
outer face of said plate of rigid material: said ridges

arranged along opposing elongate sides of said slot; said



(h) providing a beam of X-rays, said beam ai ned at
said sanple; and (i) recording scattering of X-rays

wo cwsn3gd@ sanple. Preferably said positioni ngP@BXU2m®8/000602
is a rack connected to a notdrd Zed armature capabl e of
novenent in two or nore planes Preferably said sanple

NOLaPrad MRl 4ok 0.3 RL0-PR514 | ANNE OBkl LRy WBORE

S or Clips. Preferably said view ng

appaLgb sl S 3,660, CARA, o8l Bl LrADlY 18 COMULER hShair
yed

empl- 0 ‘automate said nethod. Préferably a

conputeri.z tection systemis enployed to record
scgt?gr?%ﬁ§g¥3§3rays fromsaid sanple. Preferably said

?8%%%2?9%%%§gﬁgdcﬂ 1585 e0hol @AS] rRAGsMDESTudd RuYeiphe

ormof the invention there is provided

5a samke,ap aﬂiﬂ%@% Sy StieMg sl g1 Syst edrc .@Hﬁﬁéﬁﬂeﬁ@e.at the
| east one sanpl’e array, an autonated drive nmechani sm

f oL UE0) G & 133TRLE @fmciRiidnsasPl £ sAfamay réonfcdscepe
approxi hate | ocation, and a nonitoring and contro

systensf essadiustaeot fa 9ai fAmdih ieeng@ahani smto
| ocate said sanple into substantial coincidence with

an pfukayash § fdaet hanr beaife Roeben@bleansaidebadplerips of
array conprises a nunber of discrete hair fibres
r etz@inBedvé Nahdidsehi bt eidlrdiang akans sariovbpedsing elongate
10 sides of said slot; a first one arranged along one side of
said hole and a second, third and fourth adhesive strip

arranged on the opposite side of said hole at reqular

intervals .

15
preferably each of said hair fibre holding means is
associated with a subject-identifying bar code label in

addition to a hair fibre identifying bar code label.

20 Preferably said at least one sample array is one of a
number of sample arrays retained in a sample array rack;
said sample array rack supported on slide-ways adapted to
allow translation of said sample array rack in two or more
mutually orthogonal directions; said two mutually

25 orthogonai directions lying in a plane parallel to said

common plane and normal to said X-ray diffraction beam.



on a hair sanple holding device; at |east a portion of
each of said fibres located in a common pl ane.
\Nﬁmmmﬂmmmly said sanpl e holdlng devi ce conpri SBGI/AU2008/000602

plate of rigid material; said Bléte provided with a

hole or slot to allow the transm ssion of diffracted
x-rays; said hole or slot being bordered by raised
ridges projecting froman outer face of said plate of

M1 0pak FEBLBI | 8ba i S Mathpll & A% ALEARIEH @0 19RBOSANY two

el ongate sides of said slot; saidraise I dges each
COthiuailng argtﬁwﬁloalﬁémr&sl %J%W&M%,orgabﬂ groove
to be used as a guide to align a hair over said hole.

Pr edipalkyi sad ddidier mboRdel 90| dond sBaREmdtBeEUdLiving said
mul ti ple holes and ridges on the same plate. For
comapileneeray heaSaisd pt ade Jgoasthibr 4idwmashans oibre at a
standard m croscope slide {25mmin width and 75 M in

| engtikl) £irPr edmiaidiynasai Ibdwiionf bbteedyolaoh Hgrapamnsam

i nclude strips of adhesive disposed at intervals al ong
saighigpposang &l chgayebsatascotrdsay ddsitiats. a first one
arranged al ong one side of said hole and. a second,
third and fourth adhesive strip arranged on the

opposite side of said hole at regular intervals .

Pr éfrsrfabhyl v apdi bff igat dagraioxifiabe eldod tdiong offeansa i hair
associated with a subject-identifying bar code | abe
16 n fHddiet ioncemparadaite i ntirgenhatyi fidrsadocation by

| abel .
means of an imaging system; sald imaging system including

software providing output to said computerized drive
mechanism to position said middle portion of said hair
fibre in substantial coincidence with sald X-ray

15 diffraction beam.

Preferably =aid X—ray'beam recording device is coupled to a
computer for recording and analysing scattering of X-rays
from interaction of said X-ray diffraction beam.

20
Preferably said recording device is a MAR detector.
Preferably sald imaging system includes a CCD camera
focussed on said optimum'hair fibre location at a point
whére sald ¥X-ray diffraction beam intersects szaid common

25 plane,



Preferably said at | east one sanple array is one of a
nunber of sanple arrays retained in a sanple array

wOo a@R/134300 d sanpl e array rack supported on sl iPEF/AEI®S/000602
adapted to allow transl ation & said sanple array rack
in two or nore nmutually orthogonal directions; said

jmore mutual |y ort hogonal direct! |
DARIFEE AT S SERRGh PIERE a i AP PR Ca RePaS™"
diffr ' b Pr.ef bl.y,.sai d I . [

ur G805 htt SR ARSIy B EHOGOR A PR ione Ty

i%d onal “difect i‘ons

Seryv.out of 5, o7, 3.¢9npul erdi26d Qgﬂggr’fe 'm%ag' BvRR ot
servonotors driving sard sanpl é ray rac 0o as to
po§£ﬁhoga ﬁgid hair fibre at a said first approximte
| ocation Ween an X-ray bearo enmitter and an X-ray
soeam recordi ng device. Preferably said first
approximate | ocation of a said hair fibre is conpared

to@n Xeet L N hair bg&&a rd AC Bk PRe DY vBRRSNOEndft is

I magli ng system said i magi ng systemincludi ng software

Pr QMo BG4 OM N 1O o B akch IGRIRHL 8T k&R sGf I¥Rp MBCHARLEMEorm
to position said niddle portion of said hair fibre in

sulst agt kaFr GPINGRAeEE Wt $8i tnpeday dibitaetdprng
beam Preferably said X-ray beamrecording device is

coupl-edri 818y muaea?ﬁ@gtirae%eei 8gs et taaaly sh ng
scattering of X-rays frominteraction of said X-ray

10di ffaraet betcdeamatlr ef efrablpatsand e@garidiing : deVi@eings the
a MAR detector.
sample in accordance with the method of any of claims 1 to
10, thsn

a) exposing the keratin sample to incident energy devived

from an energy source;

15 b) receiving radiated energy from the Kkeratin sample
consequent upon impingement of the incident energy on the

keratin sample;

¢) passing at least a portion of the radiated energy
received from the keratin sample through a transducer so as

20 to derive data;

d) comparing the data derived with a second group of data

present in a reference database;

wherein the second group of data 1is consistent with a

presence of the pathological state in the patient.



Preferably said i magi ng systemincludes a CCD canera

focussed on said optinmum hair fibre location at a
w@eionti3ather e said X-ray diffracti on beam i nt er BEDAF2008/000602

sai d conmon pl ane. Preferabl § $&id system further

i ncludes a bar code reader/ said bar code reader

providing input to said conputer for correlating a

said hair fibre sanple with a provider o f said

sanple. In yet a further broad formof the invention

t her &b ap Py OVhdeds GodPt fRRi0fo ANl iz 130 Rrkelatdd with the

sanple in the formof hair froma patient so as to

| QB caelsi tie/ighy¥natshsRacisthekt ¥n ofhea pdiagnost i

test associated with a pathological state in the

patient conprising: aligning the sanple in accordance

wth the nethod of any of clains 1 to 10, then a )

exposing .the keratin sanple to incident energy

derived froman energy source; b ) receiving radiated,

serirafierabdin t bekemsgebrd sagpber copeqdefie upén causatively
~inpingenment of the incident energy on the keratin .

saplasiage)l pashi njeaPrreasee aoforbpomashol peleaddi e 1n

energy received fromthe keratin sanple through a

t rdsdhaern8o as to derive data; d ) conparing the

data derived with a second group of data

Preferably the energy source is selected from a plurality of

different energy sources.
10

Preferably the keratin sample is selected from a plurality

of different keratin samples,

Preferably the second group of data 1is selected Zfrom a

15 plurality of different data groups of data.

Preferably the derived data and the second group of data are
analyzed using & plurality of different methods of

comparison.

20



present in a reference database; wherein the second

group of data is consistent wwth a presence of the
wQEaiokos4sgd cal state in the patient. Preferably PEEAU2008/000602

second group of data is corre1%red with the presence

of the pathological state in the patient. Preferably

L2800, 910U Qa1 pboe AANISBE! (Y AR30EHE! Mloray 1o

W esence O pat nol ogl ca state In

pat Q%QB g;f d?%¥a£lga§% NeRgy source is selected from

a p arar erent e ergy sources. Preferably

t he keratl n sarrpl e is selected froma plurality of

di fferent keratin sanples. Preferably the second group

of data is selected froma plurality of different data
groups of data. Preferably the derived data and the
se@Te rgboyp iaf vdal athee kanatyz edamsismgean pbear abtaynegf and
di fferent methods of conparison.Preferably at |east a
spatddigreal inhaskocldinn eriehgpti SeabSorbedobyat hearmacy, a
keratin sanple; Preferably in use, the keratin sanple
caresie lobt,ai hied patiandlsy zewd,n asbeelthi oArgi hiaic or a
| east one of a pharmacy, a test kit, the patient's
hamhod ohgato hisarienctemine endaapaetiol myyl aborheety .on
centre and a testing | aboratory. Preferably said data
isin the formof inmage data of an inmage derived from
said transducer; said nethod of analysis

Preferably said data is in the form of image data of an
10 image derived from said transducer; said method of analysis

comprisings

la) extracting one-dimensional data along predetermined
paths in said image so as to determine spacing of features

in said image

15 (b) defining substantially circunlar-oriented peak data about
a centre point of said image from an analysis of said one-

dimensional data

(¢} applying intensity correction to said substantially
circular—-oriented peak data so as to better define said

20 circular-oriented peak data as it appears in said image.

In yet another broad form of ' the invention there is provided



conprising; (a) extracting one-di nensi onal data al ong
predeterm ned paths in said inmge so as to deternne

wa pasiisugoof features in said inmage (b) defini NBCT/AU2008/000602
substantially circul ar-orientéd peak data about a
centre point of sal d image froman analysis of said

t
Lo Sa e Aar Ly ten b 3ok Bh e peaﬁgéa G s
aSoded AGHIE" & n;}n%ns%goz&lﬁewld%vgﬁu%ﬁ %rﬂ?x%ﬁn a

as It appears | ‘sal d T nmage. 1 n yet anot roa

O darfle bRVEALA WhnlpAE! Srtgy RO @?Pét S%Hyo%lﬁ%é yﬁic%tlon,

systenm said system conprising at [east one sanple

ardi@y a ﬁ@ni‘%‘&% %qxddEbﬂ@rdﬁ?%%@bﬁmféf?rad’j&ﬁltﬂgn@ of said
sanple of said sanple array to a first approximte

3 QCAkicORecRRG Sin ENILLOREH G AR sGAPLE Ol niSY S ERFia)
adj ustment of said drive nechanismto |ocate said

S affiine 1Bk Oe Skt ARt kaka @ AitGdenesn Wddh an odat &Yy said
diffraction beam I|ocating said sanple in substanti al

COiagildens esWbdthriabd Xofrdiddinkkr acth odn ke ay
irradiating said sanple with said beamfor a

presdetraehi 6f doddnte irk 86 AN sand S&AFINGrikar sanalyssies for
data derived fromsaid step of irradiating said

sapiredetepentded g isak dred€ipsnigObnd SORNSARU oY 2 4T8y «Afs
said sanples fromsaid sanple array. In yet another
10brdzeteh Borived fitmm ispYEntten dfheéreadszipirayisded sample;
repeating said steps for a consecutive one of said samples

from said sample array..

In yet another broad form of the invention there is providéd

15 a sample analgsis system; gaid system cémprising multiple
sample arrays located within a container, an automated drive
mechanism for removing an individwual array from said
container and for urging a sample of said sample array to a
first approximate location, and a monitoring and control

20 system for adjustment of said drive mechanism to locate said
sample into substantial coinciden;e with an X-ray
diffraction beam; locating said sample in substantial
colncidence with said X-ray diffraction beam; irradiating
said sample with said beam for a predetermined time;

25 recelving and storing for analysis data derived from said

step of irradiating saild sample; repeating said steps for a



a sanple anal ysis system said system conpri sing

multiple sanple arrays |l ocated within a container, an
wa@eiosirased drive mechani smfor, renmovi ng an i ndP@i/du108/000602

array from sai d container and & or urging a sanpl e  of

said sanple array to a first approximate |ocation, and

a AROLL Q0 ARG E 0L { DIy SLEM AN BLUSLABIY Lka§pi d

dr!ve_neéhan|$n1to locate said sanple into substanti al

CQLRGLAENE & Wit Bafh) K-drdhydihf{aetdag;ReaM odA0ah B said

sai d sanple 1 n substantial coincidence with said X-ray

didhtastd oneamhot IaHR LY Stifl TRl 8ayd tdurgakd
beam for a predetermned tine; receiving and storing

f QonBohdSishad@bpedeiny adibir ot hStORsOEutive arrays.
irradi ating said sanple; repeating said steps for
saconsecutive one of said sanples fromsaid sanple
array; returning said sanple array to its origina
| ogREP DESTRIPrdoR oo FAMINEBd rendvi ng anot her array
fromsaid sanpl e contai ner and repeating said steps
for comBesdimeatar rafs.thBRl BFe ESCRERTEON ©GF BRAW NGB  be
Enbodi nents of the present invention will now be
desestbiskdi tWithef erfacende thoe &abeonpamyrizrqydngwi Agsvings
wherein: Figure 1 is a general schematic di agram of an
ar wangehent of a sanpl e anal ysis apparatus for
aligning a hair sanple with an X-ray beamemnitter and
10det ect oFigwiet h lassieei at edeventt ol sdmradilggnddagram  of  an
out put conponents, .
arrangement of a sample analysis apparatus for allgning a
hair sample with an X-ray beam emitter and detector, with
associated contrel and diagnostic output components,

Figure 2 4s a front view of a hair sample holding

15  device for mounting in a carrier rack of the apparatus of
Figure 1,

Figure 3 is a sectioned side view of the hair sample
holding device and carrier rack of Figure 2, showing
portions of the X-ray beam emitter and X-ray beam recording

20 device.

Figure 4 is a block diagram of the sample analysis
system to which the automated positioning techmique
can be applied.

Figure 5 is a block diagram of the full analysis

25 ' system from patient collection through to automated

test and supplied results.



Figure 2 is a front view of a hair sanple hol di ng

device for nounting in a carrier rack of the apparatus
w@booBigusne 1 , Figure 3 is a sectioned side vikou/ai2a4ke0602

hai r sanpl e hol di ng device and®carrier rack of Figure

2 , showng portions of the X-ray beamemtter and

i ngt antoPe TR ol Ehsrvern SR flul, BEofpgize and

di agram sanpl e analysis systemto

aut omat ed s%%gh&i onl .1 teé:lﬂgeggﬁ?ggnn%?&@o%ql i gd. ELOM € ihe

5is ablo ragr ant of ysSI's systemfrom

patient " aqlglo%“ge {%oqegﬂﬁgg\@ Le a&ﬁteon?{ggﬁtesg_n@g}gcim has

supplied results. Figure I's a conparison of the
out put of ya.fik g,liag;pl. second i mage processi ng protocol
to which the autonmated techni que of the present

j nventigd has been apptdd.viklOWEead het@ridiOie Gr@Wdiment
of an alternative enbodi ment of a hair sanple holding -

devi ce forofmUdiNg ddhA CHIIHBRg! BEKLOE EDE APRRBIUSIn a
of Figure 1 DETAILED SCRI PTI ON' OF PREFERRED

EMBODI MENES-WEED F£biercaneaet defiﬁtw &2, Féglal 1. sanpl e
anal ysis system 10 is arranged to | ocate each of a

nunber of discrete hair fibre sanples 12 coi nci dent
with an X-ray :

-

10
DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
With reference to Figure 1, a hair sample analysis
system 10 is arranged to‘ locate each'o‘f a number of
discrete hair fibre samplegs 12 coincident with an X-ray
15 diffraction beam 14 from X-ray beam emitter 16. Scattering
of the X-ray beam 14 as a result of interference from a
hair fibre sample 12 is received by MAR detector 18.
Sample afrays of hair fibre samples 12 are retained on
a number of thair sample holding devices 20, supported in a
20 sample array rack 22, 4Rack 22 is mounted on a positioning'
device 24 which is provided with a computerized drive
mechanism 26. Drive mechanism 26 1is comprised of a
horizontal slide 28 and a vertical slide 30 to provide X-X
and Y;Y translation of rack 22. Positioning device 24 is

25 controlled by a positioning computer 32 adapted to move  a



diffraction beam 14 from X-ray beamemtter 16.
Scattering of the X-ray beam 14 as a result of

wo paosnssspence froma hair fibre sanple 12 i s rBCEAU2I®8/000602

by MAR detector 18. Sanple art@dys of hair fibre
sanples 12 are retained on a nunber of hair sanple

holhdl ng Pl%fl Fgf%mur?tm&uﬁepo{rg e% |F%gnesarrgl afr ray Elﬂgk X-ray

on a posttiont ng devl C

dg%Fggcgugy ded yith a conputerized drive nmechanism
'vée mec anlsn126 is conprised of a horizonta

sI i de 28, qua ggrggce}kga!gsd% 3Qat 9, pa[rPVéJg\?;ly ok ﬁ‘QPr fibre

Y-Y trans a iI“on of 22. Positiohing 'ce 24
ConbhBLLEh DY £ RASLLEANLAT CRIPUL Sinde adant £Y a@me 20,
nove arr Bre 1 sanple 1n a plané nornal

SX' &i@!dgﬁc_gf &é‘gfé&n2§e§gfnﬁéls é"ré“ Bga{@%forﬂqwr eﬁr@ferably

, an array of hair fibre sanples 12 i§ ret ai ned

' ntaahgbaréﬁrmda%wbﬁl BY HeNy L2 0 ti0ldivagtd8Yi £8 20 gned
conprises a plate of rigid, preferably transparent

Mat@ht 81 3Aelﬁﬁg¥tged51/&5tt h3g. veitifrlely alégnedneensp@sing
el ongat e sl ot

Si @eengde 9 iesS| M, 336,0rarA o AI3EC akbd@8Ssdd AllyeAl 40 and
respectively. At intervals along the Ilength of slot 36

ar @1paekHe O 1 EIRROMAL POSleSv42: ODEn®fr@ACheAIN of slot 36
arranged adj acent side 38 and the other adjacent side

6. Arranged al ong the opposing el ongate

1039 2@k $hOks36f Suppert posts 42; poeg e6f &taoem pher onteinged

15

20

25

face 44 of plate 34 sufficient to extend beyond raised
ri dgescdidk aidied®8 asd the other adjacent side 39 of slot 36.

Support posts 42 project from the outer face 44 of plate 34
sufficient to extend beyond raised ridges 40 and 41, as
best. gseen in Figure 3.

Holding device 20 is further provided with pairs of
tightly wound extension coill springs 46, one pair for each
pair of support posts 42, and likewise arranged with a
first of a palr of coill springs located at one side of slot
36 and the other at the opposite side.

Discrete hair fibre samples 12 are retained on holding
device 20 by securing cne end of a hair fibre 12 between
the adjoining coils of a first coil sbring 46, stretching
the fibré over the palir of support posts 42 and securing
the other end of the hair fibre between the colils of the
colil spring at the opposite side of slot 36. Ends of hair

fibre 12 are secured in coil springs 46 at a level closer



best seen in Figure 3 . Holding device 20 is further
provided with pairs of tightly wound extension coi

W@ piosngs00l6, one pair for each gair of suppor t PEDATUS008/000602
42, and |ikewi se arranged wit&ia“first of a pair of
coil springs |ocated at one side of slot 36 and the

ot hgy @ﬂetJU%éH”E%?f%@eSquofurgﬁﬁatngQQrSEi?Egn the outer

sanpl es 12 are retai ned on hol di'ng device 20

SecHlMg.0Re eadseh 2;haLs hhbLEq12; betyeen i Nene fibre is
adjoining coils of a first coil spxing 46, stretching

the,fdbre Qeehelinevhal kneke SYPRGES. PO Seffe@Ndis that the
securing the other end of the hair fibre between the

COidatncAt tReaGOEbrBPrd NGkt 16he sePPOSi §£ B 0otk Obns 50
- 36. Ends of hair fibre 12 are secured in coil springs

A6 it rilrerebred 0seri®iddranout eomask f grehet b 0Mmorhgli dto the
plate 34 then the outer surface of raised ridges 40

ank-4by sorthadcidepkulires)j s al so stretched over these
ridges. The effect is that the sanple array forns a
par al | eResksh eIl afifddbe pOridiIRNagSQeoichao ifd br 8sr code
12 lying in a comon plane 52 nornmal to the X-ray
di ffatedt Honibesm fifingReakeasadiny afcviixedahd dwedwdidigg batch
device 20 is a bar code | abel 47 identifying the
holidifegmdevexe aat proded habdld cl9 nhoematfwoihreBaprovided
code | abels 49 are further provided al ongsi de each
1ohaigldnigbide seagit ehali2. fThesesdapleacddes Thabelmr T caiee labels
rel eased fromthe packagi ng (not shown) in which the
49 are released from the packaging (neot shown) in which the
hair sample was collected and affixed to the holding
device, as a hair fibre sample is added to the array.
Sample array rack 22 comprises a rigid back plate 54
15 with a lower rail 56 and top rail 58. Rigid back plate 54
is provided at intervals with slots 55, equal to or
slightly larger than slots 36 in heolding devices 20.
Holding devices 20 are retained on array rack 22 by sliding
engagement in lower rail 56 and by <¢lips 60 arranged at
20 appropriate intervals along top rail 58, and so that slots
36 of heolding devices 20 are aligned with slots 55.
Referring now again to Figure 1, the positioning
device 24 under control of the positioning computer 32
. lnitially directs the X-X servomotor to drive the sample

25 array rack 22 to a position where an operator may load

previously prepared holding devices 20 into the sample



hair sanple was collected and affixed to the hol ding

device, as a hair fibre sanple is added to the array.
w@aoophaeser ray rack 22 conpri s_e§ a rigid back pPErL/auzs/000602

with a lower rail 56 and top AT 58. Ri gi d back plate

54 is provided at intervals with slots 55, equal to or

slightly rhakgernt NaBs st Qdrsin3d dohphebei Bledledi CoSs 26he rack
Hol di ng devices 20 are retained on array rack 22 by

sl ii¢i NGENIRGRMRIMA | P-¥ OWRK-okBiLdnH6iANG bYigki PHobtioning
arranged at appropriate intervals along top rail 58,-

andezRehbal Shois BORfs Hedigigsdenkies t2Prar campliegned the
with slots 55. Referring now again to Figure 1 , the
posiilrie@ni Mm@ idemyce dd4igaderineont rp ofppiregipaséti aniggnent
conmputer 32 initially directs the X-X servonotor to
sdripseithen sanple woiayicnack 2cho thaposhei oprvbhesre anis of
operator may | oad previously prepared hol di ng devices
20 fintsa tdistsa¥pl ear rayrayackackhe2 pdsi tedimaigieobnpuittdr the
then drives the rack in both X-X and'Y-Y directions in
a fdalsbrpbsdt a0 ngt selgeelessy whi Thragtingsbehe Enister 16,
hair fibre sanple of the first holding device into an
appmexibrahes athgnierntt gesia ifdbreThampposiliscorprogingtd this
that the vertical axis of first slot 58 in array rack
22 drdscoi ncident with the calibrated axis of the X-ray
diffraction beamemnmtter 16, and brings the first hair
1 i bre s8pplEelailisd proRIRe: 32 HioY ggreive image data from an

imaging system camera 62, focussed‘ on the point of

intersection of the common plane 52 and the axis of the X-

ray diffraction beam emitter. The camera 62 monitors the

position of the hair fibre sample and the positioning

15 computer compares the location of the fibre’s image 64 with

.a horizontal reference line 66 asg shown on display 68,

Reference line 66 is rep;esentative of the optimum position

of the fibre; that is when the miadle portion 50 of the

fibre is coincident with or intersected by the axis of the

20 X-ray beam. The positioning computer 32 uses the difference

in position to command the Y-Y servomotor to bring the

image of the hair figre sample into coincidence with the
reference line.

The X~ray diffraction beam and detector system is then

25 activated to record and process the scattering of the X-ray

beam as it interacts with the hair <fibre sample. The



Posi tioning conputer 32 now receive i nage data from an
i magi ng system canera 62, focussed on the point of

WO niogn3sed i on of the conmon plane 52 and t he aRCEHATGL008/000602
the Xray diffraction beam enitd®r. The canera 62
nmonitors the position of the hair fibre sanple and the
POS -k Qi1 C ar, t he 1.0 f e :
fibFé¢gﬂ%ﬂgbéggggaf%ﬁgggﬁopﬁigngﬁlié%ﬁ?? eggg E%%kf%ﬁfCIated

as sphpwiqel dbsplay GRnmdTRf b Enesy! | RSO0 ESder 70 mounted
representative of the optinmum position of the fibre;

t hakaj scathen ot BRe Mbéltl @paQELE 07 50 of the fibre is
coincident with or intersected by the axis of the

X-ray beg WhAR P@SIddt@R NGs CUIMHRE 32 4Se3ghRe o first
difference in position to command the Y-Y servonot or

50 BLffgadtien Mge ofrddteshal r7if i bren samde ARt Qnitial raw
coi ncidence with the reference Iine. The X-ray

di f g eetdcoiochedmngad7detieChobosysdELrd ddienhacdisabedd on
to record and process the scattering of the X-ray beam

as rawidiffractsom itmaddeiikployf 1Dr erlamhe diffraction image
Therecording is correlated with a readi ng of the
assdgiat Bl barceadeecaf tbhe saople dyfdactiodedsendefocessor
70 nounted adjacent to the beamemtter 16. The MAR

det éttar WBchuppiihs intsgyessieghahctoedt ristchtdifheacitOrnpplied,
data processor 71 fromwhich an initial raw

Qi f feswhtiiow iimagdlstR ays qff coessesdant fcaachioni sphayyeds on
on raw diffraction image display 73. The raw

di f erbtdesh inaugedisplay 77.

Sample Heolding Device - second embodiment

An alternative form of the sample array rack 22 of Fig

15 2 is illustrated in Fig 7.

In this embodiment the sample array rack or sample holding
device 201 comprises a plate 202 of rigid material. The
plate 202 is provided with a hole or slot 203 to allow the
20 transmission of diffracted x-rays. In this embodiment each
hole or slot 203 is bordered by raised ridQes 204
projecting from an outer face of said plate of rigid
material (refer section AA and BB). The ridges 204 are
arranged along opposing elongate sides of said slot (refer
25 section AA and BB). The raised ridges each contain a groove

205 of around 100um width. The groove is used as a guide



data 74 is then fed to a second diffraction data
processor 75 at which point inmge enhancenent
wao ewBns4oes are applied, resulting in display BET/AU2008/000602

enhanced diffraction i nage 76 28n~enhanced | mage

di splay 77. Sanple Hol ding Device - second enbodi nent:
An g teringt bVBaf praveobvbhessamlgearray rack 22 of Fig
2isillustrated in Fig 7 . In this enbodi nent the
sanpleEaldy £REKs Dip12aBRESy Nt BY deMbLe Qding device
conprises a plate 202 of rigid material. The plate 202
I s prpvimdeddektiuititakendles|Hid 20dq80 & oW ERRe plate.
transm ssion of diffracted x-rays. In this enbodi ment
eacin holpge@erstdt £2@A3 the pPrrdened bieraimedibhdges 204
projecting froman outer face of said plate of rigid
fat erdralargr et erosentd nidd @HBB) widie drdlgesmi 0
are arranged al ong opposi ng el ongate sides of said

sl oter{gmfier section AA and BB) . The raised ridges

each contain a groove 205 of around | OQum wi dt h. The

gr ot srgblyethassanpdei detay alsicnea sangplL0Gldiey &aiide
hol e. Preferably the sanple array rack or sanple

hol tilhgndévies POdipsnofuadseanyiet | pPe diodesedndtridgesals
on the same plate. In a preferred formthe plate has

t heainge vpbontndfelpngrandairdeariodr estdpelai:i de £ 25nmrien
width and 75 mmin length). Preferably the sanple
gy rarangeR atorargiice shof dbhgadevhede and a second, third

15

20

25

and fourth adhesive strip arranged on the opposite side of

said hole at regular intervals .

Preferably each of the sample array rack or sample holding
device 201 is assoclated with a subject-identifying bar
code label 208 in addition to a hair Ffibre identifying bar

code label 209.

Preferably the at least one saﬁple array is one of a number
of sample arrays retained in the sample array rack or
sample holding device 201, In a preferred form said sample
array rack is supported on slide-ways210,211 adapted to
allow translation of said sample array rack in two or more
mutually orthogonal directions. In this embodiment the two

mutually orthogonal directions lie in a plane parallel to



201 includes strips of adhesive 207 di sposed at

i nterval s al ong opposi ng el ongate sides of said slot;
wa@2dosn3t80@ne arranged al ong one side of said hPCEAHZWS/A00602

second, third and fourth adhesd%e strip arranged on

‘the opposite side of said hole at regular intervals .

PrefgLabl a h e_array rack qr_sanpl.e

~ho|dﬁng d%%?%%ﬁigg %%fééggg#a(%djﬁgﬁgrﬁy dle£E16n bean.

subj ect-identifying bar code | abel 208 in addition to

a hair fibre identifying bar code |abel 209.

Preferabh&,tggfgibigagkmgge §§§§%%mg§ﬁayt455ﬁ¥§5egf 291 be

nunber of sanple arrays retai I'n the sanple arra

racke &k 3! @8l di Y1 deVi 8. 204,544y a preferred form
sai d sanple arfﬁy rack 1s su%%or%%iﬁ%§1 R U™ tne

s i gecoms 20t 24in afaptedct 0ol | W, L ansl ation of said

sanple array rack in two or nore nmutually orthogona
directions. In this enbodiment the two nutually
orthogonal directions lie in a plane parallel tothe

common plane and nornal GaatherX-Fmndolkr acti on beam
Two possi bl e i nage enhancenent techniques will be

dessfihgd ibekow which are suited for use with the

aut omati on techni que descri bed above. ANALYSI S
TECHNMdQeEeDef iTi t botssed Ragdi alig'ect ToL i eedoh Nadi g6l o
lines froma point or surface .

10 surface.

“Mammalian spécies” includes the types of species as
appearing in the body of the specification.

“Energy source” includes the types of energy as appearing
in the body of the specification.

15 A “keratin sample” is a sample that is substantially
comprised of keratin.

The plurality of different selections and forms pertaining
to the .invention as claimed dinclude the selections and
forms as appearing in thé body of the specification.

20 Unless otherwise indicated by the context, a claim to one
element is consistent with a claim to at least one element.
Embodiments of the present invention will now be described
with reference to the accompanying drawings wherein:

Figure 1 illustrates a method of analyzing a keratin sample

25 116, Figure 4 spows an energy source 112 from which

incident energy 114 emanates. A keratin sample 116 is taken



"Manmmal i an speci es" includes the types of species as

appearing in the body of the specification. "Energy
w@owsaais0d ncl udes the types of energy as appeaPCTigu20e8/000602

the body of the specificati on26éA ~keratin sanple"” is a

sanple that is substantially conprised of keratin. The

pl u ity .of differe sel ectiaqns d for ertaining .

to ]{L%%eu ign%/teln n:%on{lgls' P n%%lg%ennc u%ljg:{]'t h%’nggﬁ%%ti né‘ a’éuﬁl%llan

for appear.] i,n_th f.th i i_.Qn.

i R T Rl LG R S

one,.ghe t_i onsi n Lt . I met I e
elenentgﬁgﬁ%og?ieﬁ?sgéf %ﬁggpgggé%%gigge%??%ﬁ %ﬁ?*aégkNThe
be \dges¢r b | J ef e, N
dr aw n;]ts \Aﬁgkr)gé\g;én& F%ﬁ S:%% ilfligﬁ‘g%at es a net ﬁog
anglpz 'iﬂgpérgfé@ltdxn p%%%' fai ,ﬁ'pe,'iz:' gub e, 4a1§ﬂ93/§ 1r or hair
energy source 112 from which incident energy 114
e“fﬁﬁaheé-mémﬁéifﬂd'%f%@EEBeiHJ§%dé%dﬁ9k89fBQHéPa%éf%@En based
111. The patient 11I, includes a nanmalian species. A
MemRl-an1 § PACHES CAR: 1 NEl YR ngshyPBdh & akhsuch as a

dog or cat or a variety of other aninmals. The keratin

substance 116 can include human scal p or body hair and

in particular pubic hair, pet hair, animal hair or

haithef Naspad i ABRERbLAN 13peGEe®xbBs@@Nebalthe GMAHBRE energy

keratin based materials such as nail clippings or an
ieyallashradbet &eraidrgysanpl £s Iddrivedexposethd okdh®in sample

I nci dent energy '

116 consequent upon impingement of the incident energy 114

r body hair
of °

L

on the keratin sample 116.

At least a portion of the radiated energy 118 is passed
15 through a transducer 120 to produce data 122. The data 122
can be compared with data 124 in a reference database 125
to determine whether or not .the patient - 111 can have a
pathological state (for example if the reference database
125 indicates that the result in <question 1s both
20 correlated and ca;usatively associated with the pathological
state then a meaningful comparison can be considered,
additionally zero correlation or no information being
provided in the case of complete absorption of the incident
radiation can also provide useful analytical information).

25



114. Radi ated energy 118 is derived fromthe keratin
sanpl e 116 consequent upon i npingenent of the incident
wer@sag4sid4 on the keratin sanple 116. At | easkCHAU2008/000602
portion of the radiated energy’. 118 i s passed through
a transducer 120 to produce data 122. The data 122 can
be red wth data 124 in a reference database 125
to %@E%%hine whet her or not the patient 111 can have a

pat FP&L&%I ol st € f OfnsaERL e def dfae ﬂf‘efs%ti'\%m;ﬁvention in

dat abase 125 indicates that the result “In question is
bOt@s&PE&ﬁ%ﬁgﬁgea@Qa%ﬁHﬁ%ﬁtV@iy:ﬁﬁﬁ%&%éﬁ@daWbﬁikddﬁ% %32 to
e

pat hol ogi cal "state then a neani ngful conparison can

consisiared, addit konald Y1 Zer @neOhEeL abiRM OT1IP can then be
i nformati on being provided in the case of conplete

absgapt i 08 Qf tdecilici deraradi,atiaan 68N a3l S Ppe¥féen the
useful analytical information) .In use Figure 5 shows

an el antan@h yzheg PERS eRd 14 NYRRIcoN 1N déS@echn in Figure

Figure 5 a patient 111 can attend a pharmacy 132 to

proyjde a hair sanple 116. The hair sanple 116 can

then be sent to a testing |aboratory 134 so as to

performthe nethod of analyzing the hair sanple 116 as

seen in Figure 4 . Additionally, the patient 111 can

obt Addi td che3lyKi thi3pakientt helr cpharameinsx asedto kse 133

the test kit 133 enbodyi ng the nmethod of analyzing the

hai fraamplegrlpbaimadiheso as to use the test kit 133 embodying
the method of analyzing the hair sample 116 in the
patient’s home 136, in association with consultation of the
patient’s health care practitioner at a health care clinic
138,

15
Alternatively, the patient 111 can visit his or her health
care clinic 138 so as to provide the hair sample 116. The
health care clinic 138 can perform the method of analyzing

the hair sample 116 or forward the hair sample to the

20 testing laboratory 134.

Farther Embodimant.

A preferred image analysis method has been trialed and is

described below:

25



patient's honme 136, in association with consultation
of the patient' s health care practitioner at a health
W@ 2008/18480Mi ¢ 138. Alternatively / the patient RAWAT2008/000602
visit his or her health care éPinic 138 so as to
provide the hair sanple 116. The health care clinic

13880ar1 p 5{](_)4 r@itorl)lea thod fn nal yzing the hair
wﬁnggig—orﬁForwargggEeiﬁgkﬁAsanple to the testing

ang‘f) A orgneql]ﬁe%' F&Eélgag aﬁﬁ%’ﬁ' Al o) Ao&r eferneds Mgen in

Sis en trlal and i's descri bed

bel £ pggggg,)agecgg fg%ﬂeq? %&% hapdhi pgr-daid, dq S@Tmne%ustrallan

(sca east 30mmin 1ength were

di t8d §r%ﬁhﬁ9?g@o£efeﬁ&ﬁgmbgaﬁn MYsLE abbRY excluded if

ogy Rl inie r a mammogram Wonen were excl uded

af mef f@.‘é%ﬁphgﬁrhﬁ%é&?%y@ﬁe@roﬁhéﬂ§8&ﬂ%}|t§é.*eated (such

treated as pernmanent wavi ng within the previ ous

6 V\@@kﬁeﬁ%enft LhelihgPullienhal tneasAnavak! abl e and if
had a history of breast cancer or other cancers

(excldidi n}tgum ABLANQAB Skidv:panees, and ChM cervisdlry of
intra-epithelial neoplasia) within 5 years. Ni neteen

bl i peladthabhcsanpt @S neer easeblect&ttiakiihenchiodianand skin
these sanples together with 14 sanples from wonen

di aggiasad ankt bIhr easivicancent andesivhesaapl asopToma) within

wonen assuned negative by manmography, were anal ysed

19N 5 years. Nineteen blinded hair samples were collected at
the clinic and these samples together with 14 samples from
women diagnosed with breast cancer and gix samples from
women assumed negative by mammography, were analysed in
this study.

15
Scalp hairs were taken from the region Dbehind the ear,
close to the hair line, and removed by cutting as close to
the skin as possible.. This was done to ensure the samples
taken had minimal damage from environmental factors. Pubic

20 Thairs were also removed by cutting as close to the skin as
possible and all hair sampléé we;‘e stored in plastic

specimen containers. All patient medical histories were

kept on file at the clinic.

25 Synchrotron Small Angle X-Ray Scatter (SAXS) analysis

required a single hair <to be gently removed £from <the



this study. Scalp hairs were taken fromthe region
behind the ear, close to the hair line, and renoved by

W@ i08/18430@.S close to the skin as possible. Thi BCIAE2008/000602

Lh

done to ensure the sanpl es také&n-had m ni mal danage
fromenvironnmental factors. Pubic hairs were also

And R LR T S e F 5 o ToPGTRY 1A |§sﬁ%d&g§f,2% Spco
i Etserhe e Shelt oSt More ity ting
ajﬂt SrTO0RE { B t haRe el S 3S|°%§‘%' angl EFEeprprings
|P§Q pa%}ggg}ghq?zp giﬁ%l¥ﬁg?%% alr ?bgelgﬁrthe

¢
%r% }oca eé‘%ﬁenéfaﬁlgoﬁp%gg%néoxg.[cé pb@%u(\. bffe@tk could

re in the approprra

or'lcfentl@ltaggff{ﬂfe te éuﬁaé(nc?ftﬁfnt Wenyit &g%ggmgﬁgl first by

i denti fi cut end ber was

(=Yc|Wale isl 80k g, 0 [ fo
hoI raggdt% gﬁﬁﬁg ?ﬁe f?% g%etmggﬁ ?ﬁ%éc%?ﬂgl %B@der and

SPrdiRgiwes thBerigkl-owedyion r@h@xcmgl affe. gpﬁlrtg} heers then
The coils of the spring opposite were then opened and

thehoqes e pdiddherdi ReempasHaserted i oho theis of the
coils. The hair was placed adjacent to the |ocating

10Pi NPriihgn obPes S | ikraashe@iedeyicHehgasetde Ao@i€Adndledd the

15

20

25

of care was taken with the | oading
fiber was inserted into the c¢oils. The hair was placed

adjacent to the locating pins then the spring was gently
released. A great deal of care was taken with the loading
process to ensure the fiber was not twisted during loading
or that it was not damaged by stretching. Once loaded, the

hairs were examined under a dissecting stereo microscope.

X~ray diffraction

Synchrotron SAXS experiments were carried out at the
Advanced Photon Source at the Argonne WNational Laboratory,
USA. BAnalyses were conducted using the beamlines 18-ID

{BioCAT) and 15-ID (ChemMatCARS).

The beam characteristics for the BioCAT experiment was 70pm

in <the vertical and 200pm in the horizontal and a



process to ensure the fiber was not tw sted during
| oading or that it was not damaged by stretching. Once

wo odashsos he hairs were exam ned under a di SSeRCT/AY2008/000602

stereo mcroscope. X-ray di ff#&ction Synchrotron SAXS
experinments were carried out at the Advanced Photon

igg{a)%glgﬁ%\’éﬁ]%F%r.%gﬂ?eT tﬂa%q_%l wleggoﬁgﬁnﬁ?{é/nde Swgf@ FBe axis of

Ses re conducted using the bea

(Bit%gATQaﬁndir}S%*ngr %%%gﬂg?% gﬁ?g)le =hie fea sorp angle of

characteristics

th%n\éﬁ(ﬁ%ﬁ?ﬁ.l | ngcg O%%?pil%?eé NogdiGaNord &AMt ah aRd the beam was

awave

axi t%ﬁ:?b_tx@d hﬁgLuiSQ the pacebl elecRlape andidk #126fLonics,

angle o

experinment was 70um i'n
eng hairs were nounted with the

I nci dence. The sanple's optimal position in

st hgidhgamriasy gt ekisngd @ye@rﬁc% 8y ECRL Het efdRhds and the
. e

Avi ex El ectronics, USA

X-Ta¥e £ ich SRQRISsaBdsdderdll fdhhagbioni RIS eatures that
assessed for characteristic features that indicate if

fi ber was exposed to

t herkiiBgEe i S rCaiplr atilneyl OGAt @ghirnitiie RRAMedOIGe the beam,

optimally located, the fiber was exposed to X-rays for
appne%i Bptehan 120 19ee0ads oy fierdvhbr agpdanll itdBgerays for
collected on Fuji BAS Il image plates that had an
actippeoairecfy appr oxseadedy 1904m xh240mnrfIhet spaceimage
bet ween the sanpl e and detector was held under vacuum

10t 0 dodtdeeeedi on SE@} i eBANQIITandthddal plditetanbetwagd an active
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determined to be 959.4mm by analysis of the scattering
patdrenn odf afptvetnBefignabémn x 240mm. The space between the

sample and detector was held under vacuum to reduce air
scattering, and this distance was determined to be 955.4mm

by analysis of the scattering pattern of Silver Behenate.

The beam characteristics used for the ChemMatCARS
experiment was 300um in the vertical and 500um in the
horizontal and the wafelength used was A=1.50A, This
translated to lower beam flux at the sample and hence
longer sample exposure times but it facilitated sample
positioning as the hair was fully encompassed within the X~
ray beam., Haly samples were exposed to the ¥X-ray source for
60 seconds and the diffraction images were collected on a
MAR345 detector. The space between the sample and detector

was held under vacuum to reduce air scattering, and this



The beam characteristics used for the Chemvat CARS
experinment was 300umin the vertical and SOQumin the

whorosadsv@l and t he wavel engt h used was | =1. 50RCT/AL2M88/000602

h

translated to | ower beam fl uox3at-the sanpl e and hence

| onger sanpl e exposure tinmes but it facilitated sanple
posj.ti.oning as the hair s full 0 sed_wi t.hi
Pheirediboanns PAFr Rlins e b XRRiBRH SRea By wne
o) for cond he '%%r ction inmages were
CO|C%§F851% %gﬁﬁﬁ%§4§f§%?%%?ngh %§§pace bet ween t he
sanpl e and detector was held under vacuum t.o reduce

air scattering, and thisdistance was deternm ned to be

635. 8mm by anal ysis of the scattering pattern of

Silver Behenate. Inage analysis Diffraction inmges

vvergaggagy%ﬁ%i@i ng PI T2D and Saxsl 51D software

pa ~ BO rograns offer the data mani pul ation

angh; Rt &Y fRdd6s AdainARgchetdi hed Fir®2DCREOT Bhxs15ID
the data reducti on and subsequent anal ysis. Extracted

oneJ#i-BRS| onadcidala . f r ojpihesgrRackages y&%r the . data
vi sual i zed and anal ysed usi ng t he Spectrum Vi ewer

sofanabg1 Packadend TBcPRiMPdsodithaRara®! edfe WeEQuired to
enpl oyed to enhance the SAXS i mage by snoot hing and
sulhseguent baskgrauad repBy@lon Thend i rSibRRE@envhi 6hawesis.
herei nafter call the "Standard Protocol" , is known to

ohauxteabyebeemedesdtiditg@dnan ofta from these packages was

visualized and analysed using the Spectrum Viewer software

package.

Two methods and parameters were employed to enhance the

15 SAXS image by smoothing and subsequent background removal.

20

25

The first one, which we hereinafter call the "“Standard
Protocol”, 1s known to have only been described in one
publication by James (Referenc;e': Wilk K, James V, and
Amemiva Y. Intermediate Filament Structure of Human Hair.
Biophysica Biochimica Acta. 1995;1245: 392-396). In no
publication by James does she describe the complete recipe
of how to process the raw SA¥S data and the parameters used
to detect the presence of cancer, No previcus publication
contains a complete method that could be used by an
independent observer to determine the incidence of breast

cancer from a SAXS image. Whether or not the parameters and



publication by Janmes (Reference: WIk K, Janes V ,

and Anemiya Y . Internediate Filanment Structure of
woieovan34ded r . Bi ophysi ca Bi ochi m.ca Acta. 1995; RQHAD2008/000602

392-396). In no publication“b?QJénes does she descri be

the conplete reci pe of how to process the raw SAXS

datn%t%gstﬂ&@a{@r?}cﬁ!e%su%ﬁg Laygelptled '%‘?/ Waﬁé?”ﬁ&vé’fbeen

cancer. No previous publication contalns a conple

methodibhad Sl Mesusgdnby=1a 1RAGREAGAN! 1IRSEr Y€kar and

to determ ne the incidence of breast cancer froma

SAXRHcABEE de YRR BIGrOTo MOdnd f&m&awﬁ@&ﬁo@ngmgbgééss the

used to process the SAXS inmages by Janes have been

devglvepedagedceof B sdnduib i ehed anboK n@éfmbln@utungubhshed
cl ear and conci se description of the conplete nethod
st O o OBeEsE t hem&ARtS rigragrs trawdi oROSendiLast CaNGekved by
remai ns unpublished. In brief, snmoothing the raw SAXS
| Mg 1k8ing hitey et 1y beptRei dghihe pakee of & Beby 3 box of
central pixel of a 3 by 3 box of pixels with the
averizgesvaliue €atcebats&ge ovElud hallcioited baekgtiindox, A
image is created by blurring the snoothed image in a
Si Mackyrommheindge timtcrdesedi bedbabovigduthewishboahd® image
by 20 box of pixels. The inmage used for the diagnosis
of ilr eastimddncemanseproducedt bjessubbbedctbone tihe: with a 20
creat ed background i mage fromthe snoothed i nage. The
0purpyosd dforbadk gricwmia - cditveedimagn usetofpenmbive thegnosis of
rising intensity at |ower values of Q w thout
compeeRtsi pancaty dfs t heoflecedir v peebenictiimg héhe  created

original imge. FIT2D has two different
background image from the smoothed image. The purpose of

background correction is to remove the rising intensity at
lower values of Q without compromising any of the features
15 present 1in the original image. FITZ2D has two different
smoothing functions available to the user, “Smooth” and

“Median®.

In the coﬁrse of this study we developed an alternative
20 background correction protocol to attempt to smootﬁ the raw
data and to produce a background image that, when
subtracted from the smoothed data, did not remove or
ocglude important features which were present at low
intensity in the original image. The SAXS images were
25 initially smoothed using a 3 by 3 pixel “median” filtering

operation, which allows smoothing without loss of subtle



snoot hi ng functions available to the user, "Snooth"

and "Median". In the course of this study we devel oped
wa@eooalis4spinat i ve background correction protocol PEDAU2008/000602

attenpt to snooth the raw dat 83and to produce a

background i mage that, when subtracted fromthe

moot hed dat a, i d D Lude fnpertant . .

fse %iﬁtg‘ﬁ\zi ?:Eﬁ’l%@I V%ggﬁ)éégﬁt V@t Ol?’%\?v%ﬁn?%ﬁ%ﬁljt ygéﬁg{]ﬁ%ng te
i qi [ . Th S i we initiall

ggr:)cgsltetgga Il?si%e k§r§SB§ grﬁﬁl’“ggﬁefﬁ@aﬁggjné&:‘%rlf‘%eer'iyn%e refer to

opel{ ation, . whi, al | Qus.. S ot hi ng,,w t hout | oss of
subhl

et 83ttfjhfees, R @I"é“’% by 50 pi xel

"averagi ng" to create a background fromthe snoot hed
image. W refer to this as the "Alternative

5F>r Q?{}P Cé 3 énsag]neé]{jiocfgggs iw%'g.alexg?%@tél@sf% re%%hegwﬂ(%o%age to

eac I mge eterm ne € exact spacing o

fe el'f:'é?:ﬁif.lg EIE% d%}[%'&}%@iﬁgm@f f&ﬂ@’e%d ik?ly Hhao image. This

different net efirst was to extract the

| NLERSI 1043104348 ngPnth@ gt Pad Rt %t%‘o@fslt.i NG el TQPLNEas to'

centre of the imaAge al ong the neridional plane at O,

60 oxt12Bt 3@ 24Q.:and 300 caThissRy 0cessn U$Rd LQarting
ensure that if a ring was present in the SAXS i mage,

therriopt @Rsi byndal aoropld SR a1BRGKLhS hd¥€dional plane at
appropriate location and fromthe anal ysis of the data

10of r am aldo=f ounogpadsant s2its Shd cader. rAkivr @reedkd Pes used
establ i shed. For SAXS inmages that denonstrated weak
fealdie@guas the: if a ring was present in the SAXS image, the
ini:ensity data would show a peak in the appropriate
location and from the analysis of the” data from all four
guadrants its circular nature could be established. For
15 SA¥S images that demonstrated ‘weak features at the
approximate spacing of the ring indicative to the presence
of breast cancer, a modification to the method of data
extraction described above was used. In these cases
intensity data was extracted by integrating 5° sectors at
20 the locations to the meridional mentioned above. This was

performed in an attempt to increase the level of signal

over background noise of weak data.

25



approxi mate spacing of the ring indicative to the
presence of breast cancer, a nodification to the
woredokoshsod data extraction descri bed above wasP@Eau2008/000602
these cases intensity data wasSéxTract ed by
integrating 5 sectors at the locations to the
nmeri di onal nentioned above. This was perforned in an.
attenpt to increase the |level of signal over
backgreupdrapise eb \g@@ksplat a.Wth reference to Fig 6
: Defining the breast cancer SAXS pattern Using the
Standard Protocol for inmage processing we were able to
identify the ring correlating to the presence of

br eawifin ARG Cthd Mbixbkdsef cddi@rl 4aREShitdE(ONtrol s at the
def |71E%§%§TTWT3’3’T‘W%F‘We sanpl es

assmﬁﬁdgn&gatmM&nhﬁrHH@HBgé@@nygﬁn@ﬁ§&éaF%QcéBéﬂﬁ&’ég were
that spacing in their respective SAXS patterns

CheﬂﬁﬂﬂemﬁlQmﬁhtdayatﬁ&t&Qﬁ@e@oif@ﬂﬁﬁiﬁérﬁ@D@Eé'ﬂﬁésence of
SKXS patterns confirnmed the above findings. The
St amdardt Pranhoenl inasid hen uwaed 140 mssesyet haoddondedt the
sanpl es that were collected at the radiol ogy clinic.
The dedtnedt spapitdiolQgy. E@3d Y)esdme 0ff t BRe aBahYS@S assumed’
using the Standard Protocol are shown in Table 1 .
Fr orethblvaflr matinogrppies efdnedsi hat&e Jabigy ialt ¢aBtbepacing
seen that only 1 of the 19 sanples collected cane from
14 womrarthitth comféctios bBAXGt pehhemns. Anakbydlsenfionhe data
SAXS pattern for

extracted from the respective SAXS patterns confirmed the

above findings.

The Standa?d Protocol was then used to assess the blinded
15 samples that were collected at the radiology c¢linic. The
patient’s pathology and results of the analyses using the
Standard Protocel are shown in Table 1. From the
information presented in the Table it can be geen that only
1 of the 13 samples collected came from a woman with
20 confirmed breast cancer. énalysis of the BSAXS pattern for
this particular sample using the Standard Protocol produced
an image with only a very faint and slightly elliptical
ring in the zone of interest. One-dimensional data
extracted from this image indicated the presence of a ring
25 but was not significant above the background and was

therefore designated as negative. After the samples were



this particular sanple using the Standard Protoco

produced an image with only a very faint and slightly
we@bdosps4se@l ring in the zone of interest. - PCT/AU2008/000602

One-di nensi onal data extracte#fromthis inage

i ndi cated the presence of a ring but was not

significan ove the . backgr ; her.ef@r egative.

deé’inéﬁréi“g%‘s'agt ga]ieis\}%.% )i{a ? egygﬂse%%ﬁpm%és% -2 sgatLe

wer eunbl indad, this.resu S ified.asi@ fil Sene of

neddt iVE. thgagP%S?’sg%% essﬁgtﬁréi §hé€ed a'ring

in.the zone L oL er ' pesinalednReskti ¥owed a

andnécr?af?ﬁgras%o‘f/\e aéefgllr%%?ﬁwteggszone of Interest and

al sq _di spl Vi L sgrden gug-g\gﬁa d lelvidence of

desﬁlélﬁaf“gdg%%gzl%évgo?gﬁggg?%%r san‘plses \ﬁere 3ilefacl ared

egatd v Fr t SAXS gnalish sndesyl bosgenes at @the  other
ﬂs%%“gsotrﬁgrStkgf{r?daE’gsPr otocol, i té?/vas aptggr ent that the

di sglosed perhofdohaguqandyparanet ers used by James for
I mage processing were not suited to inmages that

contai n-weak and/or diffuse features. W subsequently
reanal ysed the i mages using the Alternative Protocol

of gata heddgks oMnd B LRSUeanl PatgdriratehUts Shgnid caahdard
information in the area of interest was not |ost as a

r espitde b1l Mage wHCesSi NG Usidty flid 28: srichsSaX I meHhddology
with the Alternative Protocol, the positive control

1SR LSHMRMREELASEESSEly FanB thhesamngsubtsgesichat Were not
extracted one di nensi onal data, we deternined the
spaghit@ot ot heagénNgeer cehasimyeba tntibor diffuse features.

We subsequently reanalysed the images using the Alt‘e.rnative
Protocol of data reduction to - ensure that faint but
15 significant information in the area of interest was not

lost as a result of ilmage processing.

Using Fit2D and Sax15ID with the Alternative Protocol, the
positive control samples were reassessed. From ‘these
20 - results, and the’ extracted one dimensional data, we
determined the spacing of the ring correlating to the
presence of breast cancer to be 0=0.132 & 0.001A-1. The
mean + 25Ds was applied as the key quantitative critgrion
to define the =zone of interest. Use of the Alternative
25 Protocol produced superior and more detailed SAXS images

compared to those of the Standard Protocol. Figures 6A and



presence of breast cancer to be QO 132 0.001-1. The

~ nmean 2SDs was applied as the key quantitative

wa@ediosas4son to define the zone qof  interest. UsePOf/AUR®S/000602
Al ternative Protocol produceﬂ5§h5erior and nore
detai |l ed SAXS i mages conpared to those of the Standard
Protpcale Rixgur Eés@ﬁcé’lﬁd(sﬁn%@s thgo e%ﬂblﬁﬂﬁg | T9CSStandard
from applying the Standard Protocol and the

Al t prdaidole dNotieol aTashesti¥ebYot&dinersd®8vely to the
desi gnated negative and |later classified as a fal se

negadmple RsSgeabelensQaN v dndgukeeBBe1as Medle didlsf US@alse
ring can now be seen. The one di nmensi onal data

ext negdtadef.r ag thhsoemagen daf ime@rthen| i Agwé ok haer @8 ring
approxi mate spacing of Q=0. 132 0.002A-1 (d=4.76

9. Odam) now Theis sthe. Arher paki denEi ool @ftd g8 acted from
reducti on produced superior data where diffuse | ow

i ntemsd timagel defahedntuasr obs efo/ ediviahhe appréRIMard $Pacing
of SAXS data with nannDaLaphy results in a set of

pat pEnt&=htit3Endiing & d0@@F0| ogy=¢!idi ct The. Ghmye Thus the
descri bes only sonme enbodi ments of the present

i nvahtdxoptamd Fodibecoht bbnsmagbviredscition hoseisieid |egerior
in the art , can be nade thereto w thout departing

f r ofatsherhsesopel Hivachd opr ésbemsdity enfoonatClod MBslobsdrved.
nmet hod for automatically aligning a sanple conprising

& hair fibre within an x-ray beam said sanple nounted

on a positioning device, said nethod conprising the

steps of: (e) providing a sanple, said sanple nounted

on a sanpl e hol di ng device consisting of provision for

mul tiple



separate sanples to be nounted,

uni quely identified;

we apahbsoof viewi ng said nounted sanpl e,

(f) providing

each sanpl e being

an appar at us

wher ebyT/8 H208/000602

apparatus i s capable of inmgi ﬁd Said nmounted sanpl e,
readi ng the sanple identifier and determ ning

C OOfaflic A 26 hfpafdonTREAXS MPW N MEMAbINShyresufls InAfRf &P&fents
p O Shttendioy a vadielogy ¢linlko porti on of sai

sanpl e mounted in

said positioning device is initially at said reference
pogi FFE, [ pPodri ng SUeBtiTe of pigpmfofe | Al
adjlusti ng|sai d positijoning device |inearly a oﬁg at
| east40tsho |or t Rogenal axeswqam% (h) [act i wabatveg sal Negative
SOuf Ed%onf pﬁ v/ i 5 & aw: gat beNe ati
. . ) tiv
adjjusted 4 um-fgoar?ﬁy@ipssail GlorfiA Bihsbisdus | € 1o ring)
patith5®¥76a | bealogsh Xr ays. Zc 455 Posifiyg®. iy
Whef G e Sa-go ey o gng at 01130) ¥
0QTs i . i
metlhod of |cl akdlbond, Wher el It Sai d spur ce Gfmpower Py
CONpPAr448as | abMamnaeghy/one NnoDNegative 4 met hegativeor Negalive
conegeting—siibgomdar 1ol tinle-X-ray diffByBe on {no ring)
848 'Y Mannidgraphy/ NEgafive Negal Negative
anal ysi's on g e |sel eCeg froma pl
sanptiegil, | salttessanpl ¢ conskmiveng o : § Sai dDisorder
et 7 e P F o Pl
: T aflve egative ative
froma subj eQﬁms&ﬁng a Sﬁm&eﬁam (ring 3to.1aa) (ringegt 0.137)
9008728 Mammography Negative Negative Negative
. Disordered (no ring
9025794 Mammography/ Negative
ultrasound 3
9030217 Mammography/ Negative Negative Dlsorder
ultrasound Calcific foci (strong ring at 0.130)
8033650 Mammography Negative Disorder Digorder
Mammary implants {ring at 0.130) Ring at 0.130 + orders
0039174 Marmography! Negative Negative Negative
Uitrasound Multiple cysts very faint / no ting i
9076831 Mammography Negativa
Post-surgical deformity
and benign caldific foci
9079870 Utirasound Negative Negalive
Cyst {non-continuous feature at |  (Faint non-continuous
0.140) diffuse feature at 0.129)
9085332 Mammography/ Negative Digorder Dlsorder
ultrasound
9091802 Mammography/ Negative Negative Negative
uitrasound 1@ rin na tin
9126804 Mammography/ Negative , IES ! eS|
ultrasound Post-surgical deformity )
and multiple cysts § : ool
8235226 Mammeography Negative Disordsr Disorder
Probable cysts
5
The above describes only some embodiments of the
present invention and modifications, obvious <to those

10 skilled in the art, can be made thereto without departing

from the scope of the present invention.



col l ection device; (k) transporting the sanple
coll ection device containing the hair sanples to an

war@Bg3isso faci lity; (1) nnuntigg the hair in aPGHAPR®S/000602
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hol der; (m) providing a postttomn ng device for
nmounting said sanple holder so that said sanple can be

positioned in the path of a b%ﬁﬂ?ﬁé X-rays; (n)
provi di ng an appar atus capabl e of view ng said nounted

Saﬁplﬁ’mg%ﬁa§89¥rs ié%@%?ﬁ%%ﬁigsaifbﬁ¥ﬂ939'Saﬁglé %%ﬁkggsing

sai d nounted Sanple a eterm ning coordi nates o

Saiadhac’mi%fféekv@.l{:fa:\!ﬁaa{nrgl}@r%?f BEANCENASLLLOM: RSEEEon 2

no portion of sai e nmbunted i'n said positioning

deyiceisnidy Wedhly, AaizPkdehsd eédéx[b%‘is_@ﬁéi EhOLrebk) of:
provi ding a source of power for adjusting said
positioning device linearly along two or nore

ort hogonal axes;(p) activating said source of power to

causgeyal ?r@@ﬁ&iﬂgo!%i BEnPEY) CRiil0 shfp 8] sitrRdaSHs Na thadple
said sanple is positioned into the path of a beam of

Xrays? (dhoRgovd deRdca BE&adn &fing baYSro®alidnbeam miTEele
at said sanple ; and (r) recording scattering of

X-rays fregpsaithk Samphes Ho .belheuAtbfiptenfh chaphs dvsing
wherei n said positioning device
uniguely identified;

(£) providing an apparatus capable of viewing said
mounted sample, whereby said apparatus is capable of
imaging said mounted sample, reading the sample
identifier and determining coordinates of said
sample relative to a reference position, wherein no
portion of said sample mounted in sald positioning
device is initially at said reference positiony

{g) providing a source of power for adjusting said
positioning device linearly along at least two
orthogonal axes; and

(h) activating said source of power to cause said
positioning device to be adjusted such that said

sample 1ls positioned into the path of a beam of X~

rays.

2. The method of claim 1, wherein said viewing apparatus is

a CCD camera.



is connected to a notorized armature capabl e of

nmovenent in two or nore planes; 6 . The nethod of
w@b@sms400 wherein said sanpl e_hol der i s nount BAT/AT2008/000602

sai d positioning device by meafs™ of screws, cl anps or

clips. 7 . The nmethod of claim4 , wherein said

Vi g ngh@%h%W%fi S18:d°GD GROBLA, fig geergsté@%o%r

clai'm erein a conputer s enployed to autornate

saiuet bod. 19 1ealhepBthad of claim4 , wherein a
conputeri zed-detection systemis enployed to record

scattering of X-rays fromsaid sanple . 10. The nethod
of claim4 , wherein said source of power conprises at

| east aonet e dor bbndAesaiPplsengnal ¥sisduigyptenk-s4) d
system conprising at | east one sanple array, an

sautFgt-edr dbn e aTRehantsm fsehpue Jie @ cthiRbR &fpRaiadity
sanple array to a first approxi matel ocation, and a

NORif @khpPle ANt HLENEERAP1S i@t Ohg aslf ustaert fobrsaisdid
drive nmechanismto |locate said sanple into substantia
coimaghdancenp tdimantier @yepd bEcacti on beam 12. The
system of claim 11 wherein said sanple array conprises
a nunber of discrete hair fibres retained in hair
fibre hol ding nmeans provided on a hair sanple hol ding

(J) collecting a hair from a subject uging a sample

10 collection device:

(k) transporting the sample collection device containing
the hair samples to an analysis facllity:

{1} mounting the hair in a sample holder;

{m) providing a positioning device for mounting said

15 sample holder so that salid sample can be positioned
in the path of a beam of X-rays:

(n) providing an apparatus capable of viewing sadd
mounted sample, whereby said apparatus is capable of
lmaging said mounted sample and deteﬁmining

20 coordinates of gald sample relative to a reference
position, wherein no portion of gaid sample mounted
in said positioning device ig initially at said
reference position;

{0) providing a source of power for adjusting sald

25 positioning device linearly along two or more

orthogonal axes;



device; at |least a portion of each of said fibres
| ocated in a common plane. 13. The systemof claim1l1l

wob@sas4s06ai d sanpl e hol di ng device conpri ses BCPAHR@®S/000602

of rigid material; said plareihrovided with a centra
el ongate slot; said slot having raised ridges

PoLREY) ML IRAl LAl LARG O BALE. RAELIE bath o

mat ertal ; Sal arranged al ong opposi ng el ongate
si des of L ¢ sl ot ' [ ' J SR i
common p|gﬁ%ﬁkﬁéﬁin?héggsg%gﬁfgg %ngﬁgﬁggiﬁgkgg%§§%§%?

hai r fibrgaﬁﬁdéﬂﬂglﬂg§§g§o'égﬂ#ﬂig PRL MSaidf oFURPBEIM of -

posts di sposed at intervals al ong sai'd opposing
el ongate gides of said slot; a first one of each of
said pairs of support posts arranged al ong one side of

ssai d (gl ot ,356h @ ¥EGORdANGE Of-1298h 94 saldmPalingdoft saia

support posts arranged al ong an opposite side of said
slot; sai daR@sds ) ecting fromthe surface of said
outer face sufficient to project beyond said common

pl angy 15redbeisyptmobrehqion k4ruhereidh each ehmsri d
pairs of support posts is associated with a pair of
extension coilsprings; said coil springs tightly wound
so as to provide retention force for ends of a said

Whair T érethardofafkaim WrewbEsidisaddf Posd Blaning: deyice

15

20

25

said pair of coil springs at one side of_ said elongate
sl 8€, cPRpertss 5Rd2 0RO s P SFarFIRURSICRPERE B ngE BAveRfnt in
op@osite side of said slot; a mddle

wo or more planes;

6. The method of claim 4, wherein said sample holder is
mounted to said positioning device by means of screws,
clamps or c¢lips.

7. The method of c¢laim 4, wherein said viewing apparatus
is a CCD camera.

8. The method of claim 4, wherein a computer is employed
to automate said method.

9. The method of claim 4, wherein a computerized detection
system is employed to record scattering of X-rays from said
sample.

10. The method of claim 4, wherein said source of power
comprises at least one motor.

11. A sample analysis system; sald system comprising at
least one sample array, an automated drive mechanism for

urging a sample of said sample array to a first approximate



portion of said hair fibre stretched over said pair of

support posts. 16. The system of claim 12 wherein each
wo@btoosasohai r fibre hol di ng neans i s associ at eBICTAUR008/000602

hair fibre identifying bar cofé Tabel; said bar code

| abel releasably affixed to said plate of rigid

mat dj t 14 Elbp di a 17.

S R A R A

sangy; ﬁsgfuéﬁe/ 48 =208 ks fe HERENL: o é@rﬂﬁc%t@r £3YS sample

retairned in a sanple array rack; said sanple array

r a“a‘%t%“@ﬂﬂéﬁﬁ%l%‘i 3'0&981&@%% %@@Ht%j $38 b@¥eraction

translation of said sanple array rack in“two nmutually
or thegonal directions; said two nutually orthogona
directions lying in a plane parallel to said common

Pl ane eRd HATE ofocsatl 26 kax-did fiac isaRpbeantrak8.
The systemof claim 17 wherein said sanple array rack

IS dbh@edst ot maid rabsl @asdrdraonalt hogonal rditbeeéd QS hair
by servonotors of a conputerized drive mechanism said

serfaoet RESdIHG VidigsSphevSaiPlod arhayr r=aGlp180hasdity -
position a said hair fibre at a said first approxinate
| ocRiviies; bet ieaistan YorByolhemMeatht d£rszdnd fabr&s rBycated
beanr ecordi ng device. 19. The systemof claim11l
wheirreian cs@meh firasie .appr oxi mate | ocati on of a said hair
fibre is conpared to.an optinum
10 13. The system of claim 11 wherein said sample helding
device comprises a plate of rigid material; saild plate
provided with a central elongate slot; said slot having
raised ridges projecting from an outer face of said plate
of rigid material; said ridged arranged along opposing
15 elongate sides of said slot: said raised ridges defining
said common plane.
14. The system of claim 12 wherein said hair fibre holding
means include palrs of support posts disposed at intervals
along said opposing elongate sides of said slot; a first
26 one of each of said pairs of support posts arranged along
one side of said slot and a second one of each of said
pairs of support posts arranged along an opposite side of
said slot: said posts projecting from the surface of said
outer face sufficient to project beyond said common plane,
25 15. The system of claim 14 wherein each of said pairs of

support posts is associated with a pair of extension coil



hair fibre |ocation by nmeans of an imagi ng system
said i magi ng systemi ncl udi ng software providing

Wo@pas480® sai d conputerized drive nmechani sm t BCT/AU2008/000602

position said niddl e portion ®f said hair fibre in
substantial coincidence with said X-ray diffraction »
beapti gk ; 'Q,Eﬁd%élfr@ﬁ%fin%‘satifcl};ﬂ@})/\‘%%ﬁﬁbnséaééj & b¥vide
beam recording device is coupledto a conputer for

r eeQt h#ihrATd raBal ¥si dihsS 6@l £ € NP 1R r Xr L8YS; Td:Qf hair
interaction of said Xray diffraction beam 21. The
syst e afxtehak Ay 18- el eiikssabfl J:8C0RdE Ao 0€ sbsiRgs
MAR detector. 22. The system of claim 19 wherein said

I magi fge SYisteehri BElAdADIFaEEDE LANERD BOSHSSERI 3N ssakidpair
optimum hair fibre |l ocation at a point where said

5 X- paycdi I fapaghiyenabeamdppbel 6€cdisdes aifd s oamamv Rl anRiddle

23. The systemof claim 18 or 19 wherein said system

f upbheton nd ywdea maarriGedestestddied sakd baid gede of
reader providing input to said conputer for

cosnppett nesassaid hair fibre sanple with a provider

of said sanple. 24. A nmethod of analyzing a hair

saipl CHa eynsaepati entaigo laswhardinpreack sEnsiitd wetly abgre
specificity of a diagnostic test associated with a
pathdfioyi celanst & eassvdiksegavignta dedpr £shg: idenitdhi gy
the sanple in accordance with thenethod of any of

10c| hepscade dabel: t #mkd bar code label releasably affixged to

15
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said plate of rigid material adjacent said hair fibre
holding means.

17. The system of claim 11 whe;ein|said at. least one sample
array is one of a number of sample arrays retained in a
sample array rack; said sample array rack supported on
slide-ways adapted to allow translation of said sample
array rack in two mutually orthogonal directions: said two
mutually orthogonal directions lying in a plane parallel to
sald common plane and normal to said X-ray diffraction
beam,

18, The system of claim 17 wherein said sample array rack
is urged into said at least two orthogonal directions by
servomotors of a computerized drive mechanism; said
servomotors driving said sample array rack so as to
positioﬁ a sald hair fibre at a said first approximate

location between an X-ray beam emitter and an X-ray beam



a ) exposing the hair sanple to incident energy
derived froman energy source; b ) receiving radiated

wen®sgyshor om t he hair sanpl e consequent upon PCT/AU2008/000602
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i npi ngement of the incident “ef@rgy on the keratin
sanple; ¢ ) passing at |least a portion of the radiated

englLOyr HELG JBA Lrom the hair sanple through a
transducer” so as to derive data; d ) conparing the

datig depi vad Wi BracBecend ghreoup: Ofsdat élpéﬁ%ﬁro&fﬂméte
ref erence database; wherein the second group of data

IS 16eash&h et Mghhqanplesance of écﬁh?a&%ﬁh%o% Ctimum
state in the patient. 25. The neth of analyzing a

haiyaisafPbee ada@sbh i aGlsabin 24 M&%ﬁ%nsw@er&e%@%
group of data is correlated with the presence of the

patifalegy Cedsisdatiaci Aaihe seatiens dprﬁrthg sethed tof said
anal yzing a hair sanple as recited in clains 24 or 25

Wheosbot &Rz &P eifide ghottarAfsmdab apd i Wiaks @i M ehdle
associated with the presence of the pathol ogical state

i npolteipatoeaid?Raifheiyet hadsabsanadiyal pgifctidnce with
sanple as recited in any one .of the clains 24 to 26
abees dnkersgy riitifeaenesgyoesmur ce i s selected froma
plurality of different energy sources.28. The net hod
of 28naftheingtavhaktrckanpllé aberen tsedd H-chwailaaad
wherein the hair sanple is selected froma
recording device is coupled to a computer for recording and
analysing scattering of X-rays from interaction of asaid ¥-
ray diffraction beam.
21. The system of claim 18 wherein said recording device is
a MAR detector.
22, The system of claim 19 wherein said imaging system
includes a CCD camera focussed on sald optimum hair fibre
location at a point. where said X-ray diffraction beam
intersects said common plane.
23. .The system of claim 18 or 19 wherein gaid system
further includes a bar code reader; said bar code reader
providing input to said computer for correlating a said
hair fibre sample with a provider of said szawmple.
24. A method of analyzing a halr sample from a patient so
as to improve sensitivity and specificity of a diagnostic

test associated with a pathological state in the patient

comprising: aligning the sample in accordance with the



plurality of different hair sanples. 29. The nethod of

analyzing a hair sanple as recited in claim24 wherein
wo b@sagmond group of data is selected from a pPdr/alRG0$/000602

of different data groups of- ddta. 30. The met hod of

anal yzing a hair san‘pl e as reci ted in claim?24 wherein

the_derj ved datafa .t he sgcaf Qup of data are

anat V5 Es?ﬁ?j % afli[y of '%%erent nmet hods of

coppari son d of |n

a8’ reETedY t%gl giarlnrﬁ%v%eer it H east gggr%gt&eﬁ%ng £zom

energy is absorbed by t he halr sanpl e.
3g§ ETrlf}“'cﬂg‘lié(etghodc%'f anal yzing a hair sanple as recited
in claim?24 wherein, in use, the hair sanple can be

om afé@&ﬁ&@ apalyzed doe ragsechat iian HMith saiapi@acsansgqaent
a pharmacy, a test kit, the patient's hong,

5 hﬁﬁéﬁ h 1GR3k Bg&hdrit Co@r andat het g cghb@@%l h cem [ &eratin
and a testing laboratory. 33. A nmethod of analyzing a
ketabidy sanpl e conprising the steps substantially as
illustrated and described in the body of the
specification. 34. A nethod of analysis of the data
def i vetbdimgt het netdaad 0d apnyrtdre obfclidiars r2dided?2 enexgy
wherein said data is in theformof imge data of an
i ragei et ifmed fthenhsar dsdmpaies diicenghsai trapgchogrobo as to
anal ysis conprising: (a) extracting one-di nensi onal
ddeniwd alagapr edet er m-ned

10 d) comparing the data derived with a second group of data

present in a reference database;

wherein the second group of data is consistent with a

presence of the pathological state in the patient.

25. The method of analyzing a hair sample as recited in
15 claim 24 wherein the second group of data is correlated with

the presence of the pathological state in the patient.

26, The method of analyzing a hair sample as recited in
claims 24 or 25 wherein the second group of data is
causatively associated with the presence of the pathological

20 state in the patient,

27. The method of analyzing a hair sample as recited in any
one .of the claims 24 fto 26 above wherein the energy source

is selected from a plurality of different energy sources.
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31. The method of analyzing a hair sample as recited in
claim- 24 wherein at least a portion of the incident energy

is absorbed by the hair sample.

32. The wmethod of analyzing a hair sample as recited in
15 claim 24wwherein, in use, the hair sample can be obtained
and analyzed in association with at least one of a pharmacy,
a test kit, the patient’s home, a health care clinic or a

pathology collection centre and a testing laboratory.

33. A method of analyzing a keratin sample comprising the
20 steps substantially as illustrated and described in the body

of the specificaticn.

34. A method of analysis of the data derived in the method

of any one of claims 24 to 32 wherein said data is in the
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coi ncidence with an X-ray diffracti on beam | ocating
said sanple in substantial coincidence with said X-ray
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in said image
(b) defining substantially circular-oriented peak data about
a centre point of said image from an analysis of said one-

dimensional data

(c) applying intensity correction to said substantially
circular-oriented peak data so as to better define said

circular-oriented peak data as it appears in said image.

35 A hair sample analysis system; said system comprising at
least one saméle array, an automated drive mechanism for
urging a hair sample of‘said sample array to’a first
approximate location, and a monitoring and control system
for adjustment of said drive mechanism to locate said sample
into substantial coincidence with an X-ray diffraétion beam;
locating said sample in substantial coincidence with said X-
ray diffraction beam; irradiating said sample with saild beam
for a predetermined time: receiving‘and storing for analysis
data derived from said step of irradiating said hair sample;
repeating said steps for a consecutive one of said samples
from said sample array. |

36 A hair sample analysis system; said system comprising
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multiple sample arrays located within a container, an
automated drive mechanism for removing an individual array
from said container and for urging a hair sample of said
sample array to a first approximate location, and a
monitoring and contrxol system for adjustment of said drive
mechanism to locate said sample into substantial coincidence
with an X-ray diffraction beam; locatiﬁg gsald sample in
substantial coincidence with said X-ray diffraction beam;
irradiating said sample with said beam for a predetermined
time; receiving and storing for analysis data derived from
said step of irradiating saild sample: repeating said steps
for a consecutive one of said samples from said sample
array; returning said sample array to its original location
in said container and removing another array from said
sample container and repeating said steps for consecﬁtive

arrays.



