SAMPLE ANALYSIS SYSTEM The present invention relates to X-ray
diffraction and, more particularly, to the mounting and aligning of 5 hair
samples for X-ray diffraction analysis for the purpose of diagnosis of
disease. BACKGROUND In 1999 James and colleagues reported
differences in the 10 small angle X-ray scatter (SAXS) patterns of hair

WL HEAbals with breast cancer compared to healthy subjeggT./ AYig08/000602
SAXS patterns of hair from cancer patients contained a ring of
comparatively low intensity which was superimposed on the normal

alpha-keratin pattern obtaingg.9AreiAIealthy esersubjects. A

detection technique based on these observations is the subject of US
patent 6, 7i@00p rkhissing waserepostedlysdbgaryedtin alksampledigitaealpi-on
and/or pubic hair taken from women diagnosed with breast cancer, as well

as feom, subbjeots Pt ybeulagtiased 20 Wille breaspéancer HF sdepdbe of

of being at risk”. In other words, a number of false positiyes were, roose
5!derﬁﬁié’él.%M%e?ﬁba%é@%y%ﬁéé%ﬁfo%olﬂ%%ﬁ@ bpoted BAREP

analysis results of blinded human samples which were consistent with the
initi&%tﬁ&l?(%%%ﬁ3. hg :fast%ar“sp%'per 25 reported on the results of 503

blinded hair sample analyses and -demonstrated a sensitivity of 100% (no
false negatives) WO 20081134800- 2PCT/AU2008/000602 - and a
spegificiyd@ayo (14% false positives by comparison to mannography)

for breast cancer. However, the finding remains highly controversial as
sevaial GRAMs Jdesendent chIdeREIS claRaTPRsH Bifferences in the

10 small angle ¥X-ray scatter (SAXS) patterns of hair from
individuals with breast cancer compared to healthy
subjects®, The -SAXS patterns of halr from cancer patients
contained a ring of comparaﬁively low intensity which was
superimposed on the normal alpha—keratip pattern obtained

15 from healthy control subjects. A detection technique based
on these observations is the subject of US patent
6,718,007.This ring was reportedly ocbserved in all samples
of scalp and/or pubic hair taken from women diagnosed with
breast cancexr, as well as from subjects "not yet diagnoséd

50 with Dbreast cancer but suspected of being at risk". In
other words, a number of false positives were identified.
subsequent papers by James and colleagues reported SRXS
analysis results of blinded human gamples which were
consistent with the initial publication®®. The later paper

25 reported on the results of 503 blinded hair sample analyses

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



5 replicate the original findings and all were unsuccessful'- 11. James
responded by publishing technical explanations for their replication
failures. The German-Austrian9 group sent the 27 samples they had

wo SRmRaA to James who subsequently analysed them in a E;gqgggz%(g%%m
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The results showed that to all the br&ast cancer samples had been
identified correctly2. James has consistently claimed that in most cases
othedgepupstaileddomonriime ber {indingshecagses of {heis BBk rison
produce the basic characteristic reflections of alpha-keratin in their SAXS
imbg esaotiegrreaphyd hedr 2;t8aShedsasteited as a prime example of
acceptable data those published in 1995 by Wilk et al17. This publication
IS WeLeRbed the methBebishy reRjiarkebto prosRi¥ théorfaia e lidted &s

considerable number of v riable% makin thi%ex eriment technicall

difficult 120 Fapitate. PHME TACONS thermust Beltakih htoadedtmied  to
ncludles the enalhied g samale calieatigns theahysical dpte ghie bl Hig e
amount of tension with which the hair sample is held in the X-ray beam,

thé*posiiinsing e the fibee iy thebeash ang thednethad of 2hknadeons for .
analysis and the interpretation of datal5. WO

200871 34860PBRALR00B/000662 - Thd therdatustppertingthep sent
finding was presented by James and colleagues using an animal model of

brE8§t CnCEPFB TSI e SHSIHBATHENgEAMRE tHE DreéseRcawintly

breast cancer, whiskers removed from nude mice prior to, and 8 5 weeks
post. éﬁ%’&%{aﬁggﬁls %plgnrgﬁiﬁ)rﬁggfg ulrlng 7 brekt ‘585%%%0‘?5’8%%5051{1&
lingwereranalysedbusing S4X3. The postimplaniation waiskers;showed; .o

the presence of ,a. ring in the SAXS pattérn, similar to that seen for
humanresutijetts affested by dreasticancentihis dataalso indisatedthatost
10 the ring appeared within two weeks of cancer cell implantation, and
betfea idibRtugisrwas farided Titis providen flvtireridvidénge thedtctnese
alteration gbserved in_the SAXS pattern of hair could be an early marker

foPthe DI8SENCEEHHCEY. 15An PEOS 531Ul Df A Frorfiacaisgigtic
n I j Fqurier transfarm infrared atten d total reflectio
(%%%%%%%v%% d%.l%%gﬁ'égﬁgﬁ% \% lidz ar%io%n%éaf-L tﬁe%gr%e rf‘f/rtlx A 8 ?1%/ p%%h é%flsnan

thabhaitfFom inelviditals WitheZ0 beast gancer exhibiisia sHECtHRentan1e
abnormality”". When the FTIR-ATR spectra of hairs from subjects with
catites wereosempris. Wittethe sSpectteedBhainy frodd hion-eancerislibjeatsis
differences in the amide | region [1750-1450 cm-1) and the C-H overtone

regigHBE-AB00°di7eL] HRPEDEPERse kiRl IRREBRsatipIvol FraSpEeda to

of these regiqns
processg%he.data and listed & considerable number of

variables making this experiment technically difficult to
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 dis held "in ‘the X-ray beam, the actuval
positioning of the fibre in the beam and the method of

image analysis and the interpretation of datal®®.




WO 2008/1348004 -PCT/AU2008/000602 - modification of the hair fibre
growth as a result of the presence of a developing cancer. The changes in
the amide | region were indicative of an increase in beta-sheet disorder

wo seuiessepmpared to a-helical structures. The 5 changes inghe Crddie nooon
overtone region were suggestive of anincrease in lipid content. When

unknown samples were analysed by reference to these two regions of the

resultinigespenita thegpoeatchersmereiabieto carsegibeidantiy allof Hhaes
cancer patients. It is interesting to note that 10 there were two false
POSHes0 1A 0062 3 awssurgand Tiadsinonstedtedthatmaieculessuch aso
estrogen receptor alpha, progesterone receptors, Bol-2 and Her-2/neu

WHIRRZATS-rddRatrirl R st iAners HECHIss - ritasrerinakibropst

the same patient25. On the basis of these results they proposed that the
influence of gl%%?%e}%rgreéfgtm é’<’§1’r(1a(§§<)ersE I Is‘\/si1 ?C&W%i/pl%gg%a ahtriedds ¢

5 to@aweg&ékin anshainthus.supResting the ynderlying hypothesis of, .,

James and colleagues. They proposed this 20 mechanism because,
breastsate spacimizegesweat ghandgavhich-ame gpitheliakionrigionbair e
also is epithelial in origin and estrogen and other hormones are
meridotiderlrrdkib amd whirdblictesi28hhasmbeemgroposedthat thing in
origin of the ring present in comes from a variation in the structure of the

cettfheriban8 B tF&Fibré Heht iradentbhiall if 958 fdiRdle DWmeas gldy)ects
b sed that an "additional co nen{& could theoretjcally bind to
%%5%%%_8 & Eea%? cancer 'FRQ Jg%%ug ﬁ%nén 1gé%e8ﬂﬁkat

the eratin fibres s forming In the Mterme 0

10 Steyguralselemesgts suebps thedipid b.Aqyersg@ fan additional ... o1

component is incorporated into the structural elements of the fibre during
bidspathesis,ithen itiscopeesmbla that #iisadditiaral maieriabeaade This
extracted 10 from the fibre. It is also conceivable that removal of any

eRFATESRS mBreTdieforathediie Wl réluen A difmiction paternved in
Io%{g1 like t gt of a normal haijr.  Until now, all studies have aligned the hair

fibres i the 1B DA mEAUAR:THE B gt eRBré for SR UNLIMG EReFaligtinghe

a hairsample manually.is described below: An operator places a hair
fibre into a sample holder, applying sufficient tension on the fibre to

15 ensure that it is held straight, but not sufficient tension
In 2005, a study of hairs from cancer and normal subjects
by Fourier transform infrared attenuated total reflection
(FTIR-ATR) provided independant validation af the
underlying hypothesis that hair from individunals with

20 breast cancer exhibits a sﬁructural abnormality®*. When the
FTIR~ATR spectra of hairs from subjects with cancer were
compared with the spectia of hairs from non—céncer
subﬁects, differences in the amide I region [1750-1450 cm-
1] and the C-H overtone region [1500-1300 om-1] were

25 observed. Interpretation of the spec:tra of these regions

led the researchers to conclude that there was a
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20to 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

[ approximate position by entering the co-ordinategs |
(%t(%%% e‘r%that drives the motorized stage; WO 2008/1348 (5!-?}2[}9&)8/000602

_PCT/A_UZOOB/OOO602 6 _'A t_)rief exposure is tgken, and _the diffraction
Imagesisisad i, deferine 'ﬁg%smlscg&%d wihin the heam. |k nat,

further adjustments are made to the X and Y:co-ordinates on the
copyench Afterdhasasnpis hgs heprweentaied capalysis ofthesagilge 1
by X-ray diffraction is carried out, and the resulting image analysed for the
presaned of Wex featdralirdicatiee oblliseamse. Cleadpiis isa varytedidust
and time consuming process, 10 reliant on the skill and vigilance of

indVRREFTDerafsysitd iS RREHEE foF Anyrahgé ade seraufiFigres. The

program. iIrt}ist no '_%t g];rtehet reesenéirk\éentiongg agdress orvat Ie%/st
amelorats some of the' abovs |sa(§1vanfa§es.nRé’f%rence%quf?‘.:flarﬁeso , a8
Keptglakdeving TaARGMVAoX R COGKEAR DuliaRgDairig3e1een 100 o
analysed by reference to these two regions of the resulting
spectra, the researchers were able to correctly identify

all of the cancer patients. It is interesting to note that

there were two false positives.

In 2006, Lawson and Tran demonstrated that molecules such
as egtrogen receptor alpha, progesterone receptors, Bel-2
and Her—-2/neu which are up-requlated in breast tumors are
alsoc up-regulated in skin from the same patient?. On the
basis of these results they proposed that the influence of
digcrete breast cancers is sgystemically expréssed and leads
to changes in skin and hair, thus supporting the underlying
hypothesis. of James and colleagues. They proposed - this
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.

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

the BAXS images of hair from individuals with breast cancer




breast cancer. Nature 1999398:33,34. 2. Meyer P and James VW
Experimental confirmation of a distinctive diffraction pattern in the hair
from women with breast cancer. J Nat Cancer instil. 2001;93(11):873-875.
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and 20Papadimitriou J. Early diagnd’si§ of breast cancer by hair diffraction.
Int J Cancer. 2005;114:969-72. 4. Briki F, Busson B, Salicru B, Esteve F

ansbResicet doBreast &ancariBiagnasis tising b Natuge 1999;400:236.11
5. Amenitsc H, Rappolt M, Laggner P, Bemstorff S, Moslinger R.
Fi8ehhrame EofVagrelf26:E, lzax St Petructs seuidbddurilgg teanddelzlel .
Palma L. Synchrotron X-ray study at Trieste: No correlation between

bré4stihcaf 8hd PRANSIRIIBRS Sy nehidtroi RAaMdREredo 1203 BEs:

Schroer, K, DeRisis D strow K, Busch E, Volkow N and Capel M. Hair
Tecs(f\ggsulfcs 80 ﬁ%‘ K %yr\%ﬁ%ﬁo%ﬁad?&%e\%gi%&ﬁgﬁg%.flbr &8
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Newsud008:h2,30 BeHowelkhorGragsmar J&i HReupg-Key&d®iLys an
Evans DO and Hasnain SS. Carl hair be used to screen for breast
carddiibMed Gempt2800;37291h208p 8r Meyer Pi@oetygeR, Batzclival
Fratzl P. Breast Cancer Screening Using Small-Angle X- 35Ray Scattering
AFHFERSEH R anTh4ir. SieER cgﬁééﬁmstb?eeﬁwméﬁ 10624093 10. 15
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from the storage rings of VEPP-3 and "Siberia-2". The origin of specific

changemebsmallanglediray diffractiongatterned haiband theisturn  its
40correlation with the elemental content, Nucl Instrum Meth Phys Res A.
20U LARQBOoR. pattern to look like that of a normal hair.

Until now, all studies have aligned the hair fibres in the
beam manually. The procedure for mounting and aligning a
hair sample manually is described below:

e An operator places a halr fibre into a sample holder,
applying sﬁfficient tension on the fibre to ensure
that it is held straight, but not sufficient tension
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 intoe

 the approximate position by entering the co-ordinates

into the computer that drives the motorized stage.




11. Laaziri K, Sutton M, Ghadirlan P, Scott A 8, Paradls A J, Tonin P N,
Foulkes W D. 15 WO 2008/134800PCT/AU2008/000602 - 7 - there a
correlation between the structore of hair and breast cancer or BRCA1/2
wo Mgauans? Phys Med Biol 2002;47:1623-1632, 12.James \4(:(1:&'{?%?@8%%602
on the statements and experiments coftained in this review. Synchrotron
Rad News 1999;12:32-3. 513.James V. The importance of good images in
usin ir ta sereen for breast capger. J Me net. 2001:30:016 -
Jamge]'s'}g. Eé%%e-sg%ﬁi%rreestﬁs%]}g?&d ie%ng;j C%Engié’s%% N %gﬁgﬁtﬁrjé%%%% of
hair from, patierts ydtLbraast cancermaymeide talge s dNati fancer losk
2003;95:170-1. 15. James VJ. The traps and pitfalls inherent in the
correlatibaanf.clishges: in the:-fibre-1@difiractientpattesnofdwaitwittiereast
cancer. Phys Med Biol. 2003;48:L6-9,.16,James VJ. Changes in the
diffractictBatfens of palnRERMIRY-froRe nsedEaYiedl damage can occlude
the changes that relate to breast cancer. Phys Med Biol, 2003;48:L37-41.
5 17 WHIRREFanies \& 3t AmiemIRe s | Fthfdhde FRamEHESRbckie of

Human Hair. '
sample by X-ray diffraction is carried out, and the

resulting image analysed for the presence of the
feature indicative of disease.
Clearly this is a very tediocus and time consuning process,
10 reliant on the skill and vigilance of individual operators
and is unsuited for any large scale screening program.
| It is an object of the present invention to address or

at least ameliorate some of the above disadvantages.
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Notes
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sense of T“having” or “including”, and not in the
exclusive sense of “congisting only of”.
'2. The above discussion of the prior art in the Background
45 of the dinvention, i1s not an admissién thaf any

information discussed therein is citable prior art or
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(and grammatical variations thereof) is used in this specification in the
inclusivinsense gfthavingnpredagitie§ng”, and not in the exclusive sense

of "cirnsisting only of", 2. The above discussion of the prior art in the
Background 450f the invention, is not an admission that any information
discussed therein is citable prior art or part of the common general
knowledge of persons skilled in the art in any country, 5 BRIEF.

D P [ T ingly in one broad fora of the
in%eﬁr%%ln ﬂ-wggé\%%é%\\//i ed%ﬁ%%k?or automatically aligning a sample
cow@agt%b@rﬂprsn\@itﬁ%% X5 beamsaidsample.maupied on a

positioning device, said method comprising the W steps of: (a) providing a
sapiple . gaill sampiasaonbicG otonseiPlely aligning a sample

comprising -a halr fibre within an x-ray bean, sald sample
mounted on a positioning device, said method comprising the

staps of:

{a) proviqing a sample, sald sample mounted on a sample
holding device consisting of provision for multiple
separate samples to be mounted, each sample being
unigque;

(b) providing an apparatus capable of viewing said
mounted sample, whereby said apparatus is capable of
imaging said mounted sample, reading thé bar code
and determining coordinates of said sample relative
to a reference position, wherein no portion of said
sample mounted in said positioning dev;ce ig
initially at said reference position;

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

(d} activating szid source of power to cause said




holding device consisting of provision for multiple separate
samples to be mounted, each sample being 15unique; (b) providing an
apparatus capable of viewing said mounted sample, whereby said

WO SRADUS is capable of imaging said mounted sample, reag'tnlg &95099500602
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code and determining coordinates of sgid sample relative 20to a reference
position, wherein no portion of said sample mounted in said positioning

device is initially, at sau:(r:ll reg,%rq{wgee %gnggn' #](L)l)sgr%wd{p&aﬁ%utrcgacgd

power for a%fuss ﬁ]bogéldqoosmondng dewc% ear]ay anng two orthogonal

25axes; and {dl ﬁgtix@tiogaéﬂ%%ﬁcm@%@r ineaUse saitWos X~
2008/134800PCT/AU2008/000602 - 9 - positioning device to be adjusted

such that saighsample is positioned into the path of a beam of X-rays. 5
Preferably said viewing apparatus is a CCD camera. Preferably said
source of power comprises at least one motor. 10 In a further broad form
of the invention there is provided a method for conducting single or
mEFHTE SRy difrhLiBnSHAYsRPBA LD sRIEHBIHEITTA plurality of
samples, said sample consisting of a hair fibre, said method comprising
the steps of:

Praferably said source of power comprilses at least one

motor.

in a.further broad form of the invention there ig provided
a method for conducting single or multiple X-ray
diffraction analysis on a sample selected from a plurality
of_samples, sald sample consisting of a hair fibre, said

method comprising the steps of:

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

(b) transporting the sample collection device containing
the hair samples to an analyais facility;

(c} 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
mounted sample, whereby said apparatus is capable of

imaging said mounted sample and determining




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(c) mounting the hair in a sample holder; (d)

WO %&\Ag&g&)a positioning device for mounting said sample hong:qr/
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said sample can be positioned in the pgth.of a beam of X-rays;ﬂgega

providing an apparatus capable of viewing said 25mounted sample,

whereby said apparatus is capable of imaging said mounteg %@%ple and
o

determininG NOIE0EE 39808t LATBAE8II6EGT S 16F- RAES B
said samplg relative to g,reference position, *ber.’e#%% RAHENOL 3k g
% in séidvposmoning e i y

sample mounte evice IS initially at said reference
position; S(O.PERIEing .2 SEUEER 0 PENEOT adjusiRg SRIG POSItRMAY
device linearly along two or more orthogonal axes; (g) activating said
source of poyfeirincause saidipagitioning device to be adjusted such.that
said 10sample is positioned into the path of a beam of X- rays;

" {f} providing a source of power for adjusting sald
positioning device linearly along two or more
orthogonal axes;

(g} activating said source of power to cause said
positioning device to be adjusted such that said
sample is positioned into the path of a beam of X-
rays;

(h) providing a beam of ¥-rays, said beam aimed at said

sample; and

0} recording scattering of Xérays from said sample.

Preferably said positioning device 1s a rack connected {o a
motorized armature capable of movement in two or more

planes

Preferably said sample holder is mounted to said

positioning device by means of screws, clamps or clips.
Preferably said viewing apparatus is a CCD camera.

Preferably a computer is employed to automate said method.




(iproviding a beam of X-rays, said beam aimed at said sample; and
recording scattering of X-rays from said sample. 15 Preferably said
positioning device is a rack connected to a motorized armature capable of

Wwo %gg//?%n%) t in two or more planes 20 Preferably said sampl?)g?}gﬁgd 8/000602
mounted to said positioning deviceby,means of screws, clamps or clip

Preferably said viewing apparatus is a CCD camera. 25 Preferably a
computer is employed to autom te said method. WO

2 ARO0P G TR GO 655 S P RS & EoFBUIRNSEd"°
deteclon YELDR SIDPLY 1B R LSRN QiR from said

Preferably said scurce of power comprises at least one

5 wotor.

In yet a further broad form of the inventlon there is
provided a sample analysis system; sald system cémprising
at least one sample array, an automated drive mechanism for

10 urging a sample of said sample array to a first approximate.

- location, and a monitoring and controel system for

adjustment of said drive mechanism to locate saild sample
into substantial coincidence with an xjray dlffraction
beam.

i5
Preferably said sample array comprises a number of discrete
hair fibres retained in halr fibre holdihg means provided
on a hair sample holding device; at least a portion of each
of said fibres located in a commoﬁ plane.

20
Preferably sailid 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; sald hole or
slot being bordered by raised ridges projecting from an

25 outer face of said plate of rigid material; said ridges

arranged along oppesing elongate sides of said slot; said
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Preferably said source of power comprises at least one $ motor. In yet a
further broad form of the invention there is provided a sample analysis
system; said system comprising at least one sample array, an automated

%gﬁ%ﬁhanism for 10 urging a sample of said sample arrp?/ﬁg I)i(;?}ooomz
approximate location, and a monitorirgy and control system for adjustment

of said drive mechanism to locate said sample into substantial

coincidence with an X-ray diffraction beam. 15 , Prefer i le
AR ESmpHEEE S ﬁﬁﬁ}ibép 8&8?’3%}31% Ralf Thres re?alngg%%sa?rl?iab{r%p

gg!ﬂ!@g!“%% provided 0B 3 baifsample holding deviee zat lpast anpgion

each of said fibres located in a common plane. 20 Preferably said
sanple holding«davice comprises a plate of rigid material; said plate

provided with a hole or slot to allow the transmission of diffracted x-rays;
sairkhieleabil 108 bdihdrbbrdréd byhalskid e dgesTprojecintf fromt Bhipse
outer face cf said plate of ri%id material; said ridges arranged alongth
oBPOSINPEB NG SRIEE of B8P &R BARLE 1 OFaiSREigES 82eh™®
containing a groove of arqund 1Q0um wfiéith; said. gr qngocp céas a
gﬁﬁfedtopfﬁé‘rg a?ﬁﬁr B@%r%ﬁ% Hote. Préi ergblfl%s%}%%ca% fibre ﬁ%uf%?r)lg :
meansinchide multiplesihalas and ridoes onstipcagme plate. For
convenience, the said plate has the dimensions of a standard microscope
sligles 25m91 {0 wadth asdy % pRenHength)y Preferabinsaicihaitities of
holding means include strips of adhesive disposed at intervals along said
oppbsingwlodgatesed at intervals along said opposing elongate
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 regular

intervals .

preferably each of said hair fibre holding means 1s
associated with a subject-identifying bar code label in

addition to a halr fibre identifying bar code label.

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
oxthogonai directions lying in a plane parallel to said

commén plane and normal to saild X-ray diffraction beam.




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 regular intervals 15 Preferably each of said hair fibre holding
ns js associated with a subject-identifying bar code label in addition to

m
_WO g %llr:‘ﬁ%or% identifying bar code label. 28 Preferably said at§&A 4 Bgs/000602
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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

Ormﬁﬁ‘?c&i&mi Saigh fwoputually 26 arthagonal directians lyipgdn a

plane oarallal to said. common plane and normal t0 said X-ray diffraction
beaint.ud¥ Oy2088H:380QP &l Add.2608 1P MadA, ddotBrefesably said
sample array rack is urged into said two mutually orthogonal directions by
seppatesicha chmyatarsathalivn meshdnismnyeantsewotmotorsy sald
driving said 5 sample array rack so as to position a said hair fibre at a said

firSEEBHOGTERY I FeHor Detficbh &7 beant eifitti Hhdfahue ray 2

beam recording device.. Preferably said first roximate location of a said
ha:?rggg fibre Slg c%‘?‘r?ﬁgr)élé" fgﬁ %nigp%{iar%ﬁ?ﬁl hké?rgl ‘gr%qo%%tlggnrt?)y rr?eegﬁ‘s of an

imaging sySiam; saidimaging.systeaeincudingssoffware providing output

to said computerized drive
Preferably said first approximate location of a said hair
fibre is compared to an optimum hair fibre location by
means of an imaging system; said imaging system including
software providing output to said computerized dfive
mechanism to position said middle portion of said hair
fibre in substantial coincidence with said X-ray

diffraction beam.

Preferably said 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.

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

plane,




mechanism to position said middle portion of said hair fibre in substantial
coincidence with said X-ray 15 diffraction beam. Preferably said X-ray
beam recording device is coupled to a computer for recording and

WO ml,ygg&scattering of X-rays from interaction of said X-ra;i,gi{,%a&%t'bggyg?o 602
re
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beam. 20 Preferably said recording-dguice is a MAR detector. erably
said imaging system includes a CCD camera focussed on said optimum
hair fibre location at a point where said X-ra¥ d'!ffraction beam intersects

said BRI 28 Hidn&Y WRF 00T 1858 0BPtF RS U JoRT0 668625 F 4L /

Prefer S rther inGl c ., Sal
o T e sou R e
sarapleawithia pravidel ofisaid sample. sanyatadurthes breadfaun ofthe
invention there is provided a method of analyzing a keratin sample in the
formiaf ramfiom a patient so as to improve sensitivity and specificity of a
diagnostic test associated with a 10 pathological state in the patient

comprising; aligning the sample in accordance with the method of any of

clgins 10,10, then e exposing e keral saple foJigent eneyoy

provided a method of analyzing a keratin sample in the form

of hair from a patient so as to improve sensitivity and
specificity of a diagnostic test assoclated with a
pathological state in the patient comprising: aligning the
sample in accordance with the method of any‘of claims 1 to
10, thsn
a) exposing the keratin sample to incident energy derived

from an energy source;

b) recelving radiated energy from the Keratin 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

o derive data;

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.




15 b) receiving radiated energy from the keratin sample , consequent
upon impingement of the incident energy on the keratin sample; c)
passing at least a portion of the radiated energy received from the keratin

WO g)g&mrough a transducer so as 20 to derive data; d) C?@’Bﬁﬂ DS 0602
il il
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ata derived with a second group 6f data-present in a reference
wherein the second group of data is consistent with a presence of the
pathological state in the patient. -. 15 _ Preferably the second group of
data is correlated with the presence of the pathological state in the patient.
Preferably the second group of data is causatively associated with the
resenegraitherpathelagieal gtatgpindlie gatient sPraferailyttbe engrpy the
source is selected from a plurality of different energy sources. 10
Rreferably the Kératipasdoploisedlestad érom dpriraflisngifferent
keratin samples. Preferably the second group of data is selected from a
15 plurality of different data groups of data. Preferably the derived data
and the second group of data are analyzed using a plurality of different
methods of comparison. - 16 - Preferably at least a portion of the incident
eneyoyralpagrbediny thekesatn sampley, of data is  causatively

ase;

agsociated with the presence of the pathological state in

the patient.

 Preferably the energy source is selscted from a plurality of

different energy sources,

Preferably the keratin sample is selected from a plurality

of different keratin samples,

Preferably the second group of data is selected from a

plurality of different data groups of data.

Preferably the derived data and the second group of data are
analyzed wusing a plurality of different methods of

comparison.




Preferably in use, the keratin sample can be obtained and 5 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
wo Jahoraiey. Preferably said data is in the foam of image datarof@dok@ooso2
image derived from said transducer; $&id-method of analysis comprising;
(a) extracting one-dimensional data along predetermined paths in said
£1898.50.3 to_qetarmine spagipg-ofJgatuies ihsaid imags If dakdgining
substantially circular-oriented peak data about a centre point of said
upagedkmnAn analyssof saidenstdimensional data (c) applying
- intensity correction to said substantially circular-oriented peak data 50 as
to better define said 20 circular-oriented peak data as it appears in said
image, ' WO 2008/134800PCT/AU2008/000602 - 17 _ a sample analysis
system; said system comprising at least one sample array, an automated
dive meghanism faruring 2 samale of saidsemplearey toBclisied and
approximaté location, and a monitoring and control system for adjustment
5 ehsaiddrive mechriliselie logate said Sample itz suifstanpakrmacy, a
coincidence with an X-ray diffraction beam; locating said sample in
sigsstanitial coibbile peé il ‘saididuay diffrdetivhtbeatiitradistingsaid 2
sample with said beam for a predetermined time; receiving and storing for
BRSOy 304 HRFREIOR SAT R Bf rPRdiAliNg S8 bk,
repeating said steps for a consecutive one of said samples from said
sample array. In yet another broad form of the invention there is provided
15 a sample analysis system; said system comprising multiple sample
arrays located within a container, an automated drive mechanism for
renediingtaly indpdduadaieayiffoni BailonENFEY i fSFaFGinG28arfple 22
of said sample array to a first approximate location, and onitoring and.,
10 JaAs Aedysiamh f%/“?oﬁ’djﬁ%ﬁ"ﬁe Sf"?gl‘dccﬁﬁ/e e arﬁ?str%% |8£t%r%§ S8
sam Izgiiﬁ% sybstantial'coincidence with an X-ray diffraction beam;
locating sal(?sample in substantial coincidence with said X-ray diffraction
beam; irradiating said sample with said beam for a predetermined time; 25
réegiving-andaetbring fonarddysis tiaaerivedtiompdaidsteprsnaREaHG S

said sample; repeating said steps for a )
paths in said image so as to determine spacing of features

in said image

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

dimensdional data

(c) applying intensity correction to said substantially
circular-oriented péak 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




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

WO %%?égg%t&ve arrays. 5 BRIEF DESCRIPTION OF DRAWIN%
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diments of the present inventiomwilLnow be described&/rvﬁhmow000602
reference to the accompanying drawings wherein: 10Figure 1 is a general
schemat-'{c diz}g m j?f an arrangement of a sample anglysis agtgaratus for

AliGhTnG &hait Saripie WitR B X-Fay Be &P STt EPARE dardbter Withs®
rodalrticonin /)] dRaaslic UIPULAAIPARERL, VIS 2 A JIENG

view 0 air sample holding 15 device for mounting In a carrier rac
tbergparaius oi &igiaeple afrgyrad is arsestioned sidaviaw ofdhehai,
sample holding device and carrier rack of Figure 2, showing portions of
thedX Fapdrete vimitterrahad ohiaye beaps teporing 2@jdevicenFigires4d is a
block diagram of the sample analysis system to which the automated

PEditsniRFRamHgud catPra ot SEgdR 5152 Bidkt@mREaM of the
"l analyzis 2osyetem. o pateny sellecton {niough 9 autpmareg ey
sample in substantial coincidence with sald X-ray
diffraction beam; irradiating sald sample with said beam for
a predeterminéd time; receiving and storing for analysis
data derived from said step of irradiating said sample;

repeating said steps for a consecutive one of said samples

from sald sample array..

In yet another broad form of the invention there is providéd
a sample analgsis system:; said system cémprising multiple
sample arrays located within a container, an automated drive
mechanism for removing an individual array from said
container and for urging a sample of said sample array to a
first approximate location, and a momitoring and control
system for adjustment of said drlve mechanism to locate éaid
sample into substantial coincidenge with an X¥ray
diffraction beam; ldcating said 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 said sample; repeating sald steps for a




WO 2008/134800PCT/AU2008/000602 - 19 - Figure 6 is a comparison of
the output of a first and second image processing protocol to which the
automated technique of the present invention has been applied. 5Figure 7

WO iécn@gjfg)‘[%%xiew of an alternative embodiment of a hair SamchQ%%smoomz

evice Tor mounting in a carrier rack afgthe apparatus of Figure
DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS ° With

reference,ﬁto Figure 1,.a hajr.sample analysis syst%{n 10 is arranged to
COIILSE"CII hve ne o S&a d.sae;;t; %S. Bm al Saﬂi e ar é’; .
|oCate”each .of a number of discrete hair tibre samples coincident with

anXstan dg diffractionheam 14.fom,Xsiay Beagy amtiendfy Hoalaling of
the X-ray beam 14 as a result of interference from a hair fibre sample 12
isspcemeskbyMARAetacigr AfotheTampie arcaysoshad fiaepdamples
12 are retained on a number of hair sample holding devices 26, supported
i RYismnpledrespeikinag. Ratk 2L pmointtedusadiosiieniigdgdice
24 which is provided with a computerized drive mechanism 26. Drive
mechanism 26 is comprised of a horizontal slide 28 and a vertical slide 30

tosg%\{%gg)%g&ng,ﬁg _ggngm%rack 22. Positioning device 24 is 25

contr y a positioning computer 32 adapted to move 'a WO

2008/134800RGEMAL12008/00060% : 2nt  invention will now be

described with reference to fthe accompanying drawings
wharein:

10 Figure 1 1s a general schematic diagram of an
arrangement of a sample analysis apparatus for aligning a
hair sample with an ¥-ray beam emitter and detector, with
associated control and diagnostic output components,

Figure 2 4&s a front view of a hair sawmple holding

is 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~rayvbeam reédrding

20 device.

Figure 4 i3 a block diagram of the sample analysis
system to which the automated positioning technique
can be applied.

Figure $ is a block diagram of the full analysis

25 ' system from patient‘collection through to automated

test and supplied results,




hair fibre 12 sample in a plane normal to the X-ray diffraction beam 14.
Turning now to Figures 2 and 3, an array of hair fibre samples 12 is
retained in a hair sample holding device 20. 5 Holding device 20.

WO %g)ﬂrgg?s a plate of rigid, preferably transparent material %ﬁﬁ/@i@&%%@&
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a vertically aligned central elongate-shod 36. Arranged along the opposing
elongate sides 38,39 of slot 36, are raised ridges 40 and 41 respectively.
At intervals alon ti‘iesleglgth of slat 36 10 rgh%alr%%f sgp%(%r.tgolstsg

one of ea:é?]uﬁgir arrangedcz;(l:)(?}g%g?i’iS She>38 Hha e Sther adjacenlfrséé %@d.

of slot 36. QuppAK Pasts 42 Prgiectiranyihe auierdace 44f Plate 84  the

sufficient to extend beyond raised ridges 40 and 41, as best seen in

Figure 3. 1attedeingedevicec isfigrthes previded suislr pairs ofrtightlyn  has
wound extension coil springs 46, one pair for each pair of support posts
42, and likéwize apangedwith a first of a pair of coil springs located at

one side of slot 36 and the other at the.opposite side. 20. Discrete hair
fibre saripiE 2 Gré fetife®bh h‘ﬁiﬂhﬁgoéé\ﬁﬁe P RBELHR g TROSHEEE
a hair fibre 1§ bet\ﬁggn thea adi%in' |

cqils of a first coll spring 46,. .
stretching e fibre'6vér (e pair og;' g&%%%?t pd(?és‘f‘éL Py anod?‘psé“c%urll’lr%glﬂ‘?e o

other end of the hair figgg, beiwean tgggcd%&%ﬂ@f%w@ring at the
iore

opposite side of slot 36. Ends of hair 22 are secured in coil springs
46 at a level closer WO 2008/134800PCI/AU2008/0110602

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

With reference to Figure 1, a hair sample analysis
system 10 1s arranged toA locate each.o'f a number of
discrete hair fibre samples 12 coincident with an X-ray
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 receivéd by MAR detector 18.

Sample afrays of hair fibre samples 12 are retained on
a number oflhair sample holding devices 20, supported in a
sample array rack 22. ‘Rack 22 1s mounted on a positioning\
device 24 which is provided with a computerized drive
mechanism 26. Drive mechanism 26 1s 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

controlled by a positioning computer 32 adapted to move a




- 21 - to the outer surface 44 of rigid plate 34 then the outer surface of
raised ridges 40 and 41, so that the fibre is also stretched Over these
ridges. The effect is that the sample array forms a parallel series of middle

WO Org)i)% #%O 5 of hair fibres 12 lying in a common plane 52 I}%rﬁﬂ]%& 6%0602
[ e
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-ray diffraction beam 14.  Realeaggbly affixed to holding device 20'Is a
bar code label 47 identifying the holding device and providing batch
information, Bar code labels 49 are further provided 10 alongside each
hdif fibre Sdihple 12, TS Bar t0ded 1829 BRFPERasEd frbff thd =2y
p ing.(not shown).in which the hair sample was collected and affixed
to %o %?(%8%2%‘7’83‘, ajfsgél hair fibre sample is added to the array. Sample
array ragk 22 coMpsisesA Fgigh bagkplateis4 15witha- lgverraiksé andre
top rail 58. Rigid back plate 54 is provided at intervals with slots .55, equal
tosamplighilyltarger thainashodsi 36rin dotdihg deigds: 280 Haldingdsiices 20.
are retained on array rack 22 by sliding engagement in lower rail 56 and
bylekgd w9 sieariged 3020-appEdFtate intehalS alofig ¥oF 18l 5Brakasely
that slots 36 of holding devices 20 are aligned with slots 55. Refe{r,ing 4
nOWARFRATE EiglRE - 1R poSitiBRNG-d&dicE 'S4 uRJISPESHFA o i+ +97e

poééH‘Fe@i’g 085“&1“5&@2 Uglly digects,ng, X-X seryomalor {q drive e, ;

samp array rack 22 to a position where an operator may load
previgusly prepacad helding deviges203pt0 the-sampla arauReK. 4heand

" positioning computer then drives the rack in both X-X and Y-Y directions

in £Lfirst ppstttontagysegaencetwhictl bringsthe first hbarfitbie sampleotf 36
the first holding device into an approximate alignment 5 g;)siti(’)n. This
pasiforPisiggctrthal Wre oFsrtiBasEss HF firstRfot BB iR FFayRdtk 2xri@nged

incident with the calibrated axis of the X-ray diffract] itter 16
o HARGR e s Rt B SRl e, O SLot 55

105 gsiloping,compuer, 3210w recelyedinags daia fom afuinadiffate 34

system camera 62, focusséd on the point of intersection of the common
plane 52-apgihe axis:afdhe Xuayodiffraciiosebeam epiited (Thergamara as
62 monitors the position of the hair fibre sample and the positioning 15
comptiterssomparés gedocation of the fibre's image 64 with a horizontal
reference line 66 as shown on display 68. Reference line 66,is

represeaHTERSk tHE BhttnuAl poSitidhoF RS fiBr REER WHER tRerigaiet

portion 5, of 1. b s.canciden with,grinigrsected Bydhg a4s oLing 5 on
pair of support posts 42, and likewise arranged with =
first of a pailr of coil 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 one end of a hair fibre 12 between
the adjoining coils of a first coil séring 46, stretching
the fibré over the pair of support posts 42 and securing
the other end of the hair fibre between the coils of the
coll spring at the opposite side of slot 36. Ends of hair

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




20 X-ray beam. The positioning computer 32 uses the difference in
position to command the Y-Y servmuotor to bring the image of the hair
fibre sample into coincidence with the reference line. The X-ray diffraction

WO 9&&%%&{ detector system is then 25 activated to record and process the

10

15

20

25

Scattering of the X-ray beam as it intetacts with the hair fibr%cséﬁﬁpﬁs@ﬂ%ﬁm
WO 20081134800PCI/AU20081000602 - 23 - recording is correlated with

a reading of the associated bay code of the sample by bar code reader 70
m&@ntléqa%ad?gggrﬁ tcsi‘fﬁ%[ C’eeanflf Cf[%errfé’.]‘?‘;@ KEAR detectSFis BRfptETer

its sigralto first 3 diffraction gata precesser 11 frory which apjnitialtaw 4

diffraction image 72 is procesSed and can be displayed on raw diffraction
imagedisplaytehebheskay diffiastion-iraage daimd4 ixther feditodnat the
second diffraction data processer 75 at which point image enhancement
tectamglesarecappiedid Oxresaktimglrldisplaieef efharickil diffractidons 50
image 76 on enhanced image display 77. Sample aolding Device - second
e O&ﬁ%ﬁtflbre%rﬁéltéﬁa‘ﬁ%%rrﬁ AMEURRPRIGraY racRP2lofrigthe
152 i%illuit?ggdégiﬁg % In th'&embodiment the sample array rack or
sampﬁeyho %:llng Qv facf?)mpr'ises a plate 202 of rigid material. The

plate 202 is pravidedwith a hale %5'982953:1&% ally the 20 yansmission,, .
of diffracted x-rays, In this embodiment eachhole or slot 203 is bordered
byraigad nugess24 projegtingdraioiali ayteldaceofsaid plate af Hgidbatch
information. Bar code labels 49 are further provided
alongside each hair fibre éample 12. These bar codes labels
49 are released from the packaging (not shown) in which the
hair sample was collected and affixed to the holding
device, as a halr fibre sample is added to the array.
Sample array rack‘é2 comprises a rigid back plate 54
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 holding devices 20.
Holding devices 20 are retained on array rack 22 by sliding
engagement in lower rail 56 and by clips 60 arranged at
appropriate intervals along top rail 58, and so that slots
36 of holding devices 20 are aligned with siots 55.
Referring now again to Figure 1, the positioning
device 24 under control of the positioning computer 32
. initially directs the X~X servomotor to drive the sample
array rack 22 ?o a position where an operator may load

previously prepared holding devices 20 into the gample




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

008/000602

WO %&%ﬁsi(?o used as a guide WO 2008/134800-PCT/A13200§/COTC1)2802 - 24
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align a hair 20E over said hole. Predérably the sample array rack or
sample holding device 201 includes multiple holes and ridges on the same

p'QE%a'g a.preferr, gﬁ%é@%%&?gﬁﬁé&ﬁ@?”?ﬁ Ofgz‘?‘i%ééa”cq@rd rack

microscope slide In wi m in length). Preferably the
samplgarrayagk ansample helding-deyics 204 includes stripsfi vioning
adhesive 207 disposed at intervals along opposing elongate sides of said
sletica firsteonevh@crrangiechalonpeongisiste dfssard hblerandangdeontdt, the
third and fourth adhesive strip arranged on the opposite side of said hole
atfsefitar iHRdaRY. 159mReESEbIy 846 offhe SARESIRTETFE) Packadr gnment
samégjr holding device 201 js associated with a subject-identifying bar
a

cOe ta& 20 ﬁ%gd(ﬂﬁﬁﬁ%%{"h&?fiﬁrlécfbemﬁ}—ingt%‘ar E54&15881 20920t
preferably e at g%asggneﬁg:airygleﬂ@y IS onq Of & pumney af-samnlg he

arrays retained in the sauple array rack or sample holding device 201. In a

preferrsdfosm said sapple.arayrask issyrpadedon gidenwayseie21ds,
adapted to allow translation of said sample array rack in two or more 25

maniallyrdrthegohal ditectionsa iix tHismmbedmpdet thestwoomerdalye this
orthogonal directions lie in a plane parallel to - 25 -
axis.

Pogitioning computer 32 now receive image data from an
imaging system camera 62, focussed‘ on the point of
intersection of the common plane 52 and the axis of the &~
ray diffraction beam emitter. The camera 62 monitors the
position of the hair fibre sample and the positioning
computer compares the location of the fibre’s image 64 with
'a horizontal reference line 66 as shown on display 68.
Reference line 66 is rep;esentative of the optimum position
of the fibre; that is when the miﬁdle portion 50 of the
fibre is coincident with or intersected by the axis of the
X=ray beam. The positioning computer 32 uses the difference
in position to command the Y-Y servomotor to bring the
image of the hailr fiﬁre sample into coincidence with the
reference line.

The ¥~ray diffraction beam and detector system is then

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

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




the common plane and normal to the X-ray diffraction beam. Two
possible image enhancement techniques will be described below which
are suited for use with the 5 automation technique described above.

wo 2NAsLselS TECHNIQUE Definitions:  "Radiate™: To progegdindiiSsiosos
lines from a point or 10 surface. "Mam®3akan species” includes the types
of species as appearing in the body of the specification. "Energy source"
indludes diedynes olenergyanarnearng e oy of g spedlicalon o
15 A "keratin sample” is a sample that is su stantlaqu comprised of .
keratin. thadlusality-akdifierapt selectiopsAnd ferNSR™RAINING 40 theunted
invention as claimed include the selections and forms as appearing in the
boalyiefatmtspecifibativra0 dhilessothérwise indicated by the context, a
claim to one element iS consistent with a claim to at least one element.

Embodimé&fits §fthe BrESSHCHvehBondMHONG® bd B schb®rakithto first

reference to the accompanying drawings wherein: Figure 1 illustrates_ a
g thr: gﬁ&@ziﬁagaaké?géﬁ%%?ﬁﬁle 1’1“%‘?%&%%4{‘5%5%?%5%%%9%&”

soytge-L12dram which ingident encioy. Led emanates, Aderaiin sampl
e S 94800P C A0/ ctb0s 2§%e fr?#% TidRd on
112 heigatiant1ds, incudesiaspagymalianspecies; Aranuealian image

species can include a human, a pet such as a dog or cat or a variety of
otldertanindals sTho ket sbbstansectisl caninckuceibumamtecaip oressor
body hair
7¥ at which point image enhancement techniques are applied,

10 resulting in display of enhanced diffraction image 76 on

enhanced image display 77.

Sample Holding Devigce - 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 ridﬁes 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




5 and in particular pubic hair, pet hair, animal hair or hair from a
mammalian species in general, or other keratin based materials such as
nail clippings or an eyelash. The keratin sample 116 is exposed to the

WO %g%g&o%nergy 114. Radiated energy 118 is derived from Wﬁ%@/ooowz

sample 116 consequent upon impingetent of the incident energy 114 on
the keratin sample 116. At least a portion of the radiated energy 118 is

passed 1y throucdy a teansqucsr 129 fopreduce data 122. The data 122

can be compared with data 124 in a reference database 125 to determine
whethee a0 thegatieniikl b eaavhave r pathelegical sete(for example
if the reference database 125 indicates that the result in question is both
20285rrdRredd i Babsathelyhadsociatetl withate pathdlegisahstatedthen a
meaningful comparison can be considered, additionally zero correlation or

noTRfGrRABSA By TRV dEtRirPiR: 8abe i PREtEH<SHBLsA &f the
ingj radiation can also pravide ful analytical informagion). WO
OO A HO BT Ut 000BS A7 S h g Te ol A
embedippgnt of the present invention in use. In Figure 5 a patient 111 can
attend a .pharmacy 132 to provide a hair sample 116. The hair sample
11Bresie then pechsenidp ke testing lakoratery k3sDas i Qeforaziiee
method of analyzing the hair sample 116 as seen in Figure 4. Additionally,
the phtitheiadegasobtamh afestki1882103M0mahenosiedrmicysoeayid s
use_the test kit 133 embodying the method of analyzing the hair sample

115 RBREEAPY NHIB 936 if LR ciflicitiithSdaeulfatiort 8F tree

10 PAliepi3 At care practifioner gt g health care clinic 138. 15 - 1:
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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
deviece 201 is assoclated with a subject-identifying bar
code label 208 in addition to a hair fibre iddentifying 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 201l. In a preferred form said sample
array rack ils 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




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

wo B6s79.485ting laboratory 134. Further Embodiment, A pref j :
ana ys‘:s method has been trialed and issdescribed below: ggggm%oomz

-+ 2008/134800PCT/AU2008/000602 - 2 8 - Sample collection and handling

Hajr, samples (scalp and/or, pubic) of at least 30mm in length were
c;Fehceteagror?”l \/\)%alrr%{él rERFrdT T %1% Kiishifiaf Taa0166 ) ChnfCigia beam.

mammogram. Women were excluded if 5 their scalp hair had been dyed
or chemically treated (such as permanent waving) within the previous 6

weeks ambdf theyspubitdhaii vere Unayrilable.aidhad aaistopyaf bigast

cancer or other cancers (excluding non-melanoma skin cancer and CIN:
ceRasatiRbedepitiediew newhladia) within K Sryrars.sNineteass blinded haige
samples were collected at the clinic and these samples together with 14

5 saftpieBHoItwb AEIPd i SRERirEre eancer and six samples from
women assumed negative by mammography, were analysed in this study.
15 Scalp hairs were taken from the region behind the ear, close to the hair

line, and removed by cutting a%gg%% ossible. This was
inimal dama:

done to ensure the samples taken had m ge from
enbirdhnieniat factors. Pubic 20 hairs were also removed by cutting as
CIQ§e to the skin as possible and all hair samples were stored in plastic
speRifénthitaifers. pXibpatient ineditatdustorias meredeent oa filscahthe oy
clinic.

10 surface.

“"Mammalian specles” 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 include +the selections and
forms as appearing in the 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 shows an energy source 112 from which

incident energy 114 emanates. A keratin sample 116 is taken




WO 20081134800PCT/AU2008/000602 - 29 - container using fine forceps
and loading it onto a specially designed sample holder that is capable of
holding 10 individual hair fibers. These holders use fine springs to grasp a

WO g&gy@%@ins to locate the fibre in the 5 appropriate orient g)g J%&B@OOO()OZ
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X-ray beam. When it could be identified, the cut end of the fiber was
loaded first by opening the coils of a spring on one side of the holder and

placing the fiber between the coils. The spring was then allowed to relax,
to%c‘TgFgwpr'ﬁé‘Jfl%%F. Thet coils st tﬁgﬁﬁeélﬁrian po%ﬁgwéi “thén GpBReg™ ="

angd the loose end of the fiber was inserted,intq the ceils. The halkwag e

placed adjacent to the locating pins then the spring was gently released. A
greatHealof garyas takerywish the loaging prosessimensue the fiberrne
was not twisted during loading 15 or that it was not damaged by

stigtchingn Gnissloaded, 1hé hairs Werd edaniimedundeapdissedtinly hair
stereo microscope. X-ray diffraction 20 Synchrotron SAYS experithents
e AR RPS St ABVRRE B Kot R S obifcer at BB ARoMRd Natori i
Laporatory, USA. Analyses were conducted %;c,ing J:thgt eam ines 118-|

(BIERTS AP TE BB ST ARSI SF3¢LT Dased
200834990 CTIAUZ00BI00U5LLZ. 30 WaVElengih Az, 03A. The hars

were mounted with the axis of the hair in the parallel plane and at a zero
angle of incidence. The sample's optimal position in the beam was
determined by use of a COD detector (Aviex Electronics, 5 USA). The
fidBravakseegidsedsgirayd I6r 2 secomdssand the diffeactioniidtage energy
assessed for characteristic features that indicate if the fiber is centrally

located RAAEAEESERTER oplifhaiy IBEateInETier Wes kpasen wample
i3 A Iﬁék@a@%@ﬁg‘%ﬁgg e diiacuonnage '\é'nfeoi'?efti‘h

uji mage active aréa of approximate
190mpnLx% 240mm: T he spagedefween the sample and detector was held

under vacuum to reduce air scattering, and this distance was determined

'to be 959.4mm by analysis of the scattering pattern of Silver Behenate.
At least a portion of the radiated eneréy 118 is passed
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 is both
correlated and céusatively associated with the pathological
state then a meaningful comparlson can be considered,
additionally zero correlation or no information being

provided in the case of complete absorption of the incildent

radiation can also provide useful analytical information).




15 The beam characteristics used for the ChemMatCARS experiment was
300gm in the vertical and 500um in the horizontal and the wavelength
used was X=1.50A. This translated to lower beam flux at the sample and

wo NRBes8shlonger sample exposure times but it facilitated sagppl& u2008/000602
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positioning as the hair was fully encordpassed within the X- ray beam.
Hair samples were exposed to the X-ray source for 60 seconds and the
diffraction images were collected on a MAR345 detector. The space
betwéeen the sample and detector 25 was held under vacuum to reduce air

scriteting, andsHuss Wk 2608484600P GHAURO0SON0602 -i3emlistancan

was determined to be 635.8mm by analysis of the scattering pattern of

Sikes Balre e EeT drezapalysint 111 can attend a -pharmacy 132 to
provide a hair sample 116. The hair sample 116 can then be
sent to a testing laboratory 134 so as to perform the

method of analyzing the hair sample 116 as ssen in Figuve

4.

Additionally, the patient 111 can obtain a test kit 133
from their phérmacy 80 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 caxe'praCtitioner at a health care clinic

138.

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

testing laboratory 134.

Further Embodiment.

A preferred image analysis method has been trialed and is

described below:




Diffraction images were analysed using FIT2D and Saks151D software
packages. Both programs offer the data manipulation and smoothing
routines that are required to perform the data reduction and subsequent

WO%}%}{? 0 Extracted one dimensional data from these packa
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visualized and analysed using the Spegirum Viewer softwaFgEgé%I%g&%OOO(m

Two methods and parameters were employed to enhance the SAXS

|mage by smoothlng and subsequent background removal. The first one,
oS : Protocol is known to have only

begn, descnbe%gne[rzeg?fl)lcat E%Beferﬁ.fenc% VYQ%& JZ% 1es Vin

an a,&meml erme ate ment ructure Human Hair.

BigRhyaisa RICEh CacAtaa 2 A5 245 392-396) JB0-BURKCAIONBY 1 1 an
James does she describe the complete recipe of how to process the raw
smsadatd.agg the parameters gsesiondgteat. th@@resenceref canchrddD 1f
previous publication contains a complete method that could be used by an
25tihddpeadehr obabbdrad detsmmifiaBedticidkerRbsiBréast eanedr froweh

a SAXS image. Whether or not the parameters and
as permanent waving) within the previous 6 weeks and if

their pubic hair was unavailable, or had a history of
breast cancer or other cancers (excluding non-melanoma skin
cancer and CIN: cervical intra-epithelial neoplasia) within
5 years; Nineteen blinded halr samples were collected at
the clinic and these samples together with 14 samples from
women diagnosed with breast cancer and six samples from
women assumed negative by mammography, were analysed in

this study.

Scalp hairs were taken from the region behind 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
hairs were also removed by cutting as close to the skin as
possible and all hair samplee wege stored in plastic
specimen containers. All patient medical histories were

kept on file at the clinic.

Synchrotron Small Angle X-Ray Scatter (8AXS) analysis

required a sgingle hair to be gently removed £rom the




WO ﬂ{m%ﬁm SAXS images to diagnose breast cancer remaI';BE
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WO 2008/134800PCT/AU 2008/000602 - 32 - methods used to process
the SAXS images by James have been developed since first published is
unknown, but a clear and concise description of the complete method to

! : : ) . /AU2008/000602
unpublished. 5 In brief, smoothing the;k|aw SAXS image is ac |eved0%y

replacing the value of the central pixel of a 3 by 3 box of pixels with the
avelr;:cr\lge,value calculated pver that box. A background image |s created by
i i

bIGFYG HHE SmEStHEY in AXFAABF mAter t0IRdLBEscribed Hhcte 2
DUt 20 10 R ROy piplkels, The-made Upgddon e dlagnasie g

breast cancer Is produced by subtracting the created background image

fram thesrpoethad iaage. file pUrpase ot backaropnd\carreelion isdeings
remove the rising intensity at lower values of Q without compromising any
oftthe featepesaM figsant irihe piiginakisnabeckt&2lchas b ckffeiant the
smoothing functions available to the user, 'Smooth” and "Median". In the

CRHREBRHHS 8tLRKARBIISVEIBp @ an HiR ey 20 Briekg R ddrrecios

protogo| to attempt to_ smooth the raw data and to produce a background
infAge ﬂ%}%\%‘?‘ee u%%’%tc?éjé: FrEmT 19 shiSothed at‘ﬁ?ﬁlid‘ﬂ%??&rﬁ%’v'ésﬁr by

ogglude imngrtant feptures whigh were presgnt fﬁ&'&gv ueRaly IR ihe . ang

original image. The SAXS images wére 25 initially smoothed using a 3 by
3 pixati'mediar’ filtasing operadion, whichallows smeething withow dossmat,

subtle WO 2008/134800PCT/AU2008/000602
allowed to relax to clamp the fiber. The coils of the
spring opposite were then opened and the loose end of the
fiber was ‘inserted into the coils, The hair was placed
adjacent to the locating pins then the spring was gently
released. A great deal of care was takeﬁ 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 dissectiny stereo microscope.

Z~ray diffraction

Synchrotron B8AXS experiments were c¢arried out at the
Advanced Photon Source at the Argonne National Laboratory,
USA. Analyses were conducted using the beamlines 18-ID

(BioCAT) and 15-ID (ChemMatCARS).

The beam characteristics for the BioCAT experiment was 70um

in the vertical and 200pm in the horizontal and a
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- features, followed by a 50 by 50 pixel "averaging" to create a
background from the smoothed image. We refer to this as the "Alternative
Protocol”. 5 One-dimensional data was extracted from each SAXS image

VY &G2008/000602
achieved by two different methods-The first was to extract tEe intensity

data along a single line starting from the centre of the image along the

meridignal plane gt , 60, 120 1800, 2400 and 30Q. Thjs process was
54 SR Trar R Aing it BrESe ORI SRR rVARD, T by

datawauld,shqy apeak,in the.anpropriate lagation ang from.the apalysis, «

of the data from all four quadrants its circular nature could be established.
FantbRAXS, images shapllemonstraied wepkseailpes ai thehaparaximates
spacing of the ring indicative to the presence of breast cancer, a
moeificatioretb thg method6f datLeRtratsiorrdoscribdvisFovelwatiged:s .
In these cases intensity data was extracted by integrating 50 sectors at 20

thESBLatidns & the m¥AGiHERIREMIGRed R, TPfs (aieFeRdinRfinthe
an. attempt to increase the level of signal gver background noise of we
R b TR 0PE A OO 0RE S e e e o g
65 Defining therbreast cancar SAXS-pattern bMsing the Standard Srefocql
for image processing we were able to identify the ring correlating to the
preseacefinensy caneet 4 1 3tdftheib4 posivecsqnrisels aldhe-defsedor
spacing (Q=0.133A-1). None of the samples assumed negative by

manfnogtaghy Hemoristrate-atity atahdt speeing X0 nheliespedtirge
SAXS patterns. One-dimensional data extracted from the respective

SAXSBatefhClorfiteditie d8dvefiAdhaRlFhasStRdard BlofRoPfEL"S
than_used.to ess the blind S I at were collect

raﬁfcﬁ%g;? %Iiﬁ%%%%%ﬁg%gggs %%%}10 o%r;%n re'su?%e;f t é i%a%%ﬁsé%%i n%he
th@ample and detector was held -under vacuum to reduce ailr

scattering, and this distance was determined to be 953.4mm

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
horigzontal and the wafelength used Was A=1.50A, This
translated to lower beam f£lux at the sample and hence
longer samples exposure times but it facilitated sample
positioning as the hair was fully encompassed within the X-
ray beam. Baiy sampleé were exposed to the X-ray source for
60 seconds and the diffraction images were collected on a
MAR345 detector. The space betwesen the sample and detector

was held under vacuum to reduce alir scattering, and this




Standard Protocol are shown in Table 1. From the information presented
in the Table it can be seen that only 1 of the 19 samples collected came
from a woman with 20 confirmed breast cancer. Analysis of the SAXS

WO ﬁ%ﬁgg\s{)@r this Particular sample using the Standard Protogelppl{%g R0
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iImage with only a very faint and slighfly elliptical ring in the zone o
interest. One-dimensional data extracted from this image indicated the

presence of a ring 25 _but was not significant apove the background and
fe e R e e R ek R s WS

unhlinded. s pesult was elassifind. ag 4, [alse negative. Of the other

samples, thrée'showed a zing in the zone of interest and were designated
positive and another showed a ring in the.zone of interest and also
displayed evidence of 5 disorder but was still designated positive. The
other samples were declared negative. From the SAXS analysis results

generated using the Standard Protocol, it was apparent that the disclosed
5.8

Diffraction images were analysed using FIT2D and SaxslbID
software packages. Both programs offer the . data
manipulation and smoothing routines that are required to
perform the data reduction and subsequent analysis.
Extracted one dimensional data from these packages was
visualized and analysed using the Spectrum Viewer software

package.

Two methods and parameters were employed to enhance the
SAXS image by smoothing and subsequent background removal.
The £first oune, which we hefeinafter call the “Standard
Protocol”, 1s known to have only been described in one
publication by James (ReferenceE Wilk K, James V, and
Amemiyva Y. Intermediate Pilament Structure of Human Hair.
Biophysica Bilochimica Acta. 1995;1245: 392—396). In ‘no
publication by James does she describe the complete recipe
of how to process the raw SAXS data and the parameters used
to detect the presence of cancer. No previous 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




10 and parameters used by James for image processing were not suited
to images that contain weak and/or diffuse features. We subsequently
reanalysed the images using the Alternative Protocol of data reduction to

WO §@d§ﬁg5§0q1at faint but 15 significant information in the area 96?2%%5%@%@%02
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not lost as a result of image processinge Using Fit2D and Sax
Alternative Protocol, the positive control samples were reassessed. From

thaaeretlesills, apd hﬁo%?gé%“%ﬂé’”&%“%%@ggg'f%ataaV‘!neegekee{mi”%%en

the spacing of the ring“correlating to the presence of breas Cancer 10 be

QFd 1S¢e .- QakAL £hhe eam128Ra yvas appliedias thRike¥ ciear and

quantitative criterion to define the zone of interest. Use of the Alternative
25Protooo| peeduded Soperdr aiick moseysietadechSAE images cosyzarete
to those of the Standard Protocol. Figures 6? and WO

206875 34880 P CCP AYZONRI6006F2BSt cancer remains unpublished.

In brief, smoothing the raw SAXS image is achieved by
replacing the value of the central pixei of a2 3 by 3 box of
pixels with the average value calculated over that box., A
background image is created by blurring the smoothed image
in a similar manner to that described above but with a 20
by 20 box of pixels. The image used for the diagnosis of
breast cancer 4is produced by subtracting the ' created
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
present 1in the original image. FIT2D has two different
smoothing functions available to the user, “Smooth” and

“Median”,

In the course of this study we developed an alternative
background correction protocol to attempt to smootﬁ the raw
data and to produce a Dbackground image that, when
subtracted from the smoothed data, did not remove or
ccglude important features which were present at low
intehsity in the original image; The BSAXS images were
initially smoothed using a 3 by 3 pixel “median” filtering

operation, which allows smoothing without loss of subtle




6B are the resultant images from applying the Standard Protocol and the
Alternative Protocol respectively to the sample designated negative and
later classified as a false negative. As can be seen in Figure 6B, a weak

wo Mifbusesing 5 can now be seen. The one dimensional datadraetadsiiono:
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this image defined the ring to have-arzapproximate spacing of Q-0.132
0.002A-1 (d=4.76 0. O7nm) Thus the Alternative Protocol of image

redu on rod r data r dlff e low jntensity. in tlpn
Wé.js 0 serv’ed %@g 1¥4880V\g§e7 1U§ég§ OOO )(621%@?
Copapgason qia%ﬁ_&ﬁ)qﬁ@ With,mapum %@&WJ&S' a spL OfRalients

attending a radlotogy clinic Cods OClinic procedure 40761Biopsy
248057 Maramo grphythiitaseurdbBlais 1 .

One—dimensional data was extracted from each SAXS image to
determine the exact spacing of features in the image. This
was achieved by two different methods. The first was to
extract the intensity data along a single line starting
from the centre of the image along the meridional plane at
¢, 60°, 120°, 180°, 240° and 300°. This process was used
to ensure that if a ring was present 1n the SaX$ image, the
infensity data would show a peak in the appropriate
location and from the analysis of thg data from all four
guadrants its circular nature could be established. For
SAXS images +that demonstrated @eak features at the
approximate spacing of the ring indicative %to the presence
of breast cancer, a modification to the method of data
extraction deséribed above was used., In these cases
intensity data Qas extracted by integrating 5°¢ sectors at
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.




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.

WO z%gMg&&UIS CLAIMS 1.A method for automatically aIigningI;;h%';}![EIIQ})%S/OO0602
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comprising a hair fibre within an X-ray beam, said sample mounted on a
positioning device; said hair fibre comprising a linear arrangement of
filamentary elements; said method comprising the steps of: (a)providing a
sample, said sample mounted on a sample holding device consisting of

proyisiendersndiiiple sepasategsamples to be mounted, each sample
being uniquely identified;

Defining the breast cancer SAXS pattern

Using the Standard Prqtocol for image processi:gg we were
able to identify the ring correlating to the presence of
breast cancer in 13 of the 14 positive. controls at the
defined spacing (Q=0.1334"'). None of the samples assumed
negative by mammography demonstrated a ring at that spacing
in -‘their respective SAXS patterns. One-dimensional data
extracted from the respective SAXS patterns confirmed the

above findings.

The Standard Protocol was then used to assess the blinded
samples that were collected at the radiology clinic. 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 seen that only
1 of the 18 samples collected came from a woman with
confirmed breast cancer. Analysis of the SAXS 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
but wag not significant above the background and was

therefore designated as negative. After the samples were




to(b)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

WO 5@4@)‘1\5?8&8 a reference position, wherein no portion of said Wﬂlﬁzoos/ooosoz
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mounted In said positioning device.is imitially at said reference position;
15(e)providing a source of power for adjusting said positioning device
linearly along at least two orthogonal gxes; gd) ctivating S id source of

pOWRT t5atise Wutd pheRIbHing Hevice’ P b adjudtdd Such that fsgpeive.
sarople s pagitioned intg the pafh.of a heam.ef X raysqwherebyesaidne o

filamentary eléfments of said sample are aligned 20perpendicular to the

pathfsaid haam of Xsrayss and (@analysingvibepaitemnandifiracteted a
X-rays derived from interaction of said X-rays with the filamentary
elementsn2:the pwthodbHf clapndswhhakintaid disspihgvashaaigsisa of
CCD camera. 25 3. The method of claim 1, wherein said source of power
combprisdsat Ibast oNaofti-14. ATRBIEAE F6 coRdSHITY SinglEty  Othe~
multiple X-ray diffraction analysis on a sample 30selected from a plurality

Of THMPRSS, g AR hIERRT 6T A hair fibre, said hair fibre

comprising a linear arrangement of filamentary elements; said method
comprising the steps of: 1\, CsLL P 39

From the SAXS analysis results generated using the Standard
Protocol, it was apparent that the disclosed methodology
and parameters used by James for image processing were not

suited to images that contain weak and/or diffuse features.

We subsequently reanalysed the images using the Altgrnative
Protocol of data reduction to . ensure that faint but
significant information in the area of interest was not

lost as a result of image processing.

Using Fit2D and 8ax15ID with the Alternative Protocol, the
pogitive control samples were reassessed. From these
. regults, 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 + 2SDs was applied as the key quantitative critgxion
to define the zone of interest. Use of the Alternative
Protocol produced superior and more detailed SAXS images

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




(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; (9)mounting the hair in a sample holder; 5(d)providing

WO %Qggig}%ing device for mounting said sample holder so th?ﬁﬁ?ﬁ%?&@%ﬁﬁ&

can be positioned in the path of a bea®totX-rays; (e) providing an
apparatus capable of viewing said mounted sample, whereby said
apparalis ' eapa e ALITANNOSpIdIounel SATRIG ARY At 4a g
coordinates of said sample relative to a reference positiort, wherein no
portion teefisaidsample MoLEEadinEaickbpesiioning-deyicedsaifially gt +he
said reference position; (f) providing a source of power for adjusting said
poshiaming devicmnhnedryatony weo endndrecenthodenaliddest (gF a false
activating said source of power to cause said positioning device to be

1538 ISsudPthet R akPs&%pie ipddiibrediRto thelisath oHd Beapn ving

X-rays; (h) providing a beam of X-rays, said beam aimed at said sample;
0 ?géo ré%”g sgceatt%%%rd ‘of %E?ay%q‘?o n(‘niS L) %ﬁ?ﬁﬁg, \é%é?e b%é:iﬁl"teéo from

10

filarnentantLieMents of saichsample,aie, aligned perpendicular to the pall
of said be&a{én%}of 20X-rays; and O)aﬁlysing the patterr?;[(%)(f}‘J di%f%(gtge% xﬁgﬁyg“‘-"
detived franiineragiionoafog@ll-1  (d=4.76 + 0.07nm). Thus the

Alternative Protocol of image reduction produced superior

data where diffuse low intensity information was observed.




X-rays with the filamentary elements. 5. The method of claim 4, wherein
said positioning device is connected to a 75motorized armature capable of
movement in two or more planes. 6. The method of claim 4, wherein said
sample holder is mounted to said positioning device by means of screws,
WO 2008H484%s or clips. 307.The method of claim 4, wherein saig-yigwing 000602
apparatus is a CCD camera. MESILP 40 9. The method of claim 4,
wherein a computerized detection system is employed to record scattering

Tl TR MBS 6 arapie with ABmhberipeihashel mlaike:b¢ pdasrain said
at@odnw@#wvwratMMprlses at least one motor. S 11. A sample analysis

5 Ta rotodadl a?ﬁ%'ﬁgﬁe{;bmtocol
Srlve mechanism or u ging a samp e of <a|d ﬁ%&wﬁy 10 @ NirStunbiinded)
nate-location—-and-a-mon --—
o¥ s%id Hrive mgghanlsrm tcz;y;zéﬁf&g;agj sg m@e%ﬁf&%ﬁamiaﬂ sgallve
&m@deer&@mgagwm-ra dlfﬁm@r@n 10b(=am Wlhemmv sa|d S3 mple f‘i‘?atwe
. fNng
GEHATS EDW 3 ¥,
arrangeiment of filamentan{itelomenity ] e sl
GRS hatiipar¥ aligned ﬁé?fﬁ’é‘hdlculér to thelfi#ffi{%of said beam poatve
#ea/S; anslystediye patierniegdidracied X- raysnrdmved from INteranégaive
of.caid rgum W +ho 'F||omanf9r\1 alamante 15 g_gf__el??_ﬁﬂﬂ;‘
A L TTTICATTTO |. \Il\ll'l\.d LS =4 : : e awe 1
11 wqeleln lsa; ple array cﬁmprlses hair fibres
FagaTied in HE(PM’@F‘e hglding ﬁﬁﬁé&g provides hOlan}forder ~
TOEVIEE, AR RREgRapiyy UQTTOf en&hm&fﬁﬂUT :
ultrasound Fibroadenoma (ring at 0. 138) {ring 0. 137)
9008728 Mammography Negative Negative ) " Negative
. Disordered (no ring
9026784 | Mammography/ Negative i e
uitrasound s§1E At
9030217 Mammography/ Negative Negative Disorder
ultrasound Calcific foc] (strong ring at 0.130)
8033550 Mammography Negative Disorder Digorder
Mammary implants {ring at D.130) Ring at 0.130 + orders
0039174 Mammography! Negative Nagative Negatfive
Uitrasound Muliple cysts very faint / no ring i
8076831 Mammography Negative
Post-surgical deformity
and benign caledfic focl Sl : -k
9078870 Utirasound Negative Negative Negative
Cyst (non-continuous feature at | (Faint non-continuous
0.140) diffuse feature st 0.120)
9085332 Mammography/ Negafive Digorder Disarder
ultrasound
9091902 Mammography/ Nepative Negstive Negative
uitrasound no ooy . . no tin
9126804 Mammography/ Negative : i ) ;
ultrasound Post-surgical deformity )
and multiple cysts i j o
0235226 Mammography Negative Disorder Disorder
Frobable cysts

The above describes only 8

present

invention

ome embodiments of the

and modifications, obvious to those

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

from the scope of the present invention.
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2013. The system of claim 12 wherein said hair sample holding device
comprises a plate of rigid material; said plate provided with a central
elongate slot; said slot having raised ridges projecting from an outer face

of said plate of rigid material; said ridgegg@rranged along opposing

elongate sides of said slot; said raised ridges defining said common pléneLLP
25 14. The system of claim 13 whergif agickgair fibre holding means

include pairs of support posts disposed at intervals along said opposing
elongate sides of said slot; a first one of each of said pairs of support

posts arneped Rlongenaiside afisaifsiahaniea se6R1Rhe AT €A% Within an
id girs of sué) ort [})osts arr%nged along an opposite side of said 30slot;

S BRI P o LS Lo S o Rl i S e omprisng a
Rinjectheygsideaais ooy akeneM Slid bhdhodlito @ faiinef BxtassiaT:
coil springs; said coil springs tightly wound so as to provide retention force
for ends of a said hair fibre; said hair fibre extending from a first of said
pair(@j coil mpritjant sneidead sabilangatedlat, 4eapteholdiobshidice

air of coil springs at an opposite side.of said slot: a middle portion of said
Eair fibre stretehe ‘('-’b(\)/?e?r ggsil %g?rr (r)IfuslﬁBp(A’oSr?pﬁéas&es.sa C.ildﬁ'glwtég) %jc/s é)r%%ef& cach
claim 12 wkmengpie beiclg ofispichaierfibfiedyolding means is associated with

TS B S I T v
means. 10said 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 said
positioning device is initially at said reference position;
(©) providing a source of power for adjusting said positioning device linearly
along at least two orthogonal axes; t
(d) activating said source of power to cause said positioning device to be
adjusted such that said sample is positioned into the path of a beam of X-
rays, whereby said filamentary elements of said sample are aligned
perpendicular to the path of said beam of X-rays; and
(e) analysing the pattern of diffracted X-rays derived from interaction of said X-

rays with the filamentary elements.
2. The method of claim 1, wherein said viewing apparatus is a CCD camera.

3. The method of claim 1, wherein said source of power comprises at least one

motor.

4. A method for conducting single or multiple X-ray diffraction analysis on a sample
selected from a plurality of samples, said sample consisting of a hair fibre, said hair fibre
comprising a linear arrangement of filamentary elements; said method comprising the

steps of:
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17. The system of claim 11 wherein 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/CS[.Lp
sample array rack in two mutually orthoggnal directions; said two mutually
orthogonal directions lying in a plane parallel 15to said common plane and

normgl to sifeXay AHARIANLEARc L8k NE Y RIR TP EIRINGL(;udherein

said sample array rack is urged into said atleast two orthogonal directions
by séWométerertinadhspimaise Beromdsnempantainire dbpmictmgles to an

driving saig,samplgRfTaY, rack so as to position a said hair fibre at a said
20 first approximate location between an X-ray beam emitter and an X-ray
beafPrecoPdig s e haivinhgraylehlgeGlaim 11 wherein said first

?Ep(?)(imaﬁﬂdgﬁﬁﬂg% 96@1;@%@ AEfibEgds rﬁ@ﬁﬂ)@ﬁ%e%é@ A PRIRYB RBithat said
ibre location by means of an imaging system; sai imaging system
including sSHENIFEHR &ﬂﬁtkﬂﬁ‘ﬁﬁuﬂg@éﬂ%%ﬁ}ﬁﬁ%ﬁz@@%ﬁ?@?mechmism

to pesition srididnigdle aayiienotspieibair fibvaa substRmtial CoORGHeRaRreby
with said X-ray diffraction bea io. The system of claim 18 wherein |
said X.ray BUAAPRECOH b ABRAL 95 EAGRE 46 S RBBE St d determining

recording ad@inalysiog scauarnpe efiXitays freseiotRmetianf, saiekin @y portion
diffraction beam, 42MCSLLP 1,22. The system of claim, 19 wherein sajd
imaging syt ATBECOETEE Gt R TS EO RSN S BPURUN AL reforence

fibre locatiposatienpoint where said X-ray diffraction beam intersects said

comyyon plarn(\e,i : Zg.swecesgger&grffclai@ 1§ or19 Wherein.saira §>/Stjm I
further inclides Bt Coderea er-said Barest S?é%@@?%?% 5 ﬁﬁ 8

said compuatengameoorelatingalsaichhbaxtibre sample with a provider of
Said(g?mplgcﬁvating said source of power to cause said positioning device to be
adjusted such that said sample is positioned into the path of a beam of
X-rays;
(h) providing a beam of X-rays, said beam aimed at said sample;
1) recording scattering of X-rays from said sample, whereby said filamentary
elements of said sample are aligned perpendicular to the path of said beam of
X-rays; and
)] analysing the pattern of diffracted X-rays derived from interaction of said

X-rays with the filamentary elements.

5. The method of claim 4, wherein said positioning device is connected to a

motorized armature capable of movement in two 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 clips.
7. The method of claim 4, wherein said viewing apparatus is a CCD camera.

8. The method of claim 4, wherein a computer is employed to automate said method.
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1024. A method or analyzing a hair 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 MCSLLP
accordance with the method of any of clgims 1 to 10, then a)exposing the
hair sample to incident energy derived from an energy source;

tpb)regaivingradiziadignergy iom J‘E%rﬂﬁ‘!fte?%&"@e&%ﬂ?ﬁ% S@B’r‘goé}lngtloyed to

impingement of the incident energy on the keratin sample; ¢) passing

leesord Jeetsom o P e radidteth spidregrelceived from the hair sample

through a transducer so as to derive data; and d) comparing the data

derived with a second group of data present in a 20reference database;
vhHerelheracseed Al Grsnt ovBereins ddmsidient lna s sieserses ¢ {gest one motor.
pathological state in the patient. 25, The method of analyzing a hair

sample as recited in claim 24 wherein the second 25group of data is

Jorrelarsanlh Ial piis soRE o FAbspsitTB RAYAI dbgatile nkopatamplogray, an
e mehingrbanalyainghabaiisapRleaasre e dnslaple syl 2rirst

wherein the ?eco,nd group of data, is causativeﬂ;t/ associated with the

I
GRRIGHIR? IREAHAMARIRLURETS B pEMk SSEe 70T AL HREIRBLPG Faid drive

analyaiighatbabcsarple amiaeiied isnmnoneoiibidaladmaBAiobpaaection

wherein the energy source is selected from a pluyality of different ener
gg&%eghq\r/éﬁ% ys&gnpge COmprises a?lalrr 1bre gnc{ wh)e{re{n said ﬁé?il‘ 1bregc¥)mprises

a linear arrangement of filamentary elements; whereby said filamentary elements of said
hair fibre are aligned perpendicular to the path of said beam of X-rays; analysing the
pattern of diffracted X-rays derived from interaction of said X-rays with the filamentary

elements.

12 The system of claim 11 wherein said sample array comprises a number of discrete
hair fibres retained in hair fibre holding means provided on a hair sample holding

device; at least a portion of each of said fibres located in a common plane.

13.  The system of claim 12 wherein said hair sample holding device comprises a plate
of rigid material; said plate provided with a central elongate slot; said slot having raised
ridges projecting from an outer face of said plate of rigid material; said ridges arranged
along opposing elongate sides of said slot; said raised ridges defining said common

plane.

14.  The system of claim 13 wherein said hair fibre holding means include pairs of
support posts disposed at intervals along said opposing elongate sides of said slot; a first
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.

15. The system of claim 14 wherein each of said pairs of support posts is associated
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28. The method of analyzing a hair sample as recited in claim 24 wherein

the hair sample is selected from a plurality of different hair samples.

29. The method of analyzing a hair sample as recited in claim 24 Whemir%u B
the second Sgroup of' data is selected frgm a plurality of different data )
groups of data. 30. The method of analyzing a hair sample as recited in

ChAMagsha Bﬁéﬁ'k@rglgrpfrﬁi’gﬁéﬂgg? anfdhe $eeR0d HaYR.BLAFS %gico provide

analyzed using a plurality ifferent methods of comparison. 10

Aeithbenoiossalpy g a diassidnple iy vewiddat Sbinreaiendiesdinmtadust of said
RPBIU QL JCIHSH SReTasI3ANSARRARY, e RRLEADPSId F4ir HR il

method of analyzing a hair sample as recited in claim 24 wherein, in use,
tHaingshinsapperate sklpelonidirlet amddHanodemrhsdiddationumtirgiched over

leagtpne.PtapBbArRIRGY. a test kit, the patient's home, a health care clinic
or a pathology collection centre and a testing laboratory. 33. A method

of analysis of the data derived in the method of any one of claims 24 to

2632 whersinesaist dalianis Inthe dptene inage katriefanolaagedanyethssociated
from said transdycer, said methqd of analysis comprising: (a) extracting .
R R i ARG RSP rBU SRR T e 2 ALRed t sed
qedervinikbaated Hfltatunesaidl sald finrgdeildngdabnirg substantially
circular-oriented peak data about a centre point of said 25image from an

analysis of said one-dimensional data: and (c) applying intensity
cotreciibn dpseaichs ehstartiaMjiatudaidan éniad pe sdngataasaas mbeftemumber

d%ﬁne Sf:‘lid circula -orignted speali data as ilkagg)gars in1 said imaae. 3034@ d
HaiPEaRpiE Analy Sl Systefi: Sl SYSte M Comprisihgrat fédst Sivé SAmMpie °"
alidy,veay aadamedead alilive treechaiis mf fai disging @analy sar plereb saidually
S&E@B@ﬁéf %%é%t%ﬂsrst ﬁ@%’&"mu%%ﬂocc%%?orr‘go%gﬂd?ré‘éff”I%FSO{ i and, Sonteol attel
system for adjustment of said drive mechafism to'locate saidhair amplg
inicsdhstantial phincidehoe wvitht@paXt beyray 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 position a said hair fibre at a said
first approximate location between an X-ray beam emitter and an X-ray beam recording

device.

19. The system of claim 11 wherein said first approximate location of a said hair fibre
is compared to an optimum hair fibre location by means of an imaging system; said
imaging system including software providing output to said computerized drive
mechanism to position said middle portion of said hair fibre in substantial coincidence

with said X-ray diffraction beam.
20. The system of claim 18 wherein said 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.

21. The system of claim 18 wherein said recording device is a MAR detector.
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MCSUP 44 diffraction beam; locating said hair sample in substantial
coincidence with said X-ray diffraction beam; wherein said hair sample
comprises a linear arrangement of filamentary elements and wherein said
filamentary elements are aligned perpendicular to the path of said bdG-bF
X-rays; irradiating said hair sample with said beam for a 5predetermined
time; receiving and storing for analysis data derived from said step of
irradiating said hair sample; repeating said steps for a consecutive one of

SRid hBesAMprRe TN AR EhFHEsaId AP agiayaHerHac R A GED camera
ditiastach Ay ferved HranmBitanaiion of SpifnkuayRWwith K8ay diffraction

filamentary elements. 1035. A hair sample analysis system; said system
G5ATpASHGSTBRAMECOAHINR BIAYs located within a container; an
automated drive mechanism 1hr removing an individual array from said
contalner and foé#&ﬁmg a hair sample of s b‘id sample array tq a first

Approxitfidts fIL TR Eh dECmbh iR SORIFBE Sydhshineiudgsisheinde

obsnit] Eﬁiﬂ%iﬁe@ﬂ@m&ff&:ﬁ@ﬂ@@ﬂiﬁg’sﬁiﬁuﬂ&Mﬁﬁiﬁl@lﬁpﬁt@r&bb@&f&aﬁng a said hair
C|den e with an X-ray 15diff actlon beam; locating said hair sample in

gt%?ﬁ]ﬁ% oottt Caith S8t %Wdlffractlon beam; wherein said hair

sample comprises a linear arrangement of filamentary elements and

erensal en ar ee ents ar ne rpen |cuartot e path o;
in saf flamentary elements ars Aligne perpendicuar to e path of

sald beant Of X Faya ARy ST PG SahA dTRUTRS QAR B ARRT g8 gensttivity

predgterifingdotim éxargnsmrmsaasbsmmmmm;kmﬁogatﬂ giarbvadificopatient

Sc%lr% Srtl% Of %?s%lrraglﬁle pnagcsgr@ r{eé I")\%Ehe%[ln[%%%ld Stlg ggng{: aalms 1 to 10,
congecutl € of said halr sam rom said sample array, r tar
shég hair sample array to its original location in said container and

remo |ng a&%h? ! trk%y @aﬁ?pfie%g nge%nﬁae{%?d%ﬂgerg ?r%%yg e' rgy source;
step or cons Cutl e arrays
b) receiving rad1ated energy from the hair sample consequent upon
impingement of the incident energy on the keratin sample;
c) passing at least a portion of the radiated energy received from the hair
sample through a transducer so as to derive data; and
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 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 state

in the patient.

27. The method of analyzing a hair sample as recited in any one of the claims 24 to 26

above wherein the energy source is selected from a plurality of different energy sources.
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28. The method of analyzing a hair sample as recited in claim 24 wherein the hair

sample is selected from a plurality of different hair samples.

29. The method of analyzing a hair sample as recited in claim 24 wherein the second

group of data is selected from a plurality of different data groups of data.

30. The method of analyzing a hair sample as recited in claim 24 wherein the derived
data and the second group of data are analyzed using a plurality of different methods of

comparison.

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 method of analyzing a hair sample as recited in claim 24 wherein, 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 analysis of the data derived in the method of any one of claims 24 to
32 wherein said data is in the form of image data of an image derived from said
transducer; said method of analysis comprising:
(a) extracting one-dimensional data along predetermined paths in said image so
as to determine spacing of features 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; and
(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.

34 A hair sample analysis system,; said system comprising at least one sample 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 hair sample into substantial coincidence with an X-ray
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diffraction beam; locating said hair sample in substantial coincidence with said X-ray
diffraction beam; wherein said hair sample comprises a linear arrangement of
filamentary elements and wherein said filamentary elements are aligned perpendicular to
the path of said beam of X-rays; irradiating said hair sample with said 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 hair
samples from said sample array; analysing the pattern of diffracted X-rays derived from

interaction of said X-rays with the filamentary elements.

35. A hair sample analysis system; said system comprising 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 control system for adjustment of said drive
mechanism to locate said hair sample into substantial coincidence with an X-ray
diffraction beam; locating said hair sample in substantial coincidence with said X-ray
diffraction beam; wherein said hair sample comprises a linear arrangement of
filamentary elements and wherein said filamentary elements are aligned perpendicular to
the path of said beam of X-rays; irradiating said hair sample with said 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 hair
samples from said sample array, returning said hair sample array to its original location
in said container and removing another array from said sample container and repeating

said step for consecutive arrays.




