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profiling of biological tissue and nore specifically
to an 5apPRRATUYS FOR MAPPINGO BIGAderaanfiddsik iguesimery
adj acent to body ducts. Physicians use a nunber of
steps when investigating and diagnosing a patient's

ondi_tion.including c i_derat,ion .o . he t] 'S,
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For many conditions an accurate initial diagnosis can

PR A S ﬁﬁﬁihﬁﬁtQ%QQﬂ9%&ﬁXuP4Qﬁ%%%E9th??&%tadjacent to body
a%%qpri ate course of therapy particularly where a

nunber of potential therapeutic 15 options exist. This

is beneficial for the patient who receives nore rapid

relief, fromthe con%ition and reduces the Ijketlihood g

EQHY SHiThalif &1 Goith g EHs Sl & 6P & r‘@%ﬁl?rejrﬁ‘ée%l%% +hg an
C@Jatg@métin&;ﬁ ARLH htirherama i dhe contiid@reoddidsSration of
also highly beneficial to health services for

tésomerhientdss P T savisi Fes i cekiricabrimstpt and the

) ‘ neld _ . .
S e ORISR S wa e R R SIS ARER, regimes.
rehoulach ypassiditriaugh drheasystaem nioriet tpil okl yomuei ¢ occan mean the

nore rapi d di agnosis and treatnent,, thereby reducin
PG SRRt O TG IS SHE (HS e T Eob Sac e, cotrse of

tHER8Sy ot issie ARNGIHEd td eSuiBYr CoISso Rt B Sti@rapeutic
presént = with a classic characteristic pattern of
opmiprenexifEdr.  SEplies Rrulsfiedial orithi fvpakeent who

hi st.ol ogi_ca 0 : S ; C e

rr?a S'eh Sg qogep%ga?én{e{é%heoé %%%Tgsﬁé%%&ﬁ: aract e%?(ztjfe(:duces the
lpatdlamvoef &y rmirommdadiaciatd ng dd scdds efitftesrments in an

obstruction in _benign prostate hyperplasja (BPH) or
B g0 MAeThrdbd ]ga.pﬁﬁ'hteo ai"ikf%/e? ﬁ?ﬁ%‘% ol og% cyy also
RPN YU @& o T QU2 110 COMFi kil erd © bRl c reasons,

outfl’ow obstruction in different ways. By gaining an
sawirghtrdsuur adte 1 sstensekie- 18085 nd e ok gahdemee any

fﬁQBﬁﬁggﬁféééséﬁe%éﬁ%@%tﬁéﬁﬁéfé%%@%%%%%é’and wasted man hours,
as patients should pass through the system more quickly due to
more rapid diagnosis and treatment, thereby reducing the

number of return visits to the clinic.

A number of tissue abnormalities may cause patients to present
with a classic characteristic pattern of symptoms. For
example proliferation of different histological components of
the prostate may cause patients to present with a classic
characteristic pattern of symptoms indicating bladder outflow
obstruction in benign prostate hyperplasia (BPH) or cancer of
the prostate. The different histological components are
thought to contribute to bladder outflow obstruction in
different ways. By gaining an insight into the tissue make-up

of an organ and any abnormalities of those tissue components,
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apparatus for use in a proceddre to ascertain this

thef afgmt i oW Re-tEiH rdddi i Ivasinvgy havgoe | @ urately
risk for 5 the patient and be sinple and rapid to use.
ddegnsfsechans] Msinest Ht%rﬁﬁﬁ%stlt}é@eb/tfof%&fa@éne Heplly a tool
i_nvesti e nsi st.e t.i e
dn BRI, o B TR R O AR B TR
ieff drhe tiicss wulsd Mg anifriingelrl y lithvaserd echdawd ca thew risk for

body duct, for_exanple, intra-rectally,

they PRNEGhANY ke S1m8Uch ap e‘?ﬁﬁﬂr%utegﬁé%e obvi ous

di sadvant ages in being highly subjective, having

limtations in the depth of tissue which nmay be

Cexcamimede andieiaig tadgtiqutedidnd How dxramniupe tdred dirtestigate
finger. can reach. 15 A nunber.of .tools usin .

% G Tay T Gl e db C U | Bed iRty to body
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.nornakgﬁ directed at | ocating abnormalities in tissue
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use pressur i stribution under a probe to revea
suefcaee taek ss Ul suinfadel drleasswd] elitffer,i npelmstiimitations

propertjes.to at of the matrix tissue. 25 It is an
BH B Bt miasate (MUY o 1 SHIGP ST (s g
QNG Al HEY & whdherdi sadvany ages: of exigdd neart oedscH or

use in investigating the histol ogical make-up of
bi ol ogi cal tissue adjacent to body ducts. 30 In a

fir t t i ' i des
2 Sheto R iy PR e bl AP Sk example as
daddriiteiase hiolfafiscdl? driddie FiGted bgyyravkodwn. However,

ppar at us conpr.i.ses .a trans-ductally depl oyabl.e probe
R G £ A EH 1S T i o o Gy et L b
RS JAGd e 1SN N H itHend eth c Sl 1th RETdA D €3t YpSPties compared
di spl aceabl e body having an excitation frequenc
Usandwisst I9f rhe matrix.  Others (eg. US5785663) have used
pressure distribution under a probe to reveal surface and sub-

surface areas of differing elastic propertieé to that of the

matrix tissue.

It is an object of the present invention to reduce or overcome
one or more of the disadvantages of existing tools for use in
investigating the histological make-up of biological tissue

adjacent to body ducts.

In a first aspect the present invention provides an apparatus
suitable for use in investigating multi-phase biological
tissue histology, which apparatus comprises a trans-ductally
deployable probe mounting a periodically displaceable body of
at least one tactile sensing device, said periodically

displaceable body having an excitation frequency bandwidth in
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o3 sibn e sa‘:i@S@il%fplademeQ?ﬁirﬂBIQ:e tdp Irastad &said tissue
muscul ar conponents have nore spring-like

beh greadosiics dice lawiameng] afduad cafiorEmasl Lihgisrlaceable

% reater tendency to act as danpers. Certain materials,
|nclud|ng nost bi ol ogi cal tissues, do not obey

Hooke' s Law but shOM/viscoeIastic properties which

can be describ d b relatln ne-va stress
THEE) W6 SEER thi e AP hA g HTEE can
n{dnq%o\iarﬂﬂe'qg:oﬁgi s‘%ﬂ:ﬂ)llaﬁ,CQfﬁjlal']g:ﬂébd@e_L éO|11QfW| inginess,
equati on 25 6(t) = Eﬂ t)- 5[ e ~1 }(t -

al.sp viher elapp iged #sthis Propehies féfgqmer
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SHETSUCHY a mater to a sinuso
SidaaidT , S forssixatytle, tiie ﬁfcestsus, gmu/samlaaﬂ d:):gmpcﬁ(d&r)ts have
= D1- D2 EcaqscOt-D2 C2 Esi.ncot %5_ %_ (} co2ti +
while glandu

RS2 G4 0092 P EHRESI 3 00551 12F! Sortponent s
have a greater tendency to act as dampers. Certain materials,
including most biological tissues, do not obey Hooke’s Law but

show viscoelastic properties which can be described by
relating the time-varying stress a@) to strain history SQ=—AQ,
as well as to the time-varying strain () according to the

following equation:

O'(t):Dlg(z‘)——:j[%e”%}e(t—m)-dm

where D; and D, are elastic properties of the material and t is
a characteristic time constant. When such a material is
subjected to a sinusoidal strain &=£sinat, the stress is given

by:

D Ot .
o(t) = [DI %}s coswi —D, T—s sin ot
ot +1 o0 T" +1
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conpr essi ng biol ogical tissue4the strain and stress

wAks Lekat fdtBY:ad 6 aFe( BlibY dctddwher @ tHe@uartdlt strain, as
(El1+i E2), is a conplex nunber corresponding to the

idyhaei perbadias dinkilasepedt @ds ther glisrdes@apg sivder of the
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adynamire seodukuseli@ cantyi:s neasured i n an experi ment

as the ratio of the anplitude_ of the stress to the
anpl i tude of the strain, héfgﬁ'bﬁé r referred to as

E*] i tign It :
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t he present invention can _be m i.n various .
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rafdrralorg varijeus & frefantcdardrAued.s or conduits

including, but not limted to, the genito-urinary

tract in males and females, 25 the gastro-intestina

I‘iac:] 3%} '0 ftt%% rt%%pl RO %taer—% lvﬂdé(ﬁ]{aﬂ:lc;rh &AEN T nore

venous vasculature system “I'n a I on such a
tpeehe compdnanis,ber reonperet et ititeo pparet ust usedcicular

for | aparoscopic surgery to replace the tactile
HigEUSa PR PREEAS  GERerNah 1 ST R 13 hrlle qiPRGRTuS of
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such that it can be nore or |ess readily accommodated

anict il ferenFady idgc toe e s tsusel il arated greqnessios -

close fit therein. Naturally there can be a

significant variation in 35 size of a given body duct

Thr @1an®epatnidents taw dardtatert raits -tchec A0 20049820 e probes
PCT/ GB2003/ 005217 . . . .
according to the present invention can be made in various
different sizes and forms suitable for insertion into and
along various different body ducts or conduits including, but
not limited to, the genito-urinary tract in males and females,
the gastro-intestinal tract, the respiratory tract, and within
the arterial and venous vasculature system. In addition such a
probe could also be incorporated into apparatus used for
laparoscopic surgery to replace the tactile feedback that is

otherwise missing.

In general the probe would be dimensioned so as to have a
diameter such that it can be more or less readily accommodated
within the body duct, whilst being a more or less close fit
therein. Naturally there can be a significant variation in

size of a given body duct from one patient to another. At the
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less fully collapsed, a normatly dilated condition in

SWhieC ki k0l MRy aluraTRlred ridnd hif |10y d emeld Passespandable
t hrough the duct, and a substantially dilated

toondigricateti PIWRISEP S SIegHTS haRWSPTYreat s syrieel bf relaxed
JQr6e sthan Aor k. 1.5 appld.d 4,0 jush fhe duch walds, o

gpart wi't hoat”,” however, endangering their integrity.

nbhus 1flgr didxarl eoridittihm dasevtafclt,hefadudstammles, a normal
urethra, the average 10 nor nal er._ wou

di I b f )
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dTLtl%_tlércjeU&h@iCEfio%V,eri%g%v}ﬁicﬁc?%siﬁ%i@@%tl@%ﬁ’@a{té@V@egree of
a dianetral range fromfully relaxed to substantially

fdirlcat éthaof momoml4 itso @ lnimd 1B Typilcdile drctappakla vpart
suitable for trans-urethral insertion, wuld have a

W&%’ﬁél di RS or SHHT errelntqwgﬁh rrrTﬁnéCneograltp\4'obeﬁms for

enghl gererald dde tde vrangeidfIromald aidettifa, the average
preferably of around 15 mm Such a probe woul d

nerERdr sHlRPEE Mmtlet 28 TndheRFBIE Y e diyatit could range

£5ansy augtald y, deplgyabl € denl %/Mel%éj%’iin?&qsions could
typically of Iength 25 to 30 cm It wl1 be
haprves ataed tehatizasttrteel diargresifonsn ofulthe mrictssedfto

t he gastra-intestinal system ch | arger and nore
SEPSt 'lﬁﬁelyi I‘?E‘;Lactaeﬁ:1 aoc%d{‘ﬁ%ggcom%%bpes or probes
wth a 25 significantly |larger dianmeter, typically up

to 12 to 20nm An apparatus according to the present .
Tiyiiertlilon afayprdlam B suitadble For traestietirite insertion

t f the | rat I t I
e
lwinogsé djcaretaarlsy viar ytioverareyen fdeomr dngee Form, 3referably of

exanp] e,_ the ducts of the respiratory_ tract

AFObGress Py THTR M S dICH &7 35O sprsi Haparge at one
b [F 20, N EMLd 0 EradSWUBKHIOIPIdESTowd i d addyldfient

| arger vessels of the vasculature systemare

depprasx itvmtielal 120 afo BogHh 4P diandEt eF™- whi | st the

smal l er capillaries have dianmeters in the 35

m cronmetre range. The dianeter of the probe can,

ttherigflones appreciated that as the dimensions of the ducts of

the gastro-intestinal system are much larger and more
distensible they can accommodate endosocopes or probes with a
significantly larger diameter, typically up to 12 to 20mm. An
apparatus according to the present invention may also be
suitable for insertion into ducts of the respiratory or
vasculature system. It will be appreciated that such systems
comprise ducts whose diameters vary over a wide range. For
example, the ducts of the respiratory tract progressively
diminish in diameter from approximately 15 to 20 mm down to a
few micrometres; similarly the larger vessels of the
vasculature system are approximately 20 to 30 mm in diameter
whilst the smaller capillaries have diameters in the

micrometre range. The diameter of the probe can, therefore,
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have sufficient durability to w thstand repeated
apvco linmy, o e i dbirmalet el st sereie iRl RbRPe ekt prorall the

or.ce .and _pressure experienced .15 f ontactin d

dfélézﬁpsr edsi g SurTo uansdi)%r%lge tgrsogo uee.lssP}I{e%)éeQré% yﬁ't‘%% #héMody and
pRiseyd alhrshigH il siudie Pr-onradidde. to reduce the
i kel i hood of an adverse body reaction to the

10 apparatus, such as an allergic or sensitivity response

d J1e Jeteld houl G- pnefenatly £ ensiwxintdd1iy rigs
Tgl%e erac{%cfe{blrﬂ} 20(?’)l tthe nateri al t% be bi o-resi st antl y rigid
aad iadsrer tree vt dheslt arvdll egirch ctronnd tho 4 ofloigtle dha v usdEficient
cheni,cal.s, .enzynes .etc, encountered . wthin. the bod
dRTEI I Us & R P BE i SRR L ORI o 67T & ReT b,
Suig1allandrat efridlind nedaidersak 1t b ecdreded SorSeelhir@Sexperienced
stainless steel, and natural or synthetic polyners 25

15 finesy MWW%I%@W%%&WWW t}ssue- _
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silicone rubber. O d al so

course other materials co
deelursedtas Migtd Lilfoadheyt aare adwoat el lordy hesd ¢leton nt@ the

SHABle, P g copat bl e a0 blos, S8 AN TR S 2122 ana ne
miRtarial i isroferadaf inelnonteykidi ction wheRefdrable for

20 éﬁgﬁéggegg;f]gg)gg(%gg—gggi;gggt and able to withstand contact
with biological fluids, chemicals, enzymes etc. encountered
within the body when in use such as urea, amylase,
hydrochloric acid. Suitable materials include suitable metals
such as stainless steel, and natural or synthetic polymers

25 including polyalkenes such as polyethylene, polypropylene,
natural or synthetic rubber, including silicone rubber. Of
course other materials could also be used as well if they are
coated or sheathed in a suitable bio-compatible and bio-
resistant material as discussed above.

30
Advantageously there is used a material which is of relatively
low friction when in contact with body duct walling.
Preferably or additionally the probe may be used with a
physiologically acceptable lubricant, such as a water-based

35 lubricating gel.
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Preferably or additionally the probe nay be used with
a physiologically acceptable |ubricant, such as a
wowrioenddsased 35 | ubricating gel. WO 2004/ 04992BCT/GB2003/005217
PCT/ GB2003/ 005217 -7 O her p&rts of the apparatus and
probe which are inserted in and have contact with
body conponents are generally also of bio-conpatible
OherbbParEesPst ARhE RAPELRAMS BNPt PRPE b’@léﬁé‘praé(ﬁ dnsgrted in
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pneumatic) circuits; nechanical systens, such as
proximally nmounted (at 10 the exterior - outside the
ga&zhﬁﬁ!t be Q99¥e01§@@d0ftht&1t&eth%l ?@%‘b@l@:r @Q%ﬁi%@e%é’fﬁ:ntof the
evice) notors or distally-nounted notors provided
diwsphaaesbileabbdyf keri bee agtivaseshift aavanisitng of means. For
devi ces suc cans, _crank d th I|ke f.ar
eéaﬁgi?fiﬁﬂlg?§§§r§rﬁ§FPgﬁze§ 320|pr3 JOERG Gt iGn Prsvratic)
cRiezeekgchktahdcact ugbtens, seld prepsvriized I widinted (at
circuits are utilized it is convenient to have the

thanpx6prérer PRESICE 388 PRELENSOS COXTermsl o ¢
eﬁgﬁg %%Oﬁggbgog)ég?_t%:yﬁgnltn\ﬁ%%'c%a}t e rahen e appary —lﬁﬁaunted

use me varying displacenent force
mdtspbapenﬁmdedawitalaosbatgedgedl&mdbd@ntmeaa$haft and using
externaH

t he pati ent . bod her.e nimz
IBH SR AP LPUS D BPRET oGaPrig P8 5O ot et 1D i o
rBedyy Adthibni %oCQ@\é@_@I%@tattl@lgpm\Ul@% t hedisiplAcaeitric
by means of micro-pistons and shoes fornmed of a rigid

agivieEpals, such as silicon or nickel which can be

m cro-fabricated. The dianeter of the m cro-pistons

woul d typically be around one fifth of the dianeter
Whéréhprpsebeizﬁﬁdfawﬂd:dmrqwﬂmﬂnmna:qmﬂiiﬂﬁdakﬁ i30 @nvenient

suj t abl e, mechani cal stem of the t escri bed

tRnbeaS FBF “eame TE5 BB \ead T AeGace e external of
tALCHAtRERLORS ﬂ?einvéﬂﬁﬂqéﬁéﬂMﬁﬁﬁﬂﬁﬂ%ﬁ%ﬁﬂdﬂdius is in
circuit is use the orce associ at ed
use. The time varying displacement force and displacement can
also be sensed and controlled externally of the patient body,
thereby minimizing the apparatus bulk requiring to be inserted

into the body.

It is convenient to provide the displacement by means of
micro-pistons and shoes formed of a rigid material, such as
silicon or nickel which can be micro-fabricated. The diameter
of the micro-pistons would typically be around one fifth of
the diameter of the probe. Hydraulic or pneumatic pressure or
a suitable mechanical system of the type described above, for
example, could be used to actuate the micro-pistons and shoes.
Where a pressurized fluid circuit is used the force associated
with such an actuator could be measured using the drive fluid
pressure. Where a mechanical system is used a force

transducer could be incorporated into the system to measure
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drive fluid pressure. Were a nechanical systemis
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the systemto measure WO 20048049929 PCT/ GB2003/ 005217

th® hepdizsehreement-dar cauchuch A aa-drisangicetould be
could be mcro-fabricated froma di aphragm of_ etched

mdicriocdrbrilfedegofacing plerdiesst f v dedisi geirjes

.and _th i.st.on . S : thi.s .to -

e At i SRR el SRR Bl Bne piston

stisppinaeen®nt tiiisc tomvrda shereapper enirden  thosentski |dedsystems
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apparatus incorporating piezoel ectric-actuated . '
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dvant ageous _because i ezoel ectri-c. device can be
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conpact ness of the apparatus and ease of use.

CGenerally any piezoelectric material with
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Zirconate titanate be used.
thice pdedzeetlciar mut efeivalcec amrbéprmadied indrzpdorteed within
ransdggen by mounting it qQnto a 'q&g-fabricq;ed g f
Cica HORGM OF T SEe e SRRSO e St ifigPatocus and ease o
WRLZ 0TSRRI SH1IIVLe oSty il ARUGRS: ri20 oY deefinall iwsedly ,pidoelectric
di spl acenent may be provided by a nechanical system
PoREte rds e sl Af S Z el Reatidstaatg gl tor or, preferably,
l.ect.r ' ot t led 1.0 n@gﬁgphg L d.
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25

t 0.1 nvest.i e Vi td r ' :
1 £ %h s¥k§FQﬁ4Q§ rita 1PT -QPf ﬁéé%? é&ectrostatlc or
m(ﬁcf}?aélrlerﬁ tISSUeeS’ may vary. or exarr%{e those tissues
aliddtromagnetic rotary motor coupled to a mechanical system of
the type identified above to provide reciprocating motion at
the pistons or shoes. The current and voltage characteristics

of the motor could then be used to deduce the actuation

displacement force.

It will be appreciated that the range of displacement

frequencies, displacement stroke lengths and displacement

30 force values used to investigate the viscoelastic properties

of different tissues may vary. For example those tissues with
a denser structure and make-up which offer increased
resistance to displacement by the displaceable body such as

those with a higher collagen content should generally have a
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general |y have a WD 2004/ 049929 PCT/ GB2003/ 005217 -9
ggegaater adspphacpennt rbeeee apppliead tioo thizemthizan 1/eess dense and
dense and nore readily displaceable tissue, such as _
mgtan@@ﬁéﬁlﬁaﬂéﬁpéﬁpeaﬁ’ﬁr@ tasgecof ssiqit &5 glandular material.
di spl acenent frequency, displacenent 5 stroke |ength
and di spl acenent force for each type of tissue may be
Theadbhyedefresuinedlexpespivntakhy diengencygt difsplacement

sanﬁles whi ch contain_a range of pro%ortionilt f the ,
ShFSK6l 6§PEAN eBfipdAsRiecERbtheP " qRal ity SPAtt &A% Gfs tissue
m%g pbNt-eLash vt Qekdent hbw ke raXamRa1t he ipiohe J8ghyr
useful 10°to | ook for near-surface cancer, and the
samplee whitheccateén a(whatlkep fdiciopsetdonsoefsddie how

far devel oped etc rto ess _t egree of ., .
h&ﬁltcegf)fg&g?' oﬁoglpoéFngSi ar Sﬁééﬁe.qu?ﬂgt&a%{aﬁecg%séntsilnsg of
idevireeti sogenenalilry .i moel exampriexi miney probet e ghits e useful

bei ng conpressed when the apparatus is in use, 15
tpr dpekabPy PRadre8&acenCaBCeirt RChéhs d@ieire of the cancer
(RBYALLCALIEL LB SERR0L AN LG IBG! IdeaSRRRINGUEY! & to

I'S i ncorporate wi thin the displaceabl e body of the
apsebe. tReeflegabky offhealsérfdicad idevicde agdre metle gtl adves .

dynam c stress and dynam c strain experienced by the

I ssue bei ng conpressed. The 20 asyrement s of € i .
T%FnéﬁﬁﬁﬂgﬁngeFéggg ﬁglFFW§FV§F§E%§a‘81§p é%éﬁ%%ﬁ&éﬂﬁimlty to
tHsed i keudeben figheope clsisk®er waleyi thestapgssaand is in use,

time-varying strain. According to the equations ,
raeserpbdy +hsSiEEst, CopFaderditialid\fe tivarsy fanempently
the~%gn%5} SFOQUt +D2+37422 317 1S] MMvicAnd & iedddorated

+I'E2)s , for each frequency of actuation, 25 val ues of
wilhéiconpheneitsp LeEEaLER) boldyt lvd dyrsamnobeodul s fcamlbey the

obtained fromthe rati o, of . anplitudes aof the .
SEPTE N alryiv g © §tarne§§%se And 2 AT nsgcrse'hts‘rsai‘_’1r]1ﬂsd shgramie

sthe iphaspediibherenes thet waen ud e esine sonant siddi N.The
The variation of these conponents wth freqyency can,
neReHrsEeiESsd Ofs thise tiggnyagying force and time-varying

displacement are used to determine the time-varying stress and

time-varying strain. According to the equations described

D. R A
hereinabove; namely a@)=(l§~—7r%——)8uman—l% gsinwt ,

o*7? +1 272

ot +1

&=2&sinwt, and o=(E +iE), for each frequency of actuation,
values of the components (Ei, Ez) of the dynamic modulus can be
obtained from the ratio of amplitudes of the time-varying
stresses and time-varying strains and the phase difference
between the stress and strain. The variation of these
components with frequency can then be used as the means of
characterising the tissue being compressed. In practice these
values of dynamic modulus would differentiate prostate tissue

affected by BPH or cancer from a typically normal prostate.
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practice these values of dynam c nodul us woul d
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cancer froma typically nornalOprostate. WO

20045049929 cPET/sEB20R3ACS LAy o0 tEenendnatilie has a fixed
di spl aceabl e body of the apparatus has a fixed

cooheatt SSUEPaCe 2dC8a OFPET RHICSh tife disiilarsampsiit T 1S
algi’)li%%pl ! ?I%We@%&yevgﬁj an! .aq.'%e%!ntaetriQﬁet 'f;’oﬁ:érf g@pﬁcg%seent

gsent  inventidn e di mensions of
ibodytamdy heeb ddieersddnizy ofi mley dimmialdeakilnt érachanginge
alternative,K displaceahle hodi es of the prabe.

apltespRabyy ELYPLNe TERdHe 1ot 1t AP At S e e 1Ve
d(r::i}lrs ‘iia@%gb‘ﬁiet @g@ge‘%x%%n@?@ oramL . contvasiablRly the éarobe of

pl aceabl e body whose di nensi ons can be controlle
thy tephmadguess magl bek powyiided hd tdry tan ExvEaELE taglsl e
force detectars y be.incaorporated w.thin.the ¢
CRPEpPEEERDFe SR aicﬁgg&& (rfljgo dglt CHEF i e d B iy RS
cWhnith o1 Rtegrak cssthindigegaugas. ANdwer nat itk yaAtor ce
detectors may be incorporated within the displacenment
controller or at the 15 force source. For exanple

M S/%u‘@é%g‘é' if%x%t lﬁ%ttie%ar%_ IﬂJaIy lﬂé%qléél%gfg@i within the
expe be

rienced by the tissue being profiled “can
ddispilay edétler oogd ifnrcdmddmanwiesdye cbfs it hiedm plitaghoragmsrwith
.the pressuyre.in the hydraulic fluid. 201t is
184 éﬁieﬁ%rP&nu§@U@§Vyce T S Uh st W P Eme may be
18R RIra Hiatyiith ithese eofi ddiedapamtwhene-ddieler or at the
di splacenent is delivered by an actuator whose

fpasiet isomrics -coftaroleredrard WHrgife &1y 4t lelshtaBtuast ifval 1s

f.or, .t tu C : . : ' :
SRR SR e abR S S B RAE nprisea
chor e Gampdny efett camtiongtcd ris-dm dinel e e tandgnetnmit force or

shakers or pi,ston nl uitable for use outside
t@ﬁépqﬁﬁ%ﬁ?%ﬂibg?Fgﬁgﬁiéﬁky%r it pi ston
transmtting hydraulic fluid pressure to the interior
of the duct via a suitable hydraulic fluid circuit),

T dis- comarep irsttorts rEfotda i Uil B0 wWwhdamdilacement
c%%%l}%ql,smhaacnqsolt%%% o e CJ%% %ﬁef@%@ddiéblacement is

delivered by an actuator whose position is controlled and
hence, the control signal for the actuator can be used to
measure the dynamic displacement. Preferably said actuator is
of rigid form. Convenient actuators include electromagnetic
shakers or piston pumps (only suitable for use outside the
body for acting on a hydraulic piston transmitting hydraulic
fluid pressure to the interior of the duct via a suitable
hydraulic fluid circuit), mini-rotary motors remotely coupled
to a cam-1lift mechanism, and piezoelectric crystals mounted in

the probe for operating more or less directly on the tissue.

The apparatus is typically provided with a processing unit
external to the body being investigated, which processes the

input and output data to generate at least one of dynamic
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i nvesti gated, which processes-lilhe 35 i nput and out put

A g ganerahs atudeasit bhe Dypdyaaly £ MWhumber of
2004/ 049929 PCI/ GB2003/ 005217 11 nodul us, and

st iaarReTRatd s L o5y pichl 138 %pmlm%rt@fa eplacekenatat each
| | |
b AR S h 0 PLONES G 8 08 0enr conia e

agpﬂxbdxtozmﬂﬂmmﬂbécxhnrﬂmmémwémmummtenaaﬂmr@@ values of
Measured val ues, of 5 stress and strain, a%function
%mdw

FHrYITe Wi T3 Hen B 3Gt P aget” + pheRePe signal-
#l)r &f‘%&%@%ééé’d@lfﬁéi&cg%ﬁé”&ﬂﬁﬁl%d@aﬁgtlo

ency thus yielding a value of dynam c nodul us
de(trereraicmsd ragy Uy . £ Mguelyean thwedyd ebdimg | abealue of dynamic

d h bi h.th d
nrfgl'ﬁersgv&%%%an&g;]’gr%% :r?c%é %t t?ae%lg?gfg?gﬁ(llgg WL P$ . pe

1 el s et it e e d @iyl of wi eth ffﬂ% eadmyl &z ahdbonBhs,

frequencies, a dynam c or conplex nodulus

e sicie stic of the tissue can be generated. The 15

di spl aceabl e body and probe may be easily noved to

different positions at the surface of the tissue and

Bherqyerd toidia tm&s@$ﬂb@ﬁb@¢lodi$p&a¢émswé aepearedie¢oy of
ions of th

BrAASS PR L aieste f1 o Srrh e s naale™

ﬂ&ﬁﬂ%%ha%g&@rﬁ@ﬁ | &f Meye bei gener a4t &Yg@Re FBYEAY The
t he di spl aceabl e body axially or circunferentially

%qnﬂ;apét&kel@mdy ANBYPPRRYI BRIgPR RuPtlplimeyey bp different
' |
i rcurﬁq{er en?qgﬁ% &%’&E ijlé %:gy%%ge axia {M%aﬁgé%dlc

dﬂsnﬂan&mbnmzbﬁumhsutia$me d$§@aagd d@van@lysapheleDallty of
t he, %ﬁg :gt S such as a VDU(ﬁcreen or ? grlntln%

5Pt 1T e- TP erRbP Y T HeY appRr &t a8 i SOProvT d%HOflle of
tMd %@cﬂﬂﬁ@ﬁclﬁe%rﬁi@se s6hof Preofilesmsy }H@péeﬁérated by
tissues with known histol ogi es agai nst which

reohipss | o dfsrlibeerbatPeds swelah)y ber cohparelenpatially
within the duct, or by providing a multiplicity of such

displaceable bodies distributed axially and/or

circumferentially.

The profile or map may be displayed via any suitable display
device coupled to the apparatus such as a VDU screen or a

printing or plotting device.

Preferably the apparatus is provided with a reference database
of profiles or maps of tissues with known histologies against
which comparison of subsequent tissue may be compared and
assessed. Where such a facility is incorporated a computer
generated description of the tissue histology may be provided,

and possibly even some diagnostic indications.
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computer generated description of the tissue

whe®iokogy my be provided, and possibly evenPGDGB2003/005217
di agnostic indications. 35 W32004/ 049929

1PCIASBR08£00504d thd® Whisbeubdfbelndtedriipationhblfst
a full descrlptlon of a material's viscoelastig
nprepbrii 8svisCesheaFnEdPFAPEREIAFnAR EOMRBAGRMS in the dynamic

ractic i t ebt ahgablbet bl
B ERSEC LRI IELAL LDLBEIR LA R RAEE 001 ShogelBiginanie
froeasehy ﬁmpmptuderRetubeIEF$®,r€hephedSt§om§timﬁﬁamqpsely

dul us". Th t bt.ai nabl | the . .
(73| BOBFEFhY brpl FPUBELBF 2ot nE ot PeSe Y Rl e Thi

Ré?{léh@ss%%mnablé giygny bkeguengyiriandfi shei bh@nertude of
different frequencies - as a reflection of the

thdaaprﬁgS tonpbaearpdttude a@fndhecsksadrust a19iMerhas

b f d_t hat f t
FORAURREY onaNt. EPacae Chh e di et sed by comerasrati on > °

r8F1cAEpPbht vdetRat Paafphihy)y abmaogiewéen offr éfeenyynamic modulus.
typically in the range froml to 30 Hz. For the
avoi dance of doubt therefore, 15 the present invention

=€ 0ds ;And : 2RRAT ali ¥F o rbl DMt b
I%n% ngﬂﬁg§§§§ gﬁ%@) §Igjnlalsecondlasggbtctehe present enion

andvmatngnaptot&degeaCﬁ@tb@ddﬂ@perﬁﬁ@d@W'ﬁ@nélderatlon of

al file,of .a_biqlagical e 2
ﬁég&ﬁg % ﬁgtq88%59|3|ng e%%tgggqgé§%% (%%Pﬁfally in the
réﬁ appabat ustacgor eizng E@rth&epb@%&@bﬁd@ﬂmﬂldmubt EMerefore,

transductally |nsert|n%'the probe of said apparatus to
thei RGCERBLPENVEBTARN Y 180s FIRECBRBISE S50 diF t8Y° ISaiad: %P&&@ratus

fBQ ongQgﬁﬁﬁb Whgﬁl%ﬂﬁed@%%ﬁb s¥hfigge of said

ical tissue at a 25 plurality of positions
across said ductal surface; c) subjectlng said

di spl aceahl e bod erio t.an
8;%P§§F off £EEG n%%eb§P I qﬁ ron?ﬁ%ﬂgﬂ%fﬁ*%%bnﬁthOd for
p%Héuc@n@aé|%ﬁ@ﬁﬂmd@ﬂ%dﬂ ﬁﬁﬁﬁiﬂéﬂmf.hﬂhﬂﬂﬂbglcal tissue

di spl acenment force in the range of from0.01 Nto 1 N
adgagentoa duct comprising the steps of:

a) providing an apparatus according to the present invention;
b) transductally inserting the probe of said apparatus to
bring the periodically displaceable body of said probe into
contact with the ductal surface of said biological tissue at a
plurality of positions across saild ductal surface;

c) subjecting said displaceable body to a periodic
displacement at an excitation frequency bandwidth of from 1 Hz
to 500 kHz, a maximum stroke of less than lmm and a
displacement force in the range of from 0.01 N to 1 N so as to
periodically compress said biological tissue at said contact
positions across said ductal surface;

d) monitoring the viscoelastic response of said tissue at

each of said surface contact tissue positions to compression

by said body; and



30 periodically conpress said biological tissue at
said contact positions across said ductal surface; d)
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each of said surface contact -#¥ssue positions to

egon?%%%:?ia‘%&n ¥ %ﬁiodfib_‘éd)bif amd W0 s2A/LDAIP I esponse of the
CT/GEB2003/ 00521 -13 e) generating a profile of the

tissueebasrise sedovetefl thefadessue across said

ductal surface. Using the nmethod of the present

invention it is possible to 5 obtain information on
Ukhegvitseoaleasiodc ity tofe @rgiseen tirssueionlhits ipr quesdible to
of the tissue is tissue type dependent, so ti ssues |,
obErRE AP TEGHICES SMblteCard SGRS Wi % St ferE ¥y ek Lssue.
T8 gg&g%%ﬁg,n dampinag tafdeed when adfonsgd sjép-a%af@r&, some

ger to return to their unconpresse
tdisoeersi GesndT e neetdeog re6 sddder dinty S ittey” prleslentothers have
i nyention can therefore be used to .indicate the
2RI SPOTEGE . B SO e LIS o ST B 1T Skt take
15HeR ra tietriash &0 ta8SirS tur iy SHea difnerth iAgNOS| NMhe method
the histol ogi cal abnormality causing bl adder 15
aegPidd NSt et iPG1e Samd dppicairion €3 ddisishtore be used to

1RESEHIDde GCUAIRDION FRILHATRIL o fe RIQSKAL e Wi th
an-increased glan ar content "according to the
vi scoel astic profile could be treated with nedication

to_reduce the bul k of the gl andul ar terial, such as, .
T8 5Ebna e FIGEENE (SHATbI SFEPR (g8 bt 26 wibrd fHeC1an in
ATUSSI2 16RNte Histhneyiml1 anthdmid s dp dalsvagasl £hder

betreated with nuscle relaxants such as .
ogitFR@vadhstergite orblagek et r e ot tRR ke iRy eeribed

of . dif.f ces.in tij | St} | Si

S e B AR e IR b Sl IR e S
gremeluafare cidnte s e aafo rrdsisay rice st heanv e &5l acthi @ vedb biyle  could

correct identificatio

.of ropri at ancih st
gt FEERAS (HddY TS Glh Ghri S STaga e R B 47 (g glandular
nBEREG 1t he e sants 1 van-araid deshra pred dvegl. ofa prostate
di agnosing a condition mani fested by a histol ogi cal 30
wilerrer ridle g i shigsirggindal i g iaé@wr%fa“@&tféalb%d%p digtax could
be treated with muscle relaxants such as alpha-adrenergic
blockers. Furthermore, by making use of differences in tissue
characteristics arising from benign and malignant processes
within the prostate, more effective use of resources can be
achieved by correct identification of appropriate and cost

effective treatments at an early stage.

In a further aspect the present invention provides a method of
diagnosing a condition manifested by a histological
abnormality in biological tissue adjacent a body duct
comprising the steps of:

a) providing an apparatus according to the present invention;
b) trans-ductally inserting the probe of said apparatus to
bring the periodically displaceable body of said probe into

contact with the ductal surface of said biological tissue at
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periodical |y di spl aceabl e body4of said probe into 35

sgeptast vW th lshe rductah rsunfac e Ofpcsaitd MDIQat e said ductal
tissue at WO 2004/ 049929 PCT/ GB2003/ 005217 -14
sgufeessi ve ones of a plurality of positions across

ai d_ductal. surf. s FLect i id _di aceabl e
Foos PeCeting ohr & el gt R L AR ReER
df 6pqueneay nharadwiatt kxefi thrdmnl fthequeray 5ehdddzitia of from 1 Hz

maxi mum stroke I ength of |less than 1lmm.and a
tai $fPakEifent FGFEEUT SHHE KCanG@ B FHom P DL o 1 Ngnd 2
a38pic BenRerdQdicall ¥ neOmRigRs aid B o) adi 6@ltd IBSHe&so as to
at “said contact positions across said ductal surface;
pd) inonickdrliyn g orriper exsiss ceéldastiiod assspdndd sgfus aitd sdisbusontact
at , 10 each of said t%ﬁ%%? surf%pe contact positions
PP§LESABPeESTERS B Shi B6dy =8 G&er ating a profile
d0f  hbeivic3aor atld & ileeRARSE i¢f ddporddsBre AMIDSSissue at
sai d ductal surface; f) conparing said generated _
egichic 0é] #8tiicc LHESHENSEPREE ICON LR RS W e s tg@npression
e S rqofiles of such tissue having known
bﬁi%?%@ogf@gr characteristics. Further preferred
eff eagehes aaridcady antcefgés off tthe imeetdlastiw |[tegppess of the
fromthe foll ow,n es and detailed 20

ex I
t4eSEri FETORS 15 ﬁ&ﬁ%@ iTH éf%€rence to the
£3CCORBARKING g AHAW RES Rt 6lisddd ask iics @ iyldorile
sectional view through one enbodi ment of a tissue
wairhl iy cmsdauiteive e sispEca il Bl ash© fi it itere sy having
3 Rl SR spond 1o i ous of Lo
dynam ¢ nodul us as a function of frequency for
F%irg’cthieqf(:tprseaf@reesa %Cea%%q:iense a%rdo Satcﬁrtaeritages of the invention
will appear from the following examples and detailed
description illustrated with reference to the accompanying
drawings in which:
Fig. 1 is a schematic sectional view through one embodiment of
a tissue quality measurement apparatus of the invention in
use;
Figs. 2. and 3 are corresponding views of two further
embodiments;
Fig. 4. shows two profiles of dynamic modulus as a function of
frequency for distinct samples of canine prostate;
Fig. 5. shows values of Amplitude Ratio at a single frequency
for a series of benign and cancerous human prostate tissue
samples; and
Fig. 6 shows the relationship between Amplitude Ratio at a

single frequency, and muscle content of a series of human

prostate tissue samples.
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rel ati onship between AnplitudéSRatio at a single

Fi12AUE GV ARG HEHEE) @& 000 eNnth @izt 158 | BSsedn N tissue
prostate tissue sanples. 35 2004/ 049929
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exartihe wiet Wialsipeassade 3 off apatpedtstpenisnd 50 In more
exanmine the tissue quality of the prostate gland 5, In )
Fedee- 15 ther FHPATRE Yip pardi i ot lge e VS Sorprigkatvely thick-
lLat Gk, el bl ongat
Vﬁa&%gu?bi%’lgxﬁfﬁ%ﬁui%%xu\gg%aoc?ﬁ%tﬂér/m}{%ﬁga@%% as fube 6, of a
medleypiredp\d e a sy hromsulesteantwhal ¢ty 19l swnstonaldyly
stabl e so that a.distal .end port.iaqn .7 providin id s
e ISR 0n SR 150 el i S bR U ote o Ageviding
RASERAVLE P AU 1Y h the grfdpd MBdd etbp@rth®nuSethral
and so that hydraulic pressure can be efficientl

DErsERgd t3 &Y AWy NS A thh e F i 14 ok et & tdnd so

t i I ' 7 - i

TRE SR M e B host Bory on o th fag oy 2lens
sdrce texdtee rdifgpre WHenderospiorell dhstd thean avsttdl agred portion 7
nount ed respective pistons 11. A renotely controlled
therefifstribution valve 13 is nounted in the head

portion 9 for selectively connecting either one or

more of the cylinder 20 portions 10 to the hydraulic _
I wiatet Wit asl L THO chaadP o Wit @ § hahcaskerd rp@rtion 9 with

sheat h 14 of er i : I e ne
“5@fﬁ§“¥§§?f?§ﬁ$?§ﬁg%?%%§§ﬁ#3?§%$%¢%ﬁégﬁ%Pc+%:%§ggﬁt?£9
ndisttald erds ks iofe thiestoyds rider portémmselY sonthatled 12

when  the pistans 11 are forced. outwardly by hydraul
TIRRI T b SEUNE They® IS} ot 't d19Aq drgr hion I for

Ri1RRING S10F Coriie Sty dasidd id Yo dehor&mbk ecsbeayhinder
portions I5. The latter are

portions 10 to the hydraulic fluid tube 6. The head portion 9
is encased in a sheath 14 of a material such as silicone
elastomer having resiliently deformable portions 15 closing
the distal ends 16 of the cylinder portions 10 so that when
the pistons 11 are forced outwardly by hydraulic fluid
pressure, they are subjected to a return biasing force by said
resiliently deformable sheath portions 15. The latter are
also formed and arranged so as to be “mechanically

transparent” i.e. they have small dynamic modulus compared

with the tissue being measured.

The proximal end portion 8 of the hydraulic fluid tube 6 has a
cylinder portion 17 mounting a drive piston 18 drivingly
connected to a variable frequency periodic displacement drive
19 (such as an electromagnetically-operated linear

displacement transducer) and provided with a displacement
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5 hydraulic fluid pressure change as the drive piston
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i nduci ng a correspondi ng di spl acenent, of the head
tpestohs $1ipdueing BheOrEESREFELSIIidiSHyagemed of the head
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pi ston 18, neasurin i spl acenent. of ,15 the .l.atter can

B2 2Bav o T RB GREB e O LOEnCeAS PG TR 1 i Stven
albg1dibepkbacepenihef diriechgadtpinsti®ns mkasdindelisplacement of
resisted by the resiliently displaceable sheath

tper lashsr1528s bResesls tohd Ndigasesy thihen PR gamsattatad the

f%&%ggg 5 di spl aced thereby. This will result in an

I'ncrease in pressure in the hydraulic fluid neasured
by the pressure transducer 22, which depends on the

BBl CaB 2Rt o8, gt e P 93310 1 S0UR POUY L 2 by
thie rkesihhicerthy sdapdefeambl eheheat bparidonsislas el as the
pggtagi g%ngkn%rostate tissue 5 displaced thereby. This will
result in an increase in pressure in the hydraulic fluid
measured by the pressure transducer 22, which depends on the
elastic properties of the prostate tissue portion 23 displaced
by the head piston 11, as well as those of the resiliently
deformable sheath portions 15. Due to the damping
characteristics of the displaced tissue portion 23, the
increase in pressure (stress) will be out of phase with the

displacement (strain) and the ratio of amplitudes and phase

angle difference are used to determine the dynamic modulus.

Fig. 4 shows sample graphs obtained by in vitro probing of
prostate tissue samples using a simplified form of the above
apparatus, across a range of different frequencies from 10 to
80 Hz. As can be seen, the two tissues show distinct

differences in the pattern of dynamic modulus vs frequency,
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BRI, o M B e oY e T R vieeo
eshewidiestisnct 35 differences in the pattern of dynamic
nodul us vs frequency, WO 2004/049929 PCT/ GB2003/ 005217
-17 with the greatest discrimnation being at the

E?r{%'glg’lli%n §Y —2EQWRE natd oz ofT R AR ¥l MaIldIRHE Prostate

us with frequency is correlated with tissue
Thissiel Sppchyeasseries of in vitro experinents. 5
Ex |l e 1 - Exami nation of Benign and Malignant
MSItgg Ste Tissue Specinens Methods 52 fresh tissue

53P@GELRBNS 1 Weke GRklealed fweam Hdinaidtesd Srxkh 10 patients
under goi ng Transurethral Resection of the Prostate

upfieREPiner Trisasiuge thredt HaseEHaT Wit itdhe Fpgtats (TURP) for
f [ ec| e ect nat. i :

DB as TURP PEr ORSt Tiet 1 o due 4 o "Cars o g Pooimens

wehre poddeated PCan 3| pdibdicdual widssigpispedUidhsfor obstruction

underwent i medi ate chani cal,_ testing, hy applying..

NG GoU AL eSS TR AT £ &I salfl Do qhetingr L ssue
s3RBhRell mdReRal GalmcsRakey madihdie I’ Gy, by applying
modul us” or Anplitude Ratio (IE*l) was derived. |E*I

av glynesiifco copewiegs 1aied saldiighditt the S Isfedisigrs aterelectro-
co r. Wi i.hgle facton S v.ar i :

mfs Kﬁ%%ﬁ&)%glsﬁtggk%ergs a\%éj1 r g%t en |>?g12|‘5 ?%Oq{uolrunsgl icﬁpgﬁnop JZJOtude
rRerhedddd: 4|n parsafdfeirivwsak. [Epilt helliwds tiiesuenidEm)and malignant

LD SECL e LLom e Plopessel Lees Bre e vos. o
veird@nefe (aNOVA). Specimens were then fixed in formalin and
embedded in paraffin wax. Epithelial tissues (ET) within
sections from the processed tissues were then stained
immunohistochemically with anti-PSA, and the size of
individual glands within the stained ET measured with
computerised image analysis. Individual gland size within
benign and malignant tissue specimens were also compared with

ANOVA.

Results

Fig. 5 shows simply values of amplitude ratio (the springiness
component of dynamic modulus), sorted by magnitude, obtained
by in vitro probing of human prostate tissue samples using a
simplified form of the above apparatus, obtained at a single
frequency of 5Hz. As explained in more detail hereinbelow,
this component of the dynamic modulus at this frequency is

sufficient to differentiate the two types of tissue.
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of the dynam c nodul us at this frequency i
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al ues of anplitude ratio (the springiness
ppraicte dofiwechen giriess atmdiiags )t obtaianed oy igprnvianto @f obiardular

of (non- cancer.ous n ost at e ,t.i ssue .sanpl es
mﬁ"i:le%@a':\{ s(iin’f‘pq’lsl fﬁ%gﬂ? érl‘#%gtram gﬁhet hsénoaootg{/én%spcplzer a %rgt,ent of the

SRR ORa RRE Amihedl NG} eafdEquenay of G sdaid Msea
case, all of the tissue sanples probed were
ppoessltdened it GRS Ry IdfshtS e inghmpftegtively to show

s?r%tecﬁtrhi ?Auslgl%s.s tA@aQ:a]é@e s%mmig.s% e ﬁ%‘tﬂgt&[ogical

sanpl es was determ ne i on of the
netkai-ugr earel) qff dper tsmningy manmstopi eof nagest staieedhas an
sel ectively to show sr% th IHJSC| e. Asoi: n be seen . h
FAGAFY B e %f‘ceal Yk b, ot iHE g the
dﬂ%ﬂﬂﬁWcﬁpqﬁﬁﬂ%ﬁhqﬁoéﬂﬁbtﬂﬁﬁﬂﬁha@ﬁﬁlﬁmaiiéﬁié.(Hh a more
sone aspect of the dynam c nodul us, enhancing the
fopddlyi 1devsrl adesl disgiiost il iHiordRitien avaidndst oF 1seh
: ful Ly [ of . t ' e
OGS ATy S a5 o b s n o SAPH%in order
geeasiviedrddat aliiayrarder basedoh evenansk agnbdshisolbaseoint s
on a nunber of probe points around the gland. 20 Mre
adetaid edrSartdidSis of the results shown in Figs 5 and
6, indicates that the IE*I (nmean SEM of the 52

tissue specinmens collected frompatients undergoing
MPURP detta By wagalysis of the results shown in Figs 5 and 6,

indicates that the |E*| (mean + SEM) of the 52 tissue
specimens collected from patients undergoing TURP for BPO was
62 + 30 kPa. |E*| (mean + SEM) of the 16 tissue specimens
collected from patients undergoing TURP for PCa was 105 X 66
kPa. Single factor ANOVA showed a statistically significant
difference between the two groups (p=0.0004). The mean gland
area within the ET of the 52 BPO specimens was 17000um?, and
within the 16 PCa specimens was 6500um?. Again, ANOVA showed a
statistically significant difference between the two groups

(p=1.4%107°) .

Fig. 2 is a schematic view similar to that of Fig. 1 of a
tissue gquality measurement apparatus 24, with like parts being
indicated by like reference numbers. The probe portion 2 of

the apparatus 1 is mounted at the distal end portion 25 of a
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portion 25 of a WD 2004/ 049929 PCT/ GB2003/ 005217 -19

efllemeintyl &9 wesdaricihald ypediviesmsisgh U tyrastiy & apiitlighge element

onnecting_the pr.q tign 2.0 a.cont njt_-27
3$h &M & port %{% a%?%r%%;mesﬁ i nslfh e%al egzﬁl ecgﬁqinan%?lé, THes 2°
aper kilertr3 2 1yt Rcanplateal i3y of angilleodni clistdidngledsupply
radially outwardly _extendi ng head el enents 28 each of

dFFiLEE Ras TRpies ok arite e et P amhidheaftectrical
s??tn\éﬁe%&a% Qut-wey Ay J1adHNEhas- &L fRNMes 35RaAN @& vating the

ress diaphragm 31. The pi ezoceranic elenents 29 are
pelegoiceirealiley edemeedised BEBa @sat elisviudaed igpriermined

supply 10 devi 33 forne nd .arr ed for .applyin
e Rrar . S e @ Fandd o dhn e o 8 %ne
perequere @S ds®fatac tdivaiud@dhE orpi BZ Qe meot i &t @8Rl Sneans of
29 so as to induce a predeterm ned djsplacenent, of
moRd toRday 36 strRE gy &F 418 ied T thePpadurbedising, for

RLgshat e ogt‘a_%éq R 1O 230 d tS-TOM QI Kh l?é/aﬂ%ni(ége 1oor

monrtorin istortion of the stress diaphragm 3
estsinpd e ,f Gandexargt &l)opttlcalstindsy faraptetagn i 3l Kovwg coupled

manner, ee for anpl e, Gander_.et. al the stres .
o8t AT G 1580 L ob I CHy Pt | G ST B T e 35-
TOR! iGalz Jdelrenfiey MR eVI Cecdbld alte @708l ABe provided
el ements 29 could alternati vel%? be provided 20 with
WHLge & AN SFEOSRIGT S Het ¥ 1M i & du¥ @t ik erated
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monitor its strain 29a.

In use of the apparatus, when an electrical signal is applied
to the piezoceramic elements 29, a force is applied to the
shoes 30 pressing them against the tissue portion 23. At the
same time a corresponding reaction is experienced by the
stress diaphragm 31. The displacement of the piezo-ceramic is
determined by its characteristics and by the voltage applied
an current drawn, whereas the strain in the reaction diaphragm
measures the force applied. The force and displacement are
used to determine dynamic modulus over a range of frequency of

actuation is an analogous way to that described above.
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pAl .t he i sSAM chief® 13 L afilkes RARdi1RG reAeaN dfS Fig. 1 of a
experlenced by the stress diaphragm 31. The

tdsgpba@[@ﬁémtyometaﬁelr@@zl& @@rp@rﬁactq% 1rdé~t1etrhn1riléif warts being
108 cgREAELenlsH (e ANt LRl a0a, PRl HAton 2 of

ereas e straln |nt eact |
tﬂbaabpagmtu@easufsemoumefdoracte ta@pldlextalled @aetiand 36 of a

di spl acenent are wused tq determn dul us
sgearngdr digé odr irréduen &y @ é&?ﬂ% %r?%ﬁasfc rive

I t %
e

dslisrtriallalentioptonailomlf 3pa @f thef deerta Sismeffqlﬁa‘i .:ioyr rotation by

nt appar at U 1, with 1j n
1] r’ldl gl g%ybyq g?L é,leshnlu ers %ﬁ 4 pro sgc p%sr t40 mounted
iAs@le Lhe iaRRaAUUS pl:dvidmlritrﬁdh@tmdﬂl&dhlslyalo@tﬁbed radially
portion 36 of a 5 sheathed 37 torsionally rlg

ofiteirirlily @Pﬁé}ﬁnddﬂg\/életardar@slrﬁ%toﬁw 4 -emétit wigh /@Leanqlg
eﬁ%é@g%%n%g S ?H%ﬂ; d alp the diitdlesp cké%gfﬂéﬁ1fﬁ%fﬁe the

rrve s rotation by |t t her eby
cetinadircaldlly musmea}kmeHndwﬁﬁmﬁmahﬁe4ﬁhaﬁﬂhnpﬂttlons 15 of

|nS|de cyl i,nder rovid d i.n |anetr|cal

v RGP BB e B ST st A o e R afr ings for
tWet Bithenk a0.1 W%Maﬂd@ H Sﬂ@&)lﬂiﬁvaad‘cﬁ displacement of
cap |ver retai ned inside the cylinders 41, by

thes ipliiseerisy def m@a@d@ds Fratth oo orits ot HcaffolfonSa h¥adts
n%%rlttl %ds% ;niéa:hdé Chccﬁl acc}_Iar?sSdJceé%e . mdﬁx{wed on the

he pi's The Tesi stance 10 t
adiispd ammntMofoﬂB:Hd}eimlm s 40,3%r ovi ded by t he
tissue portions 23, is nonitored by neans of a torque
transducer 43 provided on the drive notor 44 of the

9o e Safdni38.adgh sl t Mire apppiditipdsitieh of the rotary
angul ar position of the rotary 20 notor can be

medeirt greed Hsy @Wne%rmb@ersk&fmsqwdw or using the
Cg.lggflrﬁ%r%t vvguot& &ga{ea?é;%%:ﬂns:gs I‘ ecttf trﬂ@é% spfacema glar
pdéﬂﬂﬂbﬂudﬁﬂﬁﬁmlnes directly the dlsplacement of the pistons.
The force can be determined from the toque delivered by the
motor, which can be measured either by its voltage-current
characteristic or by the incorporation of a torque transducer
in the drive shaft. Again, dynamic modulus can be determined
from the time histories of the force and displacement.
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The force can be determned fromthe toque delivered

by the notor, which can be neasured either by its
W(vmott/agsmscurrent 25 characteristic or by the PCT/GB2003/005217

i ncorporation of a torque trahkducer in the drive

shaft. Again, dynam c nodul us.xmM8 be determ ned from

the time histories of the force and displacenent.
1REFERENQESr@an@eﬁuwtﬁblﬁhéPWew§@n1%/anaﬂﬂkgatlmg multi-phase -

n R.L,.Jones 30 C, L. ey
bi\ﬂEfE?é"S 1 tissﬁlgné% ?o\JiogyEnbe&ged @rrgcr?jac %r?én%
teRhikCcdhabey1Reneplphesder ropensois tihaer @ié)mamlcifally
applications”, | EEE Sensors 2002. WD 2004/ 049929
dp@p/lészebéﬁo@ezlwof 2t EeABBOnE. AR tAgSaraifing device, said

FSE%Qlﬁ%VdH% la%ea%ﬁ%s%b%§aﬁggl iy Qgﬁﬁ%atlon frequency

ol'ogi ca tlss e hi st ol ogy, I ch apparatus conprises
bandWﬁdph-ductablya@@ﬁl@faﬁh@npﬂoﬁa WEU@MQuyﬂz, a maximum

eriodically 5 displa abI body of at on
SBRekRI ¢oBaiti A5 deoFosh 2oard P grind CHiTRy SosReRt force in

tﬁbsBﬁﬁg%aQE%mb@dblh@N%@g1aN eé%hﬁﬂﬁﬂ@@ﬂﬂdﬁﬂbﬂﬁﬂbody being
bandw dth in the range of froml Hz to 500 KHz, a
pnramln’canh withoke dispgeisesienite & vilegn ha i %rd di splacement

088 %Igleﬁe%t f%%%%ro ll% e %a %str%ﬂggh d%gé%f%d“frequency,

splaceable body b provi
sdiispbasenani ath e @@dlya\ueriglga adx@meaﬂcemsra dicaqritaramnieart

for controlling at | east said excitation frequenc
m@&ﬂé‘oﬁ%lﬁl SEABTe B6dy BRERY ACHUREd T At doeiRsheviee,
ninbﬂalt%&l%%v ke NG Rediashliac oMol ¢ MNid Hidihgical
evice, for nDn|tor|ng the viscoelastic response of

t4abuebitol PgirdadiTs aompsws sieTpEt Gdils! @drﬁm@gmmﬁmbyforce

oJEAT58 SRS L8y AP RSAIG AR Y 2o

p@k&@b@@@anbedh@@wadéabé@ ajpBr.at us accordlng to claim

1 wherein said probe is 20 fornmed and arranged so as

to be trans-ductally deployable in at |east one of

2t. he Age aipperatiuzaraye da@dng reovellesimarid Whenred igs,saiderobe is

rIIREL AN e3hifled (Ao e JLIUIALANCAIAG adlibyaple in
SCal & venous vascul ature stem

at least one of the genlto urinary tract in males and females,

the gastro-intestinal tract, the respiratory tract, and within

the arterial and venous vasculature system.

3. BAn apparatus according to claim 1 for trans-urethral
deployment, wherein said probe has a diameter of not more than

Bmm.

4. An apparatus according to claim 3 wherein said probe has a

length of from 1 to 3 cms.

5. An apparatus according to any one of claims 1 to 4 wherein
said displaceable body is actuated via at least one of: a
pressurised fluid circuit, a mechanical drive system, and a

piezoelectric actuator.
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6l.engioh aphafriaems] alceckddnk; th aAly appard! uslaimeorditg 5 wherein
tq any one .of cl ai 1.t0.4 wherei-n _ said displaceabl e _
SBSy pll'/fg%gctlﬁaf“éjdu\tflne? A I% a%}/ahl Y Odfprae%seulﬁol%%%e’ trans
diukettiad 11 Kepilioyad liee ¢ Wapilogimedrt vewsiyest.em and a 35

pi ezoel ectric actuator. WO 2004/ 049929

PCT/ GB2003/ 005217 -22 6. An apparatus according to

7any pene ek rehaisma ckdrelimgwhier @ilminsa dvipradhien isaid

mounted at the distal end of an elongate, trans-
ddselaicepbdeplefablie adeMedpreny deRtQR1Mp Ly gpunted motor.
apparatus according to claim6 wherein said

di spl aceabl e body is actuated by a proximally nounted

8nDt Ah. apPa rAn uap parcatngs rac ¢or dilkgnt @ ofhed me it weer@i n

sai di spl aceapl e body is actuated,.b di st al |
ST VIO POIY 4 AT Coriact o St b nouned motor
ddiishRhaagablenkede ity sdid Bl @bl BMa said elongate
device. "9. An apparatus according to any one of clains
deptloy8iemtterdgivii- Cesai d di spl aceabl e body conpri ses at

| east one mcro-piston 15 actuated via a pressurised

fluid circuit. 10. "An apparatus according to any one

oqf @naiamalaitms8 acdvarding sai cirdi spleaaceabtlmbodyl to 8 wherein
conprises at | east ope shoe 6 nounte

o b GH eI Ty oS SR I Bt viSeP S ite S piston

2R3 3t RE8SS Ue8eG0ri8)ementui 4 arivediiand arranged for
nonitoring strain therein, thereby to determne the

force applied by said displacenent body to tissue

tacted th h ' - f ' . 11.
o036 SIS SR ST, SIS oy B

ccordi ng 0 an one O
whleteginn sati d edsdplone0fld hedr eprmafridees at least one shoe

force-transmtting_ surface of the displace t:]clfe body, .
e e SHpR P IRFRES- S e I TGRS TSI S Rreen said shoe
2RPar atlys s angd e Jraniduda: ofedheed Ae® arranged for
monitoring strain therein, thereby to determine the force
applied by said displacement body to tissue contacted thereby

in use of said apparatus.

11. An apparatus according to any one of claims 1 to 10
wherein at least one of the area of the force-transmitting
surface of the displaceable body, used to apply force to the
tissue in use of the apparatus, and the magnitude of the force
applied to the displaceable body, is formed énd arranged so as

to be user-adjustable.

12. An apparatus according to any one of claims 1 to 11
wherein said displacement device incorporates an actuator

whose position is controlled whereby the control signal for



applied to the displaceabl e body, is fornmed and
arranged so as 30 to be user-adjustable. 12. An
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ereinis provi a di splacenent controller forne
sanctceyr raanpedhe afisappldaslionaty selset®d ones of a
plurality of different excitation frequencies. 15. An
apparatus according to any one of clains 1 to 14 15

Mmher el dpp i ded sy ace seatspl esidormego 13
and arranged for controlling each of said excitation
whestfuiencys anbvistadlée diggacemant gruppak Heasformed and
accordi t.o .one .of . clai [ ;

4 ﬁrﬁ é:f; gfé’ rpoa It |loér}decclognr% rdo]fl E’l(;ig(;lvel‘lccgeé)? (1)?511 ec?égfgﬁgﬁ ?ﬁreallty of
JidKidriant efxditatdicaplaseaidecimomdy within a body duct,

in use of the apparatus, so as to successively bring

it into contact wth a plurality of different duct

1S f age RYddANs %fbé'ﬂdi.rﬁﬂ EPRA At Mse ASCOE DA NEs LD @HY14
one of clainms 1 to 16 whic i ncl'udes a processing

wivei 1te ifro rirfe b vl dard an gl H lorc gitertle seemigr o Hl bl Beenenhtand
and di splacenent r-Cs 0.Aas_.10 -
RSN Wi R T S5 S FIEOE R sygmeency and

&0k Meirhych for producing a histological profile of a
bi ol ogi cal tissue adjacent a duct conprising the steps
of : a) providing an apparatus according to claim1;

). trapsgyctaldys iNsestd g the Mphenofosatdaanpar atysis,
Jﬁlch includes a position control device for changing the
position of the displaceable body within a body duct, in use
of the apparatus, so as to successively bring it into contact

with a plurality of different duct surface portions.

17. An apparatus according to any one of claims 1 to 16 which
includes a processing unit formed and arranged for processing
displacement and displacement force data so as to generate at

least one of dynamic modulus and Amplitude Ratio.

18. A method for producing a histological profile of a
biological tissue adjacent a duct comprising the steps of:
a) providing an apparatus according to claim 1;

b) transductally inserting the probe of said apparatus to

bring the periodically displaceable body of said probe into
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di spl acenent at an excitation frequency bandw dth of
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and e) generating a profile of the viscoelastic

pespohisea bfy thenptréssusabdriossleaidadutiabusurtaceidigontact
19., A nethod as clainqg i€$%laig%18 whi ch includes the

PR F S ST eD o L defRrhihi AT Vartes of displ acement

dy emworﬂi?pt@@eﬁf@&oélé@kﬁd esgbbnasdodi spliacemeBlie at

force suitable for histological profiling of the type .
ACi of oy £dl SurfasaectBtBet pFoFFRedro2dt 20nsS At RefRBRT eSS 10N
' LN im18 or claim19, wherein said

%?5%%%%2ﬁ%%¥'5%%€ is contracted with a said plurality
of ddrsstret suwy facercdtactf pbset voaspebhsthcpkasabnty of the
is distributed Q§igll¥ @nd/0£ circunferentially of
S FYRTECDB AT et hod®of LaFSgnosi ng a condi ti on
mani fested by a histological abnormality in
bi ol ogi cal tissue adjacent a body duct conprising the
59 epsh otethyd prove HrHge@niapphe atlusS ack6Fli AgclBderathe
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of egaeitc py obbesp i oemennt actoet hehpehdantiatiispibaerent force
éﬁ%éggﬁglggéqgis%é §§fc§£ profiling of the type of biological

tissue to be profiled.

20. A method as claimed in claim 18 or claim 19, wherein said
displacement body is contracted with a said plurality of
tissue surface contact positions, which plurality is

distributed axially and/or circumferentially of said duct.

21. A method of diagnosing a condition manifested by a
histological abnormality in biological tissue adjacent a body
duct comprising the steps of:

a) providing an apparatus according to claim 1;

b) trans-ductally inserting the probe of said apparatus to
bring the periodically displaceable body of said probe into
contact with the- ductal surface of said biological tissue at
successive ones of a plurality of positions across said ductal

surface;



successive ones of a plurality of positions across
said ductal surface; WO 2004/049929 PCT/ GB2003/ 005217

WO 284/0)99%8ubj ecti ng sai d di spl aceabl e body to aP@EGBRWB005217
di spl acenent at an excitation2frequency bandw dth of

fyr O@ulajlé%tltr@ 200 Kz, s TreddmEnsddpkes | ngd i @did ess
t an | mm and ‘a displacement force in the range of
irsprhe@enemy tad @rNeétszletsattJ@rs fp%qqm%lkp%pmms%f from 1 Hz
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ross “s4i’d duct tori
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ti ssue surface contact positiaons to conpression b
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pgauc%q]%%st AL JLSRONSe Rlcdhe sdd ssue; across said

surface; g) conparing said generat ed
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r%%f& o% H H%%%ﬁggzéﬁi Q¥%§§§q§iq?V|n 1ons to compression
by said body;

10 e) generating a profile of the viscoelastic response of the
tissue across said ductal surface;
g) comparing said generated viscoelastic response profile
with viscoelastic response profiles of such tissue having
known histological characteristics.
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