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1 Apparatus and nethod for non-invasively measuring
digit volunetric changes Field of the invention The™
present invention relates to an apparatus angysm od
for non-invasively 5 detecting and/or neasumlmmmmmmﬂm
vol unetric changes of a digit. Background of
i nvention The synpat hetic nervous system has a K@fprso
role in cardiovascul ar honegstasis 10 and it S
to contribute significantly to the pat hogeneswgﬂmmmm""",mum
cardi ovascul ar di seases. The synpathetic nerv
systemis part of the nervous systemthat serves*Gpago*
g?art rate . constrict bloqd
pRaratus . d Tor, nen-invasively measuring diait Vol
densely supplied by synpathetic nerve fibres.
Vasonotor control is the action of synpathetic nerve
fibres in maintaining 15 arterial blood pressure and
~blood flow to different tissues depending on their
Fielibabihednvemtionef ore, a | oss in vasonotor control may be
used in diagnosing diseases associated with
[ t n ; ;
Th YRS Thlnuohl ot 16 drPparilus R Snetiaetd) Mikinvasively
deteating ahd/cOmeeasuringnedilmmetricschangestdierdigitet ry. In this
nmet hod, the surface 20 tenperature is used as an
i ndi cator of changes in skin blood flow, and infrared
i mages, in the formof thernograns, reflect the
m crocircul atory dynam cs of the skin surface.
Bakkgveund of theeinveation cal di sadvantage of this method is
that it requires an environnent in which the ambient

o BB G g € F9b TBRABObs i omoosas
andGt Apskars tBadmitEsutt Signifiedrily tor leepathdgenesis fof daegiplascular

~are used to neasure rel ative changes in flow vel ocj trx
disgagedr Hhdisympathetio/nenpHs system pe Partvel the paveug system that

seflds! 1392808 e s Qhe AL rate, constrict blood vessels, and raise blood
pressure. In particular, the hand is densely supplied by sympathetic nerve

fibres. Vasomotor control is the action of sympathetic nerve fibres in maintaining
arterial blood pressure and blood flow to different tissues depending on their
demands. Therefore, a loss in vasomotor control may be used in diagnosing
diseases associated with sympathetic nerve functions.

At present, there are several methods of assessing the presence of vasomotor
control. One such method is skin thermometry. In this method, the surface
temperature is used as an indicator of changes in skin blood flow, and infrared
images, in the form of thermograms, reflect the microcirculatory dynamics of the
skin surface. However, the practical disadvantage of this method is that it
requires an environment in which the ambient temperature and humidity are

kept constant.

Another method is the Doppler ultrasound. In this method, a Doppler flow rate
probe and an echo Doppler are used to measure relative changes in flow
velocity and brachial artery calibre respectively, before, during and after the
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application of an occluding pressure. The results
followng the release of the pressure cuff are
conpared to the pre-occlusion state. If there is
sufficient increase in flowvelocity and artery
calibre, the patient is considered to have nornal
synpat hetic nerve function. However, this test

requi res expensive 5 apparapus and speci alised
personnel, and is also very unconfortable to the
subj ect since the pressure cuff is very tight around
the subject's armor leg. Alternative apparatus and

oo 31 SSRGS 5 SRR e o o

pre3BdreV\€ufiBare4 E8hpatdtetei thel prOoEENISIbR Csthte. I IeftReeN ¢£)sufficient
The net hod descrl bed in these PCT 10 publications

inceaaser Nsew Malesitynand arissy: icalibiey the é?ﬁ'@ﬂé ipgonsiigeechto have

noffe, BFUFIE Ao, AR@2IBARRIST BRE 0 ol e
apmrams and dsﬂeﬁxa‘nsed personneleane isf alsol veny uhcm’n&)rﬁam;e tto the
streamt he occ Jon ressure; |nt t he
SUBIEE) STAe e EsseuTo s ey BERCAToBFHTG BUBIeRES ar ideo.
renovi ng the occlusion pressure to restore blood 15

Altér'ng‘ﬂ&/% gﬁgafﬁlﬂs 'aAdl Methdad] & he&SuriMevalmetric Fé’dl:cftl% of a digit

y nmeasurin chan es n pressure of
have @eencdasmmdcwml?égf ead:blloatwrae\/\é%tm{@%aéram W6) 98/04182

(el hsgtSiatd dix BrasBacer, “Ts oRYe Aatiiobh in these' pcT
puﬂﬁfa%%zcd)rﬁph‘sé%tﬁblylﬁgt hf detrREiiPpressirel lWEtrﬁééns of an

reduction o A 20 problemwi th th
oclppan sufstq 8 prmtevewdsmt of %aunarrle@ of t-_fmeatl@ﬁéo occlude

art zﬂhBIoBSt floWE ¢ geE\s fqh‘aepéf'ﬁnﬁ rh?n&r@%ée&s%l'uéﬁé} %qﬁ'efrﬂe digit

neasur enent anges ressure

dothtrethhé @trmhaolwameswrer mamtatmng hilee weeluding pregsure for a

whi ch create di sconfor a patient. Therefore,
predeterming i peridi remered fiweaomufgoa Prgeseofp restore blood

ﬂo@] 554 Ri¥itshing {i It of fve b r&Y@@f&mhgégﬁy%QaW@%nges
nmeasuri ng vo mstrl C ang of a
in gmpreasase oé aangidaxhamtmra:mmpctea to a detectmg chamber in which

the digit is inserted.

Accordingly, the method and apparatus described in WO 02/34105 and WO
98/04182 is limited to the detection of volumetric reduction of the digit. A
problem with this apparatus is that very small volumetric reductions might not
be detected due to the low sensitivity in the measurement of changes of gas
pressure. Further, the method and apparatus requires the use of a cuff, which
may create discomfort on a patient.

Therefore, it can be seen that there is a need to develop alternative and/or
improved apparatus and methods of measuring volumetric changes of a digit in

a non-invasive and accurate way.
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Sunmary of the invention The present invention
addresses the probl ens above and provides an efficient
apparatus, as well as a method, for non-invasively
detecting and/ or nmeasuring volunetric changes of a
digit. In particular, the nmethod of detecting and/or 5
measuring volunetric changes of a digit is indicative
of the presence of abnornagities in synpathetic nerve
functions. According to a first aspect, the present

i nvention provides an apparatus for non- invasively
detecting and/or neasuring volunetric changes of a

[ . - a detecting device conprising: 10
&M&%ﬂ&?ecei ving a digit or a portion
thereof; and - a jacket conprising at least a
Thé prédert ivemiohi ftireséey mdﬂpﬁdbﬁarﬁﬁ @lﬁs’@eé aﬁlﬂd?ﬁdi}'ﬁidsaéﬂf @fficient

are arranged such that when a liq aced
appafatyse @stwell é‘ﬁ aamath%ofw wenﬂamvely m&ec;tlr@ua@d/ps measuring

volgftiRd chgﬁ rk?l it. th ?ﬁﬁllérﬂrtp%eﬁwgmddq%f adl%é{}“ng and/or
neasurlng I'c c e device n
mepsuting umimmetrh:e qhange$ ofea dtgltons sadightiVeasht tike poesence of

of the | acket e of _resilient material. The
ab'i@fﬁ??i'gﬁs%W'HPé@%gg nerye YnciigR- chanber or at |east a

portion of the chanber is nmade of resilient material.

Ac&ﬁﬁﬁfgqbrbgfuts@ aépéétr H@bre%‘éﬁ?ﬁﬂenﬁ&? Ftﬁh@éé hﬁ\%gg‘é\’étﬁ for non-

onprise a liquid, which 1Is sea ed bet
lnvasiaalyaietacatmg md/pameasurmg vplumetdaichangesof aidigit compsising:
be 20 water. The neans for detecting and/ or neasuring

Ol I y be a sensor. In particular,
'a%yﬁéygg%@%p(?%ﬁgﬁggagensor. Alternatively, a strain
gauge may be used. In sone instances, a differential
pr esa chamben $orr reslyirigea diggicor al pédivartderepfianch furt her
aspect of the present invention, the apparatus nay

further c rise.ar ference deyice. In particular,
t he” ?@C@Pgng@pﬁ'ékﬂgc%t ﬁ%%’ao'@s"'gn}/ Sﬁ@nr ef erence devi ce
and may conprise a |iquid which exerts a constant
wherein the chamber and the jacket are arranged such that when a liquid is

placed between the chamber and the jacket, the liquid is sealed therein; and
- a means for detecting and/or measuring a volumetric change in the device.

In particular, the jacket may comprise at least a portion (of the jacket) made of
resilient material. The chamber may also be a resilient chamber or at least a
portion of the chamber is made of resilient material.

According to a further aspect, the detecting device may comprise a liquid, which
is sealed between the chamber and the jacket. In particular, the liquid may be

water.

The means for detecting and/or measuring a volumetric change may be a
sensor. In particular, it may be a pressure sensor. Alternatively, a strain gauge
may be used. In some instances, a differential pressure sensor may be used.
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pressure on the walls of the reference device. 5 In
particul ar, when the apparatus conprises a reference
device, the neans for detecting and/or neasuring a
volunetric change is a differential pressure sensor.
The liquid conprised in the reference device may be
the sane, of the sane kind or simlar to the liquid
conprised in the detecting gevice. In particular, the
10 liquid in the reference device is water. According
to anot her aspect, the present invention provides an
apparatus conprising: - a detecting device

rislnge. - el f [ Vi i Qi
A, T0 2 Tytgh BSBERCEL 8 ArBBENT IiBrBofi e dtpforug may
furthes icbhiphise P Féfepdticeaddlice. Ia particuldr, theéﬁrQn(téide{anUhdy be
i s seal ed between the chanber and the jacket; -
a rigigirafarenes sevicegand dvay sipmmpriseng liauid q'uhlehmem a constant
the walls of the
pre%éﬁfet(zr}@e&\?ygﬁé 8P{he '%rfdgréé%%eggfessure sensor for
detecting and/or neasuring a volunetric change in the
In particalay, when ¢he apparatog €omprises ss mferwwerdmdcéxytheheeans for
resilien ortion, of the jacket on the liquid in, the
defsghng ol dDPeSiTg: & JaMSEUE! oithes &S R aiifeterPl pigssure
sefdg#it, is 5 conpared to the constant pressure exerted
by the liquid on the walls of the reference device to

determ ne the extent of volunetric change of the
Theliligiuid compgisediipuharrefenreace rdaying mayehbe dheisame, of the same

il 5081\ I T BRECEs R RBELIE b, b i, e

liquid G tsb rFETRINCeIbvide iswateef erence device may be the
sane, of the sane kind or simlar to that in the

detecting device. In particular, the, liquid
According to “another aspect, the present’ invention provides an apparatus

comprising:
- a detecting device comprising:
- a chamber for receiving a digit or a portion thereof;
- a jacket comprising at least a resilient portion; and
- a liquid,
wherein the liquid is sealed between the chamber and the jacket;

- a rigid reference device comprising a liquid which exerts a constant

pressure on the walls of the reference device; and

- a pressure sensor for detecting and/or measuring a volumetric change
in the device;

wherein a change in pressure exerted by the resilient portion of the jacket on
the liquid in the detecting device, caused by volumetric changes of the digit, is
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conprised in the detecting device may be water.

Anot her aspect of the present invention is a nethod
for non-invasively detecting and/or neasuring

vol unetric changes of a digit conprising the steps of:
10 - inserting a digit or a portion thereof into a
chanber of a detecting device, the detecting device
conpri sing the chanber and g jacket conprising at

| east a resilient portion; - adding a liquid such
that the liquid is sealed between the chanber and the
jacket, wherein the liquid is added before or after

the s of inserting the digjt: 1 detect
cotmiers TR5h somEnd shesute: e by gt GHPHEF Vel of the
refgfe‘?fce dioWsteRfineQHe exter@F Vblimhétfic chArge b thiwdigithy
e aresilient chanber. In particular, the volunetric
changes are detected by a pressure sensor which 20
In particdles, theargesurersepsesisia differentiab arespure genel | i ent
portion of the jacket on the liquid in the detecting
devi c re | i, eul : tric changes are
In 8%%"88%5’0twgy&gn§)brég&s}é%¥ ggsag{]essgfre \?\/ﬁ?{%hBlgE in contact with
the liquid. 6 Alternatively, the volunetric changes
Fugther, thb digjuitl cospeised rimithe gefegenaehievice deay besthehsamesof the

in strain exerted by the liquid on,the resilien C o

sy Kgob ST 1 ke e Artpcling didvidey o prtiElian, the tiuid
f j i Uikl itees adding the liquid
coﬁﬁ?[eamg%?g%gﬂﬁgdbgﬂgxﬂ?)fggnﬁaytéfhe resilient po?ti on

of the jacket on the liquid in the detecting device .
Anotherraspest pf thederesent inventinreissa methadh iorgiaspinyasiyaty; defecting

the |igui I jvel v ¢ ri ' :

a5 mefiing Vohuigh BirgeS, of A BER coRrRH % 5tBfs o
portion of the jacket by the liquid in the detecting

- iﬂ@ftiﬁ? o @igithersa poftioen:- theteofrintoea chamiien of B0dékectingideyice, the
to a further aspect, .the st of det ec‘(i {1%

detectingr deyCce AOMmRISING the chamber and a Jacket Co

resilient portion;

%Toorlljs%)nrg at least a

- adding a liquid such that the liquid is sealed between the chamber and the
jacket, wherein the liquid is added before or after the step of inserting the digit;
and

- detecting and/or measuring volumetric changes of the digit for a pre-
determined period.

In particular, the chamber may be a resilient chamber.

In particular, the volumetric changes are detected by a pressure sensor which
detects changes in pressure exerted by the resilient portion of the jacket on the
liquid in the detecting device. More in particular, the volumetric changes are

detected by a pressure sensor which is in contact with the liquid.
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changes of the digit may be carried out by a pressure
sensor or a strain gauge. |In particular, the pressure
sensor may be a differential pressure sensor.
According to a further aspect, the nethod further
conprises the step of calibrating a rigid reference
device conprising a liquid to a pre-determ ned 15
pressure such that the liqugd exerts a constant
pressure on the walls of the reference device, the
step of calibrating the reference device being carried
out prior to the step of inserting the digit into the

Atsigatvay. the, oBfrmlE ChThesy HIE SetdligR N A shainiBgpfe which
detétishémaryesPire sEshesxBriRy b ahafuid onl thel Fediliert [Urtibhef the

~ presence of abnormalities’in 20 synpathetic nerve
jacketrnftthe detecting delyige. nal i ti es i ncl ude, but are not

limted to, polyneuropathy, in particular diabetic

TSR 4G ing SERAY cPBfRRek B FEER i e pressure
exdrisit be fife Fexiifers orticnef thedacketraradhet liquickin thendetegting device
According to a further aspect, the digit nmay be

reaghes Rl RIG-gteBrined RIAESWeep of 25 inserting the digit
into the chanber. In particular, the digit may be

Th%rs?t?ﬁ B a%@g e n&@ may hitghafigel§ '@APrive Ja&diwgitplépﬁgid until

y I'mersi In a quid. 7 Brie escription o
thef styainesxéitediran the lresitient pottimmadf dharjackejebythediquithdn the

apparatus of the invention. rgure 2 shows a
de@&ﬁ%grate}"@edﬁﬂg?%ﬁﬁ Rie:ge rﬂbn?‘gsga'ﬁarti cul ar embodi nent
of 5 the invention. Figure 3 shows a schenmatic

AcEbrRHPID At dipeke the RRIY bitdbtattirgjandlofpidastiringtvdtumetric
invention. Figure 4 is a typical calibration curve

changes oithedigit mayobe sgaiedeeyti biya piesswe senspaeaGiraiygauge.

in pbitBe 15 kislie BBYaPTmap b s Bfefn B S sRnapt "

after the induction of winkling of the digit tip
Acbomirghttoabofurtiey aseectpithe caethod darther comprises the step of

calibrating a rigid reference device comprising a liquid to a pre-determined
pressure such that the liquid exerts a constant pressure on the walls of the
reference device, the step of calibrating the reference device being carried out
prior to the step of inserting the digit into the chamber of the detecting device.

According to yet a further aspect, the volumetric changes of the digit within a
pre-determined period are indicative of the presence of abnormalities in
sympathetic nerve functions. The abnormalities include, but are not limited to,
polyneuropathy, in particular diabetic polyneuropathy, small nerve fibre disease,
in particular, idiopathic small nerve fibre disease, restless legs syndrome and

carpal tunnel syndrome.

According to a further aspect, the digit may be wrinkled prior to the step of
inserting the digit into the chamber. In particular, the digit may be treated with a
digit wrinkling cream or is wrinkled by immersion in a liquid.
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EMLA cream for 10 m nutes (Figure 5A) and 60 m nutes
(Figure 5B), the results were obtained using the
apparatus of the present invention. Figure 6 shows
digit volunetric variation neasured using the
apparatus of the 15 present invention, corresponding
to a respiratory gasp that causes reduction of bl ood
flowinto the digit. Figurey7 shows a nould to be used
with the present invention for nore accurate results.
20 Detail ed description of the invention The whol e
content of any bibliographic references nentioned in
the present specification is herein incorporated by
reference. 8 One aspect of the present invention
relates to an apparatus for non-invasively detecting

Briefrdéseriptidasfithenfigures unet ri ¢ changes of a digit
conprising: - a detecting device conprising: - a

. chamber for receiying a digit or a portion_theyeof;

Fighifel SBOWS 22 eliagaaticaRpRoSmAG: ofithe 2Baratus ot e yention.
portion, wherein the chanber and the jacket are

_ : i i _

Fiaffe 2 SRS ¥ LneRRUCIBH Ay dcaBiding To AbBRRAE B Hment of

thetineendion; and - a neans for detecting and/ or neasuring
a volunetric change in the device. In particular, the

PR3 S4RprE Mool hRIB g B g o

thedhegrtonng a | iquid between them For the purposes of
this invention, a chanber nay be defined to be an
encl osed . space rQPrJ a body comprjsing a cavity. Fo

. ; r .
FiguraaApisea typigal paliasationnglinse shewingeoUtpyt ¥oBRI@ Va@riag against
(greY Sl R \,ped as a tubular piece that is
volé‘ﬁr%uﬁa'ﬁg?r{ﬁéﬁ%iﬂ%ﬁqﬁngﬁega "bore to reduce its bore or
a case into which an object fits. In 15 particul ar,
Figures 8Agard SBishew thel weseits iof thd sepyenaotdigit wume that occurs
aftgiAe 15 ttion o VIRHING f the Gyl i bfsight b8t by T BRRREHtion of

EMLA cream for 10 minutes (Figure 5A) and 60 minutes (Figure 5B), the results

were obtained using the apparatus of the present invention.

Figure 6 shows digit volumetric variation measured using the apparatus of the
present invention, corresponding to a respiratory gasp that causes reduction of
blood flow into the digit.

Figure 7 shows a mould to be used with the present invention for more accurate
results.

Detailed description of the invention

The whole content of any bibliographic references mentioned in the present

specification is herein incorporated by reference.
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A jacket may be defined to be any exterior covering or
casing. For the purposes of this invention, the
jacket of the detecting device forns a casing for the
chanber of the detecting device, |eaving the cavity of
t he chanber uncovered. 20 In particular, the space

bet ween the jacket and the chanber may be filled with
a liquid, such that the liguid is seal ed between the
j acket and the chanber. The chanber may be made of any
suitable material which is sensitive to changes in
the size of the digit as a result of the volunetric

h th Lt :
ongaaesbef e AfesenimyantioR BRted i o apsdtfn s oy Beg, idavely
det\é@ﬂlrﬁ{‘ahélo?ﬂ{éﬁﬁuﬁngfvohﬁﬁéﬂn&ldﬁﬂng% oP idiginabmphigipg: or

position after bending, 9 stretching, or other

def ormati on. For exanple, the chanber nay be nmade of a
- a fpteting JevinesaMPrsSiNG: particul ar, the material used

for the chamber is elastic and has a | ow bendi ng

sti%%ﬁéﬁb@??’or@eﬁéf\/i@nge of&%bps’m%%amo\f .andie el astic

nodu I's in out 106 N n2 or |ower.
The elastic nodulus of a material 5 represents the

r el -aa jacket comprieiyy atfleaste resilient portidint hin the el astic
range and can be determned froma stress-strain

whiti She s Erirel, At et &b ufingbi, B it JER' & auid s
plaesadHebween tife shamber andrthe jpekomdee fuid & sealeditherelirg amd
pol yuret hane or a conbination of nateri aI s thereof.

10 The jacket conprises at |east a resilient ﬁ r
- 8 RReANIIoh §oLeStORARLGITBRaSHNG, A O BRI aBBs ih g dence:
is made of a resilient material, while the rest of the

In Jgaﬁt&gtag' the hé’r'n er éhHethB%bk’éi' e APShGY bh6h itRekdle chamber

aresili'ent material. The definition
andfthejacket areecapabie of sedlably dispaning ailigeig beiwesn thap.
suitable resilient material may be used for the

Fof fi6 pupones oh 5 fhEhiblice FRAN B bty e Befiiod R 68 a erttosed
spé&eol' %Odi&!y Béﬁ\pﬁshg% cbﬁ%'Fd?fexaﬂﬁpﬂétlh@I h/arﬂbelr malydye in the

elastic modulus. A material that is said to

form ghal sigeve, whereimatsiesveyis defiied %@cwbﬂ?é;fa%% thaj is shrunk
int8 ARGl BbFELS PAdRe¥s b6F'bPaNéhdelintd Which an object fits. In

particular, the digit, whose volumetric changes are to be measured, is inserted
into the cavity of the chamber or into the sleeve.

A jacket may be defined to be any exterior covering or casing. For the purposes
of this invention, the jacket of the detecting device forms a casing for the
chamber of the detecting device, leaving the cavity of the chamber uncovered.
In particular, the space between the jacket and the chamber may be filled with a
liquid, such that the liquid is sealed between the jacket and the chamber.

The chamber may be made of any suitable material which is sensitive to
changes in the size of the digit as a result of the volumetric changes of the digit.
In particular, the chamber may be a resilient chamber. A resilient material is one

which is capable of regaining its original shape or position after bending,
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original shape. Preferably, the elastic nodulus of the
resilient portion of the jacket is in the range of
about 108 N/'n2 or |ower, nore preferably in the range
of 20 about 107 N'nR or |ower, and even nore
preferably in the range of about 106 N n2 or |ower.
Exanples of resilient material that nay be used
include, but are not limtgd to, latex, nitrile or

pol yur et hane or a conbination of materials thereof.
The jacket may be of any suitable shape. For exanple,
the jacket is spherical to provide a uniformstrain

t .all fo th 25 Th f h
stréliB; oEBlneh et Tek sreMbiachenaaty iy e Hiiss of
er>é|'t5|€ rhat%nlaﬂqha:sarﬁéulhhethé&hét@hbnqsé*@vmcme Jﬁmnbemsl elaBiy and

suitable for the purposes of th

be an I qui e
hagpa mﬁendm@esttﬁr@ﬁs and glastia morulus. Preferalyyi tberﬁé@smemodulus

s el BBl A2 B, OB, BRRRE OB o

reprégBhitsl th@Velbﬁve’ldﬁFﬁﬁéd%eémermhmlaDhﬂh‘mefheaéldsﬁ@ eangeckad can
10 before or after the insertion of the digit into the

be detemined (fromp tsﬁfééﬁ'éﬁfa'ﬁ ﬁervle. byiicglculatingy they ratia of stiess to
s RlBREFIYSE i iy STRRD Sheehbd P oo oo

malyhise phade rdf atexe ifriten omlpzﬂyurpthariedes aa cdetbéredtiomg of materials
devi ce and/ or an apparatus conprising the detecting 5
thegRRfi ce according to the invention, wthout the

presence of liquid. The liquid may be added at the
Th%é&e?&oﬁm'bﬁs% at Féfasf BeeSfR¥MGSOItION d&écﬁﬁ&ﬂn@&o@ﬂfy é’é_lpect only a

asurin volunmetric changes of the digit
portioardféhe aauket fsemiadelofta resilient maderial: wh@e tha rest ofdlye jasket is
nce,.

F
i AMGRTANE Y 4% Grird iazker Rl B8 madio B o resiiin! RigiRrd The
defisitiGeiolth F88iRentbRiatER is e deasiisid abdvé hAnlya&hfﬁblé Qesilient
ensure that the Rearat us works efficient

maigrial ey Senesedb fordhedargitiens periopieiftthg Ja@kejlr%r .th@: purposes of
i RGBT HFAE e BETRACRABh B R |ARTRES £ REATRyel o
eladticityt andFrarloaxelaptie mddutusroanmatédal ttet iscsaid do deve hlgh Ievel
of g}?a%%glw |nsgone which responds to bending or stretching by returning to its
original shape. Preferably, the elastic modulus of the resilient portion of the
jacket is in the range of about 108 N/m? or lower, more preferably in the range of
about 10’ N/m? or lower, and even more preferably in the range of about 10°
N/m? or lower. Examples of resilient material that may be used include, but are
not limited to, latex, nitrile or polyurethane or a combination of materials thereof.
The jacket may be of any suitable shape. For example, the jacket is spherical to

provide a uniform strain at all parts of the jacket.

The apparatus further comprises a liquid, which is added between the chamber
and the jacket of the detecting device. The liquid may be any liquid suitable for
the purposes of the present invention. In particular, the liquid may be, but is not
limited to, water. The apparatus may or may not comprise a liquid initially.
Accordingly, the liquid may be added between the chamber and the jacket
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15 volunetric changes of the digit in the device my
be a sensor. In particular, the neans for detecting
and/ or neasuring volunetric changes may be a pressure
sensor. Alternatively, a strain gauge may be used.
According to one aspect, when there is a volunetric
change of the digit in the chanber, the chanber
conplies with the change i ngshape of the digit as a
result 20 of the volumetric change of the digit, which
in turn causes a change in the pressure exerted by
the liquid on the resilient portion of the j acket. As

o S e FEE S P8 e
is %&%J e e’ Sﬁﬁsfos Hennféa‘“sﬁfé@wcmﬁr[éﬂ iimer #wsehamber. The

ecrease o sure exerted by the resilient portion
chaxﬁbeheealadhetllcmlld imthe japket Acaesdinglyn dfee Presentjpuartignealso

oS 5 Rl HETb GRUGE L) BBaPhl o, B e

delife 265 fSRChve s Withoue the preseate oftiquid. dher |d ma
© |?e 'gmth in ! Y?}e char:beru thg chanmher Igo o Y

be\addledta’(éhe tieyef the usepbtherdeviee in detectirg anﬂg)rrfegaw"ng the
Volymftgggcéol%y%]eta{th%&&ﬁnge of the digit, which in turn

pressure exerted by the liquid
on the resilient portion of the jacket. As a result,

Thehéhdihbév Qn@rthehjecketsof treen depamtingodeviée trhay jhec kransparent for

changes. The chan [ ain_exer
comiamn g P eromeck ekt badRoy et e a8 et amoun
of gé{né' i b%frt%ﬁddéé‘ betedr trfél&t%mbéMném@;dtk@ﬁug ensure that the
ects contraction or elongation of the resilient
appardtuoworks efficigntiyket . An exanpl e of the apparatus of
this aspect is shown in Figure 3. Figure 3 conprises

det [ d 25
THR.Srbsae o B ssatod ebr el o Eh Hatee o o, i
ms‘séz{eec‘f intd thé d‘HahﬂSerSdmIs‘éB thel stfamBér toa comphs with thel v.l&ange in
, a second swtch valve 33 and a calibrati on ol ume

shhﬁeveﬁ the gigit. A/on qrampter the mepns fopslaieeting ABA{ofckgasuring
n; e e
SrARE bPeB TS50 ol 08 =P 1 4. gcuar, e
méé\@”ﬂﬁfdetéctrﬂyiendforaneasum@ eolumtetric ahan@e:bmagbbe a pressure
sensor. Alternatively, a strain gauge may be used.

According to one aspect, when there is a volumetric change of the digit in the
chamber, the chamber complies with the change in shape of the digit as a result
of the volumetric change of the digit, which in turn causes a change in the
pressure exerted by the liquid on the resilient portion of the jacket. As a result,
the resilient portion of the jacket expands or contracts accordingly. This
expansion or contraction results in a corresponding increase or decrease of
pressure exerted by the resilient portion of the jacket on the liquid. The change
in pressure exerted by the resilient portion of the jacket on the liquid is detected
by the pressure sensor.

According to another aspect, when there is a volumetric change of the digit in
the chamber, the chamber complies with the change in shape of the digit as a
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accommodate a digit of different shapes and sizes.
This will enable the digit to be tightly fitted

wi thin the chanber so that any volunetric change in
the digit can 15 be detected nore easily. For exanple,
the chanber is nmade of a resilient material. In
particul ar, the chanber should be flexible enough to
allow variation in the shape of the digit resulting
fromthe volunmetric changes of the digit. Further,

t he chanber shoul d not pose any restrictions on the
digit. Even nore in particular, the chanber is nmade

reofh YT S HhingS pERRRALE, TRRHIN By b8 4P e
preBsuref extieds by ehe Figuideorathtd fosiliomt papticrr of the jaekehds a result,
gi ven si zes accor kﬁ%’gﬁ’t o the size of the chanber.

theyiraig ahihe eesdlient nqf the H@,@geé c‘i\@nggﬁa}l’apl@ange |rr]1 strain
exééfé@?hstb@grgi‘lhehﬁ Riont Wﬁe |ssél‘étte§tetdh §ﬁaiﬂf ?iﬁﬁ‘e In

e neasur ed. er may ev e|n
parltloullar dhestdir gaage wedeets ihe Icenﬂactweew elangation ©fshamesilient

BT W B L B o U S b1 S HS owm
Flgﬂ?é Bi Fldl.ﬁé 3 écﬂ'ﬁphé’é&@tdé@dtlr@edé’«flce 2BYcomiprisiid @ jabRéte26 with

siZe to be able to forma casing for the chanber.
a regllm@mm B ea segitienttehambherrdtala Imlrﬂ@tﬂq,meﬂr@hawﬁ@m valve

and the resi,li
20 28 rbSsurer Atk fh, o Bebhid Witen' Hixé % Biho % 58ibitbRivolume
valve34ret llqmdcimrwﬂﬁed)betvl?@erﬂtm jacketl Zsfmwdithmghamber 28. The
essure exerted the 1i on the resilient
de&gtmg daviee Ais qoa@ﬁetedrt@sapge@m@auge ecordingly, it is
preferable 5 that the chanber and the resilient

Ac?zﬁr{dﬁ{qﬁ&p He LEHarhBEK§S l?\fadbh8¥ dﬁtﬁﬁfa'bikg rﬂﬁ’t@r&'ﬂ? td“fbée gble to

€ss within the range of about 1-10
acmmfnadatﬂ 9, d|g|hef differektnﬁwe%atwl sizen. This wdir@tahb& the digit to

o OB e A PGRFE S  p oc
bef ?&b@fed FrRJ"ree | Fori éxampRrt ahé athathbém ishasade [f G resilient

asticity, an O therefore a low elastic modulus, is

maieral, In hertucularl thentharober gfiuld loe fisxikla eneughderalioxt variation
in ﬁgﬁpaba@’ H@%ﬁiq}% ngdﬁt?gs WoRTBRE VoidRbiid BRaMbed dFahe digit.

Further, the chamber should not pose any restrictions on the digit. Even more in
particular, the chamber is made of a material with an elastic modulus in the
range of about 10° N/m? or lower.

Further, the chamber may be of any size. For example, the apparatus may be
given sizes according to the size of the chamber. This would enable a subject to
choose an apparatus comprising a chamber that better suits the size of the digit
to be measured. The chamber may even be in the form of a sleeve, wherein the
sleeve comprises an opening for the insertion of the digit. Accordingly, the
jacket may also be of any shape and size. In particular, the jacket may be of
any suitable shape and size to be able to form a casing for the chamber.
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hand, if a less elastic material with a high elastic
nmodul us is used for the resilient portion, the
expansion or contraction will be | ess, but the
measurenent resolution will be higher. Therefore, it
woul d be evident to a person skilled in the 15 art
whi ch type of material would be best suited for the
pur poses of the present inRgention. The area of the
resilient portion may al so need to be considered. For
exanpl e, for a higher neasurenent resolution, a

| arger area of the resilient portion is preferred.

Thé;inélfoerss Jfgﬁfe;rﬁg%‘giagpsé@?oﬁ’me {Wéo na ARH9E régﬁéntgxfdhlon of

e neasure 0 propor the are
thet Jheketeafféd:tenﬂwepeem';itivuty Afthe ucharhber madnthef jacket to react to

volGEHTE ShEoBs o he ST ok Bk SHRnEEc Ribssuia Srattedty He liuid
on 'tﬁé"?é’élhém pdraibn ofaRR! BokéthRspBBRittly.f REcstBi, 0% preferable

[ or neasurlng vol unetric changes nmay be @ sensor.
that the ghambeubnd theresientspertion of t eee@mts:fstbﬁmtectmg device

navEC e TR OREnBN IS ToRS Rt oh iEhenT MEYa PiEfarAgly. the
thu{ﬁﬁ%gﬁfé\ﬂﬂ'ﬂqq”é?gn a8t 6Lﬁslubgm9f vol unmetric changes of

Igit. In par I cu ar pressure sensor nmay be
in contact with the liquid. The pressure sensor may be
Theatypspof traterialecleesean forl ther resilientupiodian pf e jacketangybe an

. Alternative t he means for t ing. 13 an Uiastici

meaela B RGBT G RAmRIS o g, TBlem et 2, it Hentifry, and

theffoRCH PR RERTIC MbdUlS, 38 Ldked, e trbsilieésts pbitiont wnloekp@rm or
of the jacket as a result of volunmetric chang

contrast maje tfreehis aly dhe measyermeantyeselytiaa il be |QWBérQ6r'ﬁhe other

harfd‘ |\‘|ae‘fjeésnel#ﬁcaﬁ1taté4’fal c\pltHT%a'ﬂgqnﬁ %Fac?t'g ﬁl\%ﬁﬁgfs' @u@@?l f3F the
metric changes ou e used to sul a

resment ponioar threeekmahsidn debenﬂraat@n\/willmetestspbuhﬂuegaeaerﬂrement

resplfiogetil beiigRelndhare e duVPE b6 e0a8te:a ParaoRakiied in the
art WhicrP g/ p%oé‘fnﬁl%iﬁ'ijaltv&b@d I‘Ue%é’s?%?:‘ite%bﬁfhélbmlﬂo%% dffiBe present

out put™ fromt nmeans for detecting and/ or neasuring
invantiai.unet ri ¢ change and

The area of the resilient portion may also need to be considered. For example,
for a higher measurement resolution, a larger area of the resilient portion is
preferred. Further, the range of the volumetric change that can be measured is
also proportional to the area of the resilient portion.

Any suitable means for detecting and/or measuring volumetric changes of the
digit may be used for the purposes of the present invention. For example, the
means for detecting and/or measuring volumetric changes may be a sensor. In
particular, the sensor is a pressure sensor to detect changes in the pressure
exerted by the resilient portion of the jacket on the liquid in the detecting device
as a result of volumetric changes of the digit. In particular, the pressure sensor
may be in contact with the liquid. The pressure sensor may be an optical,

electrical or mechanical pressure sensor. Alternatively, the means for detecting
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10 converts the output into a change in volune of the
digit. According to a particular aspect, the
processor is connected to the pressure sensor to
convert the pressure exerted by the resilient portion
of the jacket on the liquid in the detecting device
to a suitable output which can be used to determ ne
the volunetric change of tBe digit bei ng neasured.
According to another particular 15 aspect, the
processor is connected to the strain gauge to convert
the strain exerted on the resilient portion of the

andg@pﬁgég@(%cﬁ 88|UH&HJ: @h%ﬁ%é’s\/ gr’{Q n@%’%%t% ge\’l’a o‘éhtfb(ﬁ%anges

eterm ne Fic ch

in hiegblrainebhghe mesitient ghortfarr of thepjaeket las au:tqsutt ofayoluenetric

inth formof an electric voltage output signal. The
Cha@ﬂ@‘é@ié’?ﬁ 9y be an out put vol tage indicator. The

el ectric 20 vol tage out put signal may be converted to

Ho@eV@afitUW%qu behangent tb é%é&ﬁanoéknuetdwm thediakt Whicks mang for
calibration curve show ng the rel ationshi p between the

deteetinga@ndien peasiiriggavolinmetiiol changesc sbauldgbe paed tige suit a

parfihUBF HElndof S8ieBhg RaupidtiE Bhades SRt 2 10

or a toe of a foot. 25 According to a further aspect,
Acddrdingpteamafurtheragspaptpthies enearso fdrddeféotingraridior mgasuging a

used for resting the hand or the foot c ri J,n t he
volyingtric shangp mayabe cannest fedcl 2 roFRssoE bR LSS fae output

frofll tHd ‘mESs %?‘@t@ctlﬁ(%ﬁ%ﬂﬁwed&\’ﬁg‘eﬁt§ol9fnettrh@ éHéi\'gb and
may

ring about ary changes 1h the shape of
corvertdi thet outputnigitega acttmmeciraw@hunenofpnﬂm;wglé é\f;eatcmg to a

parfleh b e Rip BRob, B gl P ool nde ' drver
theVQr'e‘éﬁ@ief brert6d HyoPe Rsiliche P@Hﬂirt of teepaokiet onhite uqmu dn the

not be a true indication of a volunetric chang

deteptinglidgvice Toiea guiiable pHtpUgvhichoeAR %MS@dM%udm%r@Ine the
n C
ol 581 L S R VG AASER B AR pertcer
aspbcml th&prdt@sﬁﬁﬁwbedneafbd tEﬂDtHedsimam daugd tcarnonsrbetp’the strain
and size so that it it fnthe nd or ?

exgsted AR theJesiligpt ﬁertr%'aeﬂ hegiacket Piahe iabid fp@ suitable output
which can be used to determine the volumetric change of the digit being
measured. For example, the output may be in the form of an electric voltage
output signal. The processor may be an output voltage indicator. The electric
voltage output signal may be converted to a measure of change in volume of
the digit by using a calibration curve showing the relationship between the
voltage output signal and volumetric change.

For the purposes of the present invention, the digit to be inserted into the
chamber may be a finger of a hand or a toe of a foot.

According to a further aspect, the apparatus may comprise a mould. The mould
may be used for resting the hand or the foot comprising the digit being
measured to reduce the movement of the digit. For example, excessive

movements of the digit may bring about momentary changes in the shape of the
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may be nade of any suitable material such that the
mould is able to resist the weight of the foot or
hand without breaking. An exanple of a mould is shown
in 10 Figure 7. According to a further aspect, the
apparatus may further conprise a reference device.
The reference device may conprise a liquid, wherein
the liquid in the referen@a device may be the sane,
of the same kind or simlar to the liquid conprised
in the detecting device. In particular, the liquid
co?prlsed in the 15 detecting device and in the
referenc elny

gl priteiBd FoDRY Hfingds T BrebSUR, bhatd by 8 robibht porton of the

jackétdsh thé hatidnmythbedeteetthg ﬁewce hanqbdtnepreﬁcﬂe indlicating volumetric
present inventjon, such as,

chriges afdhe digle éslqy\eﬁmeéethfsawows %Ptrhegﬁ' : yupdraBaRL opdYolimetric
chaﬁ%&)h ﬁ*ﬁ;?@ H%{?ﬁfé)ré"h ddtﬁd WSRO Shiftithiser ﬂﬁeséff@cts of

ere ere evice. Any suitable 2
dlgitlrﬁowm‘nemyorh)dalwsletbotnontdm!/mretheaelmr@mem\nfdbe volumetric Change

o G B G Bl gy SRS S 6 o oo
mayodé{tﬁtréétcthéhﬁkﬂieoﬂ foot Bf—’théed’PIt Q:ewtr%méaeummm the mould

tecting device, as wel e reference d
majclom miidegot any suitaklgavateriehsueke #iat thermawddsa fo resist the

e Ein ST Bl 2 RGBSR T 8 i shown

Figi®@yor . Even nore in particular, the pressure sensor
Is a differential pressure sensor. Wen there is a
change in the pressure exerte

Acperding P adu rtf\ﬁé ajsaeckte{heb ﬁppﬂr@%ﬁ ﬁmtygﬁjqurl']\%? 'ﬁ:{g'ﬂfp&{sgce Iroﬁfgrence
degiﬁe' ?ﬁg%f&eh@é ‘Hetwc%f & aCliquidhaREerem théthwd in the

measur e IS C ange I n pressure IS
refecemmr ddvn:e mag b%trmsamtofﬂhes@me king o sdmiiar tpdhe liquid

ol R0 ol AL SRR 8l By n o

defédmhg déneersid o tAe aremehcstdeaﬁceawem satno diggoict. aThes liquid
or non-invasively detecting and/or peasur

comyirisedtin itoe céference deviee may be @@yrﬁqltgg@ I|qU|d tﬁ’at may be used
for the purposes of the present invention, such as, but not limited to, water. The
reference device may be a rigid reference device, comprising a liquid which
exerts a constant pressure on the walls of the reference device. Any suitable
liquid may be used in the reference device. In particular, the liquid in the
reference device is water.

The means for detecting and/or measuring a volumetric change in the device
may be connected to the detecting device, as well as the reference device.
According to one aspect, the means for detecting and/or measuring a
volumetric change may be a sensor. In particular, the sensor is a pressure
sensor. Even more in particular, the pressure sensor is a differential pressure
sensor. When there is a change in the pressure exerted by the resilient portion
of the jacket on the liquid in the detecting device as a result of a volumetric

change of the digit being measured, this change in pressure is compared to the
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5 - a detecting device conprising: - a chanber for
receiving a digit or a portion thereof; - a jacket
conprising at least a resilient portion; and - a
liquid, wherein the liquid is seal ed between the
chanber and the jacket; 10 - a rigid reference device
conprising a |liquid which exerts a constant pressure
on the walls of the referenge device; and - a pressure
sensor for detecting and/or measuring a volunetric
change in the device; wherein a change in the
pressure exerted by the resilient portion of the

o e s B AELI8 A5 o o
detbFain@i the texterst of dng avkaehdtric thangeosthendigipr essur e

exerted by the liquid on the walls of the reference
devjce to deternine the extent o

ACTHIGe 0@ PREHR Bsbatte 35t E0DaTRuS dRE HoTsEyaBely detecting
anc?/é?ﬁ‘%%%ﬁﬁn%@oﬂﬁﬁ&ri&t@:ﬁaﬁ@é@%? hfgifl€drhphsedd the 20

erence device. In particular, the pressure sensor
is a differential pressure sensor. The apparatus nay
- afdetadtiog deyigsr ¢ayepesipgocessor. The processor is
connected to the differential pressure sensor to

conver | R,p{.qe 46N xerted by the
resi icéﬁmpéﬁq%ﬁéo ﬁg@g@%?&g%ﬁﬁhgrqcﬁqui din the
detecting device 16 and the pressure exerted by the

| i qua jacket comprigirigsatdéastreerasiient padiongandce to a

sui tabl e out put which can be used to determ ne the
extenlt]. ofd vol umetric change of the digit being
nmeas8r'@H'% For exanple, the output may be in the form
of an electric voltage output signal. The processor

wheEsin lBige Buia Ué Bhledddtween ithel chainber ahd Tejaekett ri c
vol tage output signal may be converted to a nmeasure of
- aﬁrﬁﬁ& 32@{58%%@2{?@8 q%&mérﬁgmq éﬂ%c{bllé) Y/vhlilgﬂ gger?s %aclxl)nbsrtaartlt' gr%ssure

on the walls of the reference device; and

- a pressure sensor for detecting and/or measuring a volumetric change in the
device;

wherein a change in the pressure exerted by the resilient portion of the jacket of
the detecting device on the liquid in the detecting device, caused by a
volumetric change of the digit, is compared to the constant pressure exerted by
the liquid on the walls of the reference device to determine the extent of the
volumetric change of the digit.

The pressure sensor may be connected to both the detecting device and the
reference device. In particular, the pressure sensor is a differential pressure

sensor.

The apparatus may further comprise a processor. The processor is connected
to the differential pressure sensor to convert the difference in the pressure
exerted by the resilient portion of the jacket on the liquid in the detecting device
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bet ween the vol tage out put signal and vol unetric
change of the digit. An exanple of an arrangenent of
the apparatus of the present invention is shown in
Figure 1. Figure 1 shows a detecting device conprising
a digit. 10 Accordingly, the pressure exerted by the
liquid on the resilient portion of the jacket of the
detecting device at a partiiqgular point in time is P2.
This pressure w |l cause a correspondi ng pressure
(P2") to be exerted by the resilient portion of the
jacket on the liquid. The liquid in the reference

o4 G312t BT RS BRI 1 OB, B Ry Lo oo

suitabfnsiiput adhidrocam eeasegian, dewnnmhetthe@xmsuﬁ Ivemmd;telc change

di fference between the two ssur.es &1 %3
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elegfrifcf\/i‘ﬁtsgé%u C&g\%@é%{)meﬁ Oll’hg tr?ﬂa‘: %g %fté@@' ifdcator.
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betWe%'nGEhé%ﬁ Tﬁ@‘é@tﬂﬁ‘é‘lgﬁ%l andWeluietrig dhiahbl df ftlhé @it th a

[T quid e reference device 1 is equipped with a

liquid |nI et 16, a first switch valve 17, a pressure,
Anexaraplecofana arrargesnentsaf the apratatus ef fhﬁepquéﬂbﬂ%\fﬁ!‘é'on is

Sh(g@w'ﬁeﬁbuﬁrﬁg'a@%%egostrp%(\e"%t %:r Eéﬁcﬁﬁg appar at Tprsing a digit
Ac%l’d’i)fglﬁetheapr@ebem eR@rteld \biycthe2liquid ngir thn mgsmelﬁSpq)mohemf the
jackel ol fhecopierting Havids st 2 Sarticlan et i §iSeyis P4 This pressure
W|IP6$E%U5 %oY@BﬁSn%ﬁﬁéﬁsgﬁﬁ%r@ﬁ%t K& exaht¥g b%]thé%sﬁﬁent portion

ation liquid 7 i's f
of thet jacket oméhe liquidt Thediawid iretheneaferance. devive: eueﬂ%@t conptant

preésaties P 208 e el hl Bk réteteite. bayif o Plodurdé BrEdb o2 are
traR§MERI tb the dehsbrWhieRNAES heshsubed tHe/ diffepdrResbEtwen the two
whi ch conprises a signal anplifier 9, an output

prassutesydi.endZ-4t19r Anutpul, ypttage - GITRRONGIN, etpt this 1pressure
difAPEh & s BHENEQY RhiFEIndLAPIsB6riBHed BY ehns BR&%onkerter into a

volumetric change. The same will be further described in Figure 2.

Figure 2 shows a more specific arrangement of the present invention. The
apparatus in Figure 2 comprises a rigid reference device 1, which is fully filled
with a liquid 2. The reference device 1 is equipped with a liquid inlet 16, a first
switch valve 17, a pressure valve 19 and a second switch valve 20. The
reference device 1 is connected to a differential pressure sensor 4 through a
connector 3. The apparatus also comprises a detecting device 23 comprising a
jacket 6 with a resilient portion 13, a resilient chamber 8, a liquid inlet 14, a first
switch valve 15, a pressure valve 18, a second switch valve 21 and a calibration
volume valve 22. A liquid 7 is filled between the jacket 6 and the chamber 8.
The detecting device 23 is connected to the differential pressure sensor 4 by a

connector 5. The differential pressure sensor 4 is in turn connected to a
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The use of a liquid between the resilient chanber and
the resilient jacket of the 5 detecting device
enabl es sensitive and efficient detection of
vol unetric changes of the digit being neasured.
According to a further aspect, the apparatus of the
present invention nay be a portable device. The
detecting device may al so g di sposabl e such that the
detecting device is disposed after use to nmaintain
hygi ene and prevent the 10 rupture of the chanber
and/ or the jacket. The reference device nay al so be
progéé&qwmictﬁgﬁﬁéﬂbé‘g gl @ﬂﬁé‘lc’%rlﬁ?ﬁﬁ&%’,e&ﬁ oulpgift JYita§&"hdicator
rAventTon providés a netnod Tor non-" 1nvasively
10,02 veithgeryohumié @onrersudil nand anuoetput vokinaenglisplay sad control
diqit conprising the steps of: 15 - inserting a digit
pang! a-portion thereof into a chanber of a detecting
device, the detecting device conprising the chanber

Théli€e SzfjaQHtﬁd PERIESH fid fbshfent BRSIbRr ahBXhbireSilieMOBEKEIGF the
- adding a liquid such that the liquid is seale

detbeting:devich @nahlesbsansitive andkefficiark deteclivarafivielumetric changes

Lgui.d i.s added bhefore or after the step of inserting
Oftk‘ﬁg}@?ﬁ?lp? MSBURY: - detecti ng and/ or measuring

volunetric changes of the digit for a pre- determ ned
Acqurdingcto d figrthvdreadpect,the dppanatis affthampyesenttinbértion may be a
mat erial which js sensitive to ?hal%g_eaisi n the size,o
i

[ f
portakle figyige. akhe, delagiing deviee dnay s PREARYESSUAN that the

ey C ) _ _
defBbifg jdstieo, b, Bposell Mer, botf (FARGRAIN"YGio Sand preyent the
ruptureesf theechambentaad/orAthecjpickete Mhereaferdrae devicmemaniatso be

R capable of regaining its original shape or
deB?&ﬁ?on after bending, stretching, or other

def ormati on. For exanple, the chanber nay be nade of a

Acéér@lﬁ%icﬁan&ﬁbﬁhbpéct, the prsdeint invhtioh ligovidesrd alethisedor non-
~ for the chanber 1s elastic and has a | ow . .
invasively detecting and/or measuring volumetric changes of a digit comprising

the steps of:

- inserting a digit or a portion thereof into a chamber of a detecting device, the
detecting device comprising the chamber and a jacket comprising at least a
resilient portion;

- adding a liquid such that the liquid is sealed between the chamber and the
jacket, wherein the liquid is added before or after the step of inserting the digit;
and

- detecting and/or measuring volumetric changes of the digit for a pre-
determined period.

The chamber may be made of any suitable material which is sensitive to
changes in the size of the digit as a result of the volumetric changes of the digit.
In particular, the chamber may be a resilient chamber. In particular, the

chamber may be a resilient chamber. A resilient material is one which is
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bendi ng stiffness and el astic nodulus. Preferably, the

elastic nodulus is in the 5 range of about 106 N n2 or

| oner. The elastic nodulus of a material represents

the relative stiffness of the material within the

el astic range and can be determned froma

stress-strain curve by calculating the ratio of stress

to strain. The chanber maygbe of any suitable

materi al. For exanple, the chanber nmay be made of

| atex, nitrile or polyurethane or a conbination of

materials thereof. 10 The jacket conprises at |east a
ent ort t
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defihitipn. ofTaerestianb enaterial ishes Jcmszebe@fahqve d’e%éwt#@}e resilient

devi ce be t
mesHAGIEY B Septifar BB fellaoh PoridT of B BeKBERT theYurppses of
thé"’m}éfhttmﬁf In EﬁﬂlbdldrstH%ewersﬂleaﬂﬂedldmedbfvmer]aclkm mmaaungh level of
et to ensure that the ar afus wor k

and th
elasticityiasata o elastamesuseh MateRabiahis 36, {0 Bge.a high level
ofgeﬁéﬁ C|t2||§ PEhithl & an&Q“‘tS'ﬂ?h@ﬁ{geoﬁ sﬁbﬁ:‘h‘ing 9? returnlng to its

a 85 andrs| zes. This Wil enab
ortgmélaaﬁapy‘ltﬁ’mférablyedhw glastic modulus of the resment portlon of the

jacket is in the range of about 10® N/m? or lower, more preferably in the range of

about 107 N/m? or lower, and even more preferably in the range of about 108
N/m? or lower. Examples of resilient material that may be used include, but are
not limited to, latex, nitrile or polyurethane or a combination of materials thereof.
The jacket may be of any suitable shape.

The chamber and the jacket of the detecting device may be transparent for
convenience. For example, it would be convenient to note that the right amount
of liquid is being added between the chamber and the jacket to ensure that the

apparatus works efficiently.
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t he chanber so that any volunetric change in the digit
can be detected nore easily. For exanple, the chanber
is made of a resilient material. In particular, 5 the
chanmber shoul d be flexible enough to allow variation
in the shape of the digit resulting fromthe
volunetric changes of the digit. Further, the chanber
shoul d not pose any restriq@pions on the digit. Even
nore in particular, the chanber is nmade of a materi al
with an elastic nodulus in the range of about 106

N nm2 or lower. 10 Further, the chanber nmay be of any

T ERArGERly FERRe phRBRAGP g S eSS a i

of differieht shapepadisizes. Thim%leemblennewguum b@ Ifgh'tlyz ifcttgd amthm
chanmber that better suits the size of th to
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eas;ﬁk.epéheex% l€itA td?ﬁm%rﬁ?%ﬁa&@@Prd r%‘asﬁ n‘i’ﬁ%ﬂég% gﬁ(rtlcular

e I nsert on 0 grt. Accordi ng
thermt;anabaosfhmld;fbeaﬂembleapeo@g’rd tgiallow Vanqjmnt mctheashape1@f the

digt 35 ing o S valftrto s, RLABE Ao irfar, g Soamber
should tridg ﬁ@éee%'nzeré&rﬁﬂld‘ngfoﬁ hecaRd EvernthdrBein %‘él’tﬁduﬁﬂ’t the

portion of acket affects the sensitivity of the

chagnRerie magriot ﬁ@qtﬁﬂﬂbﬂlth anelastic modulis|inithe rangecofakpus 10°

git and the change in pressure exerted by the
N/q?f F|B§/e§0 on the resilient portion of the jacket

respectively. Accordingly, it is preferable that the
Furg’femtifer cmgbehmayeaéldf eamly sﬁm L F@nexzfmpllee tljaaabparams mhm/ be
etectin Vi ave a thic n
Q'V%élﬁasf“?%@f E%V@ %JF%PZF'}PO?*‘ m We W@HW@ @at?lg a Su'f’lect to
chdsl i b al A EmpliaRu kbl el DEUEL Bl el PRu digi
to bfsmeasum! anhte cmbmaweaenmgnjthem ofig sieeve; wherain the
as . an filling

sled 3 (BBl AR-oneting 187 1 abskrfibn ot tel pdif"dadtebinGly, the

jackstundy kftso dadetaRy sHap8GNY Sivé) ngpaﬁmdla’ri tieeficket may be of
arrangenent, wherein the needle is 20 injected into

any sidtabie share and sizere kaahlsde fam at¢?§"’}93f§’r(é'ﬂe shambee
liquidis

The thickness of the material used for the chamber and the resilient portion of
the jacket affects the sensitivity of the chamber and the jacket to react to
volumetric changes of the digit and the change in pressure exerted by the liquid
on the resilient portion of the jacket respectively. Accordingly, it is preferable
that the chamber and the resilient portion of the jacket of the detecting device
have a thickness within the range of about 1-10 um. More preferably, the

thickness is within the range of about 1-5 um.

The step of adding a liquid may be carried out by any standard method known
in the art. For example, the jacket may comprise a valve which may serve as an
inlet for filling up the jacket with the liquid. Alternatively, the liquid could be
added by using a syringe and a needle arrangement, wherein the needle is
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rel eased fromthe syringe. The |iquid my be any
liquid suitable for the purposes of the present
invention. |In particular, the liquid may be, but is
not limted to, water. 5 The |iquid my be added
before or after the insertion of the digit into the
chanber. According to a particular aspect, the step of
adding the liquid is carrigpd out after the step of
inserting the digit into the chanber. Further, the
step of adding the liquid conprises adding the liquid
until the pressure exerted by the resilient portion

- he j.ack | j,qui ' g
niedje HipuPe1eer Beies b slpirBRE 4R e lerae B R fouia s
reléa’SeUfTﬂgrﬁrthebFlﬁﬁgé_h_e step of detecting and/or

measuring volunetric changes of the digit nmay be

Th g ma poamon S ireBle fr 8 AUBcsen e hecteSfgy invention.
In ﬁli&%h e ﬂggfg%aﬁé%ﬁi i@%o‘(ﬂhﬁ‘t@ﬂlttb,i wafghanges is

osen or u to'suit a particular nethod of

detecting volunmetric changes of the digit. According
The diguidl nyarhe edded befpes tor aﬂexothﬁrmsqrgomin@\@ gigit fdo the

digit det o . .
cndthifer, ARPasg g i 2 bBRick by Afhe ) e, Yot 1 Adkifl AR AGG 1o
cal’r’lﬁb wmbnb?tr@haeggﬁ;inéamngamt;ﬁ,intbhnev:hbmnetrr Farther, the step
o oe i i SRS oo
re Afé‘ﬁlfﬁért@?\ ofttHE I;éél&‘t' ol th? Iigﬂﬁ RSERES E\Rﬂ Sfe¥épfined pressure.

CoOPATSGN S B AR 85 'OF "detectng andlor 20 measuri ng

vol unetric changes of the digit may be carried out
It wauldh be esddertdrto al perspaskilledlimthe artdhatethemtepaf deteciing and/or

I ess or. Ex I f. '
e AN ETREE!sneRSRe e AT U o R A Whavi
meHRe fJraHEIREtIhG AHEIEE Wheasurigt 98lubetfib echarRieki afe means for
portion of the jacket on the liquid in the detecting

detgeting cand/er mreasyingavelumetijc changsa g cosaNsprapeedto suit a
| A eqinha i
oobf i ol bt Soul el Tlhot(r 4R0Bl AR o =
paftitargespett, theoldngsttic charge lnfitiye sligihmaydses detected: in the form
detected by the pr essuge sensor. 21 . .
of pressure changes measured by a means for detecting and/or measuring
volumetric changes. For example, the volumetric changes of the digit may be
detected by changes in pressure exerted by the resilient portion of the jacket on
the liquid in the detecting device. Accordingly, the step of detecting and/or
measuring volumetric changes of the digit may be carried out with a sensor. In
particular, the sensor may be a pressure sensor. Examples of pressure sensors

include optical, electrical and mechanical pressure sensors.

The changes in pressure exerted by the resilient portion of the jacket on the
liquid in the detecting device are brought about by the changes in shape of the
chamber in order to comply with the changes in the shape of the digit as a result
of the volumetric changes of the digit. The changes in pressure are detected by

the pressure sensor.
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According to another particular aspect, a volunetric
change of the digit may be detected in the form of
changes in the strain of the resilient portion of the
jacket by the liquid in the detecting device. The
changes in the strain of the resilient portion of the
j acket may be neasured by a neans for detecting and/or
5 measuring volunetric chamges. Accordingly, the step
of detecting and/or neasuring volunetric changes of
the digit may be carried out with a strain gauge. The
changes in strain of the resilient portion of the

Rl S b ke MRV R oy o
detected On dhel éorn of clmmjes inithe striain oﬁﬂtmgesmbnt Egﬁloglft&mﬁe(}écket

he, . di.gi.t t of t
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porfibh 2 thedJaigiet MayPBE! hiddsafed Y aSh{ res @%té&.ha%lﬁd/or

the contraction or elongation o
megsitingo rvohimetiis jcharges. ﬂﬂ@ordmgiyd they stepr tdiedetampm and/or

mogplfit, POl gfe ok ot i Bl M bRot TR Chu Bl postrai

gaugeanpl e, the pressure sensor may be connected to a
processor which utilises the output fromthe pressure
sepnsor and converts it into a change in volunme of the

Theychganges i stiain ek thearesiliand porlien: ot dre iacked Myctheckinuid in the
det%&}ﬁﬁi&@ﬁéé‘.r e DIOTENt dudut Q)S/Vtﬁétcﬁatﬁggﬁ A %ﬁéH% eofelrﬁg rcthgg\ber in

e resilient ortion of th et on
orden ta compyamith thee obamgas ishtheh sbape loé the edigit @ -sdatresuht o the

h | h f the diqgit,b
oG R s U B BB g
gad@eOCFﬁ%ﬁa\@f culdfithB stidin 'g%%?etdlﬁeéﬂétﬂ%t céﬁtPéEt’bHeotSéFoﬂ Btlon of
e and converts it o a change in vol ume of

thedegﬁent npastionof theujagket. t he processor is connected to
the strain gauge to convert the strain of the

T e P e 855158 i o

stranm Ichange Imioca’n aregsued of helumbtde ichbege! gFoieeﬁamplé tHé@@ressure
be in the formof an electric vol

ser3gt (Y Seyramnectag 193 UOCeSarmyIER UilisGst et OUBHE digen the
prebﬁﬂ'bcééﬁéor 4Rg 8bMfdrfs & into a change in volume of the digit. In

particular, the processor is connected to the pressure sensor to convert the
pressure exerted by the resilient portion of the jacket on the liquid to a suitable
output which can be used to determine the volumetric change of the digit being
measured. Alternatively, the strain gauge may be connected to a processor
which utilises the output from the strain gauge and converts it into a change in
volume of the digit. In particular, the processor is connected to the strain gauge
to convert the strain of the resilient portion of the jacket on the liquid to a
suitable output which can be used to determine the volumetric change of the
digit being measured. The output may be in the form of an electric voltage
output signal. The processor may be an output voltage indicator. The electric
voltage output signal may be converted to a measure of change in volume of
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vol tage output signal may be converted to a neasure of
change in volune of 22 the digit by using a
calibration curve showing the rel ationship between the
vol t age output signal and volunetric change. As a
further aspect of the present invention, the nethod
conprises a step of <calibrating a reference device.
The reference device may be2a rigid reference 5
device, conprising a liquid. Any suitable liquid
descri bed above nmay be used in the reference device.
The liquid conprised in the reference device may be
¢ B of . L i ar _ D i

the 38t BETRing o ERySHE, U6 Siohd i rhidrahip \dékheen the

voltagemutpetssigmaltans valbmetniocehategs. ce may be any suitable
liquid that may be used for the purposes of the

' ' h : T
A . L s el bl e R vl g mpetBuct dtiptoss.ige of
calibratife hrefiteAce dRVicee The rf@recd ledids Mty bé &s sigidereference
such that the |liquid in the reference device exerts a

deviem omprising adiauid. Ayt sitahig liquidideseebed mboygdaay be used in
. | oy . ol . . -
e s R THENE cob DRSS RS RReNs GBIERTHag o e
sambawbehe odarha ekinét @rc sinnitardiev thee liqald  Pomipeisad| i, thehdetecting
deies ot beiid goimisain e cefbiniss Hovienahay beafesiitable liuid
L . ; .
e 50 18 Pk e o),
detecting and/ or neasuri r&%yvol umetric changes of the

Thelisten obealibgatingathe exierenise devinescaroprizrs ealinrating e mference

sofE T8 LA oSBT I L BRI v

exdry hi ifsidint prieesumaos the wallst efcthentefensicerdevies Uni particular,
vol umetric changes is a pressure sensor connected. to

UNetric ) ( d t
the; palibyatier is repriedi ot BHRr thdhe step qicibsaeinacthe gigi into the
chéﬁb@ré)ﬂh Qfétéétﬁ@ Gbvicé differential pressure sensor is
connect eg 0

detecting device and the reference
devi ce. 25 According to one aspect, when the digit is
Préfacably,etihei prassure exeraateby thelliguist oncthe walls of the reference

device is made equal to the pressure exerted by the resilient portion of the
jacket on the liquid in the detecting device prior to the step of detecting and/or
measuring volumetric changes of the digit being measured.

The means for detecting and/or measuring volumetric changes may be
connected to the detecting device and the reference device. In particular, the
means for detecting and/or measuring volumetric changes is a pressure sensor
connected to the detecting device and the reference device. Even more in
particular, a differential pressure sensor is connected to the detecting device

and the reference device.

According to one aspect, when the digit is inserted into the chamber, volumetric
changes of the digit causes the chamber to comply with the changes in shape
of the digit and thereby causing changes in the pressure exerted by the liquid
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changes of the digit causes the chanber to conply wth
the changes in shape of the digit and thereby causing
changes in the pressure exerted by the liquid 23 on
the resilient portion of the jacket, which causes the
j acket to expand or contract. This expansion or
contraction results in a correspondi ng i ncrease or
decrease of pressure exerteg by the resilient portion
of the jacket on the liquid in the detecting device.
The change in pressure exerted by the resilient
portion 5 of the jacket on the liquid is detected by

. nser h |
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of the jaciet tamthepliquid i detectad byl the prassure gansprod heteghange(s) in

wal | s of the reference .device
pregSviecotihel ditef g BEMEE 18 Robfaréd to 168 BohSfn? fréire exerted
by Bhé& HigUideor &RE Oalbf ke GefGtde deliteatoPioResii the extent of
wherein the rocessor converts the difference in

volymetrin cangs o therdigitule particuan, \ke differeaer iy Pregsure exerted
| t.hel ASH, r : :

by g-‘eeg%f"@g‘%ﬁgg@d t o%ﬂ\aﬁ%@giq‘rﬁg’r@gﬁu@alr{ %?ed;%cgr e ig%‘é‘g? )étng the

corstantepressime exdried bpdie iliquidoor dseivallsatfiberreférence device is

pressure exerted the liquid on the walls of the
detegtes, nine @E@T%‘agé'@sﬁ%‘aﬂ? ure exerted by the

resilient portion of the jacket on the liquid in the

Thé’%‘if?rtéfaﬁ‘ﬂ C@S%lﬁ;@ dehsBr Pty BOlcBnAGEBY o Wb Itesadr, itherein the

use termne the volunetric change of the digit _
prasesser neavertsedhe rlifferengapineprassure intoud pmeaguie o€ olumetric

t he f f.. l ectri | t j .
chayii, &€ (e Ciel LRSS ety F8F ok, the Gooesi may be
cofetidd 10 W tdifierePtibb Wressugoasenddy e convenetiecdiiffereace in
nmeasure of change in volune of the digit. by usin
pressurerhetwenn ther peessusa Pxpriask byeths i"gH%i%\ ¥t iialls of the

refbidhcl Hvidk afy tRE oréd1f8 lexBREd )/ HEEIsiIent PBRRIEOf the jacket
on the liquid in the detecting device to a suitable output which can be used to
determine the volumetric change of the digit being measured. For example, the
output may be in the form of an electric voltage output signal. The processor
may be an output voltage indicator. The electric voltage output signal may be
converted to a measure of change in volume of the digit by using a calibration
curve showing the relationship between the voltage output signal and volumetric
change.

For the purposes of the present invention, the digit to be inserted into the
chamber may be a finger of a hand or a toe of a foot.

According to a further aspect, the volumetric changes of a digit over a pre-
determined period are used as an indication of the presence of abnormalities in
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25 For the purposes of the present invention, the
digit to be inserted into the chanber may be a finger
of a hand or a toe of a foot. According to a further
aspect, the volunetric changes of a digit over a pre-
determ ned period are used as an indication of the
presence of abnormalities in 24 synpathetic nerve
function. For exanple, the24inme taken for a digit to
recover froma reduction in blood flowto the digit
may be indicative of the presence of abnormalities in
synpat hetic nerve function. Alternatively, a |ack or
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in a continuous fashion. For exanple, the volunetri

pactfeatase § roay Dedissd tndgtestabpeimalities lwwrr@altm@wsn%rvscfynctlon
or%%zggﬁﬂélt%%sgsggﬁ P Usfitiphtheti® orvé Fhficttn B8Shentioned

above.

The volumetric changes of a digit may also be monitored over a period of time
to monitor the status of sympathetic nerve function in a continuous fashion. For
example, the volumetric changes of a digit may be monitored while the subject
whose digit is being measured is in a state of rest. This may be particularly
useful in the detection of carpal tunnel disease. For example, the apparatus of
the invention may be particularly useful in eliciting why people suffering from
carpal tunnel disease commonly have more symptoms at night. This may in fact
be related to circadian changes in sympathetic discharges which in carpal
tunne! may become dysfunctional. Nocturnal symptoms may be found to be due
to impaired nocturnal vasoconstriction and so producing symptoms. According
to one aspect, the invention provides a method for detecting and/or measuring



10

15

20

25

useful in the detection of carpal tunnel disease. For
exanpl e, the apparatus of the invention may be
particularly useful in eliciting why people suffering
from 25 carpal tunnel disease commonly have nore
synptons at night. This may in fact be related to

ci rcadi an changes i n synpathetic discharges which in
carpal tunnel may becone dgsfunctional. Nocturna
synptons may be found to be due to inpaired nocturna
vasoconstriction and so produci ng synptons. According
to one aspect, the invention provides a nmethod for
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erred to mni mse background responses. Further,
sympatheuojaetmtwuyusoeausjngmaekgrouadﬂpctua@onaeAmmdmlmwould

b f
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digit tipb ow(CharkoudlanN Mayo din Proc,

prlczrotoshemc@;tmwcﬂqemeaﬁu@m%mfpérvaumetrw qhangem the digit. As
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to one pec acco |ng
Cliprarsen2003\vE8(5):603-61@)pthiestesnperdture rvgthin tieel lanpacatus rmay be
the volune of the digit, for exanple by inducing a
conteejleg atgromtenRssatWow to a digit in order to measure

the tine taken for the blood flowin the digit to
AcESTdH Booﬁé’rﬂ?éect,g%e epRIRIE . accBRIIRY gﬂot tlﬁé’ PRsent invention

nmeasured may be jected to skin winkling procedures
compriaes tindugingice redaction in the volume of the digit, for example by
inducing a reduction in blood flow to a digit in order to measure the time taken
for the blood flow in the digit to return to normal. For example, the digit to be
measured may be subjected to skin wrinkling procedures so as to reduce the
volume of the digit or a portion thereof, prior to its insertion into the chamber of
the detecting device. Any standard method known in the art may be used to

wrinkle the finger.

Skin wrinkling is a result of loss in blood volume in the digit tip due to
vasoconstriction induced by sympathetic nerves. For example, blood flow to the
digit tip can be massively reduced through sympathetic nervous activation of
vasoconstriction (Wilder-Smith E and Adeline Chow, Muscle and Nerve, 2003,
27:307-311; Wilder-Smith E and Chow A, J. Microvascular Research. 2003, 66:
68-72; Wilder-Smith EPV, Clinical Autonomic Research, 2004, 14:125-131).
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20 volume of the digit or a portion thereof, prior to
its insertion into the chanber of the detecting

devi ce. Any standard nethod known in the art may be
used to winkle the finger. Skin winkling is a
result of loss in blood volune in the digit tip due to
vasoconstriction i nduced by synpathetic nerves. For
exanple, blood flowto the285 digit tip can be

massi vel y reduced through synpathetic nervous
activation of vasoconstriction (Wlder-Smth E and
Adel i ne Chow, Muscle and Nerve, 2003, 27:307-311,
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the arm conpri si ng the digit to be neasured is

AnGTEE W46 14 R, the tighe 14 00 lifetsiy e JdF i fhuia for a
peridtE of ened. iof péﬂ@ulammfes Qﬁnh@érﬁlptlﬁngtthbh@lgltetbebe ahehd\gred is
heart 15 and the su%ect whose hand is i mers

imrgeisernty the Hauidpwitghepliiid ileye! raing dosanie éhetm@die of the
ordl Pt SETART ot Rt B JTelgled 68 poar
and ltiné sdBject Svl‘tdse lognid isiimmersed is sitting in an upright position. For
example, the digit may be inserted into a water bath maintained at 40°C for a
period of 30 minutes. It has been indicated that 40°C is the optimum
temperature for skin wrinkling (Cales L and Weber RA, J Hand Surg [Am], 1997,
22(4):747-749). In particular, the liquid may be a salt solution with salt
concentration of about 0.5 mol/L (Tsai N. and Kirkham 8., J Hand Surgery [Br],
2005, 30(3):273-275). It has been shown that at this concentration, rapid and

clear skin wrinkling of the digit was achieved.

The wrinkled digit is then inserted into the chamber of the detecting device and
the volumetric changes of the digit as a result of the digit recovering from the
wrinkling may be measured.

According to a specific aspect is a method for using the arrangement as shown
in Figure 2. The rigid reference device 1 is filled with liquid 2 through the inlet
16, while switch valves 17 and 20 are open. As the liquid 2 is filled and the
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tenperature for skin winkling (Cales L and Wber RA

J Hand Surg [Am, 1997, 22(4):747-749). In
particular, the liquid my be a salt solution with
salt 20 concentration of about 0.5 nol/L (Tsai N and
Kirkham S., J Hand Surgery [Br], 2005,

30(3):273-275). It has been shown that at this
concentration, rapid and @year skin winkling of the
digit was achieved. The winkled digit is then
inserted into the chanber of the detecting device and
the volunetric changes of the digit as a result of the

pre%%%‘?hinrtgéqéf’érbﬁge fd'éQ{Ebtp?ea&T%s"g Pdsurg Fﬁaﬁnagr - the, control of

specl f| aspect
preSwreusaIvegﬂQhewﬂch aalgesrﬂﬂtaraisze laveuclosed sﬂo@uhhet presBoee P1 is

ort SRARGPIN HEG chalt 10 168 mpRsured sy e, J1Ssted: nta e, gesilient
cha@ﬁ@er‘)@e\ﬂhlcﬁsaﬂgeaé i b dfa | %tvflééﬂ ﬁqe agﬁhén& the liquid 7 in the

pressure I n the re erence eVI ce €S a pressure
jacket Ginthe jacket 6dstihen fiked \Amhetheltheud/alwlmlelswltsmvaues 15 and

21 3 80 1R o0, 2 8 bR B EL 8 s

pressisrer P2 dvhérein Ph%rrdE‘BIz|ar§@quaPVaU§§fsﬁlthaWbs% §n@21 are
the nmedi a between the digit and the liquid 7 in th

then aelReed.6 Thenwolpmetds oé;langes refnthe mg;tjav@tthenh@eueptgﬂ and/or
%Sl\ﬁtéldl e swtch valves 15 and 21 are open. The liquid
Is filled until the pressure in the jacket 6 reaches
pressure P2, wherein P1 and P2 are equal val ues.
An Snéreake \naldr@s vohinaa avilk taase ant brpandiors unflafibe) of the resilient

porfRaidor the kL8 Buliuie 7 b ExbaRbiinds GPLSR e inpraase i
strésaUsRd Qﬂam' @Bllléhf‘bbﬁfohofﬁ onhé ﬁ%ké?ﬁ' TTh&Mksilient portion
portion 13 of the jacket by liqu . The expansi on

13 éth%mbet Byn seturmsupplias a Iarggt fQi,fg% t@uHGUlﬁlt? &ind tbfs ingeeases

e 0 o8 82, ASatd $°Sbihre TESyHERLeLB8hveen o1

and PRgRil Beodeecterl by qhe dnfﬂeremltmegsumwemaﬁa AshbeVdifference
of pressure P2. Accordlégdg the difference is

betwesBsiipciwss PIRSSHIes (18 Radh B0MsI @ Resitive: welued they diffasential
pre¥biifctsdHiot @ giPe L8 PosRivES/BRAGe dutpgtit sigHal % HEEGRSFamplifier 9,

which amplifies the signal and passes it to the output voltage indicator 10.

Consequently, a decrease in the digit volume will result in the contraction
(deflation) of the resilient portion 13 of the jacket 6 by liquid 7 as a result of a
decrease in stress and strain of the resilient portion 13 of the jacket 6.
Accordingly, resilient portion 13 of the jacket 6 returns a smaller force to liquid 7
and decreases the value of pressure P2. The differential pressure sensor 4
therefore receives a negative pressure difference (i.e. P2-P1<0), giving a
negative voltage output signal to the signal amplifier 9. The output signal is then
transmitted to the output voltage indicator 10.

The amplified voltage signal received by the output voltage indicator 10 is
converted into a digital form and passed to the voltage-volume converter 11
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between the two pressures (i.e. P2-P1>0) is a positive
value, the differential pressure sensor 4 gives a
positive voltage output signal to the signal anplifier
9, which anplifies the signal and passes it to the
out put vol tage indicator 10. Consequently, a decrease
inthe digit volume will result in the contraction 20
(deflation) of the resiliemg portion 13 of the jacket
6 by liquid 7 as a result of a decrease in stress and
strain of the resilient portion 13 of the jacket 6.
Accordingly resilient portion 13 of the jacket 6

wni 16 idiiclatite oSS, k° gobybitell fntonBCodESEARARY \Rfume
sig ﬂal g‘h@rcﬁfrﬂéﬁtede\mnmess@nawtgdiglt%fmms&m tdltheexuépw.evolume
disglayiand santialpanel fRToRdisplebing 16 exehet Sig TP Changes
of fpgecﬂglt tlp&ﬁé Thd frﬁﬁrrﬁé’hdﬂ“&sﬁfﬁ‘;@r ec?@récﬁfg@klllékﬂirpﬂieoért Hay then

ed voltage siIgha ved by the out put
be vablé a‘gedetednmt whefleri any actior rmeedsi i beatalieni erawhedien the

and pa | t
sublngt Whase diotJsPensLsasped Ses g oy of siftBafhetic
neRRfUR Ji ng vol unme signal. The converted vol une

signal 1Tn digital formis sent to the output vol une

di spl ay and control | 12 f di spl ayi
In panl%uta¥wtblmlwl¢§§ingn£ g@ﬁ?ﬂ?ﬁi& of fie gq:getljg& ?Xe‘uc{gpﬁgemﬁ trI%PWhiCh

[ y i
is PR BHsRaiT MBS stfkaRSHGRT ébettf s IHighiyliftch, Siitable
méteridlethadlcan be wdeel fuer thehresilienbjpertiomids of dheyijacked 6 are as
bei ng measured suffers from abnormalities of

deﬁ‘j‘ﬁlﬁﬁﬁﬁ@‘lﬁ: nerve functions. In particular, the
resilient portion 13 of the jacket 6 is rrade of a

As”aatteéhalr}ltmi ctate ! Eré?a'sgm ypg! BSthhades Usdudi h®s preBsure P1, the

stress rain propert highly |inear. Swtablel
detertrénatidn ofpressare Bé uds@n thaanatesial prapertips of the resilient

Poi%ﬂr{ !i‘§| #ﬁfégfe%n&,ezrggqﬁ?szlr%gﬁ |§ ﬁ%@m@&%‘éﬁc? 'ﬁalathe"’mltlal state of
pr&dsuré 'F‘? isARiffdieht et dtessthe Wéﬁﬁ@rwp&)rﬁﬁn dayte razdmem stttess strain

material properties of the resjli ?
state of the stress-strain curve of the material of resilient portion 13.

Further, the resolution of the detecting device 23 depends on the material and
dimensions of the resilient portion 13 as described previously. For example, for
high resolution and linearity of measurement, the material should be highly
elastic with a low elastic modulus and the total size of the resilient portion 13
should be large.

The detecting device 23 is calibrated using a calibrated fixture set having a
volume valve 22 that increases or decreases the volume of the jacket 6. The
calibration resolution is controlled by the diameter, as well as the displacement
resolution of the volume valve 22. For example, the smaller the diameter of the
volume valve 22, the higher is its resolution. During calibration, the volume
valve 22 is displaced and the volume of the jacket 6 is increased or decreased
accordingly, which translates to the contraction or expansion of the resilient
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portion 13. For exanple, pressure Pl is determ ned

such that the initial state of 15 pressure P2 is

sufficient to stress the resilient portion 13 to a

i near stress-strain state of the stress-strain curve

of the material of resilient portion 13. Further, the

resolution of the detecting device 23 depends on the

mat eri al and di nensions ofggthe resilient portion 13

as described previously. For exanple, for high

resolution and linearity of measurenment, the materi al

shoul d be highly 20 elastic with a | ow el astic nodul us

t gt ak resil ije n shqu

oo, 136 Bt lckef 3 B, 699, 7 s, PEGfnaBTors 8
decreasés lvralnerbésast its efosc&t alsting nen diquido[7usact athaé p&éssure P2

that increases or ﬁﬁ es t he vol une of th

deqro230. O A1TBRSRT- ol Pe SRTRTI PISSEU oneaH by RBRooives a
coﬂ%ﬁiﬁﬁﬁ{? cél?orﬂﬁbﬂn v@ﬁa%i: %uf’plﬁphﬁﬂfww&ty %%élﬁé’ﬂldﬁ b@ﬁ/eocﬁf the

val ve or exanple, thé smaller th
outpubivettage ofarying againsie ohange mzvotufme rofgther Janettﬁsmay be

ool ] B 1% SRR Qe ISP EQE E Advotume

deér@fa‘&é%? ket 63RIH LPRLF00 AL EhoWisd lchang@ur@‘ Bufﬁu’:!%ltz &%rom 0

to the contraction or expansion of the resilient
to @r\ iroa lineaofashlen.j acket 6 by liquid 7, and the
resilient portion 13 in turn decreases or increases

i gl 8566 A-HAR0R s oFeF 5 b ABERR SFRY Eer 8. The
digite maay Het\hﬁnklgdve!sw@ E:MLAes:mmdl 4stral eroec)i d¥br example
vol t age out In this way, ﬁ;&l brati on

appiexinsaigiit g\/?fl EM4A cream h‘@agg 49 the @,Iféﬁgalglt tip of the 4t
find& A6 Hgflﬁilﬁ' ik Qﬁéﬁ?lrrﬁlyrs'ﬁié/ mﬂﬁtégrﬁgggeﬁﬁ (%%’I?%s‘iepfor 30

call ratl curve 1s

minkgtes e@.$eg iof crmkam;ﬁyfcouensahecsurta(celpféhe\nﬁstal digitraggment. In
out ut voI '

pariul 16 4F S76c0 i, 88 veeczs MissioightP oy, i parest and

mds’? ﬁdtﬂ’fbetinéléi’n WHHINRG. Islgui|'é§95Aléi'|dJI BB édeYhé’?ecovery of digit
I'ed using EMLA cream (AstraZeneca). For ex

voblmn thait ecersyaltersnguetiorent gig tipawsinidingppith @@pileatmof EMLA
crede{rrs1 tfc"ilrI 18 a91'd 60 'n?mﬁfest %%pé&tt\/ely. The volumetric changes of the digit
were measured using the arrangement of the apparatus of Figure 2. From
Figure 5A, it can be seen that about 20 pL of re-expansion of the digit tip
occurs, while from Figure 5B it can be seen that the increase in volume of the

digit is about 30 uL after 60 minutes application of EMLA cream.

Alternatively, a volumetric change in the digit may be induced by an inspiratory
gasp. An inspiratory gasp activates the sympathetic nerves to elicit the
vasoconstrictor reflex of the digits of both the hands and the feet (Einar P
Wilder-Smith et. al., Journal of Microvascular Research, 2005, 69:101-105). The
subject, whose digit is being measured, takes a deep rapid breath in order to
perform an inspiratory gasp. This causes vasoconstriction of the digit tip in the 2
to 4 seconds following the gasp. The vasoconstriction is followed by a brief
compensatory increase in blood flow. Figure 6 shows the reduced blood flow
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finger and the finger is then firmy covered with a
Tegaderm (3M plaster for 30 mnutes. 0.5 g of cream
anply covers the surface of the distal digit segment.
In particular, the 4th and 5th digits are used as
these digits show the clearest and 15 nost pronounced
skin wrinkling. Figures 5A and 5B show the recovery of
digit volunme that occurs &@pter induction of digit tip
wrinkling with application of EMLA creamfor 10 and
60 m nutes respectively. The volunetric changes of the
digit were neasured using the arrangenent of the

f F ' . ,
thaf REFisiod s e prafali of FRNES 220 redittion of i tip
vol@geUapprodimately MONuE) guaimosB equaknthecretiteadtiblosd tfloer when
increase in volume of the digit is about 30 pL after
meegur@dmﬁu&aaﬁﬂrla@w@h of EMLA cream Alternatively, a
volunetric change in the digit may be induced by an

Thén Eﬁ%r Yand935& - mdthdd ¥ P?és%rnl’ .ae&m.&}?twaahe§ré¢@ to be

tic nerves to elicit the vasoconstrict
espefsﬁallgmsnﬁfultfbereﬁe@ircﬂs|mmelkropatmeﬂaahd1Ma;eamiogllats foeeexample,
Jour na

a Vol aisdeiistonBla ik, M Boaoits 1o 3V HRs ey stimulus, lesser

thah4hk %?mal/\f&ﬁl%tléh @xbebt%dttﬂldqﬁllgm%méﬁlthyts’dtﬁiéct avélagindicate
rapid breath in order to orm an i nspirator

themre§ena@ﬁ§maba@m@ttyu@tsympaéhettqqeewegfqnctlorp Aﬁemaélvgly, if

el G SRR A B LBRe8BR Dt MRBRRGRSH oF elperi
chédgéNof Rheudigitt = hedectionein edluresl dfl thmldidlt)was’BQa trbsult iof the
nmeasur ed using the apparatus of Fi

re
W”F‘l‘;‘d‘!ﬂ:t'?ﬁ?rdhaﬂ|t5¢tV°t|L|"'ﬁetr\‘Fo'IQ9’Hﬁt'?'&:5>gg tr@lﬁmtfbylvy”nk“ﬁgsofa

I t
i B3 nEgH, sl i el 499 srisuicl o artapeiidyy i
sympathetit rnierve functionudtordexarople, the nermal eangecobia digit volume

useful for research in, neuropathies, dt
redystion [afigr Stimpfis %fx@?rm@%aﬁ?wa{%%?a%%&ﬂ&% n' R ngrmal

c{ilﬁ:%ﬁ t(ﬁ'(ﬂﬁl’i %Rﬁ'ﬂéea ? tﬁe isad g? @Lﬂtﬁréém cheésc%lt tip is

or ma uction xpect e
abbetal 0-29 ;Slub']'lwadneubddlglhdnouﬂt\e red beticor efsmssethah these values

woﬁlkg{]tgé %c:vqt;ép;pf th% préisterl]'\(%:teI of s?/ﬁ{p\gtehét%nr?érve Tunction abnormalities.
The time taken for the restoration of digit volume to normal digit volume may
also be used as an indication for the presence of sympathetic nerve function
abnormalities. For example, when using the inspiratory gasp method to induce
a decrease in volume of blood flow in the digit, the time within which the digit
volume returns to normal in a healthy person would be 5-10 seconds. However,
the time taken for a person with diabetic neuropathy may be considerably

longer than that, depending on the degree of seriousness of the abnormality.

Accordingly, arrangements of the invention other than that shown in Figures 1
to 3 are possible, and consequently the particularity of the figures is not
intended to be limiting of the present invention.
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the digit is winkled prior to the detection and/or
nmeasur enent of volunetric 10 change of the digit, a
reduction in volunme of the digit, as a result of the
wrinkling, |esser than the volunetric reduction
brought about by winkling of a digit of a healthy
subj ect would indicate the presence of an abnornmality
in synpathetic nerve functifon. For exanple, the
normal range of a digit volune reduction after a
stimulus of an inspiratory gasp is about 8-10 L. The
normal 15 reduction of digit volune after the
Em@ﬂ!iﬁti on of EMLA creamto a digit tip is about
= . Therefore, a digit volunme reduction of |ess
than these values would be indicative of the presence
A drf andTpEyahednstal it digitt tipcfi o hand nwasrwovereass withTEMUA eeeam

[ th t or of di t val r.al
(nsaBReca) ARPUGS CPEENICA Fredinitbs {RpH ok vl W s then
coviehéd Wﬁsﬁﬂ‘é@aﬁbrrﬁmﬂbh@w} fmeémtfwmmes 26 ensure that the
abnormalities. For exanple, when using the inspiratory

cregas penetra@d indo ithel distal digitetip digsdei Puvipg iis afnemtb@osubject

b S el B A ot agon 24

and2d4&cseconds. However, the tine taken for a person
wi th diabetic neur opat hy may be considerably | onger
than that, dependi ng on the degree of seriousness of
The fiiagab Masnthen: gleans A@(ﬁﬂ’sﬂméh@t neareAgeieEraiedon e distal

t | UF 3
oA L0 W SR aETH, it Bpdther
insértediirde the chamber l&t@‘rthe«ﬂetectlhg devidet 23lgscsthovmemdﬂgsm12 and

KRl RO E, by restG, 106 Basidc 3 dhd dMwior S8Rt Fidkie Zh1or about 15
mi dﬁéé E@é&fé%?ahd/oﬁméasu%%omn%tnéléfhén@ré@ammgw.sed The

trp was then covered wth a Tegaderm pl aster
I\/p for about 10 mnutes to ensure that the 5 cream
Thgmltsauféble ivotumethie chiapges ofithgi digitiape shewndn Figurerfy(A, B). It

this t a
cal Rorsetinr Comfer 2o SEER At 20 hBoled BuldaBen of gaa
credff-on the digit, the increase in volume of the digit is about 20 pL (Figure 5A)
while with 60 minutes application of EMLA cream on the digit, the increase in
volume of the digit is about 30 pL (Figure 5B).
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Claim

The finger was then cleaned to ensure that no cream
remai ned on the distal digit tip after the renoval of
the Tegaderm plaster. The digit tip was then 10
inserted into the chanber 8 of the detecting device 23
as shown in Figure 2 and kept inmmobile by resting the
hand on the nould (see Figure 7) for about 15 mnutes
to detect and/or neasure v@aunetric changes of the
digit. The results of the volunetric changes of the
digit are shown in Figure 5 (A, B). It can be seen
fromFigures 5A and B that with 10 m nutes application
of EMLA 15 creamon the digit, the increase in volune
Sthe digit is about 20 L (Figure 5A) while with 60
m nutes application of EMLA creamon the digit, the

. IMICTpReatus forohominvdsivele diétgttin sarediontmeasuring-ivplureetric

5B). 32 gﬁl gj(ié’rs 1. An apparatus for non-invasively
#bppges Rha el 6PMPESEEr i ng vol unetric changes of a
digit conprising: - a detecting device conprising: 5 -

a Cham@éctfn@rdé’\ﬁ@@bdﬂnpgsiﬁgdi git or a portion thereof;
and - a jaCket conprising at least a resilient

portion, wherein the chanber and the jacket are
ar r anged- awhAMbeifonfesriving a gigior a popiontbgrenf; apd

t he chanber and the jacket, the liquid is sealed

therein; Qgé‘%%ﬁq confriEiat ibast Q%s@%it%n&nﬂ/ or

measuri ng change I nt device. 2. The
apparatus of claim1, wherein the device conprises a
| i quhdreipdhedhambenasd thé jaaketatrarranged such thatevherga liquid

gg? gg?ar% ; gyvgqfenc lf@('a %ggrngﬂgr@&n béék?}%ﬁugggf; isI Ssealed

a Pffysinf angensor or a strain gauge. 4. The apparatus
of clains 1-3, further conprising a reference device.

- a means for detecting and/or measuring a volumetric change in the

device.

The apparatus of claim 1, wherein the device comprises a liquid sealed

between the chamber and the jacket.

The apparatus of claims 1-2, wherein the means for detecting and/or

measuring a volumetric change is a pressure sensor or a strain gauge.
The apparatus of claims 1-3, further comprising a reference device.

The apparatus of claim 4, wherein the reference device is a rigid reference
device comprising a liquid which exerts a constant pressure on the walls of
the reference device, and wherein the means for detecting and/or measuring

a volumetric change is a pressure sensor.

The apparatus of claim 5, wherein the pressure sensor is a differential

pressure sensor.
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5. The apparatus of claim4, wherein the reference
device is arigid reference device conprising a
l'iquid which exerts a constant pressure on the walls
of the reference device, and wherein the nmeans for
detecting and/or neasuring 20 a volunetric change is
a pressure sensor. 6. The apparatus of claimb5,
wherein the pressure sensor33is a differentia

pressure sensor. 33 7. The apparatus of claim 3,
wherein a volunetric change of the digit causes the
chanber to conply with the change in shape of the

7 18 R UL, 2 GAPREE s B ERPUER g

jties lebmbaehite hcaraply ewith ltiee rohangeantshamet obthe dlg»b(padudhereby
or contract 5 which in turn cau 5|l

FaLsingnacghange J'rhéh%tprﬁﬁ‘érﬁeﬁi‘e’g?f? ?réeaj'QH' &n the resilient
ﬁiﬂcﬁ?ﬁ?ﬁweﬁé&l@&“%n&ﬁcﬂ%s'trg Ll‘éé#llé‘r'ildpd/i’ﬂSﬁ % @beﬁd ore contract

e I n pressure on is detected
whisls i uirnenamises the rémberatmmham @§, the jagket e esela an increased

wh th t ant t

SR Sade BB 58 MU ¥ i b hbyre on
qhémaﬁldn@déibd@é@ ?l!hépﬁé’s%fu?@ﬁeﬁyort he resilient portion
of the jacket on [iquid to determ ne the extent

of volumetric change of the digit. 9. The appar at

f
8. cThe ABParabis Ghelaims -Rewherin de gom&aet Pregsure exerted by the
TR Bl fik b OSSR dBvite! HITBbIIREr G399 HarBe in

auses {o conp w th t ange |1
ressuref ekéntedlity thanestieat qmrtldrs cn‘atma umj:l@tcdimrtge liquid to

pressure exerted e id on silient
SsterBRedhe eriant oh LRt changs PUE HEEI 15 T n a
change in strain of the resilient portion of the

9.Jﬁ?é<5@ paratL\bedIgints DIEe wHeRsiaghe Mqidridiwates detected by

rai n gauge. 20 11. The apparatus of claim1,

nprisin - a detectlng devi ce co r|S|n?
10. The appara us of claim 3, wherein a volumetric change of a digit causes the

chamber to comply with the change in shape of the digit and thereby
causing a change in pressure exerted by the liquid on the resilient portion of
the jacket which in turn results in a change in strain of the resilient portion of
the jacket and wherein the change in strain is detected by the strain gauge.

11.The apparatus of claim 1, comprising:
- a detecting device comprising:
- a chamber for receiving a digit or a portion thereof;
- a jacket comprising at least a resilient portion; and
- a liquid,

wherein the liquid is sealed between the chamber and the jacket;
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- a chanmber for receiving a digit or a portion
thereof; - a jacket conprising at least a resilient
portion; and - a liquid, wherein the liquid is seal ed
bet ween the chanber and the jacket; 34 - arigid
reference device conprising a liquid which exerts a
constant pressure on the walls of the reference
device; and - a pressure segsor for detecting and/or
nmeasuring a volunetric change in the device; 5
wherein a change in the pressure exerted by the
resilient portion of the jacket on the liquid in the

det ect j.n ' Sar .

i gr & 18 {EficPe A0USE Rohibrka BTl MRS 2 Sfstant
t heptdsguiglonthéd halls vithesretérenibe desfoer ande device to
determ ne the extent of volunetric change of the

digit. 10 12. The apparatus of claim 11, .wherein the

pr s SUNTESSWRSIRNS0E Q&' Qéﬁef’é'?%ﬁpﬁéﬂr meagiying a Vgéq{ggﬁ'l_c change
13. t'ﬁ%td‘&ﬁ’c%;or non-i nvasi vely detecting and/ or

measuring volunmetric changes of a digit conprising

the steps of: - inserting a digit or a portjion thereof
iwherein ehaharge d1 the quessurengxeriasl by thesresilignt portion of the

detectin evi . S C r |

Bttt g TG B G B Bl P [ RERG by Wy ERanges of
| the Wigit, S8 Yonipered ttbehb i cdmisthnt pressiire cxeetedelmy thentiquid on the
chanmber and the jacket, wherein the liqujd is added
puallsy f the rafarence Hevisedo dstermin@ the axent ﬂéVQJPmet?f;'C ghange of
Ztﬁe'di et ecting and/or neasuring volunetric changes of

the git for a pre- determ ned period. 14.The nethod

of claim 13, wherein the volunetric changes are

12dEhe appdratys of claim 11, wherein the pressure sensor is a differential

pressure sensor.

13. A method for non-invasively detecting and/or measuring volumetric changes

of a digit comprising the steps of:

- inserting a digit or a portion thereof into a chamber of a detecting
device, the detecting device comprising the chamber and a jacket

comprising at least a resilient portion;

- adding a liquid such that the liquid is sealed between the chamber and
the jacket, wherein the liquid is added before or after the step of inserting
the digit; and

- detecting and/or measuring volumetric changes of the digit for a pre-
determined period.

14.The method of claim 13, wherein the volumetric changes are detected by

changes in pressure exerted by the resilient portion of the jacket on the
liguid in the detecting device.
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changes in pressure exerted by the resilient portion
of the jacket on the |liquid in the detecting device.
35 15. The nmethod of clains 13-14, wherein the step of
adding the liquid conprises adding the liquid until
the pressure exerted by the resilient portion of the
jacket on the liquid reaches a pre-determ ned
pressure. 16. The met hod of 35 aim 14, wherein the
changes in pressure exerted by the 5 resilient
portion of the jacket on the liquid are brought about
by the changes in shape of the chanber in order to

15,13 enEsR oA a3, bhelslf (I 885 Saddity g7 Fodio Bpfbrses
reidired th liquidi nﬁtllhﬁelﬁreséurd brertedmyr thed rasilidiet sdrtion aff the
calibrating a rig reference device conprising a
iacket @nite ngder-eé@h% mmedie&r@%aq! OrefRet hat 10 the
liquid exerts a constant pressure on the walls of the

16 THeC RIS g?‘é!laﬁﬁv 141 Gﬁle?élﬁﬂhefc Pb?rlﬁtbr@%ﬁﬁéeexertedp by the

Teference evi ce beln carri ed rior to the st
sésilientepartion of ke uaqyet onihe lighid arnabfbeghbabwutdoy the changes

i eRabe B 48 Bobineh iy Slfel B SRaBlioThE asslfRhE dhape of

¢haaitfita®a réddt of ietvolgmeicrdreges of ke dugnr ess ure
sensor, and 15 wherein the pressure sensor

connect ed to the referg?ce devi ce and t he

17 G et HRIaES B3 1n SrthericaraRtising the ep @@igf%i?m% a rigi
?é]%rréﬁée B%"&’E %orﬁdﬁ%' %?qfqufbofot L e ?ifetérﬂgné@‘b'@%sﬁé suBR that

qurd an pressur exert
Ithqtlnqdldaexedhae avedhstantf ptessurecbertbacealtteof thze réferérioe device,

e Al eelibPatity (hedetireaod shilbe Bests FhEeRionatiasto e step

Cdfwarﬁﬁ’g twmigﬂnmotthe c‘h@HHEPfdf tife G6RRARG dayRedet ect ed
by changes in strain of the resilient portion of the

jacket by the liquid in the detecting device. 21.The
18&Ehehmetb¢>d af Blaine d 7, wiereim the, stah gh gletegtingsandfop nagasuring

t\)?)ﬁnjhgﬁfcl bﬁé“gé%%? 'tl?é‘ digit is carried out by a pressure sensor, and

wherein the pressure sensor is connected to the reference device and the
detecting device and measures the difference in the pressure exerted by the
resilient portion of the jacket on the liquid and the constant pressure exerted
by the liquid on the walls of the reference device.

19.The method of claim 18, wherein the pressure sensor is a differential
pressure sensor.

20.The method of claim 13, wherein the volumetric changes are detected by
changes in strain of the resilient portion of the jacket by the liquid in the
detecting device.

21.The method of claim 20, wherein the changes in strain of the resilient portion
of the jacket by the liquid are brought about by the changes in shape of the
chamber in order to comply to the changes in the shape of the digit as a
result of the volumetric changes of the digit.
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25 of the jacket by the liquid are brought about by

t he changes in shape of the chanber in order to conply
to the changes in the shape of the digit as a result
of the volunetric changes of the digit. 36 22. The

met hod of clains 13-21, wherein the step of detecting
and/ or neasuring volunetric changes of the digit is
carried out by a pressure ggnsor or a strain gauge.
23. The nethod of clains 13-22, wherein the digit is
treated with a digit winkling 5 creamor is winkled
by imrersion in a liquid, prior to the step of

[

22. PSR of e B, B v BRIt S ) shourng
solymetric changes opthe-digit & camied queé by adlpressurensérsdriora strain
of the presence of abnormalities in synpathetic nerve
PaHe®i ons. 10 25. The nethod of claim 24, wherein the
abnormalities in synpathetic nerve functions conprise

23.Mekyethoa s dimsSTERLD, WaBMSn thdaRitds %@@ witR e 48R Swrinkling
| egs syndrone and carpal tunnel “syndrone.
cream or is wrinkled by immersion in a liquid, prior to the step of inserting

the digit into the chamber.

24.The method of claims 13-23, wherein volumetric changes of the digit within a
pre-determined period are indicative of the presence of abnormalities in

sympathetic nerve functions.

25.The method of claim 24, wherein the abnormalities in sympathetic nerve
functions comprise polyneuropathy, small nerve fibre disease, restless legs

syndrome and carpal tunnel syndrome.



