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present invention relates broadly to a system and nethod for detecting skin
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penetration is desired. The ability to penetrate the skin reproducibly to a
preci se depth enables drugs to be delivered to the desired | ayers, which is

el | vor i A VBT AR MR HODS B HRTEE TRl KA IFENETEAT IR 1 ng

preci se control of skin penetration is body interstitial fluid extraction,
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which is currently the state of the art in transdermal drug delivery (i.e. delivering drug

156 across and into the skin).

Other applications requiring precise control of skin penetration is body interstitial
fluid extraction, e.g. blood sampling for blood content analysis. Blood sampling involves
pricking a body site such as the finger tip or forearm to obtain a small amount of blood.

20 The amount of blood is directly related to the wound created by a lancet. Since blood
testing technology requires less and less blood for accurate testing, there exists a need
to precisely control the penetration depth as it is also directly related to the trauma

incurred. The deeper the penetration, the more traumatic and painful it is.

25 Lancets are small pointed needles used in pricking the body site to obtain small
amount of blood for testing or blood sampling in general. Stainless steel lancets are
currently used due to its strength and ease of maintenance. For a typical manufacturing
process, a stainless steel wire needs to be cut into correct length and then ground to the
desired sharpness. The cut and ground wire is then inserted into a mold set for injection

30 molding a plastic component for safety containment and handling. There are several

inherent problems associated with the prior art.



use, there is a risk of infection. Stainless steel has very high nelting
tenperature (1,420 0C), making the incineration process of used | ancets
very i ncomoendmpodfior hospitals. There is a need to havecCrsceatrr®oeiat can
be functionally disabled after use. There is also an urgent sol ution
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As an alternative, lancets are also made of plastic. However, these plastic
lancets merely consist of solid tip for pricking or a channel for transporting the blood.
There are still unsolved problems associated with these plastic lancets. Most plastic

20 lancets with transport channel remains in the body for body fluid extraction. This

procedure also contributes to an increased traumatic experience.

Most existing lancets are unable to perform sensing functions, such as detecting
skin penetration or sensing the depth of penetration. The ability to control the depth of
25 penetration allows pain to be managed effectively, and it also allows confirmation that a

desired depth for drug delivery is achieved.

On the other hand, there have been several recent proposals to provide for
measurements of penetration depth in lancets. However, in most of the proposed

30 techniques, the depth of penetration is derived from the measurement of the absolute
electrical characteristics of the skin, which involves correlation of measurements and

calibration of equipment. This is imprecise and impractical for transdermal drug delivery.



physi ol ogi cal factors and differ greatly fromperson to person and bodily
regi ons. Most of the abovenenti oned proposals nerely neasure the absol ute
val ues ofwohe®d2preperties directly, requiring too manyPpI&ScGaEnd0279

correl ati ons before use, which can be inpractical. For exanple, those
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t he Wheatstone bridge circuit. The system may further conprise a first pair
of reference el ectrodes for making contact with the surface of the skin,
wherl@i n a reé 8esfhthereferepgxistsnte proyide gpgygtem and method for detecting and

measuring the depth of skin penetration that seeks to address at least one of the
abovementioned problems.

SUMMARY
20
: In accordance with a first aspect of the present invention there is provided a
system for detecting skin penetration, the system comprising an invasive component
for penetrating the skin; a dummy electrode for making contact with the surface of
the skin; at least one penetrating electrode disposed in the invasive component; and
25  a Wheatstone bridge circuit; wherein a resistance across the dummy electrode and
the penetrating electrode constitutes one of the resistive legs of the Wheatstone
bridge circuit and skin penetration of the invasive component is detected based on a
differential output voltage from the Wheatstone bridge circuit.

30 The system may further comprise a first pair of reference electrodes for
making contact with the surface of the skin, wherein a resistance across the first pair
of reference electrodes constitutes the mirroring resistive leg, with respect to ground,
of the Wheatstone bridge circuit.



of reference el ectrodes constitutes the mrroring resistive leg, with
respect to ground, of the Wheatstone bridge circuit.One of the reference
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the surface of the skin, wherein respgective resistances across the second
and third pairs of reference el ectrodes constitute the remaining resistive
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maki ng compapéntwi t h t he surface of the skin and the fi rst pair of reference
el egirodes are disposed on a skin-contact face of the lancing device. The
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15  across the dummy electrode and the respective penetrating electrodes.

The invasive component may comprise a microneedle disposed in a lancing
device, and the dummy electrode for making contact with the surface of the skin is
disposed on a skin-contact face of the lancing device.

20

The invasive component may comprise a microneedle disposed in a lancing
device, and the dummy electrode for making contact with the surface of the skin and
the first pair of reference electrodes are disposed on a skin-contact face of the
lancing device.

25

The invasive component may comprise a microneedle disposed in a lancing
device, and the dummy electrode for making contact with the surface of the skin and
the first, second, and third pairs of reference electrodes are disposed on a skin-
contact face of the lancing device.

30

The invasive component may comprise a hollow or solid microneedle.

The invasive component may comprise a conductive microneedle.



The invasi ve conponent may conprises a plastic mcroneedle. The system may
further conprise neans for indicating skin penetration of the invasive
conponentwbased2004t he di fferential output vol tage fromPChSGHEaAIEDNE
bridge circuit. The systemas clained in any one of the preceding clains,
further conprising neans for displaybng the penetration depth of the
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In accordance with a second aspect of the present invention there is provided

a method for detecting skin penetration, the method comprising the steps of

penetrating the skin with an invasive component wherein at least one penetrating

electrode is disposed in the invasive component; making contact between a dummy

20 electrode and the surface of the skin; applying a resistance across the dummy

electrode and the penetrating electrode as one of the resistive legs of a Wheatstone

bridge circuit and; detecting skin penetration of the invasive component is detected
based on a differential output voltage from the Wheatstone bridge circuit.

25 The method may further comprise the steps of making contact with the
surface of the skin with a first pair of reference electrodes; and applying a resistance
across the first pair of reference electrodes as the mirroring resistive leg, with
-respect to ground, of the Wheatstone bridge circuit.

30 One of the reference electrodes is the dummy electrode.

The method may further comprise the steps of making contact with the
surface of the skin with second and third pairs of reference electrode, and applying



conponent. Resistances across the dummy el ectrode and the respective
penetrating el ectrodes may be multipl exed across one of the resistive | egs
of the Wweatetomeoddand a penetration depth of the invasi PETSGAWONGIRNTI | S
detected based on differential output voltages fromthe Weatstone bridge
circuit for the respective resistancés across the dumy el ectrode and the
respective penetrating el ectrodes. The invasive conponent may conprise a
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m croneedl e di sposed in a | ancing device, and the dumry el ectrode for
maki ng contact with the surface of the skin and the first pair of reference
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the step of displaying the penetration depth of the invasive conponent

based on the_differential out PUt vol tages fromthe Weatstone bridge
circuit. The invasive component may comprise a microneedle disposed in a lancing

device, and the dummy electrode for making contact with the surface of the skin is

16 disposed on a skin-contact face of the lancing device.

The invasive component may comprise a microneedle disposed in a lancing
device, and the dummy electrode for making contact with the surface of the skin and
the first pair of reference electrodes are disposed on a skin-contact face of the

20 lancing device.

The invasive component may comprise a microneedle disposed in a lancing
device, and the dummy electrode for making contact with the surface of the skin and
the first, second, and third pairs of reference electrodes are disposed on a skin-

25 contact face of the lancing device.

The invasive component may comprise a hollow or solid microneedle.
The invasive component may comprise a conductive microneedie.
30

The invasive component may comprise a hon-conductive microneedle.

The invasive component may comprise a plastic microneedle.



BRI EF DESCRI PTI ON OF THE DRAW NGS Enbodi nents of the invention wll be
better understood and readily apparent to one of ordinary skill in the art
fromthe wolzbewizogg4wr i tt en description, by way of exanplPeT®GR§07/080209 1 n
conjunction with the drawi ngs, in which: Figure 1 shows a circuit nodel for
representing the skin inpedance; Figdre 2 shows a sinplified circuit nodel
for representing the skin inpedance; Figure 3 shows a circuit nodel
representing C %ngp t pr esent
i nvention; FITEE%&%EES?@%%@F%hﬁn?{%&%{:%@@uﬁtlﬂ&c géétﬁ Ongfftehe skin
i rrpedanctbennveme)r@umem kaggeddiome iite dfferchtialp rasknit vpltﬁg@ntftm thej gure 5
shows a \ghddlibhé BHAGE EiRdfitt nodel representing the skin |rrpedance for DC
measurenents in accordance to enbodi nents of the present invention; Figure
6 shows a sinplified circuit nodel representing the skin i npedance for DC

nmeasygr enent s ThReRetNddemagt fuRAS b§mbﬂ§eelmee§téwbp dﬁs*way% fhd PeAsEionance to
enbodi nents of the present invention; Weat st one bri dge
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i nvent i aNh&dtgohe bidgheveita cross sectional view of the placenent of the
el ectrodes in relation to the skin in accordance to one enbodi nent of the
present invention; Figure 9 shows a nodified Wieatstone bridge circuit in
accor daiBRIEFOESEGRIATHION OB THEODRAMEN®@S:sent i nvention; Figure 10 shows a
Si rrqél fied nodification of the Wieatstone bridge circuit in accordance to
t he "'enbodi nent of the invention of Figure 9; Figure 1 1 shows anot her
modi fi ed Whe&mitodimeeris ioflthe inventiontwill e dettor daderetaod andereediboetbmmt of the

present 44 %K@rbtf'o(?&'inall;' d&%i’lf fn ga% SR hdREBY ng\?rlff%r?\é{e%r E%% pb@stic

mcr oneedl e i n accordance one enbodi nent o tion;
example only, and in conjunction with the drawings, in which:

15 Figure 1 shows a circuit model for representing the skin impedance;
Figure 2 shows a simplified circuit model for representing the skin impedance;

Figure 3 shows a circuit model representing the skin impedance in accordance to

20  embodiments of the present invention;

Figure 4 shows a simplified circuit model representing the skin impedance in

accordance to embodiments of the present invention;

25 Figure 5 shows a simplified circuit model representing the skin impedance for DC

measurements in accordance to embodiments of the present invention;

Figure 6 shows a simplified circuit model representing the skin impedance for DC
measurements when an electrode is inserted into the skin in accordance to

30 embodiments of the present invention;

Figure 7 shows a Wheatstone bridge circuit of the system in accordance to one

embodiment of the present invention;



Figure 13 shows another nmagnified view of a hollow plastic mcroneedle in
accordance to one enbodi nent of the present invention; Figure 14 shows a
magni f i eowoi2es/@po4an array of m croneedl es i n accor dancecCrsGamg/oenodi nent
of the present invention; Figure 15 shows a front view of an invasive
conponent in accordance to one enbodBnent of the present invention; Figure
16 shows a cross sectional view of the invasive conponent of Figure 15 in

accordance t %ig%gf Be%%i ﬁ%g%ﬁ%@%l Bfe‘%ﬁ&“fhei ﬂgcge{ﬁgeécr{?;bfaﬁ@%le%{rg <5 17 shows

a cross sectio VI EW 0 ment of the odes 11 relation to

t he ski nelafiontodie slimineccadame te whe dmbvediment ofttepresentdnventiervent i on. Fi gure
18 shows a flow chart illustrating a nmethod for detecting skin penetration
according to an exanpl e enmbodi ment . DETAI LED DESCRI PTI ON The descri bed
enbodi nent s $éBke oshawsy p deogifiest Véheaisioner bridass cifgiit igeproerdsncs Rp rpne

penetr atdniYodRentbf thdpRsemanventidienent for delivering a prescribed drug into
a body. There are many instances that require precise skin penetration. The

skin is the largest organ in our body. The skin serves as a protective
barrier that Figusaihatshewed W sitifiirRs nfotifibatioassfi the \WRvAtsoReBRtige Theuiski n al so

hel ps to maintain body te rature for t body to function well. The body
gat hersag‘é?‘fg?ﬂ(ﬁ?t?HP&’%WI'%‘%‘?PE%WQVWBU pr:rle%‘r'i %t t hrough the skin. The body
al so derives its imunity from di sease through the skin. There are three

| ayers of ski n epiderms...derm s . and subcut.aneoqus tissue., The

ep dorms 1 FRHE et ByaReomouihh Whend R LRLT 3 b 6 ogmm 1 o
1. 50mm omaembpilicenhefshe greserd dventiaar, get for vacci ne delivery because it
contai ns antigenpresenting cells (APCs) and is i muno-conpetent (i.e. after

pi cking up antigens, Langerhans cells mgrate and nove to the draining
| ynph nodes) Figaent ghowssamagnifiechwgeofralhoiew elsistieminapneedledin maedrdancst r at egy

via thet@&ﬁé’&ﬁ%cﬁnérﬁ'&fﬁ—% JiBAl Hv@Riochhe ability to precisely deliver the
vacg:ei_) ne to the desired layer. This remains a major
Figure . 13 shows another magnified view of a hollow plastic microneedle in

accordance to one embodiment of the present invention;

Figure 14 shows a magnified view of an array of microneedles in accordance to

20  one embodiment of the present invention;

Figure 15 shows a front view of an invasive component in accordance to one

embodiment of the present invention;

25 . Figure 16 shows a cross sectional view of the invasive component of Figure 15 in

accordance to one embodiment of the present invention; and

Figure 17 shows a cross sectional view of the placement of the electrodes in
relation to the skin in accordance to one embodiment of the present invention.
30
Figure 18 shows a flow chart illustrating a method for detecting skin
penetration according to an example embodiment.
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accept ance of
P challenge in epidermal vaccination due to the thinness of the epidermis.

The outermost sublayer, stratum corneum, is made of dead, fiat skin cells that
20 form an effective insulating layer to protect our body. However, for the purpose of
transdermal drug delivery, it is important to breach the stratum corneum to effectively

transport the drugs into the skin. This poses a great challenge to epidermal vaccination.

The dermis is on average 0.3mm to 3.0mm in thickness and contains the two
25  sublayers: the papillary and reticular sublayers. The papillary dermis, which is next to
epidermis, contains high degree of vascularity network to support the epidermis (which
contains very few capillaries) with vital nutrients and also to regulate the temperature of
the body by increasing or decreasing the blood flow in the capillary. Papillary dermis also
contains the free sensory nerve endings. This is a good delivery site for drug delivery

30 that requires systemic circulation.

The subcutaneous tissue is a layer of fat and connective tissue that houses

larger blood vessels and nerves. This layer is important is the regulation of temperature
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t he gresent invention is shown in Figure 3. The nodel illustrates the human
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Most of the time, a needle or lancet is inserted into a body to extract body fluids

20  or for blood testing. More than often, these invasive components are inserted more than
required to ensure successful extraction, thereby incurring unnecessary trauma.
Moreover, most lancing devices in the market do not provide visual access to the lancing

site; the user will not know if there is any or enough skin penetration without removing

- the device from the site. Embodiments of the present invention can be tailored to detect

25 and measure momentary skin penetration.

The impedance of the skin (i.e. the stratum corneum, the epidermis and the
dermis) can be represented with equivalent circuit models comprising of capacitors and
resistors for electrical analysis. The circuit model as shown in Figure 1 illustrates that the

30 human skin 124 forms a RC (i.e. resistive-capacitive) network where R; 102 and C; 104
represent the combined impedance due to the epidermis and dermis 117. R, 106 and C,
108 represent the impedance due to the stratum corneum 116. Ry 102, R, 106 C; 104
and C, 108 as shown in Figure 1 can be further simplified as Rp 202 and Cp 204 as
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i ncorporating a Weatstone bridge circuit used to neasure the penetration.
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skin penetration, the brj dge circuit is off-balance and there is now a
non- zer 66%?Q°§§ER$§’O¢A@FIM 342 4 Req errra 346 along the epidermis 318 and stratum

corneum 316 respectively, is known to be very high as compared with the rest of the
resistive and capacitive components in the model. Contrastingly, the capacitance

20  Cegpi_ateraL 344 and Cgc tateral 348 is known to be comparatively low. Hence, the lateral
impedance along the epidermis 318 and stratum corneum 316 respectively, is negligible
and is simplified as shown in Figure 4. In DC measurements, the capacitive components
can be disregarded such that the equivalent circuit comprises only of resistive
components. This further simplification is shown in Figure 5.

25

Upon. penetrating the skin 324, the invasive component represented by the

electrode 314 breaches past the stratum corneum 316 and enters the epidermis 318, but
has not yet breached past the epidermis 318. Since the resistance of the stratum
corneum 316 is dominant, Rpey reduces significantly. Figure 6 shows the equivalent

30 circuit when the electrode 314 breaches past the stratum corneum 316 and enters the
epidermis 318. The measurement of the penetrating resistance Rpen can be used as an
indicator of penetration into the epidermis 318 and dermis 320 from the stratum corneum
316.



between V1 730 and V2 732. It will be appreciated by a person skilled in
the art that the potential difference is indicative of skin penetration and
t hi s vol twigeie®gmat can be interfaced to an external ci PCWiSG260gr006209t her
anplification and processing. However, if the penetrating resistance
RPEN708 is not zeroised to the valuetdf the reference resistor R3 706 at
zero penetration depth, there is an offset error voltage created by V1 730

o e oo RN nBGs ] ShbbAhenL o 1fi JLRURENSE BLICHBHIAARYIE. Such

si tuations caﬁurc?c RFA'F'est stance var 0 - per son,
site tovwleaetcmaobraibeo:nrf:tluchsesliatoem&aeuredh@nwwtmﬁ!nen'fm cmwt eMyises &fi cal

factOfSthﬁ%Oﬁ,%?c‘ﬁgég ofkRE: Al ﬁﬁé RE709! RY 9b4 BRP RANES. NRNIOGARN &icthddds | ¢

agal nst ene I on ensat e OI’ th error is i npr actical as
it or equﬁhee@neégunganeﬂé@h%l?amm @Efeldotptmeaﬁé"%&@r%ﬁi@tfﬁm fa? PEPSIBEHRNY N ski n

resist agggirdda. %%Ele tRTRQgH FRRLS thé réi%f'éﬁ&@%Qst‘b?ﬂ'\‘ﬁf?@@qﬁvéﬁﬂﬁﬂéﬁlﬁg at a
reference site in close pl’OXI m ty to the penetl’atl on si ter%ttogr%@%]d as a

" cont r olesistanee wgualiie thrpeneiraiRmhiesistnge &Kreh 05 8F 2@ 5K REBSS

pref er abi HaliBgé bo@ntidt e RACS aspds.@ts vy 76k are Vo7 ax bihk Yritige blhﬁutpeoet ration
site, the variation in resistance \r/ﬁgnthe %e ce re e and

penet r a¥qisnVihesi e RRRIANRA LRRIEYCs ﬁhé‘age P?i?ef 0? eg?st ance
can al siride diRuTas ogFediahce bhe tlﬁ@éas enmea rremz:etcamcleageomtémral differaricange i s

relgtive i nst te...In exa nmodi
i ncOt poPSivER, | ?888"‘??{5%% It W'B(ﬁ’efe}pé’ ?gﬁ{asnﬁ e Tz nctlhrgc‘f"w B.a‘blﬁ?gure 8
shows apsbtemmlrrnilf&er@fcehnsvmdilbmveecﬁfeslemmenshrat@nsaﬁi tlmweltagaét ignals¢arebg28 and

the ski Bte%%éeé {% a eiterﬁalggé.ﬁ ngﬂﬁﬁeréAﬁﬁ Ixf&ﬁlo %@8?}@:@58&3 site 828, a

penetra Ing reS|s ance asure ween dummy el ectrode 812
and a penetrating electrode 814. In a simlar manner at the reference site

826, the ref AOGERE, if S Péﬁ%ﬁegﬁ%g‘:stﬁ%@ Rgmfﬂ%aé %%rae(;a/\e%qne thge beher ence

el ectrode 80 ( ence he dumry el ectrode 812 is
usutl | yrefarencedrasistar s 408 at 89 pentrakien geptbt Fhﬁf? rlfgaél%?fr grer gal@IBenet r at es

i nto theasihhy &Z%@taﬁdhﬁ PNk P'tﬁ@ detdcBorP8Btht Qkint feRePitidPOsfor@bugreasur i ng

t he penetratlon the reference electrode 805 and reference el ectrode 807
are usUBMGhSiRERNSCEABPCEWeasIRe SkinresipiangeoYasy ERAPPESIEOPSE NP e pur pose

of and also fluctuate due to environmental and physiological factors. Correcting the offset
error voltage and then correlating it against the penetration depth to compensate for the

20  error is impractical as it requires regular calibration effort.

To address the variation in skin resistance in example embodiments, a reference
resistance measured at a reference site in close proximity to the penetration site, is used
as a “control” during the measurement. Since the reference resistance is preferably

25 taken at a reference site in close proximity to the penetration site, the variation in
resistance between the reference resistance and penetration resistance measured is
cancelled. The penetration resistance can also be normalised to the reference
resistance so that the change is relative instead of absolute. In example embodiments,
this can be incorporated into a further modified Wheatstone bridge circuit.

30

Figure 8 shows an example of how the reference site 826, penetration site 828
and the skin 824 relate to each other. At the penetration site 828, a penetrating
resistance Rpey 808 is measured between a dummy electrode 812 and a penetrating
electrode 814. In a similar manner at the reference site 826, the reference resistance



measuring the skin reference resistance RREF 806 only. The | ateral distance
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fixed regsi r 808
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in a further embodiment of the modified Wheatstone bridge circuit as shown in

20  Figure 10, the circuit can be further simplified. Since the dummy electrode 812 and the

neighbouring reference electrode 807 are at the same voltage potential, both electrodes

can be incorporated as one single electrode (i.e. reference cum dummy electrode 811)
having the dual function of a dummy electrode 812 and a reference electrode 807.

25 In another embodiment as shown in Figure 11, by employing the cancellation
effect of the reference resistance, matched reference resistors Ry, Rz and R; (shown in
Figure 7) are totally replaced with reference resistance Rgeri 802, Rrer2 804 and Rger3
806 taken at other reference sites in the proximal region of the penetration site. This
embodiment eliminates total reliance on stability of the resistance of Ry, Rz and Rz but

30 rather on the skin resistance. The reason for this arrangement being that resistance drift
in Ry, R» and R; can also cause erroneous measurements. The selection of reference
resistance Ry, R, and R; are preferably comparable in value to the expected skin
resistance so that error drifts in the resistance of R;, R, and R; affects the

measurements as little as possible. In the worst case scenario, when resistance Ry, R,
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To be used with the invasive component, a conductive wire is inserted fully into

the lumen in such as way that the wire is partially exposed to the outside at the side

20 ports. The exposure of the tip of the wire at the side ports forms the penetrating
electrode. The distance between the penetrating electrode and the apex is determined

by the distance of the upper edge of side port to the apex. It will be appreciated by a
person skilled in the art that the invasive component can have multiple lumens and
multiple wires being inserted to form multiple penetrating electrodes for the purpose of

25  measuring skin penetration.

A system implementation of the embodiment in Figure 9 is described now by referring to
Figures 15 and 16. This implementation incorporates an invasive component 1522 and
an instrumentation circuitry 1534 into a lancing device 1500. A penetrating electrode
30 1514 to penetrate the skin is disposed on the invasive component 1522. Reference
electrode 1505, reference electrode 1507 and dummy electrode 1512 are proximally
disposed on the contact face 1540 of the lancing device 1500. The reference resistance
measured between the reference electrode 1505 and the reference electrode 1507,
constitute one leg of the Wheatstone bridge circuit, which is incorporated into the
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on Bn i IRreperPe 161599 PO "hunmy el ectrode 1712 is normal Iy pl aced
In contact w t h Skl n 1724 at the penetration site 1728 and the penetrating
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1746 are normally disposed on an invasive component 1722, each of which forms an
individual resistive 100p Regni 1741, Rpenz 1743 and Rpens 1745 with the dummy
20 electrode 1712 at the penetration site 1728. While the penetrating electrodes 1742, 1744
and 1746 are unique to each resistive loop Reent 1741, Rpenz 1743 and Reens 1745, only
one dummy electrode 1712 at the penetration site 1728 is necessary for resistance
measurement as the penetrating electrodes 1742, 1744 and 1746 are connected in
parallel and terminated at one end at the dummy electrode 1712 and at the other end on
25  the skin 1724 via the invasive component 1722 as shown in Figure 17. Figure 17 also
shows an example arrangement of the penetrating electrodes 1742, 1744 and 1746 on
an invasive component 1722 (e.g. microneedle). The resistive loops Reent 1741, Reenz
1743 and Rpens 1745 are fed to an external measurement circuit for further processing.
Each individual resistive loop Rpent 1741, Rpenz 1743 and Rpens 1745 can have a
30 corresponding external unique circuit for resistance measurement. However, it is readily
apparent to a person skilled in the art, that multiplexing of resistive loops Rpent 1741,
Reens 1743 and Rpena 1745 to a single external circuit can be incorporated into a single

measurement system, minimising component count, circuit layout, etc.
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ot & Haand, fdror siaglsi peyletratireneleetiadenty 42 de inyaeive PaPponent cRR\LEsEVE conponent
can be @i \hhaive SPRAGNE IR, Non-conductive. In another enbodi ment, a

di spl ay device i1 ndicating skin penetration depth can al so be i ncorporat ed
into the instrunmentation circuitry using inorganic/organic |ight

In another embodiment, a display device indicating skin penetration depth can

also be incorporated into the instrumentation circuitry using inorganic/organic light
20  emitting diode (LED) or a liquid crystal device (LCD) based display panel. The indication
of skin penetration and its depth is useful as the user is often obscured from viewing the
penetration site. Such indication allows the user to be informed of the penetration

outcome without taking the lancing device away from the penetration site.

25 It will be appreciated by one skilled in the art in the implementation of the
instrumentation circuitry, that there can be instances where the resistance change may
be detected, but where the resistance change does not validly show the penetrating
electrode penetrating the skin. The instrumentation circuitry in the example
embodiments is designed to avoid such incorrect indications. This is described with

30 reference to modifications to the embodiments in Figures 7, 9, 15 and 16, and where V1
830 and V2 832 are connected to the instrumentation amplifier 734 at the positive and
negative inputs respectively. The instrumentation amplifier 734 is designed such that it
only produces a voltage output when there is a positive voltage difference between the

positive and negative inputs respectively.



emtting diode (LED) or a liquid crystal device (LCD) based display panel.
The indication of skin penetration and its depth is useful as the user is
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circuitry, that there can be instances where the resistance change nay be
detected, but where the resistance change does not validly show the
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cont actaPRIPHNEK 2810 n 824. Thus, the ref erence resistance RREF 806 is at an
infinite value. Simlarly, the penetrating resistance RPEN 808 at t hat
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I'n cont;fsdes, f)&eoeggﬁ@é V#830%nH 82 ﬁzﬂﬂﬁﬁd FalkSa%hepaiRl vbkagigiffareaesl. Thus,
therelsavota(% nbal ance in th dge circuit _due to the dlfferentlal
there would not be any voltage output at the mstrumentatlon amplifier 734.

When the penetrating electrode 1514 disposed in the invasive component 1522,
20 just makes contact with the skin 824, the penetrating resistance Rpen 808 is reduced to a
resistance equal to the reference resistance Rrer 806. The equality of the penetrating
resistance Rpeny 808 and reference resistance Rger 806, swings the bridge circuit back
into balance. Thus, the voltage output of the instrumentation amplifier 734 with respect
to ground, would swing back to zero.
25
When the penetrating electrode 1514 disposed in the invasive component 1522
further invades into the skin 824, the penetrating resistance Rpen 808 is further reduced
in resistance than the reference resistance Rger 806, as it further invades the layers of
the skin 824, thus producing a positive voltage difference between the positive and
30 negative inputs of the instrumentation amplifier 734 respectively. The voltage output of
the instrumentation amplifier 734 with respect to ground, would swing to a positive value

as a result, indicative of “true” skin penetration.
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I hvasi ve conponen contact is nmade between a
dunmmy ebrdderonteitand t he surface of the skin. At step 1806, a resistance is
applied across the dumy el ectrode and the penetrating el ectrode as one of

the resistive legs of a Weatstone bridge circuit. At step 1808, skin
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out put  YHJ4AAE skih PRhEtRARIONBS ArSih oK UdnidRe i JueH ak -a microneedle or lancet.
In addition, some of the embodiments mentioned can be readily and advantageously

incorporated into polymer lancets.

20 The electrical properties such as the impedance, the capacitance or the electrical
resistance between two electrodes on the skin are different compared to that when one
of the electrodes is inserted in the skin. By incorporating a measurement circuit, the
relative change . in electrical property, such as the electrical resistance, can be
measured. Relative change instead of absolute change is measured as the absolute

25  values of skin impedance vary according to the bodily, environmental and physiological
factors. This allows the embodiments to be used on any body without overwheiming

calibration and correlation.

To more accurately control the penetration depth, e.g., various penetrating

30 electrodes are placed at predetermined positions along the invasive component's tip,
forming points of measurement in one embodiment. The detection of change in value
signifies that a particular electrode has made contact with respective layers of the inner

skin, thereby providing depth of penetration of the invasive component.
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delivery progress. It wll be appreciated by a person skilled in the art
t hat nunmerous variations and/or nodifications may be nade to the present

i nvent i orvaxeewI4i n t he specific enbodi ments w t hout eepaGRiaI@odz’om t he
spirit or scope of the invention as broadly described. The present

enbodi ments are, therefore, to be c@tsidered in all respects to be
illustrative and not restrictive.CLAIMS 1. A systemfor detecting skin
penet ra&i_RﬂVl the system conprising: an invasive conponent for penetrating
t he skin; a %um’ry el ectrode for making contact wth the surface of the
skin; at |eabt ondspeamfpadétacinglskit pergdratipr,jbe system qamPrismgasi ve

conponent ; Wir@a%{)@@ﬁﬁbQﬁ%t%riﬂﬂgtrﬁﬁ fbiskipwherein a resistance across the
dummy el ectrode and the Eenetrati ng el’ectrode constitutes one of the

resistive | egdummy¢lectigpedesmaliag seniagewidh thesufasa@f fieiskihenet rati on of the

i nvasi ve conpqagdiionkperelrffigadedrugdispdsad iH theanriiveadoniitrent, anal t age from
t he Wheatstone bridge circuit. 2. The systemas clained in claiml, further

conpri si ng a@VYheststong bridge ¢t ence el ectrodes for making contact with the
surface of tRRecl B radighBid) adrdsestret anmenyaiasvdehend ithst pgatratiod

reference el ectro constitutes.the mrraring resistive leg, wWth respect
to grouflgctrese ?WE%W%%PE? ShihsEsiRy¥e fﬁqsc?](i%? \%heael‘tﬁtgng%@gﬁ]cggu%g?md in

cl ai m 2skinpenetrationrts tod invhsive edreparee issdatetted thased sn whbfferentigl cekedt r ode. 4.
The, syst as clai in clai. .or. 3, further conprising second and third
pai @ oYCﬁ{Qg?2@&%&%8%%088g’,ngg%é'l[n&f'tor maki ng contact with the surface of
the skin, wherein respective resistances across the second and third pairs

of 1 ef erence, el eohiodoafoRS bl it pgirﬁ eMBLAh&9cRstisthd “ersepair Jr the

Wheat st one bridge circurt respecti . .
reference electrodes for making contact with the surface of the skin, wherein a

resistance across the first pair of reference electrodes constitutes the mirroring

15  resistive leg, with respect to ground, of the Wheatstone bridge circuit.

3. The system as claimed in claim 2, wherein one of the reference

electrodes is the dummy electrode.

20 4. The system as claimed in claims 2 or 3, further comprising second
and third pairs of reference electrode, each for making contact with the surface of
the skin, wherein respective resistances across the second and third pairs of
reference electrodes constitute the remaining resistive legs of the Wheatstone
bridge circuit respectively.

25
5. The system as claimed in any one of the preceding claims, wherein a

plurality of penetrating electrodes are disposed in the invasive component.

6. The system as claimed in claim 5, wherein resistances across the

30 dummy electrode and the respective penetrating electrodes are multiplexed across
one of the resistive legs of the Wheatstone and a penetration depth of the invasive
component is detected based on differential output voltages from the Wheatstone
bridge circuit for the respective resistances across the dummy electrode and the

respective penetrating electrodes.



5. The systemas clained in any one of the preceding clains, wherein a
plurality of penetrating electrodes are disposed in the invasive conponent.
6. The sywoemve@hai ned in claimb5, wherein resistance®CasGess/ g9 dunmy
el ectrode and the respective penetrating electrodes are nultiplexed across
one of the resistive |legs of the Wieat stone and a penetration depth of the
i nvasi ve conponent is detected based on differential output voltages from
t he Wheat stone bridge circuit for the respective resistances across the
dummy el ectrode and the respective penetrating el ectrodes. 7. The system as
clainmed in afy onEheosystam s claiaehin amapns of ik PE3aedingecirifFadiheéeiB orponent
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el ectro contact wt he surface of the skin is disposed on a

ski n- comea@qmw@ée%ﬂod@ﬁ@r Wah'egr?@”@ﬂ/w&'éth%s“ﬁﬁ?@ %‘VE? SKNdE diPEPFRANI n cl ai m

2, wher giRintdhtadiYRe ofehe RIMBRGRIRLIcEONPri ses a microneedl e di sposed in a
IanC| ng device, and the dummy el ectrode for meking contact wth the surface

of the skin and the first pair of reference el ectrodes are di sposed on a
ski n-cont act gf aceTed syften agcianged @vickém X.whdreinsystiavashge compomehti n cl ai m

4, wherein the invasive, c onent co rises a merongeedl i in a
| anci ng “QBHIEE, 2 5}‘.‘{{0'9%0"%8% eéﬂ@cﬁ lpBas PSY'C%%%‘%@E'E“AQF pe\?ﬁ?‘li)gﬁwe sur f ace
of the sldkimgasuahtddt evithithe surfaecofittle skindcartdhthe dirgigiairsofoéferarfeeralecwdesect r odes

o B kb BORkE L BEfefindiibabgbe g devi oc. 10, The system

recedin wherein the invasive
conponent conprises a hollow or solid mcroneedle. 11. The system as

claimed in agy ongob,im DS GERALA% Clath B wilIEICIE hDRNAEaRPYRerkOMPONen!

conprises a conductive mcronee e systemas clained in any one of
clai s comprises, a wiespeserle Hisppearhisia/aneidagerent anshifgrdusesy glegBRde Biiduct i ve

m cr onegfg dodtact MthSHeeifaas of iR S ahd 15 Atst) dekonWh&iEttivat fifrsi dfvasi ve
conponent
15 reference electrodes are disposed on a skin-contact face of the lancing device.

10.  The system as claimed in any one of the preceding claims, wherein

the invasive component comprises a hollow or solid microneedle.

20 11.  The system as claimed in any one of the preceding claims, wherein

the invasive component comprises a conductive microneedle.

12. The system as claimed in any one of claims 1 to 10, wherein the
invasive component comprises a non-conductive microneedle.

25 :
13.  The system as claimed in claim 12, wherein the invasive component

comprises a plastic microneedle.

14. The system as claimed in any one of the preceding claims, further
30 comprising means for indicating skin penetration of the invasive component based

on the differential output voltage from the Wheatstone bridge circuit.



conprises a plastic mcroneedle. 14. The systemas clainmed in any one of
the preceding clains, further conprising neans for indicating skin

penet r at iwo 2069/2b@4i nvasi ve conponent based on the diff ec&siGzel7/oowtput
voltage fromthe Weatstone bridge circuit.15. The systemas clained in any
one of the preceding clains, further2zxonprising neans for displaying the
penetration dept h of the invasive conponent based on the differenti al

out put vol tages 1o ng, WIeRLihant, Bh R, & f8Ubredfly JHBsOYRIER 20

claine din a wher er'n erence and/or dummy
el ect r odeaprsing me;apes‘eddapkaumg tha pgnetlraimg\ depth ofitbednvasivg eameonent anci ng

device. p g éh {ﬁ%tcn%CFer];t%rl o%&?%l gs A thRSORLdt&bhe Briabd Birdt hod conpri sing
W t

the steps &t penetratin an invasive conponent wherein at
| east one penetrating electrode |s di sposed in the invasive conponent;

makifg cont agh befN@@yrktémdéQ%nﬁ‘é @mt EQA8naRA cldiRs SUrd, 2% ®, tfhdrdif th&i N;

applying a resistance” across unmy el ectrode and the fp rati ng

el ect r otRderggce ABA/GF d't"ﬁ@)’r%i@‘?"&qe{i’@@ diggogd AroRE ANRFWNGTT %g‘é aepduit: and
det ecti ggnalditiReasidat i on of the invasive conponent based on a
differential output voltage fromthe Wheatstone bridge circuit. 18. The
nmethod as clainmed in claim17, further conprising the steps of: making
contact withithe sunétace fof détbetirgksiin Wehbtratidn, rtis¢ npethod ebmpesiegehee

el ectrodes; and applying a resistance across the first pair of reference
el e@roﬁt&B Bg the mrroring resistive leg, with respect to ground, of the
Wheat st one bpérdgratiag rtbai $kin 1With Tare invesived campahentnwtieien ctaleastl8newher ei n

glngl ?rfedtp%‘ll?e]etr f e%Cﬁéd&‘SeﬁggO%%%ﬁn lh\b'fsn%uégmp&*e%?t rode. 20. The nmethod as

er conpri sing
making contact between a dummy electrode and the surface of the skin;

applying a resistance across the dummy electrode and the penetrating
15  electrode as one of the resistive legs of a Wheatstone bridge circuit; and
detecting skin penetration of the invasive component based on a differential

output voitage from the Wheatstone bridge circuit.

18.  The method as claimed in claim 17, further comprising the steps of:
20 making contact with the surface of the skin with a first pair of reference

electrodes; and
applying a resistance across the first pair of reference electrodes as the

mirroring resistive leg, with respect to ground, of the Wheatstone bridge circuit.

25 19. The method as claimed in claim 18, wherein one of the reference

electrodes is the dummy electrode.

20. The method as claimed in claims 18 or 19, further comprising the
steps of:
30 making contact with the surface of the skin with second and third pairs of
reference electrode, and
applying respective resistances across the second and third pairs of
reference electrodes as the remaining resistive legs of the Wheatstone bridge circuit

respectively.



steps of: making contact with the surface of the skin with second and third
pairs of reference el ectrode, and applying respective resistances across

t he secomloana/2iisrd pairs of reference el ectrodes as tRETSEI7RDIG9
resistive |l egs of the Wieatstone bridge circuit respectively.2 1. The

met hod as clained in any one of claid®%s 17 to 20, wherein a plurality of
penetrating el ectrodes are di sposed in the invasive conponent. 22. The
nmethod as clainmed in claim2 1, wherein resistances across the dumy

el ectrode and the respective penetrating el ectrodes are nultipl exed across
one of the r@kistThe meadhps! as daimedrBAY: e A rRiRIESpEHE? r20; |"Eﬂ?rﬁ8p’i‘ h of the

i nvasi v eRRP HRRktrhfn b &FddRY ahaarBos iMlithé ivaSIVE @bmpuhemt Vol tages from

t he V\heatstone bridge circuit for the respective resistances across the
dummy el ectrode and the respective penetrating el ectrodes. 23. The nethod

as o ained '2‘2 an)’Ttﬁfé’\ﬁ'ne‘ﬂ*fodCésﬂbﬁﬁnécY |ﬁ @Ia?ﬁ 21\{\Ih\ﬂfe®¢=|ﬁ refietanbya atio’s abaponent
conpri ses m croneedl e di s%) | . anci.n

el ect ro@l‘ém'f“dre feds AL dETP Y€h pFH% r%tmgf %{8% Qﬂ%vﬁ{g rg@f]ﬁlef%uea?rg Bosed on a
ski n- copiieaet theaeeistie leae of arcWhgatitariecand 2 pendthiatioreddysl chishecinabsieel in clai m

18, wh h d i

anci ngbaBRr it i AHCEIRE R e p et aeor B udiateS AR T PVERARBREC (Ui Tace
of the isfidge ainmlitt foe tié redpeptver resistarsfosr amess meedumﬁd/esleatf@dejﬁsfbdb%d_ on a
skln) co egﬁg&\'ﬁ?e%e%t"&{) eét?d?i%%”g device. 25. The nmethod as clained in claim

20, Whe' nvasi-ve comnmponent conprises a m croneedl e disposed in a
| anci ng devi ce and the dummy el ectrode for naking contact with the surface

of the ski n 2 S i3y tdwer 6k BaiisS1PTo 2 QrRAGA tRE eCt r odes
are di spose on ﬂ%fdr?&?gn?szgt%ﬂﬁace' of ythe | anci n? dec\)/l ce.. 26. The nethod
?

as cl ai inwasive Comporss compases agnigreneedieslisnpred & A Tanging device, and the
dummy electrode for making contact with the surface of the skin is disposed on a

15  skin-contact face of the lancing device.

24. The method as claimed in claim 18, wherein the invasive component
comprises a microneedle disposed in a lancing device, and the dummy electrode for
making contact with the surface of the skin and the first pair of reference electrodes

20 are disposed on a skin-contact face of the lancing device.

25. The method as claimed in claim 20, wherein the invasive component
comprises a microneedle disposed in a lancing device, and the dummy electrode for
making contact with the surface of the skin and the first, second, and third pairs of

25 reference electrodes are disposed on a skin-contact face of the lancing device.

26. The method as claimed in any one of claims 17 to 25, wherein the

invasive component comprises a hollow or solid microneedle.

30 27. The method as claimed in any one of claims 17 to 26, wherein the

invasive component comprises a conductive microneedie.

28. The method as claimed in any one of claims 17 to 26, wherein the

invasive component comprises a non-conductive microneedle.



i nvasi ve conponent conprises a hollow or solid mcroneedle. 27. The nethod
as clainmed in any one of clains 17 to 26, wherein the invasive conponent
conpri seswea 2oovdewti ve m croneedl e. 28. The nethod as clrairsedoi7moe@iy one of
claims 17 to 26, wherein the invasive conponent conprises a non-conductive
m croneedl e. 29. The nethod as clainmed in claim28, wherein the invasive
conponent conprises a plastic mcroneedle. 30. The nethod as clained in any
one of clainms 17 to 29, further conprising the step of: indicating skin
penetration of the invasive conponent based on the differential output

vol t age fror@% he Theemethodras daimggddn claimuigd, wisrain g dnvastvea@mRenenbi ned i n

any one I . gurther conprising the step of: displaying the
penet racfQ?ﬁopnr& gﬁ‘ﬁ"‘%‘% r{.'ﬁreO%igﬁ?/asi ve conmponent based on the differential

out put voltages fromthe Weatstone bridge circuit.
5 30. The method as claimed in any one of claims 17 to 29, further

comprising the step of:
indicating skin penetration of the invasive component based on the

differential output voltage from the Wheatstone bridge circuit.

10 31. The method as claimed in any one of claims 17 to 30, further
comprising the step of:
displaying the penetration depth of the invasive component based on the

differential output voltages from the Wheatstone bridge circuit.



