5 10 Instrunment and system for producing a sanple of a body liquid
and for analysis thereof 15The invention relates to the collection of
sanpl es ofwbad/okseqsii d for all ow ng anal ysis thereof, ipcaEr2009/007042
determ nation of an anal yte concentration therein. In particular it
relates to instrunents and systens for ﬁloducing a small sanpl e of
body liquid by piercing the skin of a subject (human or animal) using
a di sposable lancing el enent having a skin piercing tip 20 suitable
for generating a small wound from which the sanple is drawn.
Dependi ng on the skin site used and on the |lancing depth the body
liquid is blood or interstitial liquid or a m xture thereof. Analysis
based on skin-piercing is inportant in several fields of nedical 25
di agnostics and treatnent. O particular inportance is the field of

di abet es managenent. It has been determ ned that severe long term
damages caused by di abetes nellitus can be avoided if the patient
controls her ar his blood sugar |evel several tines a day in order to
adapt the req&ired insulin injections closely to the actual need for
mai nt ai ni ng a 30constant bl ood sugar level. This requires so called
"honme-nmoni toring"” by the patient hinself or by other people not
havi ng a nedi cal training. O her inportant fields of nedical

di agnostics and treatnent with simlar requirenents, including
honme-nmonitoring, refer for exanple to the regular 35control of bl ood
chol esterol and to the control of blood coagulation 2 parameters.
The invention is in particular suitable but not limted to

home- noni t ori ng app|nFEdTe™®Red sEitem fepreduging mearmmlesofal kngy dswidande. g. |
in so called "near-patient-testing'for flafRRithGest the skin is
generally performed by a | anci ng system

15  The invention relates to the collection of samples of body liquid for
allowing analysis thereof, i.e. determination of an analyte cdncentration
therein. In particular it relates to instruments and systems for producing a
small sample of body liquid by piercing the skin of a subject (human or
animal) using a disposable lancing element having a skin piercing tip

20  suitable for generating a small wound from which the sample is drawn.
Depending on the skin site used and on the lancing depth the body liquid
is blood or interstitial liquid or a mixture thereof.

Analysis based on skin-piercing is important in several fields of medical

25 diagnostics and treatment. Of particular importance is the field of
diabetes management. It has been determined that severe long term
damages caused by diabetes mellitus can be avoided if the patient
controls her or his blood sugar level several times a day in order to adapt
the required insulin injections closely to the actual need for maintaining a

30  constant blood sugar level. This requires so called "home-monitoring” by
the patient himself or by other people not having a medical training.

Other important fields of medical diagnostics and treatment with similar
requirements, including home-monitoring, refer for example to the regular
35  control of blood cholesterol and to the contro! of blood coagulation



conprising, as nutually adapted conponents of the system a reusable
hand- hel d i nstrunment and | ancing el enents. The novenent required for
| anci ng ( pWeAWEHYS novenent) is driven by a | anci ng drRGRERPGPIHEZ
i nside a housing of the instrunment and adapted for driving a |ancing
10el ement connected thereto. Lancets can e interchangeably connected

to the drive and generally are disposibl& itens. After triggering the
puncturing novenent the lancet is driven in a puncture direction
until it reaches a point of maximumdisplacenent and 15 thereafter

it is further driven in a_lrever se. direction. Many suitable | ancet
drive mechani sns PRREEEEn e UERIGRGS ] PatiRMar syidakle (g natilimited toor ce
is supplied by a heemesmonigaing @pplitgtiensd Strilar kepizehents ialse dxist tder in so

i ncl udes suitable nani. pans.«for converting the force of the
called t}gegk Egtienﬁf‘e@{l‘r?g

spring into the requi venent of a lancet. 20 An inportant
consideration in devel oping |ancing systens is the pain caused by the

]E)ri ;:ki ngda;:ti Qn. _lﬂnbi‘ﬁgpafi Rhérgkirt F@ gﬁﬁ@i‘éﬁ{ll @%f[éﬂn@cf MS% Qérfé_ir{é?_%bﬁé:‘ﬁe
actors deternining compl i anc atient, i. is wllingpess
to perform regul a‘!r&% rﬁ'gﬁgs%% mé{g“aﬁ%aﬁ?P?%‘ﬁc?'af?mwaisn?fgﬁ‘%F!h%erHi gr gp‘?h.
It has 25 been dwndrheidhigstrurnent andlldrgingecigmerds: cheonoement eequirgdifared

anount of sanpl e |hhding @pdﬂcmnﬁﬁrﬂ&%ﬁ%rHrNEHrHyyanrﬂ’ﬁﬁbd%ri\%n #J‘ ed
reproduci bility of .an OEtI numfogge.tratl on depth of the tip 8 t he
| anci ng el ement iAYEE EhBOUSKI9n Ol Kieingiaiment and adagled fog griving Anfanging
earlier |anceto sys¢reent doneeaedithesats, Igewetsadahybe BtpicHaagesblp borindkicy of

steps to be perfgggﬁd,ﬁétatnpégﬂ?rﬁﬁ %’%ﬁﬁ?sib'?'ﬁ%gg with such earlier

systens the bl oo e rromthe wound site in the
| anced skin. Therefore manual "m | king" steps such as pinching,

squeezi ng and Knesrthr rlgggtrﬁgetﬂeeg@rgﬁ@rng hrl\l:é!ﬁéiﬂrth}eolaﬁ&!r BS&riJeRCin a
contacted to 3 BPanf SRecon piluteaceR 3 polpi3F Ty Hble iRt s
separ at e and idi stthereaftgrribimn futther |daineri ingg eeyetserdirectiva. Maey anitdbjeslapcetas
performed ther ebyyriveInflecBBAiSis havd BREOYR R, Y RRCLHs88 1Rf driRHIPbRe
liquid at the | ar}glsﬂgplﬁeldtb% grt]gnsioned spring and the lancet drive further includes
suitable mechanical means for converting the force of the spring into the
required movement of a lancet.
20
An important consideration in developing lancing systems is the pain
caused by the pricking action. This pain and the convenience of use are
decisive factors determining compliance of the patient, i.e. his willingness
to perform regular analyses as required for maintaining his health. It has
25 been determined that reliable’ production of the required amount of
sample liquid with minimum pain highly depends on the reproducibility of
an optimum penetration depth of the tip of the lancing element into the
skin (see US-patent 5,318,584).

30  With earlier lancet systems the analysis generally required a plurality of
steps to be performed by the user. After lancing with such earlier
systems the blood did not readily emanate from the wound site in the
lanced skin. Therefore manual “milking" steps such as pinching,
squeezing and kneading where necessary in order to express the

35  required amount of sample liquid. Finally sample liquid was contacted to



to avoid the manual "m | ki ng" several proposals were made all of
which relate to the design of the contact area at a distal end of the
| anci ng | n&oraomenabo4Bavi ng a (generally ring-shaped) skircrERI@an7042
surface surrounding a skin contact opening. Such |ancing systens are
descri bed 10in WD 99/ 26539 WD 01189383 EP 1 245 187Al EP
1 586 269 15EP 1 586 270 Wil e these apprvaches differ in several
ways, a comon feature thereof is that the skin contact opening has a
relatively | arge di aneter whereby the skin bulges into the skin
contact opening formng a target site bulge 20 which penetrates to
sone extent into dhénpuhierminahah anhandlysiscsystem lwhichras séparae carsled

with its distal edstinct fRom Whé Nakdiy SkdtBms ARkt BHATHAS Slas2PRHESted NE
skin. This bulgi ntﬁsr%ﬁtl on (hereafter designated "target site
eral

bul ging") is gen y conbined with additional neans for inproving
sanple liquid production, such as a nechani cal squeezi ng 25acti ng

radial Iy inwardl yj &d&wﬁ&%% uEﬁBﬁOAf\émae%iﬂa'at R il grR2r LS
of the instrunent, etc. ldeally fhese neasures allow wth ?l;“g}

success rate (prPe¥althe manual "miking" sryesyl PEopRpas Wesn Made all o mhicki ent
amount of sanpl e rfelatpuiadthsi ddstyrt of 8@ coatagabreanat! Xidisgal .endhifgh@@aricingl S a

requi rement of i d ihg S S Lch. i.n a
single instr unen?bag{)n?r%]?i gée | ot%,(gﬁlﬁal%ﬁ@n?@%bﬁ%%a%gﬁa- ?/%esglgﬁﬁ?l e
production and meBFEURGRI 8 skinp9atagterening,Buch Ianeing arstemss erstdassrikade
designed to parfaamthe sanple generation and analysis fully
automatically, i.e. without any handling steps by the user.

WO 99/26539

WO 01/89383 A2
EP 1 245 187 A1
EP 1 586 269

15 EP 1 586 270

While these approaches differ in several ways, a common feature thereof
is that the skin contact opening has a relatively large diameter whereby
the skin bulges into the skin contact opening forming a target site bulge

20 which penetrates to some extent into the opening when the lancing
instrument is pressed with its distal end (i.e. with the skin contact
surface) against the skin. This bulging action (hereafter designated
“target site bulging") is generally combined with additional means for
improving sample liquid production, such as a mechanical squeezing

25  acting radially inwardly, a pumping action involving axial movement of
parts of the instrument, etc.

Ideally these measures allow with a high success rate (preferably better
than 90 %) expression of a sufficient amount of sample liquid without
30 manual "milking". This again is a requirement of integrated lancing and
analysis systems which, in a single instrument, comprise both, means for
the lancing-type sample production and means for the analysis. Such
integrated systems are designed to perform the sample generation and
analysis fully automatically, i.e. without any handling steps by the user.



4 They have been proposed in a plurality of variants which can be
assigned to two types, nanely A) 'Two unit systens" having - in a

si ngl e i nswhuapalediousi ng - two 5 separate units for |@AGEMGoAGE4E OF
anal ysis. Typically the units are noved one after the other to a
common skin contact opening (see e.g. EP 1 669 028 Al and EP 1 736
100 Al) B) "Single unit systens" operatirg with a single conbined

| ancing- and 10 analysis unit suitable for perform ng both functions
(lanci ng and anal ysis). Most such systens operate with integrated

| anci ng and anal ysis el enments. The two conmponents of such conbi ned

| anci ng and anal yBiey bhwrbaérs prompsgeniar al plyralitpnaff eartautse dhi@padatoel vy

but assenbl ed by $§§§n§@w&m%d€seﬁarﬂélﬁat | east before use, i.e. before

the 15 | anci ng novénent ggere In the instrunent such
el ements are processed as a unified item In other single unit

systens both funcay mo(dnar@lsl&g'nsaﬂﬁwa@aimsd Smg@rlﬁstﬂﬁﬁér@mﬁn ¥tWBe

and processed Z‘e'pZP%' Bt TR Bl R ety Tk ﬁ%ﬂmeyﬂ g
20pr ocedur e. Exanpl @govef! osierafee thenbthesipsa emmnekdemtaf:bedemm {dee

foll ow ng publicati @'@EPVQ@QSQBZ@?QnaIQQQBﬁQQ%QQ Al EP 1 342 448 Al
25EP 1 360 933 Al EP 1 362 551 Al Even though several of the

di scussed systens, in particular integrated |ancing and anal ysis
systens, provi de BnjSingledinitesystetrs" ageratimpwitted single @onkérasdl I'aemng(-rwwn

devices, therg are %‘hhl&éls SHRS Ebicakor chrﬁtﬂgiﬂ}igf fur:ngﬂgll;seélgﬁm %rg%%

for inprovements with fespect to several par y contr
requi rements incl udlaﬁalyﬁ%é"kﬁ Sysfe SYSHPRE rARRTabR VD drtgaatasd iPDeing and
requi rements concer rnalgsiy @ldnients. VEHegilo cunthopestsl WE sLEH c6MBihed lancing

and analysis elements are generally manufactured separately but
assembled by the manufacturer or at least before use, i.e. before the

15 lancing movement is triggered. In the instrument such elements are
processed as a unified item. In other single unit systems both
functions (lancing and analysis) are performed by the same unit but a
lancing element and an analysis element are provided and
processed separately during at least a part of the anaiytical

20 procedure. Examples of single unit systems are described in the
following publications:

WO 01/72220
WO 03/009759 A1
EP 1342 448 A1
25 .EP 1 360933 A1
EP 1 362 551 A1

Even though several of the discussed systems, in particular integrated
lancing and analysis systems, provide improved results as compared to
30  earlier known devices, there are still substantial shortcomings. There is a
need for improvements with respect to several partially contradictory
requirements including ease of use, minimum pain and minimum
requirements concerning volume, weight and production cost,



5 Wth a viewto this aima first aspect of the invention proposes an
instrument and a systemfor producing a sanple of body Iiquid by

pi erci ng twe 26isfodeog®NPri sing a housing 5- a | anci ng dricaaepsbdoladiag:
sai d housing adapted for being connected to a |ancing el enent and

adapted for driving a lancing el ement connected thereto in a
puncturing nmovenent in which the | ancingdel ement noves, after
triggering the puncturing novenent, in a puncture direction until it
reaches a point of maximum di splacenent and in a 10reverse direction
after it has reached the point of nmaxi mnum di spl acenent, a pressure
ri ng surroundi ng Vaitis lai viewotot st aicrrpen'fmg aspett e ithg iraﬂaﬁﬂrEdrdpred)ehng

pressed agai nst thg, sk P’an)ﬁ'hé”%tg R &E{Mbr\fﬁ"?t&% é’po?rl%&? fb@?

openi ng area correspon acirc |ane

| east 1.5 nmm and RRSEINGBIESkiNREMPLisiHgh  Pref erably the opening area
corresponds to a circle with a dianeter of at least 2 nm nore
preferably at |edst? %mgﬂﬁﬁ1 The instrunent further conprises a

pressing force contr %ncq,g;v&r g“{ﬁ (?cmﬁ& nlglt‘{:o%p{eg ro%%fr?g[sé@r%ef%tglr 43t he

bet ween the priessuré Tin r1gg
20punct uri ng novenencing@laseeniend é@@tte@foi\ldﬂm%& @naibg glesent mcmdN

and nost preferably yahetbeinss &mNuru?Wv@Heﬁt i @hRheMmBUaRcihd erhént
circular and in this case

\Jl E\? t he specifie Lnner’gree
di aneter. In case of"¥*%oRA"Y Wgﬁ?r&g H”'F&HF‘&C'F“’%B ni’hg PHEWYFea
of the opening shoukedionnetipbrehcliés @ poine ot trexisanedisplscanhmnt anedn af a
circle with tjhe mentdQned fILATR! SkeV @ W8S reached the point of maximum

displacement,

- a pressure ring surrounding a skin contact opening and being
adapted for being pressed against the skin,

wherein the skin contact opening has an opening area corresponding to

15  a circle with a diameter of at least 1.5 mm and not more than 4 mm.
Preferably the opening area corresponds to a circle with a diameter of at
least 2 mm, more preferably at least 2.5 mm. The instrument further
comprises a pressing force control device for controlling the pressing
force between the pressure ring and the skin at the time of triggering the

20  puncturing movement, to be at least 3 N, preferably at least 4 N and most
preferably at least 5 N.

Generally the pressure ring is circular and in this case it should have the
specified inner (free) diameter. In case of a non-circular skin contact

25 opening the area of the opening should correspond (i.e. be the same) as
the area of a circle with the mentioned diameter values.

In contrast to the above mentioned known approaches the invention does
not rely on target site bulging for automatic expression of a sufficient
30 amount of sample liquid. Rather the inventors have found that it is
possible to achieve the required high reliability of sample generation with
a combination of a relatively small skin contact opening and a relatively
high pressure force which is guaranteed by a pressing force control
device. This was unexpected, in particular because it had been assumed



In contrast to the above nmentioned known approaches the invention
does not rely on target site bulging for automatic expression of a
suf fici entweQol0ed®it of sanple |iquid. Rather the i nveaUIErIQ042
found that it is possible to achieve the required high reliability of
sanpl e generation with a conbination of a relatively small skin
contact opening and a relatively high pr@ssure force which is
guaranteed by a pressing force control device. This was unexpected,
in particular because it had been assuned 6 that such a high
pressure woul d "press away" the bl ood, unless the device has a |large
openi ng al | owi ng teatbsyichm ihigh prgbgjiragvasdd fiiresss kivay" ffii iJoers; Sungski tha was

based - inter aliddvive®8s Tah@rg@%@ﬁi-hﬁ%ﬁtﬁmik@@%ﬁﬁfﬁﬁl%&?ng’ioﬂ tﬂﬁ@ﬁi‘h.s?ﬂist hat
pressing with a thin itemon skin causes a col or, 5change from

to the :
red to white indiBaMTRPNIRRSeE IRELBIR T PBIHG HECHRSSIECMDEVED {2 The
i nventi on over cortegemoprtball pressied attbca thin ftamgeito Shé ekib Wagsdrganame! v

the | ack of i bt Lt : t ] Lch ti
of the 10 Ianci %35@%@%*&%%2%@?@@?&% R B blg P
adj ust nent of thé"fPongitudinal position (i.e. position in the

direction of the |ancing novenent; hereafter "z-position") of the
| ancing drive and.,conseguently a given z- itiaqn of fhe point of
maxi num di spl ace?rrlglrﬁ‘\t'm’é"fn ?rhce)vefr%%eeef’a Pwﬁ'e&%@%ﬁ#ﬁarﬁegﬂﬁ%lﬁ%gmgwon
the exact z-posi tthelchbf epedukibiitysai teapanetrsti dapth bhehishitied tp bfige
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undefined. In orﬂer .t$. overcome this uncertainty Sonme prior t

devi ces have nean¥'HtHfingePaILH-of PPRLOL A cthe, dieetion; 6h tBe [aReingki n
by a skin positi onoveR@nt] beeafterdn-pdsitioc'pof the Bociag etve midcdnbeqleabging

i nstrunent. O her or at 1 e I On.: e el enent
having a ref erencgzvegﬁfélé%gﬁwég% @J&fﬁgﬁéﬁ?@@ﬁ%@%@ﬁﬁ ta%:fﬁ é%?at%gettthg
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contact openiusg aduribdithe MBIctUARG MovemEat DRE & tHai Kilidy fHA §1@P p6sition is
z-position refer %ﬂﬁ&aﬁ’t%ﬁﬂ, N9aR 08t ration of the

In order to overcome this uncertainty some prior art devices have means
for detection of the exact z-position of the skin by a skin position

20  detection device integrated into the lancing instrument. Others operate
with a penetration depth reference element having a reference skin
contact surface which is contacted to the skin (additionally to the skin
contact surface surrounding the skin contact opening of the instrument),
for providing a reliable z-position reference during penetration of the

25 lancing element tip into the skin. While these approaches help to achieve
a reproducible penetration depth they require a substantial expense in
the instrument design and production, making the system less handy and
more costly.

30 Many lancing systems simply disregard the -penetration depth
uncertainty. While individual variations from person to person may be
tolerable because they can be compensated by adjusting the penetration
depth setting, intra-individual variations (i.e. variations referring to the
same user) remain. These include changes of the (elastic and other)

35  properties of the skin caused by influencing factors such as temperature,



25 lancing elenent tip into the skin. Wile these approaches help to
achi eve a reproducible penetration depth they require a substanti al
expense i nwbheroiastigs unent desi gn and producti on, maki ngediner2s0sb B2

| ess handy and nore costly. 30Many | ancing systens sinply disregard
the penetration depth uncertainty. Wiile individual variations from
person to person may be tol erable because they can be conpensated by
adj usting the penetration depth setting, intra-individual variations
(i.e. variations referring to the sane user) renain. These include
changes of the (elastic and other) 35properties of the skin caused by
i nfluencing fact oprevisue skiastréatimpsy eetglr ®ashing Wtﬁvédélpﬁ anlfi ¢holoeeatt ment
e.g. washing wt : 0 C n e.
gl'hege vari at igons erg‘gﬁ#éa%ﬂﬁ%{% rrg?se ¥an g‘?nr?q?%%{r? %gihézgsl% g,l EJLﬁeztlla‘r’{?se
they require a hi @&cemrnebe@ﬁusmwepéﬁ@maa high vakiet of tbetpenetgatlpo deptbe

sure that a suffi &tﬁi&tomﬁ%r%aﬁﬁﬁﬂf@edt 'aﬁw'éhﬂl df%aﬁb@%ﬁn@% Er%‘d@ébdw th
a di sadvant ageous posi nvention all ows an

excel | ent reprodu® e&“flﬁthﬁ,d'ﬁq "f‘ﬂté‘g‘ic’“ﬁc?é’ﬁ'f'?rbﬂ”h? skike skin at the

| ancing site and thus an excellent reproducibility of the penetration

depth. Si mul t aneogsd ¥y Foﬂ@lh&vg aﬁaém{elf%ngﬁe@%oﬂuoﬂgnésf%% Qg}&mon of th LI

10"m I king") is achi ev I nex
| anci ng system ASKeR@t 1By Iptaings sitgy aF‘Gr'BES i B¥e fédfeﬁsi’dac@'ﬁ'iyt abeh@
pressing force copénetbtidteddptie. Siiultdnedushe diteMat@sarhile FoadratidrC atitholt

particul ar CO{TZE ri '§1|1 ﬂgl |§I‘§chﬁ8fehr3~9th% Yr'\?\glg W??]n%Q%én%w%rJeg“ng%gtheq%zcurﬁ;ﬂ a

manner t hat sSpri n force acte pet Bes a9 ih
housi ng. The spri $¥gteevi ce is preferably enbodied as a netal spring.
O her spring-like devices are, however, known and can be used, such

as a pneunmatic sp&dng C{ res;f i ent el ement oft n el ast |fc mat egllal
Hereafter the ter e ?ﬁ H’SSSI?% orce |s ensure Y a suilable pressing torce contro

device. Such a device can be mechanical, in particular comprising a
15  spring device which is arranged in such a manner that its spring force
acts between the pressure ring and the housing. The spring device is
preferably embodied as a metal spring. Other spring-like devices are,
however, known and can be used, such as a pneumatic spring or a

e

resilient element of an elastic material. Hereafter the term "spring" is
20 used as an example of any such spring device. Preferably it is pre-
tensioned, as will be described in more detail below.

Pressing force control devices operating by electrical means may

comprise an electromagnetic drive including a coil and a magnetic core,
25 in particular a voice coil drive. The control of the pressure can be fully

automatic or it can require an activity of the user. In the latter case

electrical means can be used to measure the force by which the pressure

ring is pressed against the skin and this force can be indicated to the

user by suitable visible, acoustic or tactile means, whereby the user can
30  adapt the pressing force to the desired value.

According to a second main aspect of the invention, which is preferably
combined with the first aspect but can also be used independently, the
invention proposes a system and an instrument for producing a sample



20used as an exanpl e of any such spring device. Preferably it is pre-
tensioned, as will be described in nore detail below Pressing force
control dewocef/apasating by el ectrical neans may conprpEgeRi9/007042

el ectromagnetic drive including a coil and a nagnetic core, 25 in
particular a voice coil drive. The control of the pressure can be
fully automatic or it can require an actiity of the user. In the

| atter case electrical nmeans can be used to neasure the force by
which the pressure ring is pressed against the skin and this force
can be indicated to the user by suitable visible, acoustic or tactile

means wher eby t heofu@y ligaa b3 Pedeng tHem:irptﬁsﬁ}@é hMcﬂ‘ng lefefindr@ hield _d%‘;;(in_r ed
val ue. Accordi ng E%C C ai A3R66E of the I nventi on, ichis
o R T8 '"EP” ' ét

preferably conbi né aspe but can al so be used

i ndependent |y, thBIJW&Eﬁ%On proposes a systemand an instrunent for
producing a sanple 8 of Dody liquid by piercing the skin using a

| anci ng el enent havidwgnéing tiive Wit €4id Goldify a@agitéﬂ foF\EésﬁngBrmecfé@\&b g a

housmgalan ng drive w,thi 0

connected to a 5 e{?{&c"ﬁ’ge[%m%rﬂearq? gﬁ’g ‘ii"éﬁﬂ%’&gf* "Cﬁ’lgl""iﬁrﬂ?j‘ rc"réﬁ‘fﬁdng
el ement connect ed thberetOom A Rpunstuiiog Umpvegnenbyre rveich ithe lemcop ¢lament

I ancing el ement m)VQﬁove§f taﬁér trido8a%d R phﬁ&u FlNEMBAL, Va?rﬁ?lﬂéture' n-a

puncture direction aches a %1 maxi [Ty acenent
and in a reverse di r‘E'E’Etf%' "5‘; ﬁé‘?a £S A %@%Q'SBQP?H’E'BfaW%%m
20di spl acenent , reverse direction after it has reached the point of maximum

10 displacement,

- a pressure ring surrounding a skin contact opening and being
adapted for being pressed against the skin

wherein the pressure ring has on at least a part of its circumference a
width of not more than 1.5 mm, preferably not more than 1.2 mm and

15  most preferably not more than 1 mm. According to a highly preferred
embodiment such a narrow pressure ring is surrounded by a peripheral
surface portion which is recessed from the pressure ring such that the
pressure ring protrudes in the puncturing direction from the peripheral
surface portion. The pressure ring and the recessed peripheral surface

20 portion may be embodied as part of a single element, designated
pressure piece. However, it is also possible that the pressure ring and
the recessed peripheral surface are parts of two separate elements.

According to a further preferred embodiment the pressure ring protrudes
25 from the peripheral surface by at least 0.5 mm, preferably at least
0.8 mm and not more than 2.0 mm, preferably not more than 1.5 mm.

In the context of this main aspect it is of particular importance to note that
the term "pressure ring" is used herein in an essentially geometrical
30  sense, namely refetring to a narrow ring-shaped area surrounding the
skin contact opening. Forces acting between the instrument and the skin
are borne essentially only, or at least preferentially, via the pressure ring.
Thus the pressure ring is a narrow ring shaped surface area surrounding
the skin contact opening and bearing during practical use of the



a pressure ring surrounding a skin contact opening and bei ng adapted
for being pressed against the skin wherein the pressure ring has on
at | east awpapio@bossts circunference a width of not norgff@diokoRs M
preferably not nore than 1.2 nmand 15 nost preferably not nore than
1 mm According to a highly preferred enbodi nent such a narrow
pressure ring is surrounded by a peri pher®l surface portion which is
recessed fromthe pressure ring such that the pressure ring protrudes
in the puncturing direction fromthe peripheral surface portion. The
pressure ring and the recessed peripheral surface 20 portion nmay be
enbodi ed as part ioftnaneit apleestedlctppreferatds algeadt @d % aed swseprpieeatdy at
However, it is al rEQstpéIﬁ%'Qﬁﬁetf?&Es%ﬁn%BSﬁ%Hﬁ%?é 'ir{l;ﬂu%@ﬂt Ia#&tﬁeegﬁﬁsed

perlpheral surface are pa separ at

to a further prefePieguentioBicREiNg thdhipraspedt: o Wﬁn@vﬁmﬁ@ﬂr@d@é‘s?m om
thg peri pher al sumfaﬂmﬁeb)jembnﬂagé&faf tﬁeﬁnmrc@é@fngrbaméenahe bigRghd the8 NM
and not nore than, e nore .t ha

cont ext of thlgs1 nﬂlgtﬁ&%%npel%g B%fe J@P%{ apar%II (i) %Wap‘ﬁﬂﬁé‘?"’{ 8@8 4e5cﬂ9ﬁd

that the ter m "pr@grs;umm dlmﬁgslom% used herein in an essentially

geonetri cal sense, nanely referring to a narrow ring-shaped area
surroundi ng the ski n _contact  openin ces acting between the
i nstrunment and tht hes KPg, %Pgeq)@?‘??ef%ﬁ%g@n{ anF?“é%Fg'ﬂ,g BEY & PEAL an

preferential ly, vamutdneslgnedsuitte circutay. crismisectitre qiteptisus elesigngted sasa

narrow ring smpe«#mgurfsmappe%@e?éroq@' Bessfie B by oAD' ASLuRASH N9

and bearing during practical "use o Instr nt at
preferably at | ea®tPodieh@sRat PhatPrEyRfePiges \asawill |og xplatedofithertwith
forces acting betweendelte thewbwingent and the skin. Consequently
according to this aspect of the invention at |east the nentioned
percentages of the total force acting between the skin and the

5i nstrument is bolnrtbe gpntextinf the wrention iy hep keeageendathettheffeatires of the

descri bed mxiﬁ“%éﬂ:‘oﬁ@n&dp@&s of -EHQ |hbélﬁo§ hﬁ’é?]?ﬁoaféﬁﬁblﬁoéﬁﬂ rﬂ:tctnhﬁlcally
pressure ring may circul ar

cross-section, geé}ﬁé?ﬁgssug&ep ? 5 %ample 'q feerefor & analysis.

According to a third main aspect of the invention, which is preferably
combined with the first and/or second aspect but can also be used

20 independently, the invention proposes a system and an instrument for
producing a sample of body liquid by piercing the skin using a lancing
element having a skin piercing tip, said instrument having

- & housing

- alancing drive within said housing adapted for being connected to a
25 lancing element and adapted for driving a lancing element connected
thereto in a puncturing movement in which the lancing element
moves, after triggering the puncturing movement, in a puncture
direction until it reaches a point of maximum displacement and in a
reverse direction after it has reached the point of maximum
30 displacement,

- a pressure ring surrounding a skin contact opening and being
adapted for being pressed against the skin

wherein the lancing drive and the pressure ring are so positioned relative
to each other that a projecting distance by which the skin piercing tip of



10 "ring". Preferably, however, the pressure ring of the invention

I s enbodi ed as part of a pressure piece, as will be explained further
W t h ref erwoceidmdipe draw ngs. In the context of thaiEenioodazi S
has been found that the features of the 15second aspect of the
invention help to reliably and automatically generate a sufficient
anount of sanple liquid for analysis. AcdBr di ng to a third main
aspect of the invention, which is preferably conbined with the first
and/ or second aspect but can al so be used 20 independently, the

i nvention proposes a systemand an instrument for producing a sanple
of body liquid byhpilarenhglemest §Ki9ﬁd%§uhgfa prasriirading| paemtwhenviheg a
sklt R pi erc;I nﬁ ti Plan&id dlehié‘ﬁlt dt ][sumetgé 'dﬂ%a’im‘ﬂ.%’%{s’bﬁacémbﬁtn@ A& Mbleve
wi thin sai ousi ed for, bei co 0

el ement and adapt@g gg“ra'gﬁ‘r PLATRELY ”PQﬁPP‘nﬂ‘ I%eﬁ@m a'&‘gﬁ‘ﬁétc‘f'@% cbr%g%tto
in a puncturing nwoerthan 0ilmmhThehpressure amgplage isldefmat aswplese rainingr
triggering the puwbwdwuvar@mmmnh@d@eoagn MRt fAGbiRRetl bf 1!

reaches a point of maxinmum di spl acenent an ever se ect1 on
after it has reachBdPEREDJIING -B?Jsrrﬁfb‘?l H{?ﬂﬁcﬂﬁﬁjl%séq’%?@eﬁeme distarcesiur e
ri ng surroundi ng adisddtion bemican theopeani sfonadublispihcathapt & thercidzesing

pressed agai nst tmnt%ﬁifjdire% orﬁ%?thle?ppgésﬂr% %I enent extends out of a
when tThe’'l"anci'ng ment

pressure ring plane, ele is in the point of
maxi mum di spl acenent, is not nore than 0.3 mm preferably not nore

than 0.2 mm and ma&he F&b@tfeﬁtr@fhhéf invahtidPft ®ad Basn buhd TRAt sUﬁﬁ‘tng?ySMne

ring plane is defj. S ne r nnln

puncturing di rect Y % ?ﬁﬁﬁ‘e?h%mT g?ﬁ)g‘?toaﬁ'é%ag‘fgmhr@ ?Jt?l%é‘gﬁ‘r"@
ring. Thus the preggnetiondgs dehievedc & tmﬁ tdndextiitss ampetanh taz untlersiand tre
bet ween the poi ntdlﬁéreﬁt?bxtbémé‘érgﬂhéPél?’a%ﬁ%ﬂﬁed?fsaﬁ\ﬁg gteh@raﬁé,rpgﬁofﬁeg%d%t &N

z-direction) of th ressure r|n he' cdnt ext e I nvention
it has been foundsat \i 9§G‘?rﬁp‘?’k| 8??/ "@9’@?‘?‘3"9‘1 that these two properties show
15 little correlation. Extremely small projecting distances according to the

third aspect of the invention may only generate small amounts of sample
but still this occurs with a reliability which is sufficient for a fully automatic
lancing and analysis device,

20  The second and the third main aspect of the invention are favorable for
any size of skin contact openiﬁg and for any pressing force. Particular
good results are, however, achieved if the instrument comprises a
pressing force control device for controlling the pressing force within the
limits specified above with respect to the first main aspect of the

25  invention. Furthermore the skin contact opening should preferably have
an opening area corresponding to a circle with a diameter of at least
1.5 mm, preferably at least 2 mm, most preferably at least 2.5 mm and
not more than 8 mm, preferably not more than 5 mm and most preferably
not more than 3.5 mm.

30
With respect to all three main aspects the instrument is preferably
adapted for operation with an integral lancing and analysis element, both
forming a "single unit system" as specified above. Further preferentially
in this case the lancet of the integral lancing and analysis element is

35 embodied as a direct sampler having a capiilary channel for transporting



with such extrenely small projecting distances a highly reliable
sanpl e generation is achieved. In this context it is inportant to
under st andwbolzelodidolier ence between the reliability of saqiEr2009/007042
generation and the amount of sanple generation. It was unexpected
that these two properties show 15 little correlation. Extremnely

smal | projecting distances according to fhe third aspect of the
invention may only generate small anmounts of sanple but still this
occurs with areliability which is sufficient for a fully automatic

| anci ng and anal ysis device. 20The second and the third main. aspect
of the invention sampld kgpisk priotieceddry pigrging itheeskirf by kieansoitagitiarydioertong
and for any pressi sgndlOE8RctidiPdnkhlrasr, good results are, however,
achieved if the instrunment conprises a pressing force control device
for controlling the pressing force wwthin the Iimts specified above
with respect to tAleo ith sdspatlitn al dpee maorf adpeets of Bel inveation s preferred
Furthernore t i ; : al I .

openi g ar ea cor e anan eRER e Bahtd Bl T Adhing B eihing,
1.5 mm pref er abl § SefficiertArpount pfsampletiagiddpepralysis ist at| raesit3 $eo®Ndén and
not nore than 8 nwrefepatsy el lrhiyined irﬁfﬁfaﬁtidmiﬁpéﬁmﬁdam naombrepltreafnerzﬁbl y
not nore than 3.5 3 / ct..to a ree_main aspects the
instrument is presfegrgaa%sl %‘d\e%%% éegérggly ltdspgcr’ ar eolﬁ?a(}\ﬁtsﬁc‘g#]i nt egr al

| anci ng and anal ysis el enent, both formng a "single unit systent as
speci fied abome. Tl tdistes Rpetifdgpté %té@faﬂe@_lﬁﬁﬁi@ 8RS ankl&is | Foert &f
the integral |anci and an%n%s%s .FI en;)ent LS 35enhodi ed as a direct
sanmpl er having a %"Qﬁfﬁﬁpﬁaf\ﬁ IHe0fifIed,30qve oln3yeh sy Higs he wseriterartqui d
produced by pi er cwitigthersysteki by bgtabiishing 2hressipg fdree pefweew the skin sadpl e
col | ection zone tferpalsureNifP ot Egn{tﬁﬁ%hat gtTnnﬁsOcéH koﬁ@b%ﬁﬂﬁ’tﬁb%ﬁ??ﬁgts

of the invention 1t is preferred mnimuminteraction
period required fRIFSSINheiNRgaRRY Bstipnenh goainsl ieifgener avsuRedyopart.
sanpl e | i qui disf orAlsnedtysly Shé Singér crosthe3bsdyC partisan Beefressilal agdilke an

m ni mum i nteracti- i Lqd_ i nore than 2 seconds and nore
preferably it is 'ﬂ%r%oérﬁg' Iﬁﬁ%ﬁ'gioigé%ﬁed. 10This rel ates specifically

to integrated | ancing and anal ysis systens of both types A and B
i dentified above.AdddrdtCd thY pHETEH, tilfhgUsRr én@ﬁaﬁéf Bééﬁgﬁﬂty tﬁfgoh?@gwutrate em
DY et L o O, B BBET G Vel B R B
hand- hel d i ns2a unfersingagatil thae andide foonepatration istihdicatéd)dyheéventors have
15Al ternatively tggnd HOS deRlatiRg A8 BRI Ridfefst&dthgle il §5565h 80@NSt
an minimum interaction time period ("MITP") is highly critical for achieving
the partially contradictory reguirements mentioned above. This time
period is defined as the minimum time duration for which user-instrument
25  interaction (as specified above) is required for lancing and for collecting a
sufficient amount of sample for the analysis in a sample collection device
of the system. The functions performed during the MITP include lancing,
expression of sample liquid from the tissue (preferably directly into a
capillary of the lancing e!emeﬁt) and collecting a sufficient amount of
30 sample.

The MITP is a system-related quantity which is user-independent, i.e.
only determined by the design of the instrument, and possibly by other
components of the system. It must not be confused with the actual time
35 of interaction which in each case depends on numerous aspects



instrument, lying e.g. on a table. According to the prior art, timng
has generally been only a concern with respect to the "test tine",

I .e. the twbDabikwsmesrequired for the analysis (from 20 HGaER20@/00m0b1 |
the anal yte concentration is indicated). The inventors have found
that - deviating fromearlier understanding - the duration of the

m ni mum interaction time period ("M TP")1?s highly critical for
achieving the partially contradictory requirenents nentioned above.
This time period is defined as the mninumtine duration for which
user-instrument 25 interaction (as specified above) is required for

| anci ng and for do¢ludieg theyhabitsueftiheiuset. Eeoagival gntesagtipn dimeogenehally
anal ysis in a saniies GRlWent igeis dRY| 6@nOkbr hepetifist @Y, FdIR dndleki @NS
performed during the MIP incl udei I%nm ng, CXPressi on of sanpl e
PTquid rom t he tnBBGE 1% EPERIERToechEs Mt 4yan e VS PRAYTEINE he
| anci ng el ement) thatdhe olifimoiting: far whith atleesitevenyosat most i@OmanpitretheThe

M TP is a systent; : MAY ' | oy Sﬂ?arl%%nt’ I.e.
only determ nesd H@/&tﬁﬁgéﬂ%ﬂ&g e\’lp e t?ﬁ\s’étr?lﬁ#%ﬂhré%% p(l)ssi bly by

ot her conponents of the system It nust not be confused with the
actual tinme 350f Tht ftaking ipoint whiheMITR i€ achvintas meepeviich B JYBIERT QUS

aspect s 12 incl ugéeﬂlg f%lhﬁngiﬁﬁl Hg 91fe |%Pc§ng“§ﬁ6e- isijagd\?%rucﬁ‘llvini _ng ?Jn%%t hon
time generally varies Detween’users and,° even for ‘a speclFic user,
from anal ysi s to rapMest $f anendngy elsmesh cornesteds thetetelearidginet Hesiredst em

in such a manner, ahdidy sithd the BN Tbrop&®y 1b&itedBt BB R doRRet ofiffiigYosUser
must interact w ttpl th? 5i nt[sbr uge.t I@‘Fbﬁl -OWIQHHEE | ngl cat ﬁd velrjf}/ sfmal I
t hreshol d val ues. " THEEPSPY FAG rbcgr?%?" Ri&n PECT BSPAE PRHFY ¢frre
at which the systtem gy beeealjrefl etvweanestaglishing. the staes ‘reatyifogancing’e i s
ready for drivingsf ltefC{ri@gering of the puncturing movement. Such a short
(preparatory) delay period may be required by the instrument, for
15 example for detecting the skin position. Preferably, however, the design
is such that no such preparatory time period is needed due to
instrumental requirements, i.e. the triggering can immediately take place
when the status of the system is "ready for lancing". in this case the
starting point of the MITP may coincide with the triggering of the
20 puncturing movement.

A very short and well defined preparatory delay period may, however, be

provided for non-instrumental reasons, in particular to take into account

visco-elastic deformation of the skin which takes place after establishing
25 apressure force between the skin and the pressure ring.

The end of the MITP is marked by the fact that a sufficient amount of
body liquid has been sampled, i.e. is available in the sample collection
device of the instrument for analysis. A "sample collection device" as

30 used herein is any part of the system, inside the instrument, in which
sample liquid produced as a result of skin lancing is available for
analysis. It can, for example, be a chamber or capillary and can be
empty, or filled with bibulous material.

35  Details depend on the type and design features of the particular system.



novenent of a |ancing el enment connected thereto and the desired 10
| ancing site of the skin is properly |ocated at the skin contact

openi ng ofwbheigiasdsg unent . Dependi ng on the design of tlier/SpsedoRiroa
short period of time nay be required between establishing the status

"ready for lancing"” and the triggering of the puncturing novenent.
Such a short (preparatory) delay period By be required by the

i nstrunent, for 15 exanple for detecting the skin position.
Preferably, however, the design is such that no such preparatory tine
period is needed due to instrunental requirenents, i.e. the
triggering can i mredhabeleysé aken pvacenivb@terhhhessahple dliledtdf &iRdeem
Is "ready for |ancing; i he startin oint_of .the MTP
may coincide with t%lo{] %gb@rgi%ga&gﬁq‘fnﬁ%éﬁ%’ﬁ)g%@tﬁ (ﬁga"rr%n nr‘?mﬁm\/ery
short and wel | defi r?éaf?)ﬁ%‘g%ﬁ{ﬁq #rrpple epliegtigegleentamg colirpieesasnple biter

provi ded for non-i nske siERisAlnit K8 HEES molél RARd &G ESHtadt@pbRkg | Nto
account visco-elastic deformation of the skin which takes place after

est abl i shing 26a pr dstherasé of & Esilpié ueiesystdne tskéamEa doltdRBorPi@sEUdR
ring. The end of th | f . sufficient
anount of body Ii qu%S%%% %%e%ﬁé%%wgﬁf‘ggb?g&%é aéglgéllf El?lmé"nl{'r?‘f of
sanpl e col | ecti on déViiBteg@ted: lnacing and aneyais elemeninen 3 sp of A dedizatside
col | ection device" aampl deBedioheleddnt.i S any part of the system
inside the instrunment, in which sanple liquid produced as a result of

skin lancing is availltablsemplercolierdioy siesice ist a parh pf &0 andysgrplementer of
chanber or cap!llary i of ] Mt h . b S
oeTe e O S R TR sl SLLER RV R ve
col l ection device b@PBP§E 'BRCtORFORR isFRgf coitaining reagenis whish deqnimithof

an anal ysis el ement tioy safple teuid,C &iepsbys pisliéng @ohC kin@Nofe hiBiapRNd
cont act opent ng. i FYHe CBEUHD ¥ e ERRRT W Che sanpl
col l ection device C@eferably the sample collection device is separate from the reaction
15 zone of the analysis element and includes a reservoir, which is
suitable for storing a sample liquid for an intermediate storage time
which is longer than the MITP. One advantage of this embodiment is
that it allows to separate the timing requirements of the sample
collection from the timing requirements of the analysis. The MITP is
20 terminated as soon as the reservoir of the sample collection device
contains a sufficient amount of sample liquid for the analysis. Further
steps, including for example the filling of a reaction zone, can take
place separately without continued interaction of the user.

- In the last mentioned preferred embodiment the transfer of the
25 sample liquid from the reservoir of the sample collection device to the
reaction zone of the analysis element can either take place
spontaneously or with controlled timing. In the former case
permanent fluid communication is provided between the reservoir
and the reaction zone. In the latter case the fluid communication from
30 the reservoir of the sample collection device to the analysis element
is "switchable", i.e. initially, preferably at least for the duration of the
MITP, there is no fluid communication but same is established in a
controlled manner at a suitable point of time. Suitable means for

such switching are known for example from WO 2005/084546.



be a part of a lance elenent, a part of an analysis elenent, a part
of an integrated |ancing and analysis elenent or a part of a

dedi cat ed worrpiogm4mas | ection el ement. |If the sanpl e col IFEavErRmIgewhre
is a part of an analysis elenment or of 10 an integrated | ancing and
anal ysis elenent it can, in particular, a part of a reaction zone
t her eof containing reagents which react th the sanple |iquid,

t hereby produci ng sone kind of neasurabl e physical change which is
characteristic for the analysis. Preferably the sanple collection
device is separate fromthe reaction 15 zone of the analysis el enent
and includes a reservoir, which is suitable for storing a sanple
liquid for an intﬁfermeabiematp?ém forded Mg Ghe ieatuﬂeqmgwlst.h@artmen

M TP. One advantasg‘ 'ﬁ fh % Intd i s that E to seﬁ rate
the timng requi remeRtEsErEbt y Red R 18RS ‘9)fnt ?Pbetﬁs'f’ﬁé TR HPRYC!
requi renents of tdewicariabgsit ieasn‘-hél Metgrably at ROstt4eN mind avwd pegfemblyratas
the reservoir gof l&m s&@rauh@ fHe! et 'A‘EEorQﬁ&'tS%nEtﬂth Bt'eﬂ-:?reﬂ St d'irgérﬁnt

amount of sanple q for the analysis, "Further steps, inc

for exanple the fm?’f mH@ vafueg eﬁéﬂe aipigined dudpg these &%’é’dséﬁ@?]&t ely
wi t hout conti nuecatimtset@nit preferaifly ttreost 8N and morelpeefe@sdly avenist Dned
preferred enmbodinent the transfer of the 25 sanple liquid fromthe
reservoir of the sanple collection device to the reaction zone of the
anal ysi s el enent Cwse dmithgvalugg of Brearesssipoioreens weefgrrest wit respect to

control l ed tim nghelraquhmeh&r SEWitdawing eafre dmf the i wint GoREIEE ahison
I's provided betwe ?meggﬁ{a\lg{ %r%%jr% rc%%%ﬁgl t.%)enaloweg to ﬂo%tflﬁ(?lﬁ%

latter case the flurd conmunic e reservaorr
sanpl e col | ecti orfaﬂ@ﬂndéwa et METRinRather & haschaentfolrd thahithe edxireum

i.e. initially, prpbfinRhye at tHeeékéés:ﬁd)forctehﬁuoqw}?et hrﬁfdetfo AdRoM tHan

there is no f|UId o] s est ab

control | ed manner! ? 8% 'ﬂ?@éﬁp mBr(?i W?”gﬁ) Piand Mg Wrﬁ{‘}f%lmﬁg TP
such swi tchi ng arteakASuExporssex bngiiselute vatudaBhe GREINM.EA Sdréation TdngBhef

val ue of Lhe B eShb NiedioGBrelUbdfer B FRALLIE b TRl e JIROELAR! he!

shoul d preferably bhe nmal ntal ned

control device tdHE shoyld e ng ’RPrepFr@Pe?’aB{%N-aPrefeé%\@( M?t NnegdtheBr e
preferably at 5 4/e@3tN ind\néherprefgrablyeolinbf thAceoodi mg t o anot her
preferred enbodi nent maxi num vaI ues shoul d be maintained during the
sane period, nanely at nost 10 preferably at nost 8 N and nore
preferably at20nmpsAS moted atmyecthe M'H?ﬂﬁ A yserdandapendsint guentiby whish depdnsisce

are preferred wi tdhy 66BRC Hedign of the system. Preferably, however, the instrument
comprises a MITP controlling device. This term refers to any device
which helps to make sure that the required interaction between the user
and the instrument (i.e. mainly ‘the required pressing force between the
25  skin and the pressure ring) is maintained by the user at least during the
MITP. In other words the MITP controlling device provides assistance to
make sure that the actual interaction between the user and the
instrument overiaps (or at least coincides with) the MITP.

30 The MITP controlling device need not operate fully éutomatically in the
sense that no acts of the user, such as manual triggering of the
puncturing movement, are required. Rather it may provide assistance to
the user, in particular by signaling to the user directly or indirectly the
start and the end of the MITP.

35



10 the requirenents of w thdrawi ng sanple fromthe skin. However,
this does not nmean that the pressing force should be allowed to fl oat
in that rawgeouieddg the MTP. Rather it has been founddiiaatodoagros
maxi mum vari ation range of the pressing force should be limted to no
nore than 15 % preferably no nore than 10 % and nore preferably to
no nore 15 than 5 % Expressed in absol #®e val ues the maxi num
variation range of the pressing force between the pressure ring and
the skin during the M TP should be no nore than +/- 0.5 N, preferably
not nore than +/- 0.3 N and nore preferably not nore than +/- 0.2 N
20As not ed above THeeMMIFTEOht®lliag dsdte bmdmadﬁﬁnaqwmﬁtédmgwﬂi& €arting
depends only on t d S f the

i nstrunment conprlgs])zns ‘gw%ﬁ{&)tﬁp 61%1/ g%de ?%8'% flj]ﬁl S ? WL o
any devi ce whi ch piessyee firg ﬂ%ﬂ(@eﬁm@ﬂmnytw&bleqwaneﬂo|br¢tce$wesedoln

between the user msd ddisl tbél'@ﬁ)r W!ﬁﬂtthé bre@sur%bﬁ‘éébohb@td’ 5%%cfe?éiim|ned
pressing force between th ess

mai nt ai ned by % he"R§&™ Jﬁﬁﬁeﬁg?"%ﬁ%gtatt“ﬁecam "dicﬁtegttﬂgg \Hﬁ?’dgy fhe
M TP control | i ng sidsbleevipbleyi alddblasyi tactiec sighal. nslteenadivele thealarking

actual int eractlqaoméf?%ant&eetr@g%dam%mmay%w Dl RILHAS 0!

at least coincides wth contro evice need
not operate ful | yaBRAGTREPEEN AgtertRd RN srstheteananbe HEld§|ah61be§"fP@“
user, Sgch as rrarﬂu@eldyttbllg@er' lang tfgetifg; iU MITM §tafte WHEtRE , auirRatic I
require Rat I tlcu ar
by signaling égémé H&?ﬁé@?‘? %% ﬁ‘taﬂgg%nt'&ltm}%ﬂyaﬁmu%dn c})' tfnpue end
of the M TP, 15 &he 12 'Fﬁk%cﬂﬁ?rQﬂCPW’fgtheUméen%Qﬁ'ﬁﬁrfOSe\SSQﬁ’E%\ﬁﬁélcf%hm-

detecting the st addfbrit@tio®iinkusd cdsbe tid ﬁ@par%rﬂ&ﬁlﬂpbérl& BebPedd RSty

force acting bet n a,pressure rin usi t bIe
nmeans (to be di s\é\ﬁgw& Sﬁ,ﬁg&n%{s ‘?’F%B%WOW) m°§h£ﬁe<m% rpé%fgi#’bf &l
corresponds to a peedet %&qﬂmostﬁfﬂwﬁblmmaﬂmésm ﬁrm@e‘edﬂnv@ren'at us

can be indi cateed k@ 3 BEc U9Eash. @S&Jbé.ﬁ@ln?ora'pﬁéfa#é’d aﬁngL@aQt 84 sec
tactile signal. Atlhéer nati vel ye(} | anci ng rmverrent can be triggered

aut omat i cal |y whetPMhBORPIRIGEe® r cady for |ancing” has been detect ed.
In this case there may be no del ay between "ready to | ance" and

triggering, i.e. meeMEPtﬁé WP bl i R BUhP Thdaea qutﬁe 998 3%

Alternatlvelythe nt>-con
to take into acco%’f'f?b‘?l’{@'bﬂq ﬁéd'H@@d&?f"P@@“@i sco-el astic
ski n-def ormatipon. I n such cases the preparatory delay period between

"ready to | ance’ tr| erijng refera SEe. Tore
preferably at rms@sg tgeg "gﬁg #bai AO;S’PglF%‘ng'%U?’an’ﬂE?@FQO qyicg.'s ot
preferred | ower |mﬂ¢ﬁ§53rﬂ3’”ﬂ§ Dventige @ itamobtegeneral s@nsee Depaiding owthe
preferred and at ﬂ:e@@cﬁﬂar@utﬁ'at%ﬁ@t rﬁf,‘ tswsmnt ﬂfreﬁee%ge% bd Br%vfaad wih dhhe

M TP period is gengralrl,%/ﬂ F sui tabl e visible,
audi bl e or tacti|'BYEY 'cat'%o tthesﬁtaﬁl fﬂ‘db%”dan( g‘t? MITtFos sxamwieathed
M TP control | ing ‘eadyce lanse’hstbtun ese be &fely” Hyothe uber whi‘eteﬁsress»rﬁ‘g hle fnger

most general sensg, aDg‘,Qﬁ;p(lluggor@a ér}égsﬂé‘rrhpcﬁ’é e, §é HBdd rIféYon of

sufficient for the user I rec
the start and end°®ewk #d meT‘lh‘ratFtHrOfetk'arM'frB PR be 0 short, that 't may by

sufficient to rely on the "feeling” of the user with respect to the end of the
MITP.

30
The instrument may have some kind of fill control (as part of the MITP
controlling device) indicating a sufficient amount of sample liquid or
allowing an analysis only if a sufficient amount of sample has been
collected. However, in many cases such fill control is not required. Rather



25 "ready to |l ance"-status can be "felt" by the user when pressing
his finger on a spring-supported pressure ring (to be described in
nor e det ai Wolzeloap048dnd t he duration of the M TP may be mua/EfRe9top7ohat
it may by sufficient to rely on the "feeling" of the user with
respect to the end of the MTP. 30 The instrument nmay have sone ki nd
of fill control (as part of the MTP contPol I i ng device) indicating a
sufficient anount of sanple liquid or allowng an analysis only if a
sufficient anount of sanple has been collected. However, in nany
cases such fill control is not required. Rather 16 the end of the

M TP i s cal cul at elieppdidighe MEER isneatnulated byythe ifstrusmenkUFiRg \aafingd MITP

(dependi ng on thevéﬂ%sggﬁerﬂfngté?ﬁhéHéél&ﬂbﬁﬁé@ﬁi@mﬁ%%oﬂéﬁtst yhe context of

the invention it has been found that substanti al advant ages are
achieved with integrated | ancing and anal ysis systens if the
described pressiny fher centedt ofedre irhventneshase beémJoaid tha sltstaatialend

of the | anci ng, | NSiEHIBR! oNEbnlDEs $Hth uddaBB IabAL MG gkt f N

time of |ancing but raC|on perio
Wth both types Ahgsgsqsioge pr%@grf&'tce&ew@ﬁeﬁh?gprawrgﬂagyﬁéthg @%ﬁ@'t@ﬁs

10mai nt ai ni ng t hi & tpé %&lﬁhggls{tr‘&ﬁféﬁt & tha sMwTPnﬁﬁimﬁed ﬁotna"rnaﬂmae &me
sufficiently Iarg§'”volurrji%lt e li se of type A

(two unit systens i Al ngoraa %{}P‘i‘ﬁ“%a?‘r?”ﬁ?@% fed pressing
force is further mr@vkﬂ*’ﬂ&ﬁﬁﬁ%&ﬂé’nd@&?ln%é)'}ﬁeé Pﬂtmg%ﬁd Iaﬂ%gé%%tg& 51 he

instrument (i.e. its skin contact openin
fixed until t¥e poi Afaidpining i tﬁ’&iss’tnﬁefoéq?af%/sﬁ‘ MIJB\ heles itg ProGEce ©o
t he skin contact opeaffiegntly large volume of sample liquid.

- In the case of type A (two unit systems) maintaining a MITP with the
described pressing force is furthermore important to make sure that
the position of the instrument (i.e. its skin contact opening) relative to

15 the skin is fixed until the point of time that the analysis device is
moved to the skin contact ocpening.

- With systems of type B (single unit systems) it has been found that
maintaining a MITP with the described pressing force is important in
order to allow a precise z-position of the lancing tip, thereby

20 improving suctioning of a sufficient amount of sample liquid during a
short period of time.

Furthermore it has been found in the context of the invention that many
users of integrated lancing and analysis systems have problems to

25  maintain a sufficient pressing force for a sufficient peried of time and that
compliance with recommended rules of using the instrument is much
better with a system incorporating the features described here.

The invention allows to use a simple and inexpensive design of

30  penetration depth adjustment device. For example in order to adapt for
small remaining variations of the skin position it may be sufficient to
provide interchangeable distance elements or pressure rings to allow a
single adaption of the systems to the needs of a particular user.



Wth systens of type B (single unit systens) it has been found that
maintaining a MTP with the described pressing force is inportant in

order to aWwbowomiwieci se z-position of the | ancing tip,pdinaredoros2
20i nproving suctioning of a sufficient anount of sanple |iquid during
a short period of time. Furthernmore it has been found in the context
of the invention that many users of inted¥ated |ancing and anal ysis
systens have problens to 25 maintain a sufficient pressing force for
a sufficient period of tine and that conpliance with recommended
rules of using the instrunent is nmuch better with a system

i ncorporating theThedtsueentiesdr syston értbe ifiventiomvtekd iioto addoQms tHeo

use a sinple and bl@&?éfé%ﬁc.sb%ﬁeﬂ§§bﬁﬂe gﬁln iS5h Q@Hﬁiéd%é%rqﬁmzpwnﬁno

adj ust mrent devi ce. For exanple in or
vari ations of the°r§¥<?r§”]?§'6'§f‘ FuRRlY; ¢f 5?@9‘%@”@0# Pﬂ%if%butt%%plfl@w'ﬂ@" by
i nt er changeabl e dicstranhesaeipiidsis @oiféd STh livehiidtosove rélidb%r?hly&!snm e

adaption of t Syér%%e%%% ‘w?ﬂ%ﬁj Ql%glf§al%le%oﬁjare%;uﬁtﬁé%(% tno Hgnre { tane

i nstrunment an I‘nvention take i

vi scoel astic propdtdpeprefsrabinaospiore than 2000phtand mest prafenably ndtnmotei s
way not only a sufhbhap@At supply of sanple liquid is ensured but also
"fl oodi ng" by too nuch sanple liquid is avoided. The invention allows
reliable analysis 5 preferably with very small sanple volunes in the
order not nore théme 8eentwn, ispheréatealdegentet inomeret deatail N8 meferermuadtonost

pref er abl y nofo s greaanr s TG B FRLIGHE WAI RahhEh flgspe bed

in nmore detail with reference to

the drawi ngs. ThetERFREUsSH ?"é"h’t*‘ﬁ\‘eé'bcaé'rﬁf e fRstividy alihevin commbination f@an
be used i ndi vi duaddsjgnaembodirs@ndoftas invantion. desd gawmgbodi nents of the
invention. In the draw ngs

Fig. 1 shows a schematic sketch of the skin pressed against a
15 pressure ring;

Fig. 2 shows-a perspective view of an analysis instrument;

Fig. 3 shows a longitudinal section of the instrument shown in
Figure 2;

Fig. 4 shows a perspective view of a lancing element for use in
20 the instrument shown in Figure 3;

Fig. 5 shows a schematic sketch regarding an aspect of the
function of the instrument shown in Figure 3.

Figure 1 shows a view of a pressure ring 1 against which a finger tip 2 is

25  pressed with force F. The skin 3 bulges into the skin contact opening 4
defined by pressure ring 1. The degree of this bulging, i.e. the distance
between the plane A of pressure ring 1 and the apex of target site bulge
6 depends on the pressing force F, the dimensions of the skin contact
opening 4 and the elastic properties of the skin which vary from person to

30  person but also show intra-individual variation for consecutive uses by
the same person.

Figure 1 also shows symbolically the point P of maximum displacement
which a piercing tip 7 reaches on its movement path during the



Fig. 1shows a schematic sketch of the skin pressed agai nst a
15pressure ring; Fig. 2shows a perspective view of an anal ysis

i nst rumentwoRBogyo4@asows a | ongi tudi nal section of the iratErao@Rb7042
shown in Figure 2; Fig. 4shows a perspective view of a |ancing

el ement for use in 20the instrument shown in Figure 3; Fig. 5shows a
schemati c sketch regardi ng an aspect of 1%e function of the

I nstrunent shown in Figure 3. Figure 1 shows a view of a pressure
ring 1 against which a finger tip 2 is 25 pressed with force F. The
skin 3 bulges into the skin contact opening 4 defined by pressure
ring 1. The degr gaingiuringhimovemesti Mgth mow landng idststreenie theez-nesitionshed

plane A of pressupge plang ot MadpilsuraPhxg of dndl BEthe | dothtbB GRaxBmum
depends on the p(redes?l e skin contact

ng forc , .the dinensions of t
opening 4 and t hé'# %F?Eheet%f%ﬁté’lettf"€§°'bf’thF’hées‘?{Plﬁ°t\'M9i anee S SHMEHN
person to 30per sdfiglratl) abs be stipstednn raaderridialowl aglenetationt depth Setting.
consecutive uses gy, L &30 R Fr$Odlven %&#%ﬁﬂ%ﬁtih?gﬁgﬁ\égé@%e adlidin

nost |ancing instrunents the z-posftions o _the pressure
ring 1 and of thePepsirationsierirderaidn difesih atidmsagrep of targat sifebylgingach

other (i.e. projecting distance s shown in Figure 1) can be adjusted
in order to all O%r%fepaeb@et E%Faing)ert]erquittﬁe%E‘nﬁ%rﬂga opening 4 is rather small. In
this case there is only minimal target site bulging, whereby the
10 reproducibility of the penetration depth of consecutive lancing events is
excellent. Generation of a sufficient amount of sample liquid is supported
by using a narrow pressure ring having a width b of not more than
1.5 mm. In the preferred embodiment shown the pressure ring 1 is a part
of a pressure piece 42 which comprises a peripheral surface portion 50
15 surrounding the pressure ring 1 and recessed from the pressure ring 1.
Thus, the pressure ring 1 protrudes by a protruding distance h from the
peripheral surface portion 50.

Figures 2 to 5 show a suitable lancing system 10. It includes a reusable
20  hand-held instrument 11 and a disposable lancing element 12 with a
piercing tip 7. A housing 13 of the instrument contains a lancing drive 14
and a measurement and evaluation electronics 15 shown only
symbolically as a block in Figure 3. A display 16 is provided in order to
allow visual indication of information (including status information
25  concerning the system, advice concerning its handling, analytical results
etc.) to the user. Optionally the instrument also comprises a MITP
controlling device 17, a device 18 for generating audible signals (such as
a buzzer) and/or a device 19 for generating tactile signals (such as a
vibration generator).
30
In a preferred embodiment (best shown in Figure 4) lancing element 12 is
combined with an analysis element 21, thereby forming an integral
lancing and analysis element 22. In this integral element the lancing
element 12 is movable, relative to the analysis element 21, in a
35  longitudinal direction symbolized by double arrow 34. An analysis



5 Figure 1 shows that for a given value of projecting distances s the
actual penetration depth depends directly on the degree of target
site bul giwg20fli@éasably the diameter D of the skin conicE¢ippRRGHEY 4
is rather small. In this case there is only mnimal target site

bul gi ng, whereby the 10 reproducibility of the penetration depth of
consecutive lancing events is excellent.1%eneration of a sufficient
anmount of sanple liquid is supported by using a narrow pressure ring
having a width b of not nore than 1.5 mm In the preferred enbodi nent
shown the pressure ring 1 is a part of a pressure piece 42 which
conpri ses a peri phlaneait Foldef 20 ¢ promt:lémfbr'.lielduni_k;&h@unﬁlynimdliangnt heinside

pressure ring 1 afd r{s?rg ﬁtbefjl ferPlr anibod I?r'ie%?g 'sl?le:IQMﬁ}?IJe'F‘io

pressure ring 1 prot
peripheral surfac®mREses ch %ID'P'"H daeass ? t o 5*n§|h$ﬁv glemant &3l @faAci ng

3yst em é? : ti n%dﬁdleﬁorﬂlrbemhgﬁ pratfusidanelz [keliRe TimsdlufieE Nh é-]suﬂg% af
the i natr ament cOPaITaNG ARSI el Berdra® SHePieS FEael hentresaie
eval uation el ect neth sousing poimision |26 téyhﬁ)lobb’maedtyﬂwse@am ot iecksses
Figure 3. A displzaysl@nk %r&ﬁﬁﬂﬂn@% 27 pRhElRKin C?ntalthg")‘egﬁe%ﬂ@é coupling

i ndi cation of |nformat|ocﬁ§|nc uding status informatio em ng
the system advi CE°%S5Rt Al H{?'?atng"%ﬂfdﬂ W&QF%H%HCW@@QIW’P&EIGJ%’”%WC )
to the user. Optizenwhitlyhddieecnnisdertadinmg thalistrumenp(Figaes3)ya M TP
controlling dgvice 17, a device 18 for generating audible signals
(such as a buzzer and/or a device 19 for generating tactile signals
(such as a vi bratThenlageaterive & phovapin rigure greomaripesia divo oiteretft withest

shown in Figure 4jan a@%rﬂ@déblyef@ﬂbvel%dﬁBGQH@'a%ﬂe dnhm?rbaarnﬁ\éoé%rs

227 T this i nteglorBreRi bRt AR i tentds SEroR meBra e

relative to the ametby@d &ebceﬂrem’lvomg ajim3d 35l ongi tudi nal direction
synbol i zed by,doubl e arrow 34. An analysis 19 elenent holder 20 is

provi ded for hoI d’&r\%‘ﬁ t he an a%SI s . elenment 22 inside the instrunment
11. In the enbodi 1“'9§ﬁ6%h° BYNPLire Moveket Py Biegeiing Bea s st shawa
coupling recess 2fiverromnaPyteins vélheigintsp&d @indera by @r dre@pspnidg regso not

coupling protrusi %BF{%Z aBut i xisn§5 LHARM roéé}%ngl ﬁb&@r{u&ﬁ is ﬁagﬁé}ggrbyt he

| anci ng el ement a cou Ing recess c00
coupl i ng protrusi 'Bﬂa%Ofofhet‘F?é“ icHe/er fiorraert bVTQﬁ@%V@ PRaiand tweteéc@s%@

24,25 and pr oo ustraveRr 26_,|r23arbeﬂeiﬂoaﬂhgglvbmg)mb{i@nérﬁ%peﬁ\fel PE3IT GRRhi Ng
Rptrerad AR S e s i
12 to which it is connected by its coupling protrusion 26 penetrating into
coupling recess 24. Similar rotor drives for lancing instruments have
been described elsewhere. Thus no more detailed description is
25  necessary.

In the preferred embodiment shown in Figure 4 the lancing element 12 is
a "direct sampler” having a capillary channel 28 inside its piercing tip 7
and leading up to a sample collection zone 23 of lancing element 12. In

30  sample collection zone 23 capillary channel 28 widens to form a sample
reservoir chamber 28a,

During lancing, lancing element 12 performs a puncturing movement by
which piercing tip 7 is driven into skin 3. Thereafter, preferably during a
35  retraction phase of the puncturing movement, after the piercing tip 7 has



The | ancet drive 14 shown in Figure 3 conprises a drive rotor 29 with
a cam 30 forned by a groove. Cam 30 and a corresponding camtravel er
31 form a wamdrisves mechani sm whi ch control s a pivoti ngegueRMRRN700E a
drive rod 32 about a pivoting axis 33. 15 After triggering of a
puncture novenent (by triggering nmeans ngt shown) drive rotor 29
turns with high speed (driven by a drive Qpring al so not shown) about
its axis 35 and this rotational novenent is translated by neans of
the cam curve forned by groove 30 and traveled by cam 20 traveler 31
into a correspondi ng pivoting novenent of drive rot 32 which again
drives a correspoftdfiry itppamd! duwimuro dispigeemett (butiwithrige eleerintip St t o

which it is connegdiggl bB¥withe sGr%Hé' dfrsﬁ.nps %Hﬂ:&! m.@éemr@?ésrﬁawaa gynt o
coupling recess 24. Sinmlar ro FV f@g[@ﬁ | anci ng i nstruments have
e

been described el SHRIRBL 9reeFR|8 °n‘@ S@B’OH Mbgt 2éa fras, in
25necessary. In tthe eymb@ﬁmafnedhcmrbodpmmmﬂa ahdveservoirfchgmber ZBattb@ether

| ancing el eneny 1g4s, eamguma%@ﬁ Rl s8R b AL alpe Nange!

28 inside its p| erci ngq?él
zone 23 of |anci ng§2eY Seﬂﬂe”tltfﬁ"ﬁ?ﬁm é“@(ﬂ‘% é‘?}"tei%ﬁf %@ﬁﬁ\@'%eme“t

capi | l ary channel 228rhesi vibumse b@sa‘nwmm@aeﬁuir@d for 3164 ﬂl@élis@fsadé?&fmr%%a

During | anci ng, | enent 12 u cturl novenent, by
whi ch piercing tl%’n@e I'gu'gr"?l\lf@ﬁ t?knn |tﬁ gsv'%&tﬁa?fctaé? é’erE
during a 35r et r acvdgmne pheapélanf28 and rp%mmlmhan‘@err%&ﬁerrent af t er the

piercing tip 4 has 20 reached its poi nt of maxi num di spl acenment (but

with the piercing.tip still w.the surface of ski n 3) sanple
liquid penetrates®" ESF?'U%IF'} "ngd"é‘gﬂ”" yﬂtfsaP’e@ collegtion £opg #3 5@
and reservoir chawmdrefer@@ato tha ssjacent adaejssrmmdlmbhbnawm\mempah It@;ry

28 and reservoir ﬁ,g?&ir)egf %8§uﬁé?>‘ﬂ=?tﬂlf‘d ﬁo5nnfu9f i8n S %e ﬁfgﬂ%

device 36 suitable storin |qU| rea uent
transfer to an an%rFWFg‘eEbﬁéUSh H’faté'halfﬁl@“&“éﬁ@ﬁt”%@'d W@W@F@Hﬂ@ of
sanpl e |i qui dig eqoétwveeh ftios stimpleataleytiins zors deuacrfcmlgnaémbm tipeardd eHel d

vol ure taken up by, 4ie oS Ll GRSGON 4 DEcRETBMIRARIHE of

capillary 28 and reservorr cha
communication takes place. The switching between both configurations

can be accomplished by any suitable means, e.g. by pressing zone 23 of
lancing element 12 and analysis element 21 together. A more detailed

20  description of such preferred design of an integrated lancing and analysis
element with switchable sample transfer is not necessary because it has
been described elsewhere.

Of course the invention can also be used with integral lancing and
25 analysis elements having a lancing part and a analysis part fixed to each
other. Evidently with such an embodiment no separate holding devices
for the two parts are required. Rather only one holding device is provided
which simultaneously serves as lancing element holding device and as
analysis element holding device.
30
While preferred devices for holding and moving a lancing element and an
analysis element (or an integral lancing and analysis element) in the
instrument have been described, many variants are possible. These
include a design in which analysis elements and/or lancing elements are



10 Once sanple liquid has arrived at sanple collection zone 23 it may
be transferred to the adjacent analysis zone 8 of analysis elenent 21
by neans oWO208MeE®| e fl uid conmuni cati on devi ce. PrefRITER2009(0NT42
arrangenent is such that in a first configuration no fluid

conmmuni cation 15 between the sanple collection zone of |ancing

el ement 12 and the anal ysis el enent 21 i§1pr ovi ded whereas in a
second configuration fluid conuni cation takes place. The switching
bet ween both configurations can be acconplished by any suitable
nmeans, e.g. by pressing zone 23 of |ancing elenent 12 and anal ysis
el ement 21 toget hitted tp and trenshmrtai lbg dneap® ofledape furingrat tfaskaplart of the
preferred design gfsteMopdth®y. ated lancing and analysis el ement wth
swi tchabl e sanple transfer is not necessary because it has been
descri bed el sewhere. O course the invention can also be used with
integral |ancing Armpeciabfeanmt wtittee efstermnf sSheawentnarclabatciong Pedsingand
a anal ysis pard fi . BV i .
enbodi nent no iep%)ir‘(%?c g%ﬁglﬁ%ﬁﬁs%ngﬁv&% 'b %@b%ﬁ”"i{g\ﬂ%qi‘azﬁg’g‘* g‘?‘gc’d'ment
requi red. Rat her B thagrassnaiferge aentiat deviee Bt ex/mriisgs atepsihg 38 which

Si rr}Jl t aneorsl y seiﬁxﬁqoa@dhmpém%% mmfh @%dﬂhé\gthagyﬂaéén@%r?o? acts
anal ysis el ement hol din evi ce. i referred devjces for

hol di ng and novi ngfoa™t gﬁecslswa @geh%ﬂ?Y\hnﬁﬁﬁrﬁe%ﬁtﬁgg@”gltb‘ﬁg'ﬂ't‘s"ﬂ%ﬁ3'an
i ntegral |ancing ‘astinginial isi eontdxtdeas yot requite immetiateTenttatta Rathee én

described, mety Vakh@inat MHeSsdPRg TxBhEa 1JRER the ifdeSidhal
whi ch anal ysis el enents T i ng t (H-éég@regﬂlr%f?@(cgg‘a% f)heand

d;élpnd/or afnC| ng%%l,errgnts are

transported by nedESBINUG SBEMBGLRIGEg SaddiestE 107 aNPiseqtly b oo BYy teem
operation. A spechaisingeature of the system of the invention relates
to a pressing 5 force control device 37 provided in the instrunent
11. In the enbodi ment shown the pressing force control device 37
conprises a sprin@ BBINFHHRAN showRib Higkts have and of fpeng B resieAn & wallner
that one end Imherﬁorﬁm_ﬁir@smagmii I‘|t§totlﬁﬂ’reéﬁulsréaiésn@ains@'&dfrélh@ efrh@it 3ond
acts against the ng.. 1 “"Acting' in this conjext es, not .
require i mredi at e&gﬁlrﬁ]{galg?&éﬁgf'ﬁéeﬁh'i ?he ioﬁcen'@#a?%"ngha% 'Stfﬁgg%rpﬁrﬁ'r}?@'tée)?erts
a force on the pri&ysdbe flamegelamgnt B tto toresser tings ol ipilgr etsorentr 49.0r ce

is (directly or ip@es@6ting)1 ROERMBod¥d B EHa0sISh Pebsslid fib& UBSEHIHTRN
shown in Figure 3 one, en 15 of housing

d of spring 38 rests on a |1 )
13 and its of her B BY SduBwulk i, Beartaordd Srbourgrih rusty ikt s prigly
| anci ng dri vezdl4. mdvebld against Ufe fergeiohgpr®8 38s further transmtted from
the frame elenment 39 to pressure ring 1 via pillar elenments 40.
Pressure ring 1 is enbodied as part of a pressure piece 42 which is

borne by a pressuf*BeR @n¢peh @SSy harsonhis HBgrsitig? IBthediectiomef arow &
axially onto pressure piece 42 with pressure ring 1, the latter moves downwardly
against the force of spring 38 (or other spring device). As soon as the
25 contact between pressure piece 42 and housing 13 at pressure ring
bearing 43 is interrupted, the force of spring 38 is balanced by the
pressing-down force of the finger. In other words the force by which the
pressure ring 1 is pressed against the skin is in this status controlled by
the pressing force control device 37, embodies here by means spring 38.
30
The principles used in this design are more clearly apparent from figure 5
showing that spring 38 acts between housing 13 and pressure piece 42
with pressure ring 1. In the specific embodiment shown drive 14 is
connected in a defined spatial configuration with pressure ring 1, in such
35  a manner that the distance between the point of maximum displacement



20movabl e agai nst the force of spring 38. Wien a user presses her or
his finger tip 2 in the direction of arrow F onto pressure piece 42
W th presswmgmmgn@ the latter noves downwardl y agai ngir/ife0ofo0fige
of spring 38 (or other spring device). As soon as the 25 contact
bet ween pressure piece 42 and housing 13 at pressure ring bearing 43
is interrupted, the force of spring 38 i22bal anced by the
pressi ng-down force of the finger. In other words the force by which
the pressure ring 1 is pressed against the skinis in this status
controll ed by the pressing force control device 37, enbodies here by

”Fansl spring 38t ?‘Qhé’h}?c@t%&fdnﬁﬁr@%n&l&@lirﬁ&uwhrﬁ d@s’shﬂébe%tﬂéntgﬂ{n@the
clearly apparent fromfi at_s acts between
housi ng 13 and pr%oéw?%s“%\ gaéus é’l?v\%%hg%msé% %‘Jrn'ﬁeg cprresppnding axial
speci fic enbodi mempvesheniof dresswre bikce $h2c Brefralilp thei spatialdehiigueatiospatd al
configuration w tR.REeass Lﬁlﬁar‘ldengf fhe bH%séLh'& f}.ng%rnﬁﬂ@%mﬁ h—ﬁtrﬁéﬂﬁum

di stance between the point maxIi_mum di spl a | ancet
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di stance of the pressure rin

di spl acement can 8 ig gt 8@5§%@Wt-bmﬁ@99r paryisrervevrdiberpiiem. set the
| anci ng penetration depth. It i's, however, fixed during the
interaction of th se evi ce nt_of
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t he case of a co ezm on SE ont ext of

i nvention the for yS RiETSRd '”Btr g?sﬂ?"é SP?”nBe f°P§°"ﬁFé§%5§H é&af"ﬁ’st
t he skin shall bevariatitn tHered stbold aloy exteeal. the heefeaed dmiting viahes egifen
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order to achieve this end
arranged in such ¥ngRAR 5‘t"f'i'a€tl maﬂ‘”?fsthﬁtr'élst@ﬁéﬁf@f?éﬂd Tiis epan et theat

the spring is alreniyg uscumaeme@hp(eaged (brhhethéaﬁeem? aANexREA SRS b Prihg

spring extended) ont o ssure
TPhgS, o e o el ot P8 PR Ag Bloh s ke S bie SRk ARA IR e
sur r oundi ng wal | Qf@SS(Lm%aan fgs 4B)ts forme)psisitign 1®tlng'|¢e thke gureeungingt widls
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pressure ring 1 ries b

05wt hi ¢ he s pReITGoP G A B0 SRt o7 Qitgtrebirs FBS Jrtac8 o8 o mgre:
than 20 %, preferably no more than 10 % within the spring-loaded
movement range of the pressure ring 1.

25  In the embodiment shown the pressing force control device is adapted to
control not only a minimum pressing force but also a maximum pressing
force. This is generally favorable but not mandatory. Preferably the
maximum pressing force at the time of triggering is not more than 8 N,
preferably not more than 7 N.

30
If a maximum pressing force is to be maintained it is important to make
sure, that in the entire movement range the pressing-force acting
between the finger 2 (or other body part) and the pressure ring 1 is
controlled only by the force of spring 38 balanced by the pressing-down-

35 force of finger 2. This condition would not be met if the movement of



251 n the enbodi mrent shown the pressing force control device is
adapted to control not only a m ninmum pressing force but also a

maxi mum prggshivgdasce. This is generally favorabl e butpdigépzo09/007042
mandatory. Preferably the maxi mum pressing force at the tine of

triggering is not nore than 8 N, preferably not nore than 7 N. 30 If
a maxi mum pressing force is to be maintaRBed it is inportant to nake
sure, that in the entire novenent range the pressing-force acting
between the finger 2 (or other body part) and the pressure ring 1 is
controlled only by the force of spring 38 bal anced by the

pressi ng- down- 35h@EdiRe Qingf 1 RERY 1nﬂuen-E@HSorCmﬁi€Hd bPsonUkidd Nt alﬂ@tm@Et
if the novenent of enced or limted
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by which the nmaxi num5 di spl acenent of ressure ring possi
by pressing with displacegeant of e RERSSHTe TS PB%“%“? P¥% Presging éﬂﬂthvﬁ fingeh 2a
ful'ly spring-| oadeththa\edp part tslirgiedofithirna iy 8 Bny-Raddd@ovdrier: iénge

preferred enbodi figure 5 this is achieved by a lo
contact surface ZQQ&%PQ%&?§¥§ ranged inthe vicinity (at the radially

outer side) of the pressure ring 1 in such a nanner that a body part

pressed agai nst thetherRerHee ermuaemilent IABwA emgtng STans r&a&mgwéar Bpgure
ring, abuts algoal nst .t he cont ac t he

t
pressure ring tan"H&i B% Frove W?lﬁl? {Shaer angﬁgé" Réhvéc"ﬁgég %’F’éa‘ya'y oler
di spl acenment of t$ide)fdbe pregsure migg 115in(syph tehmatyo thadar bodyrpestspragsed

t hereagai nst) is bLddisk @b erstuhe Ffl’tbch ﬁn’a tﬁé@@ydhﬁg% tﬂé’l eb@f: AN abuts

di spl acenent depends pressure ring
protrudes fromt h%qa\"?fgﬂ}elﬁ?ﬁﬁ‘[:t %fag? %@ Rl@dﬂﬁ%?bﬁm Hl? Prappre fRgesan
pressure piece 42natidehmpreadurtives, ird. thge fosisiblepdiepsisathetibuitha pedsgutehing

e oot 15 Rl poBYy: Befod) BAn] bRESAe Bl SRl A€ RbEZ ARSULLRSS, ©f

housing 13 in the vicinit ssure-ri ext it
is al so favorabl ee'PPOCi"ﬁéntdB%F‘&?i'mUé“ gigelrcement ‘-‘{eﬁé”ciﬁa% thgrdisiargs dcdwnent

of the pressure. whiog tHe preéung ring dedthueds frafethie SnSitleht harsﬂfge(rcaﬁkwt it
shoul d be less th?u a%e% W%ne pPesgureer&chzé/4£ t?u pres;sure2 ring 1 is pressed
downwardly this movement is discontinued when finger tip 2 contacts the
20  surface of housing 13 in the vicinity of the pressure ring 1.

In this context it is also favorable if the design is such that the maximum
displacement of the pressure ring 1 during practical use is small.
Preferably it should be less than 3 mm, more preferably less than 2 mm

25 and even more preferably less than 1 mm. Therefore the distance dr of
the plane A of pressure ring 1 and the adjacent housing surface should
not be too large. Preferred maximum values can be calculated by adding
0.5 mm to the mentioned maximum displacement values. On the other
hand dr should not be foc small, among others because it is favorable for

30 the handling of the instrument if a protrusion of pressure ring 1 versus the
adjacent housing area simplifies the finding of a suitable finger position
for the user. Therefore this protrusion, i.e. the distance dr, should be at
least 0.2 mm, and preferably at least 0.5 mm.



25 and even nore preferably less than 1 mm Therefore the di stance dr
of the plane A of pressure ring 1 and the adjacent housing surface
shoul d notwB8pfoR@edsgtr ge. Preferred maxi num val ues can Qg 1G@hgishdtoesd
by adding 0.5 nmmto the mentioned maxi num di spl acenent val ues. On the
ot her hand dr should not be too small, anmong others because it is
favorable for 30 the handling of the insBdunent if a protrusion of
pressure ring 1 versus the adjacent housing area sinplifies the
finding of a suitable finger position for the user. Therefore this
protrusion, i.e. the distance dr, should be at least 0.2 mm and
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suf fici ent di stangesiue dingovanebs eteawineH esxpetogrtaly on thhé:rae@f 01’015hEt he

user. 15 Further npfoembti Joﬁfarﬁedme?eﬁr§ Wh% rfnb @goulﬁiﬂPo?ruBQ?roﬁlaéfﬁ ddfxe
understood as being |imte er he ring

shaped surface co @leﬁda‘f%gyéﬁﬁc'@%d‘ﬁtﬁ(} OnQ"QY’r‘??gylt%ﬁﬁ‘ke repegnition
exanpl e by recesstbsieoiby thh useroul d, however, be small enough not to
spoi | the desgribed 20functi on of the pressure ring. In the preferred

embodi ment shown in Figure 3 the instrument furthernore conprises a
pressur e- ri ng- moveHsEMerete targp@gssyre dng'sdoes ot havedts bediderstoodias

second mai n aspecteiny litmhed td”l‘dﬁninlmh"rru;:tedl ﬁnger&d‘tﬁﬁrahéYmQ shapfklfole a
M TP contro! dev'&o%tac't\/ﬁéilie Hols m%vr?an%nlh{)e e @n are ieé?’aﬁfn%\é@é SLgL

exanple a |ight bar 11 er as shown s
a devi ce detects wheh rﬁb?é‘ﬁeh?w@fefpb%ﬂlﬂ"eelmuebenoi@ Smd the rdsscfed

pressure ringzel, {R&HNVFBESIrBGuFONMY. fromits "home" position by
finger 2. Such detection allows several favorable functions including

an 30 indication to the user (via display 16 or generators of audible
or tacti | e signalle 18 gmdfelr®) émbtditmbet ishewn uimefigurs 3 rthadinstroment

lancing”. Alter n%&“&%r@ﬁorﬁ&ﬁb& 'a?é%s%?eé rirg;emg‘leegﬁ%lle a&%ctfotﬁedewce 45, In

pr essure ri ng- novenent detection or automatically
triggering the | alf€iRgtenodhe secongdeain grpecarf the invention i i pipterakly a

descri bed aboye. part of a MITP control device. Means for movement detection are well
known, for example a light barrier 46 as shown symbolically in the
drawing. Such a device detects the movement of pressure piece 42, and
hence of pressure ring 1, upon pressing down from its "home" position by
finger 2. Such detection allows several favorable functions including an
30 indication to the user {via display 16 or generators of audible or tactile
signals 18 and 19) that the instrument is "ready for lancing". Alternatively
or additionally the signal of the bressure-ring-movement detection device
can be used for automatically triggering the lancing movement, possibly
after a delay time as described above.
35



25 Figure 3 furthernore shows an anal ysis neasurenent device 47 as
part of the instrunent 11. This can be any device which is suitable

to measur ewd Mas@®f a measurement quantity relating tQ-PphRhRReRLf
anal ysis el enent 21, which change is a neasure of the desired

anal ytical value. In 5 the case shown, the anal ysis neasurenent
device is enbodied for a photonetric neagérenent of a detection area
in the analysis zone 8 of analysis elenment 21 including a |ight
source 48, a light detector 49 and correspondi ng |ight gui de nmeans
synbolized by a lens 50. Other types of analysis nmeasurenent devices

SOU! d be used as F\@bﬂe,Bfu‘ﬁthB?ﬁdré@Hévlaéan _&Qal@éifﬁblﬁiélﬁ?ﬁneﬁfﬁﬁﬂéé%tpﬁﬂ _
evices, as are common for val uation of el ectrochem cal anal ysis
el enents. In the g{}g‘?gﬁ{rgﬂga}ﬂq; ﬁhlﬁpmﬁ%gnyﬁe{vg%ﬁ&cwﬂgj?a%antprr%qasa i ce
17 in accordance @ivahuet beaswezruemeit muasiite otlatig the timnget ofoanatmlises
use of 15 the prgssuperv mﬁnma@mggfﬁ%ﬁeﬁd{g@i%@m&ﬁ cal Q. M TP

control device 17 signals the start o generates a signal
by at |east one ofesTa§RaINOYENBEaENSIS) Beasitenentdryicsy is Aipkasiad ©ald v
triggers a punct uphotgmetev emmsureafent 8he dbtedidnvared 4n thEhenaBRE Wnetdef

M TP period is de } r e O
el ectronics 15, f%@%ag?%p?ﬂ%ﬁg@ﬁ% @aﬂglg(]ss_urg?gg’ %?é’ﬁ:%elkeﬁgoé e
period required fetrageprding jabhodne mepansfrelolizgd kya feng iS8nPthentyaes ofof
sanple liquid frogdijas mdagerenichP dévicdd calBatd 8ty dsh@ef! At PariBlia
sufficient sanple L rtanﬁfer rra%gbiéjsegar atel y det ect qfed th syl tabl e
sanpl e transfet dREEETT JRCFRELHTLENL SOHPRS 18R FANPHL oy e eyalyation of
phot onetri c det eceleetrochemicabarsinsisiaderterdnsported in the 25 integral

| anci ng and anal ysis el enent 22 or by electrical contacts detecting
that sanple liquid transported therein has reached a certain paint in

its transport pat !} Mer @My shown in Figures g dochifolff TSPt slfice this
application forceamontanoé wite\the ecqual esairs asmect bithedoventigh tiakeL0sd o2

M TP the pressj ngthgoFg,%gsd;%ﬁﬁée-g&meE 448016 (ﬁéch%”4QyoEQ§ nﬁl??t’ﬁogtrol

identified 30 limtin i Prefera l&/Pt_evarlatlc‘)no
pressing force duf®if§ 1heonplyihesplgdic apdMiiPtihoerearates apianel Pyahteast ed

variation |imtatbmnsf Wgrah gahératdus 18saml Herand/etbadbmbidally kriggers a
I nstrument for proLgnté if?T a sanp gflof%egoqy Ligui d for nyﬁc i S .by.
pi ercing the ski nPWl fLH gr\"aﬁﬂ nL PATR S ?1&%&“’2@ tEe |§pﬁf'8‘¥5 ng
5tip (7) said instetemeiped (b¥1ihehmeasigementoasd reyaluad)n electronics 15, for
20  example on the basis of a predefined time period required for generation
and transfer of sufficient amount of sample liquid from the finger tip 2.
Alternatively the status of a sufficient sample transfer may be separately
detected by suitable sample transfer detection means as are known in
the art, e.g. photometric detection of the sample' transported in the
25 integral lancing and analysis' element 22 or by electrical contacts
detecting that sample liquid transported therein has reached a certain
point in its transport path. Preferably — as in the embodiment shown — the
application force control device makes sure that during the entire MITP
the pressing force is within the range given by the above identified
30  limiting values. Preferably the variation of the pressing force during the
MITP should be within the above identified variation limitations which are
much smaller.



a lancing drive (14) within said housing (13) for being connected to
a lancing elenent (12) and for driving a lancing elenent (12) 10
connected thereto in a puncturing novenent in which the | ancing

el enent (12) noves, after triggering the puncturing novenent, in a
puncture direction until it reaches a poihLpt (P) of maxi mum

di spl acenent and in a reverse direction after it has reached the
point (P) of maxi mum di spl acenent, 15a pressure ring (1) surrounding
a skin contact opening (4) and bei ng adaipinggl f or pressing against the
skin, wherein t he skin contact opening (4) has an opening area
corresponding to a circle with a dianeter of at least 1.5 nm and not
nore than 4 nm 2J40ahdtruinenti fet prodesitg aosgmplses Bodyr kpsd ey ficalysds by

cont 0] Sevie (37) e Pin AR %, ERE RHLR 2 R OE S

puncturing nmovenenttip{@ be at least 3 N, preferably at least 4 N,
most preferably at least 5 N 25 2. Instrunment according to claiml,
wher ei n t he openi ngsaif &strgmephd 13Ravingont act openi ng (4) corresponds
toacircle with a dianeter of at least 2 mm preferably at least 2.5
mm 303. Instrunent-actBPEMY('Bd any one of the preceding clai ns

e 2 2 Se5A kel gl S8Rk R e
nore than 1.2 mm and nosd lapriehelabént (WDt ambioe dtiviag allaneing element (12)
10 connected thereto in a puncturing movement in which the lancing

element (12) moves, after triggering the puncturing movement, in

a puncture direction until it reaches a point (P) of maximum

displacement and in a reverse direction after it has reached the

point (P) of maximum displacement,

15 - a pressure ring (1) surrounding a skin contact opening (4) and
being adapted for pressing against the skin,

wherein

the skin contact opening (4) has an opening area corresponding to a
circle with a diameter of at least 1.5 mm and not more than 4 mm,
20 and

the instrument comprises a pressing force control device (37) for
controlling the pressing force between the pressure ring (1) and the
skin (3) at the time of triggering the puncturing movement, to be at
least 3 N, preferably at least 4 N, most preferably at least 5 N.

25
2. Instrument according to claim 1, wherein the opening area of the skin
contact opening (4) corresponds to a circle with a diameter of at least
2 mm, preferably at least 2.5 mm.

30 3. Instrument according to any one of the preceding claims

wherein



54. Instrunent according to claim3, conprising a peripheral surface
portion (50) surrounding the pressure ring and recessed fromthe
pressure ring such that the pressure ring protrudes in the puncturing
direction fromthe peripheral surface portion. 105. Instrunent
according to claim4, wherein the pressupg ring (1) protrudes from
the peripheral surface by a distance (h) of at least 0.5 nm
preferably by at |least 0.8 mm 6. Instrunment according to any
one of thfe pr ecedi ntheChrabsme rit@m(ﬁe)rnfei;mnt mlemlﬁf rpuﬁmititscormhif@esc?a
pressing force contr, Vi 7 r ntr in [ eSSi Qrce
bet ween the pressur gPrtl? ﬁ"é O(r%%t %'%53 {hﬁ'g 1$§ﬁ|rr]r¥,(p%fer bﬂ’tiog%ﬁ?ﬁgl%& 19 m
triggering the puncaod mogt prefeemEntot moredbaral mneast 3 N, and 20t he

| ancing drive (14) and the pressure ring (1) are so positioned
relative to each other that a projecting distance (s) by which the
skin piercingstifd (Instrgmephaceosding g drienencoprsing & eatishasal swfacehe

pressure ring pl anepobgnstsurtandingothe! @aBdire (thg) arldS rdcBsédefrel he Of
maxi mum di spl acenment, is n not 25nore

ot nofe than 0.3 mm preferabl
than 0.2 mm and nosPresPERANGIUSh fat this PESEHIEIng ProtFes 70 theyaincliiga
accordi ng to any oneiradtios lfraimtbe Petighddal sufacepatibde skin cont act
opening (4) has an opening area corresponding to a circle with a
dianeter of at least 1.5 nm preferably at |east 2 mm and, 30nost
preferably atol e@st Ingtrement ancbrdipg teoclinn hanwBerein tipe afressabg yingof1)
nore than 5 mm nos NQL t nt
according to any On%ro?)r?@%fgr?@lsﬁh% él%np@?rraﬁﬁgﬁ%én% %e&%?rag%%?q géfP%tr]%éegIE
control device (37)0i59n@garsfasably by atleastGE Mg t he 35pressing force
bet ween the pressure ring (1) and the skin (3) at the

6. Instrument according to any one of the preceding claims,
15 wherein

the instrument comprises a pressing force control device (37) for
controlling the pressing force between the pressure ring (1) and the
skin (3) at the time of triggering the puncturing movement, to be at
least 3 N, and

20 the lancing drive (14) and the pressure ring (1) are so positioned
relative to each other that a projecting distance (s) by which the skin
piercing tip (7) of the lancing element (12) extends out of the
pressure ring plane, when the lancing element (12) is in the point of
maximum displacement, is not more than 0.3 mm, preferably not

25 more than 0.2 mm and most preferably not more than 0.1 mm.

7. Instrument according to any one of claims 3 to 6, wherein the skin
contact opening (4) has an opening area corresponding to a circle
with a diameter of at least 1.5 mm, preferably at least 2 mm and,

30 most preferably at least 2.5 mm and not more than 8 mm, preferably

not more than 5 mm, most preferably not more than 3.5 mm.

8. Instrument according to any one of claims 3 fo 7, wherein the
pressing force control device (37) is adapted for controlling the

35 pressing force between the pressure ring (1) and the skin (3) at the



28 tinme of triggering the puncturing novenent, to be at |least 4 N,
preferably at least 5 N 9. Instrunent according to any one of the
preceding clainms, wherein the pressure ring (1) is non-deformnable.
10. Instrunment according to any one of the preceding clains
conprising a sanple collection device (36} for collecting an anmount
of sanple liquid required for analysis and 10a hol di ng devi ce (20)
for holding an analysis elenent in said housing such that a sanple of
body liquid is trangperbfrtiggbiiftie: flasuling eVt cRl beciti RastdaW,ce
(36) for analysis. 11, S%st?glfgi produci ng a sanple of body |iquid
for analysis by pi ePEHEPYS A IR n conprising a reusabl e

hand- hel d-i nstrunment (11) according to any one of the preceding

clainms and a | angin I i i . .

i nt erchangeabl y on&@g?@gﬁﬂ%méﬁékﬂﬁgwgQTE%?ﬁ%ﬁﬂ%ﬁ%m#ﬁé'ﬁﬁngﬂ??wﬁﬁiz
Syst em accor dé ng t oprslsaimnring (1) epeidaformableanci ng el ement (12) is a
part of an integral |ancing- and analysis elenent (22). 13. System

according to any one of clainms 11 or 12, wherein the | ancing el ement

(12) is a direct 18alfsirementagcaying teapy craefthermissrsing Jaiyscgmprising

25transporting sanple liquid prodyced pi ercjing the skin by neans
of capillary flowt® S&"’é‘ﬂ?rﬁ?]l@c’ﬁm Aeves g#)zf "n%‘)'%?%)g fhemegnt O%/?ﬁﬂ‘gle
System accor di ng t oligny reuRedforahalysisatd to 13, wherein the sanple

volune required for the analysis is not nore than 300 nl, preferably
30not nore than 200amoldngddevirst (20) fof boldinigyennatalysir dembreinn $6id holusing

such that a sample of body liquid is transported thereto from the

sample collection device (36) for analysis.

11. System for producing a sample of body liquid for analysis by piercing

15 the skin comprising a reusable hand-held-instrument (11) according

to any one of the preceding claims and a lancing element {12) which

is adapted to be interchangeably connected to the drive (14) of the
instrument.

20  12. System according to claim 11, wherein the lancing element {(12) is a
part of an integral lancing- and analysis element (22).

13. System according to any one of claims 11 or 12, wherein the lancing

element (12) is a direct sampler having a capillary channel (28) for

25 transporting sample liquid produced by piercing the skin by means of
capillary flow to a sample collection zone (23) thereof.

14. System according to any one of claims 11 fo 13, wherein the sample
volume required for the analysis is not more than 300 nl, preferably
3C not more than 200 nl and most preferably not more than 100 nl.



