WO 2009/ 100337PCMJS2009/ 033401 LENS DELI VERY SYSTEM CARTRI DGE Thi s
application clains priority under 35 USC 119 to U.S. provisional
application Serial No. 61/026,805, filed on February 7, 2008. 5 Thi s

i nventi 0%6?&0@5&%4 o intraocul ar | enses (las) and mchﬂ%Efobs%&k&'i' y to
or

cartridges uSe with devices used to inject 10OLs into an eye.
Background of the Invention 10 The human eye in its sinplest terns
functions to provide vision by transmtting and refracting light through a
cl ear outer portion called the cornea, and further focusing the imge by

way of the lens onto {RNgSELIVERY SYSTEMUTARIRINGEeYe. The quality of the
focused i mage depends on many factors including the size, shape and | ength

of the eye, 15 and the shape and transparency of the cornea and | ens.

Wen trauma, cage g}gl‘-‘c%{'oﬁeamsciﬁtgﬁ%; ggde}egs%;esg; Begpia,l 8% HbABRRAT ent,

vi sion deteriora ecause o Imnis I'i ght whi ch can be

transm tapplitation Sdrial Ne161G26,8D5] Sled ofi Febramg ¥, 2008t he | ens of the eye is

medi cally known as a cataract. The treatnent for this 20 condition is
surgi*cal rempval of the lens and inplantation of an artificial lens or

| OL. Wil e eghlsyink&dion WRiates TR éntfabOiutarh fonsbsp{TOES) end sneé pasticularly to

pol yrmet hyl net hacryl ate (PMVA), soft, foldable |OLs nade fromsilicone,

sof t acrogrtiidgss fosasyith dejaces upedie et Ses MIAEX8i ngl y popul ar because of
the ability to fold or roll these soft | enses and 25 insert themthrough a
smal [ er inci'sion. Several methods of rolling or folding the |enses are

used. One popul ar net hod i sBackerovindof the lavention dge t hat fol ds the | enses

and {)grovi des a relatively small dianmeter |unen through which the | ens may
be pushed into the eye, usually by a soft tip plunger. The nost commonly
used i nj ect orrhe Ainkh Bgeindiessigplassteithd Amtiiatsad pravidd. SsioRPdly drapsrhigiingd, 681, 102
(Bartel la)nii rgﬁr:]ag:thllgn l(iglghl%dﬂ?r%ugh g Ft):lelal"[ 6ut13r01§]o I'(Enuga{llgg lﬂlley cornea, and further focusing

the image by way of the lens onto the retina at the back of the eye. The quality of the

focused image depends on many factors including the size, shape and length of the eye,

15 and the shape and transparency of the cornea and lens.

When trauma, age or disease cause the lens to become less transparent, vision
deteriorates because of the diminished light which can be transmitted to the retina, This
deficiency in the lens of the eye is medically known as a cataract. The treatment for this

20 - condition is surgical removal of the lens and implantation of an artificial lens or IOL.

While early IOLs were made from hard plastic, such as polymethylmethacrylate

(PMMA), soft, foldable IOLs made from silicone, soft acrylics and hydrogeis have
become increasingly popular becanse of the ability to fold or roll these soft-lenses and

25 | insert them through a smaller incision. Several methods of rolling or folding the lenses
are used. One popular method is an injector cartridge that folds the lenses and provides a
relatively small diameter lumen through which the lens may be pushed into the eye,
usually by a soft tip plunger. The most commonly used injector cartridge design is
illustrated in U.S. Patent No. 4,681,102 (Bartell), and includes a split, longitudinally

% hinged cartridge. Similar designs are illustrated in U.S. Patent Nos. 5,494,484 and



30 hinnged cartridge. Simlar designs are illustrated in U S. Patent Nos.
5,494,484 and WD 2009/ 100337PCT/ US2009/ 033401 5, 499, 987 ( Fei ngol d) and
5,616, 148 and 5, 620,450 (Eagles, et al.). In an attenpt to avoid the
cl ai ms of nt No. 4,681,102, several solid cargi e been
investiggyggﬁbggggfor exanple U S. Patent No. 5,275,66&ﬁ?%ﬁ§?gpgﬁ, et al.)
and 5,653,715 (Reich, et al.). 5These prior art devices were intended to
inject an IOL into the posterior chanber of an aphakic eye through a
relatively large (approximately 3.0 mmor |arger) incision. Surgical

t echni quegoand (kéhsvid)ave siE6/148lends 620450 (Bagleset Ay Than aiteript © ayidgi cal
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use. In additjon, alt n : 18 thdWdsehencmmdReci fi c
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as causing trauma.to the roundi.ng t.issue., .15 Ac i , a need
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i njecti Qé}()@c'amle% b MR G PthF iR trhith | shaBlemintisions 254 oo wid malleduSech t r auma
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| nvent i camall incisionsEretpeiest thetthe PL s SomPEEIeA (Very, Vi B REdessh t he
prior art by.orovidiney L 6 WL P ddhifiloh \bRE YighipbaRpréhat has a
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i nvention seeks to provide a cartridge for a l?&ﬁ@de”v ty .systemthat has

an i nj ecinoreasingthesisned thy ingisiongpsarelas CRusigdEuga SUTgHR SWund

i nci 51§ on. 10 A further enbodi ment of the present invention seeks to
provide a cartridge for a lens delivery systemthat reduces post insertion
wound t r aune. Ackonitngly, rgneed cantimep ée exigffor e infeeaulart lepsmiisstipnrertridger e i s

provi dedca;aygblé Q{‘ il;l_‘?é(()}g(l)'lll gi{ Idl(,a E)?'ough a relatively small incision with reduced trauma to the

tissue.



15 delivery systemcartridge, conprising: a body, and a tubular nozzle

- connected to the body and projecting distally fromthe body, the nozzle
having a nodified elliptical cross-section with a blend radius radii, the
nodi fi ed &¥oegoda@ad7 cr oss-secti on having a shape defi nagtaysro@ Bt on of
a decentered ellipse disposed in the first quadrant and the second
quadrant of a Cartesian coordi nate system the portion of the decerttered
‘ellipse defined as a first curve; and a second 20 curve defined as a
mrror inmage of the first curve mrrored about the abscissa axis of the .
Cartesi an coordi nate syst erfgrefifummary of the Iyvent

inflection points at | ocations where the first curve and the second curve
i ntersect the abscissa axis of the Cartesian coordinate system and the

bl end radii Oénhbglihentmed thet pepposhnateadingbyvéshap@l ticpptioakrtshapgoviding a
pr oxi mat e tge infleﬁﬁtgy.eoints ezghhgiend,radius defined as a portion of
a 25 ci reTEdE ;g Pheldiveg: Sty &atnps: hdniseleb it ewmmeaint Aetiancd targest

to both [ C :4h r nd, &4 a 0
tangent Ty SfSstul R BRIk, G SR RSN MCURIArORE (P e iRt
radi us wediceithe kikedihbod nfiterdog usovesstoatiing sheedofnddarmpgdesirided tipriascsii@mand

si ze . . Other objectives, features.and.advantages of the present

i nvent i SFFIERFS T HUHE W B’b‘!’:\?"@h‘? %ﬁéewsfﬁel?%gélﬁgf?gémpéhqwg- draw ngs, and the
foll owi ng description of the drawings and clainms. 3 WO

2009/ 100337P /L%EO 9/033%0 Brie% DescriFtion_of t he Eramjngﬁggggére lis
a graph conpatsHg™ a%FE‘Péﬁ&? Ok (e RICEnt BVENtionhsesKs fpRre Vs aifeyra
l'ine; Fiigdelivery SyserS e fad ol Hﬁéc&ﬁltﬂp%om%‘gﬁ Rhichad to AR Y53 26 thPloun
various tip sizes; and Fi gure is an enlarged perspective view 0

t he | engac@dPi.very systemcartridge of the present invention. WO
200?6100337PCT/U82009/033401 Detail ed Description of the Preferred

Enbodi ments The present invention is directed to cartridge 10 having tip
12, tip 12 haviintheeMbOERRRE b (HIGHEGAL TcAtisie REKE 1S HFRIEES HRNEIAHRY lens
during insertion of an ICL into an eye. Al though any incision size can be
used, t Hellvrysyidgra that grduess past inkertipe Mrawdritpugiascussi on are based on a 2.0
nmincision or wound in the eye. The action of inserting a cartridge tip
12 through an incision wound devel ops 10 stresses at the wound edges that
can result iAcdordingao andsp&anoif g plesémeiniaion] Gere EGol I8 HnAhGaBANR Tens

di scovered that a correlation exists between the degree of wound stresses
and'tar OFTEE SYSi§M § & GOMPHYBY HbpPihiaad gitsrulrarogzletcrangateddotthe body and
determ Hat ;s FNCTS] r : [ | . or.mabl e.body
~havi ng ? %%éﬁ?g dégntélgll fr?%lttlﬁ%: gjiadg’ut%l gl(rﬁg I ﬁeq%glln%ﬁd %B?:ﬁieg%#%%&i‘l %)%%Sése on Wltﬁ a
appr oxi Menéiradi® Qdunthenmdefiedi aiipticakéresofection having a shape defined by: a portion of

a decentered ellipse disposed in the first qﬁadrant and the second quadrant of a Cartesian

coordinate system, the portion of the decentered ellipse defined as a first curve; and a second
20  curve defined as a mirror image of the first curve mirrored about the abscissa axis of the
Cartesian coordinate system, the first curve and the second curve forming inflection points at
locations where the first curve and the second curve intersect the abscissa axis of the
Cartesian coordinate system; and the blend radii being formed at opposing ends of the
elliptical shape proximate the inflection points, each blend radius defined as a portion of a
25  circle joining the first curve and the second curve that is __tangent to both the first curve and the
second curve and that has a 90 degree tangent line at alpoint' along the abscissa axis crossed

by the blend radius wherein the blend radius is calculated from a desired incision size.

Other objectives, features and advantages of the p;resent invention will become apparent

30 with reference to the drawings, and the following description of the drawings and claims.
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15 approximately 0.25 mm In addition, the inventors determned that a
cartridge tip 12 nozzle can be nodeled as a rigid body with the assunption
that no deformation of the tip 12 nozzle occurs during the insertion of an
IOL into_an eye and that any deformation occurs in th no actua
ti ssue maYRAMY% operties are available, the nateriafcﬁﬁgggggﬁég of the
~wound tissue can be nodel ed using the Arruda-Boyce material nodel. 20
Assum ng that the area of the tip 12 nozzle is larger than the area of the
wound, the inventors applied a theoretical |oad to the inside of the wound

to "stretch” the wound | agger BERHBMbL o (/] hRWidde nozzle tip 12 to enter.
By | owering the theoretica oad until the interior wound margi ns cont act

the entire outer peripheral surface of the tip 12, the residual strain,
stress, stress di.stribution . gkidispd. 25 One
skilled int erlsﬁr%%l’#ls‘i"é“ﬁ’?@g% ﬁ%{]& gfeégtgcfﬁl?gﬁ?ﬁ?%%%gﬁgggﬁi dgeﬂtﬁi p has an
aspect ngéi o of 1 because the height and width are equal. However, as the
aspect ratio is reduced by shortening the height, the arc | ength changes
whi ch serves to reduce the degree of wound stretching by reducing the

appl i ed S”eﬁ%ﬁfeﬁ%a hURLRE RGeS RE] SR size i varidus Bosi@sparski | | ed in
the art al so understands that a straight |ine connecting height and w dth
WO 2009/ 100337PCT/ US2009/ 033401 results in the shortest distance between

t hose poi nt s_and pre hQrd: p 0 ek vRes Jalttigead @l ative to
applied st regg&e 3{)1% %?d\%g%in%&%eté%u‘%&i%gﬁl% g&- %gggti ve ar%g. Negati ve
arc is uydeedehidbleatioecause | ens damage or undesirable folding can occur
when a negative arc or non-curved geonetry is used. 5 The
cros¥-sectional formof an ellipsoid, representing the injection tip 12
geonetry, can be analyzed by using the ellipse shape factor. This shape
factor 's' can mai n constant to maintain the sane formas the tip size
is varied from3.0 mm and bel ow. By varying other paraneter val ues, the
formis maintained while reducing the to periphery and resultant

t heoretical incision size as shown in Table 1 below and FIG 2. “Thi s
shape factor s, also known as eccentricity, is further discussed bel ow
starting with the ellipse equation. A cross section of an ellipsoid in a
pl ane parallel to coordinate axes forns an ellipse. In general, this 2D

el lipse can be represented by the follow ng 15equation: (x- h)2- kr =1,



a2b2 Where h, k represent the center of the ellipse, "a" is the major axis-
and 'b' the mnor axis. The shape of an ellipse can be represented by its
eccentricity, s, defined as follows: 20 c-(1/4Ja2 - b2 where 0<s<l. The

| arger the.value of s is, the larger the ratio of at nor e

el ongat eﬁ?ﬁ@%ﬁf pse becones. Furthernore, for a gi vgﬁﬁgg@gﬁs?@éi ty
value, if we know 25 paraneter '"a or 'b' then the other paranmeter can be
easily calcul ated using this equation. For conpletion, note that
paraneters 'a' and 'b' are constrained by the follow ng equation: e2 = a2
b2 ; WD 2009/ 100337PCTM52009/ 033401 where "( ¢,0)' represent the foci of
the ellipse. Note that the cross section of the ellipse is nodified in the
sense that the cent detaifedMescrintion gf thePeeferged Fn M2 |y at the origin and
is allowed to float. However, allowi ng for de-centration of the ellipse

| eaves a point of inflection, a sharp feature, when the part of the

el lipse |yinghé pregemmdnantion isi directed db wadridgeatlobaving tire 13-tk % havigg droot h out

this point, a blend in radius is use ; ] . poi nt

i nt effse8FTRTR %@1 ed, 19 wdpee sifeswgp g%@%@‘ggﬁ%ﬁ%ge ‘?‘m%ﬁﬂgmrﬂetgaﬁ ?’ gee'

decent englogid inySfciden YiBs tande Wed) e dimendinsivenris thet follewinp discussivs. sect i on
of the nodified ellipsoid configuration. inAn alternate formto the above
el | i pse aeechased @va 20 M0k ECISHH G IOFRL L RE &¥eBxy - | - Oy2 +Dx+Ey+F =0; where B2 -
< 4AC and all coefficients are real. This equation can be converted to the
first 15 equation by conpleting .s'guar_es and obtaining a formthat displays
the center offhe hetiel of pseting awsrtridgstip HE theoyglh B pgisigm Pourd 98Velitor axes.
Usi ng the above guidelines,, th r-anet T Qigd.ThEhe

el li %ti Stresss 2 the W P %tmﬁ??ﬁtlgﬁ%%?gener gl'&e elcii&%lgfgﬁégd‘h-gi t was
found t B@lenfols hd¢k discéRerdl that 4 relaiod c2Bts(twfwdsh the {Qre@f vOuR ytresTse

eccentricity a was then calcul ated .tq.be 0.65.. Gven this. e icity, if
ei ther ond pgr@idaﬁdipa&qoa}enai rﬁﬁ%@‘f %2"1%815{’%‘@5@ ‘?‘5‘5@1\{% dP%“%‘é‘?"%ﬁ%ﬂg{e"d, tKen
the of hofe;6aNoPSoiah €4 B febdtic sl BcfaheMeR: BSBycRaving rolgilgranldiictihe bl end

radi us point of inflection can be chosen to be the. snalles
possi bl eutsr rdinensidratvithsa magigre AXis tof PIFFINAEYCHP VBT, @ BHET B3N and has

a 9015de%pp}ogﬂ§a%§§r Ol.i.Snr%m?t IJ‘E Q(?di@&l, Nhe ﬁ{vgﬁt%}sn&téxﬁﬁmﬁ‘tﬁdfiasmam'idge tip 12

nozzle can be modeled as a rigid body with the assumption that no deformation of the tip

12 nozzle occurs during the insertion of an IOL into an eye and that any deformation
occurs in the wound. As no actual tissue material properties are available, the material
propetrties ﬁf the wound tissue can be modeled using the Arruda-Boyce materia} quel.
20  Assuming that the area of the tip 12 nozzle is larger than the area of the wound, the
inventors applied a theoretical load to the inside of the wound to “stretch” the wound
large enough to allow the nozzle tip 12 to enter. By lowering the theoretical load until the
interior wound margins contact the entire outer peripheral surface of the tip 12, the
residunal strain, stress, stress distribution and contact pressure can be determinéd.
25 _
One skilled in the art understands that a circle or round cartridge tip has an aspect
ratio of 1 because the height and width are equal. However, as the aspect ratio is reduced
by shortening the height, the arc length changes which serves to reduce the degree of
wound stretching by reducing the applied stresses at the wound edges as shown in FIG 1.
w  One skilled in the art also understands that a straight line connecting height and width



25 such as circle 100 of FIGURE 4. An exanple of the application of the
determ ned mnimumarc length, aspect ratio and blend radi us descri bed
aboyeblcan be se{)e})n in Tﬁbl e 1 bel ow where typical values for each of the
vari abl es_ar. an. The table defines typical nodifi ] val ues
as a 30 %ﬁ%@glgng% i nci sion size. Incision sizes of ?.ES,E]IS?O%%&?\ 3 Omm
are used to denmonstrate the WO 2009/100337PCT/ US2009/ 033401 rel ationship
when the ArcLength width and Ellipse eccentricity are held constant.
Applying these values to cartridge tip designs result in the maxi mum
i nternal . yal Wrg e oAbl istiRe HaBvdEh Thd¥e Bodht€ and® Rpidsemb itlehstioftet Gl *nat i on
results I'n significantly reduced strain at the incision wund edges while
][n ni ni zﬂmgtbtf MTHE%E@?W dpplied rea196 68 dheoroud FVithoubeERng A P9ERNE F'hj ect i on
orces. .Table 1:. Nodifi ' ' ' 'm'fgﬁhs faagtal on of
I nci si o CeRYe g Rt g?sglﬁﬁ %ibgéealu%%%% ‘%“?"iégg’gﬂﬁgﬁgr AX|l s, %aﬁ?:g%r Ell }apse M nor
Axi's, b neganve kel drpes clnwed ponmetrytiyysed

5

The cross-sectional form of an ellipsoid, representing the imjection tip 12
-geometry, can be aflaiyzed by using the ellipse shape factor. This shape factor ‘g’ can
remain constant to maintain the same form as the tip size is varied from 3.0 mm and
below. By varying other parameter values, the form is maintained while reducing the

10 periphery and resnltant theoretical incision size as shown in Table 1 below and FIG. 2.

This shape factor &, also known as eccentricity, is further discussed below starting
with the ellipse equation. A cross section of an ellipsoid in a plane parallel to coordinate
~ axes forms an ellipse. In general, this 2D ellipse can be represented by the following

15  equation:

(x-n) (y—-k)
SN

Where h, k represent the center of the'ellipse, ‘a’ is the major axis and ‘b’ the minor axis.
The shape of an ellipse can be represented by its eccentricity, &, defined as follows:

20

s=(1/a)(\/a2 -5’ );

where O<g<l. The larger the value of ¢ is, the larger the ratio of a to b and the more
elongated the ellipse becomes. Furthermore, for a given eccentricity value, if we know

25 parameter ‘a’ or ‘b’ then the other parameter can be easily calculated using this equation.
For completion, note that parameters ‘a’ and ‘b’ ave constrainéd by the following
equation: '

2=a2__b2;



ArcLength (m) ArclLength /Wdth Bl end Radi us 1.0 0.392 0.30
1.087 1.386 0.2 2.0 0.784 0.60 0.65 2.174 (m) +30 0.65

WO 2009/100337 ‘ PCTUS2009/033401

where ‘(+ ¢,0)’ represent the foci of the ellipse. Note that the cross section of the ellipse
is modified in the sense that the center of the ellipse is not necessarily at the origin and is
allowed to float. However, allowing for de-centration of the ellipse leéves a pomt of
inflection, a sharp feature, when the part of the ellipse lying in quadrant I is revolved

s around the x-axis. To smooth out this point, a blend in radius is used so that the tangent
to the point intersecting the x-axis is at 90 degrees. These two features, the decentered
ellipse as well as a blend radius constitute the cross section of the modified ellipsoid
configuration.

i~ Analternate form to the above ellipse equation can be represented as,
Ax? + Bxy+Cy* + Dx+ Ey+ F =0;

where B2 < 4AC and all coefficients are real. This equation can be converted to the first
15 equation by completing squares and obtaining a form that displays the center of the

ellipse as well as the lengths of major and minor axes.

Using the above guidelines, these parameters can be calculated. The e_l'liptic curve -
in quadrant 1 was fitted to a general ellipse and it was found that (h, k) = (0.0,-0.13), and
2 (a, b) = (0.95, 0.72). The eccentricity £ was then calculated to be 0.65. Given this
eccentricity, if either of fhe two axial dimensions of the ellipse is to be changed, then the
other can be calculated with the above equation. Generally, the blend radius at the point
of inflection can be chosen to be the smallest possible circle that is tangent to both the
curve above and below and has a 90 deg. tangent line at the point crossing the X-8Xis,

25 such as circle 100 of FIGURE 4.

An example of the application of the determimed minimum arc length, aspect ratio
and blend radius described above can be seen in Table 1 below where typical values for
each of the variables are shown. The table defines typical modified ellipsoid values as a

50  function of incision size. Incision sizes of 1.0, 2.0 and 3.0mum are used to demonstrate the



1.386 0.4 3.0 1.176 0.90 0.65 3.261 1.386 0.6 10 The [
above result in a design for cartridge tip 12 that provi desstﬁgsng;itlrrL%Ed
internal volune relative to the minimumarc Iength. This conbination
resul ts iyl Sdedidesd-cantly reduced strain at the incisieprigsongges while
mnimzing the degree of lens conpression and resultant |ens injection
forces. The invention described within 15 provides injector cartridge 10
or nozzle tip 12 shape that reduces the force required to insert cartridge
tip 12 through the wound due to the reduced aspect ratio and arc Iength
Ip(r)]t 22?: g‘;ﬂllg%a,mﬁi#l@h@umeem&mgmhf aridth i andt B¥ipsee densaticiy Latel hekda gprstahd -

or

. C ens damage through el.im nation, of sk . d .-
i nt er nalApplyinguthess Yﬂl“qsrtamflﬁg?)&w.re \iRi g I%%rﬁﬁgﬁﬁnlﬁe%ogﬁim?s of the
]E)r esent _LONen) hRNAakEmRes knp@seitiPRctoalb@stion tdialkeindipifidaptly mdscedr e gi ven
or purposes of i1llTustration and explanatiogn. Variations, changes,

OJ‘Ig ed above

modi fi catriinnstharinkidlepwotad edses mbie MHamiZiag diedegion OflfR GAEPTFRL

i“anzegtei 2%8 t vm}égc u%X%ggSq{t ure }‘romI t he Zcope or spirit of the present
: AP HEYY. intraocular |en i -

conpri si ng: a body, and s delivery systemcartridge,

Table 1: Modified Ellipsoid typical dimensions as 3 function of Incision size.

-~ Incision Ellipse Major | Ellipse Minor Ellipse ArcLength | ArcLength Biend
Size () | Axis,a (mm) | Axis, b(mm) Eccentricity, (omn) [Width Radiug
3 {rom)
1.0 0.392 0.30 0.65 1.087 1.386 0.2
2.0 0784 0.60 0.65 2.174 1386 04
3.0 1.176 (.90 0.65 3.261 1.386 0.6

10
The steps outlined above result in a design for cartridge tip 12 that provides the

maximum internal volume relative to the minimum arc length. This combination results
in significantly reduced strain at the incision wound edges while minimizing the degree of
lens compression and resultant lens injection forces. The invention described within
15 provides injector cariridge 10 or nozzle tip 12 shape that reduces the force required to
insert cartridge tip 12 through the wound due to the reduced aspect ratio and arc length.
TIn addition, this curved form facilitates reduced wound trauma and potential for lens

damage through elimination of sharp external and internal features or transition points.

20 ‘While certain embodiments of the present invention have been described above,
these descriptions are given for pﬁrposes of illustration and explanation. Variations,
changes, modifications and departures from the systems and methods disclosed above
may be adopted without departure from the scope or spirit of the present invention.



5 a tubul ar nozzle connected to the body and projecting distally fromthe
body, the nozzle having a nodified elliptical cross-section with a blend
radius radii, the nodified elliptical cross-section having a shape defined
by: 10a portion of a decentered ellipse disposed in the first quadrant and
t he second quadrant of a Cartesian coordinate system the portion of the
decent er edisdnki pse defined as a first curve; and a second curve defined as
amrror image of the first curve mirrored about the abscissa 15 axis of

t he Cartegdian sovirdiauat lerssdpiiteanysieheafiidost coprivieg.and t he second curve
form ng i BftbdcEr®Nn points at |ocations where the first curve and the
second’curve intersect the abscissa axis of the Cartesian coordinate

systen afdUtiieNHE rﬁ‘i“’?eéf& "0 tﬁ%%aln B PrRisgig disjp) 'ﬁgfaﬁ'b g‘%e@g <hepozeiRe
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el liptical *SHehEe PP IR @RS BYRIAR 1 adi us
defined a§°F P&t W'DBF ap& f'0i ni ng the fi rst curve and the second
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crossed byyddiengl end radi us wherel nthe b end radius 1s calculated froma

desired incision size. 252.The cartridge of claimi, wherein the

el | i pti cak setops suse aéfinedahasingn inglgh iopBe Rt R Mindick \abalt 2. £58ciss3. The

cartrildgean$ otihaiQmridsianvhterdeiaie dybiemethbifipt coak a0s teSesedicluen (drmsigan ar c

| ength wi thiigctiof pdiB8 Gt locations where the first curve and the second curve intersact the
abisoissa axis of the Cartesian coordinaie system; and

the blend radii being formed at opposing ends of the eliiptical shape proximate the

20 inflection points, each blend radius defined as a portion of & circle joining the first curve
and the second curve that is tangent to both the first curve and the second curve and
that has a 80 degree tangent line at & point along the abscissa axis crossed by the
biend radius whetsin the blend radius is calcuiated from a desired incision siza,

25 2. The cartridge of claim 1, wherein the eﬂzpncai cross-section has an elfipse
eccentriciy of 0.65.
3 The cartridge of ciaim 1, whearein the ellipiical cross-section has an arc length

width of 1.388.
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