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(54) Title: IMPROVED NEEDLE TIP FOR SURGICAL INSTRUMENT

(57) Abstract: A needle (10) for a surgical instrument for removal of diseased or
unwanted tissue comprises a hollow elongate needle shaft (12) having a needle
tip (14) for cutting tissue at a distal end of the needle shaft (12). The needle tip
(14) is flared in at least one plane and has a flattened posterior lip (16) and a
curved anterior lip (18) to produce a substantially D-shaped tip mouth (20) in a
plane that is substantially orthogonal to a central longitudinal axis C-O-C' (the
needle axis) of the needle (10). A major axis A-A' of the tip mouth (20) is larger
than an outer diameter of the needle shaft 12 and a minor axis B-B' is smaller
than the major axis A-A'. The asymmetry of the tip mouth provides improved
cutting action during phacoemulsification.
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“IMPROVED NEEDLE TIP FOR SURGICAL INSTRUMENT”

Field of the Invention

The pres’ent invention relates to an improved needle tip for a surgical

j’r‘i_:s“trume,nt and relates particularly, though not exclusively, to a needle tip for

an ultra'son'i‘c surgical instrument of the kind used for phacoemulsification in

surgical cataract removal procedures.

Background to the Invention

'O'p'hthavlmologists h'ave de‘ve‘loped surgical cataract removal procedures:
'whlch involve removal of the crystalhne lens and replacement with an
artificial lens through a small incision in the capsular bag in which the lens

material is contained. Charles Kelman and Anton Banko were among the

first to successfully develop a technique for rem‘o‘val of cataracts using a

handheld surgical instrument with a hollow needle vibrating at ultr"ason“i'c'
/frequenc;es Us.3,589, 363 describes their ground breaklng techmque This _
technique, WhICh has become known as phaceemulsmcatlon m_volvesi.- .

msertmg a needle tip v:b_r:atmg__a,t., u_ltrasomc freque.ncnes into th,e eye r’througv'h' '
a small corneal incision. As. the vibrating needle tip and ultrasonic wave
contacts the lens material it disintegratee and emulsifies it with an ir‘ngating
fluid. A coaxial sleeve over the needle or a second canula delivers the.
|rr|gatlng fluid, and the dxsmtegrated lens dlsperses to form an emulsion

- which is aspirated through the hollow interior of the needle.

Depending on the extent of the cataract formation the diseased lens material .. -
can vary considerably in hardness andfor density. The harder or more

dense the diseased material the more difficult it is to remove using
phacoemulsification. Various types of ultrasonic vibration have been tried to

improve the rate and efficiency of emulsification; previously using

longitudinal alone, but recently using. transverse and torsiondl vib,raiiton, as ,
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well as combinations thereof. In ad-dition-,‘, many have developed alternative

needle and tip configurations to try to improve on the standard round needle

with a beyelleﬁd tip. For example, tips that-are flared to produce an “acoustic

horn” to focus the ultrasonic sound . waves. Yet other examples use
transverse steps or “baffles’, or concave recesses wrthln the mouth of the -

trp to enhance cavitation and emulsrflcatron

The effect of these tip modlflcatlons with transverse or torsronal ultrasound is -

limited because the designs were principally for longrtudmal movement of

~ the needle A standard round tip on a stralght needte cannot work with -
: torsronal \ltrasound handpleces the rotary trp mot|0n produced srmply' A
““cores” out the material rather than breaking and emulsrfymg it. The bent -

‘needle that,.Kelmavn, developed is used because it transforms the rotary

needle motion into a sweeping or ‘fsc-ything" tip motion. However this type of

bent needle has poor -ergonomics and can be difficult to use during

phacoemulsification surgery. Because of poor tip cutting efficiency, it is also
easily blocked with incompletely emulsified lens material.

" The ';p"resent invention was -deveIOped to .p‘r'oviding an imp'rcved needle tip

20

25

configuration with better 'p‘hacoefmutsification efficiency, principally for
torsional and transverse ultrasonic handpleces without compromising linear .

phacoemulsmcatron It will be apprecrated that the same type of needle tip : ’.

“may also be used for other types of surglcat procedure such as removal of -
"tumours (eg bram tumours)i hposuctren ‘ofin  dentistry. Therefore the*
’ lnvent-r,on_ is not Irmrted |n its app,,hca/tlonv to _,phacoemuls_rfrcatron_.

References to pr’i‘or'art‘ in this specifieaticn are provided for iltu_strative

_purposes only and are not to be taken as an admission that such prior art is

part of the common general knowledge in Australia or elsewhere.
Summary of the Invention

According to one aspect of the present inventtcn there ie'prdvided a needle -

for a. surgical rnstrument for removal of diseased -or unwanted tissue, the

needle comprlsrng
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-a hollow elongate needle sha‘ft‘having a needle tip at a distal end for cufting ,

tissue, the needle tip being flared in at least one plane and having a

ﬂattened posterior lip and an ante‘ridr lip shap'ed to produce an Vasymmetric

- tip mouth with a. major axis Iarger than an outer diameter of the needle shaft
and aminor axis-smaller than the major axis.

7‘Preferably the anterlor hp is curved to produce a substantlany D- shaped tip

mouth.

Typically the flattened posterior lip is on an edge of a posterior surface that

~lies in a plane that is substantially parallel to a Central longitudinal ax;s of the
_ needle shaft Preferably the needle tip has a central longitudinal axis (the tip ‘
- axis) whlch is substantxally parallel to the centra! longltudmal axis of the

needle shaft. In one embodiment the anterior hp of the t!p mouth. is also
flattened ._and is on the edge of an anterior surface that lies in a plane that is .

substantially parallel to a central longitudinal axis of the needle shaft.

Preferably the substantially D-shapéd tip mouth lies in a plane ‘that is

‘substantially orthogonal to a central lon'g‘itu'd’inal axis (the, needle axis) of the .
. heedle shaft Advantageously the posterior lip is substantlally transverse to
”the mmor ax:s of the tip mouth and lS on the ‘edge of the posterior surface

whxch is substantlal!y parallel to the major axis of the tlp mouth,

Preferably the major axis of the tip mouth‘ is about 1.2 to 2.5 times longer

~ than the minor axis. Preferably the minor axis-is -about 1 0 to 1.5 times the
~ diameter of the needle shaft. ' '

| Preferably at ieast a portlon of the |lp of the tlp mouth is cut or chamfered at' e

an angle with respect to: the tip axis. P:referabyly at least a portion of the I|p of
the tip mouth is chamfered in a plane. that is substantially parallel to the
major axis of the tip ,niduth. Advantageously the needle tip is prov’ided. with
an asymmetric multi-plane mouth not angled in the same directioh and

" offset from the needle axis. A key feature being asymmetry of the relatlve '

mouth planes (d:rectaon and cffset) Preferably the anterior hp of the tlp
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‘mouth is chamfered in one directlon with respect to the tip a>:<is»._
‘Advantageously the posterior lip is chamfered in two directions with respebt-
‘to the tip axis so as to form a triple-chamfered tip mouth.

in one embodiment the posterior lip is curved outwards away from the tip
axis. ln.ano_ther embodiment the poste.rior lip is curved inwards towards the
needle axis. In a further embodiment the posterior lip-is formed w‘ith* multiple
in-curves or crenatlons Advantageously the |lp edge curves are not formed' v
around the full crrcumference of the mouth and are placed asymmetrrcally rn} -

‘one or more planes about the tlp mouth

Ina stlll further embodlment the antenor llp is curved mwards 50 as to forma- v
“kldney shaped” tip mouth. Preferably the postenor lip is angled with respect

to the tip axis SO-'as to form an acute angle. Advantageously the. anterior, l'l’p

s, formed with a plurality of serrations. These serrations need not, be

. symmetnc around the full cucumference of the mouth Preferably the

serrahons are placed in‘one plane or another asymmetncally Wlth respect to

. the major axis' of the tip mouth

| ~tissue, the needle tip belng flared m at least one plane and havung a -

25

30

' Accordin‘g to another aspect of the present :inve"ntion there is provided a
needle for a surgncal mstrument for removal of diseased or unwanted tissue,

the needle compnsmg

a hollow elongate needle shaft havmg a needle tlp at a dlstal end for cuttmg '

fl_attened postenor lipand a curved anterior lip to pvroduce a substantially D—_"

shaped tip mouth with a major axis larger than an outer diameter of the

‘needle shaft and a minor axis smaller than the major axis.

Typically the flattened po"sterior lip is on an edge of a.posterior su'rface,that

lies in a plane that is substantially parallel to a central longitudinal axis of the

needle shaft. Preferably the needle tip has a central 3Iong’ltudina'l axis {the tip
axis) Wthh is substantually parallel to the central longltudlnal axis of the
needle shaft.. In one embodlment the antenor lip of the t|p mouth is also

flattened and is on the edge of an anterior surface that lies in a plane that is
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substantially par‘allel to a central longitudinal axis - o‘f the needle shaft.

.Advantageously the amount of flattemng of hp of the tip mouth is asymmetric

;around the mouth mrcumference

Prefe'ra_b!y th_e substantlally‘ D-shaped tip mouth Iiee‘ in a plane that is
substantially orthogonal to a central }Iongitudinal axis (the needle axis) of the
needle shaft. Advantageously the posterior lip is substantially transverse to
the minor axis of the tip mouth and is on the edge of the posterior surface
WhICh is substantially parallel to the major axis of the tlp mouth.

' v_Accordlng to a further aspect of the present lnventlon there is provided a-'
needle for a surglcal instrument for removal-of diseased or unwanted tlssue

the needle compns:ng

. a hollow 'elong_ate needle shaft having a needle tip ata distal end for cuttivng :

tissue, the needle tip having a mouth with a (ip that has at least one in-curve

' formed in the lip.-to mcrease the lip surface area per Iength of cwcumference

15 - of the mouth of the needle tip:.

'Accerdlng »to a still furt-h‘e‘r aspe‘ot ef 't-h"e present invention there is 'p"rbvide'd a

needle for a surgical instrument for removal of dlseased or unwanted tissue,

the needle comprising:

“a hollow elongate'needle shaft having a needle tip at a distal end for cutting

fissue, the needle tip having a mouth with a lip and" a_' plurality of serrations
provided on'the lip to improve the cutting-action of the needle tip.

A-‘ecordihg‘ to yet another aspect of the present invention there is provided_ a

- needle for a surgical instrument for removal of diseased or unwanted tissue,

the needle comprising:

a,hoHew elohgate needle shaft havin‘g a needle tip at a distal end for cutting
tissue, the needle tip having a 'mou'th-wifh_ a lip and wherein at least a portion
of the lip is curved inwards so as toform a “kidney-shaped™ tip mouth.

PCT/AU2011/000352
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, _Throu_ghou,t the specification, unless the c‘on_fext requires otherwise, the

~ word “comprise” or variations such as “comprises” or “comprising”, will be

understood to imply the incle‘sion. of a stated integer or group of integers but
not the exclusion of any other integer or group of integers. Likewise the word
“preferably” or variations such ‘as"‘preferre’d” will be understood to imply that

‘ .a stated integer or group of integers is desirable but not essentlal to the

workmg of the mventlon

- Brief Descﬂptl"on of the D'raWi‘n’gs' :

- The nature of the mventlon will be better understood from the following

10

15

20

25

detailed descnptlon of several specuﬁc embod|ments of a needle tip for a -

-'surgucal mstrument glven by way of example only, with reference to the

accompanymg drawmgs in WhiCh

Flgure 1 @) is a top plan view of the mouth at the end of a flrst

' embodlment of a needle tip in accordance with the present mventlon

anures 1. (b) and (c) are anterior and,SIde el‘evatlons respe‘ct}vely of
the needle tip of Figure 1 (a);

- "Figures 1 (d) and (e) -'are top oblique anterior and the posterior |

perspective views respectively of the needle tip of Figure 1 (a); |

_ Fi'gu're 2 (a)isa top. plan view of the mouth at the end of a second

embodiment of a needle tip in accordance with the present invention;

Figures 2 (b) and (¢) are anterior and s-idege'levatiq‘nsv respectively of

- the needle tip of Flgure 2 (a) |

" '._”'Fugures 2 (d) and (e) are top obhque antenor and the postenor:
' v:yperspectlve VIews respectlvely of the. needle tip: of FJgure 2(a);

Figure 3 (a) is a top plan view of the m‘outh"at' the end of a third

embodiment of a needle tip.in accordance with the present in\(entioh;

PCT/AU2011/000352
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Figures 3.(b) and (c) are anterior and side. elevations respectively of
the needle tip of Figure 3(a); '

v Flgures 3 (d) and (e) dre- top obhque anterlor and the posterior

perspective views respectlve|y of the needle tip of Figure 3 (a);

F‘lgure 4 (a) is a top plan view of the mouth at the end of a fourth

" embodiment of a needle tip in accordance with the present invention;

Figures 4 (b) and (c) are anterlor and side elevations respectlvely of'

~the needle tip of Figure 4 (a);

'_Frgu'r.es‘r 4 (d) and (:e_) are'top* oblique a?n‘ferfEO‘r and the posterior -

p‘erSpective views respectively of the needle tip of Figure 4 (a);

Figure 5 (a) is a top plan view of the mouth at the end of a fifth
- ‘embodiment of a needle tlp in accordance with the present mventlon

. Figures 5 (b) and (c) are antenor and S|de eleva’uons respectlvely of ,7 '
" the needle tip-of Flgure 5 (a);
~ Figures 5 (d) and (€) are top ‘obllq_ue p'ersbe.éfiVe views respectively of

the anterior and the po‘ster.idr needle tip of Figure 5 (a);

Figure 6 ‘(a_:), is a top plan view of the mouth at.the end of a sixth
embodiment of a needle tip in accordance with the present invention;
Figures 6 (;‘b)' and (c) are anterior and side elevations respectively of

the needle tip.of Figure 6 (a);

.F’igures' 6 (d) and (e) are top oblidue anterior and the posterior

perspective views respectively of the needle tip of Figure 6 (a);

Fig-ure 7 (a) is a top plan view of the mouth at the end of a’seventh N

‘embodiment of a needle 'tip in accordance with the presejnt; invention; -

Figures 7 (b) and (Tdf_),'are ah.terziojt and side elévations respectively: of

' the needle tip of Figure 7 (a);

PCT/AU2011/000352
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Figures 7 (d) and (e) are top oblique perspective viéw‘s" respectively of
the- anterior and the posterior needle tip of Figure 7 (a);

‘Figure 8 (a) is a top plan view of the mouth at the end of a eighth -

embodiment of a needle tip in accordance with the present invention;

AFigures- 8 (b) and (c) are anterior and side elevations respectively of |
the needle tip of Figure 8 (a);

 Figures 8 (d) and {e) are top oblique antefior and the posterior
perspective views respectively of the needle tip of Fi}g.ur‘e 8 (a);

Figure 9 (a) is a't-‘op plan view of the mouth at the end of a ninth

embodiment of a needle tip in a’pc‘:ordanbe with the present invention;

~Figures 9 (b) and (c) are the anteri.'of.-and side elevations respectively
-of the: needle t‘ip’o"f Figu're 9 (a)‘

thures 9 (d) and (e) are top obhque antenor and the postenor

| perspectxve wews respectwely of the needle tip of F igure 9 (a)

Figure 10 (a_) is a top plan view of the mouth at the end of a tenth

embodiment of a needle tip in accordance with the present in‘ve'n:ti.o'n:'

_ Flgures 10°(b) and {¢).are anterlor and side elevatlons respectuvely of

the needle tip of Flgure 1 0 (a)

Figures 10 (d ) and- (e) are top obhque anterior and the posterior

perspective views respectively of the needle tip of F:gure_10 (a),v

'Figure 11 (a)is a top plan view of a eleventh embodiment of the
‘mouth at the end of a needle tip in accordance with the present

~invention;

, F?igrhre_s 1 1 (b) and (c) are anterior and side elevations respectively of .
" the needle tip of Figure 11 (a); and,

PCT/AU2011/000352
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Figures 11 (d) and '(e) avre top oblique anterior and the ‘posterior

perspective views respectively of the needle tip of Figure 11 (a).

~Detailed Description of Preferred Embo‘diments

A first embo‘difnenf of a needle 10 for.a fs_u,rgiéal instrument for removal of

diseased or unwanted tissue in accordance with the invention is illustrated in

" Figure 1. The needle 10 comprises a.h"oHow elongate.needle-shaf:’t 12 having

a needle tip 14 for cutting tissue at a distal end of the needle shaft 12. The
needle tip 14 is flared in at least one plane and has a flattened posterior lip
16 and a curved anterior lip 18 to produce a substantially D-shaped tip\_ |

“mouth 20 in a plane that is substantially orthogonal to a central longitudinal

axis C{'Q—C' (the needle axis) of the needle 10 (as shown in Figur.ev1 @).A :

| » major 'é)(i's A-A’ of the tip :m,o’u‘th 20 is larger fhan '-an' outer diameter of the

- 158

20

25

needle shaft 12 and a m'inbr axis B-B' is s_malle’r than the major axis A-A’.

. B;ofh_ the major axis A-A"and minor axis B-B’ are substantially or’thdgonal to

the needle axis C-O-C', creating a forward facing mouth 20 at the distal end

14‘o_f the needle shaft 12. The intersection of the m’ajor: axis A-A' and the

rhinor axis B-B’ is slightly offset f}f{(_j)fm»thé needle axis C-O-C'.

In-this and all- subsequent. embodiments the vﬂ-:'a*tten;ediposte‘rﬁib’r‘ lip- 16
extends along the edge of a posterior surface 22 of the needle tip that lies in

a plane that is substantially parallel to the needle axis' C-O-C’. However,

v .although preferable,_ this is by no means essential to the invention. For
~example, the flattened posterior lip 16 may extend along the edge of a -
postef,rior' surface 22 of the heéd’ieﬁtip 14 that lies in a plane that is angled o
 with respect to the needle axis C-O-C'. Preferably the needle tip 14 has &

central longitudinal axis (the tip axis, C-0) which is substantially paralle! to a
central longitudinal axis (the shaft axis O-C") of the needle shaft 12. In this

~ embodiment (and all subsequently described embodiments) the tip axis C-O

is substantially collinear with the shaft axis O=C’, however this is not -

~essential to the present invention. The tip axis C-O could be inclined with

respect to the shafﬁt«axiﬁsﬁ‘O,—Q{._

PCT/AU2011/000352
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In this first embod'iment, the ‘anteribr'lip 18 of the tip mouth 2_0 is also

flattened and extends along the edge of an anterior surface 24 of the needle. ‘.

tip that lies in a plane that is substantial_ly'parallel to needle axis C—O-C_’,As

- can be seen most clearly in Figure 1 (c) the posterior surface 22 and anterior

surface 24 are substantially parallel. Hence in this embodiment the needle

tip 14 is flared in only one plane, namely, a plane which is parallel to the

~major axis A-A’ of the tip mouth 20 and the tip axis C-O, and preferably :

slightly offset from the needle axis C O-C.

'Preferably the major axis A-A’ of the tip mouth 20 is about 1.2 to 2.5 times
‘longer than the ‘minor axis B- B Preferably the minor axis of the tip. mouth 20
is about 1.0 to 1.5 times the diameter of the needle shaft.

“Throughout this specification the term “posterior” refers to the lip, or surface,

‘or edge that is situated at the back of the needle tip, or most distant in the

surgeon's-line of sight, when viewed in normal operation. In other words the

- posterior lip (lip 16 in Figure 1) is generally th‘e'leading edge of the needle
1ip, wﬁlci’rﬁrsten’temrfetrssueeﬁheeye—ﬂ'he term“anterior-thusrefers- to
the opposnte lip or surface nameiy that Wthh is S|tuated on: the front of the. :

needle tip, or nearest in the surgeon’s llne of snght when viewed in normal

-~ operation. In other words the anterior hp (lip 18 in Figure 1) is genera“y the' -
.'tramng edge of the needle tip, Wh|Ch last enters the tlssue of the eye.-

- We haVe .foun'd that an 'opt.lmal cutting effect for _tran‘-sv.er_se:o.r torsi‘oﬁa‘l

needle tip movement can be achieved with one flattened edge — namely the

" leading edge or postenor lip of the ’up mouth. Preferably at least a portion Of'_v

the hp of the tip mouth.is cut or chamfered at an angle. Wlth respect to the tip

'axns C-0O. Preferably at least a pomon of the lip of the tsp mouth. 20 is -

- chamfered in a plane -that is substantlally paralle! to the major axis A-A' of ‘

the tip mouth. A dual plane mouth (not angled in the same durectlon) offset- '

from the needle axis C-O- Cis also optimal. A key feature bemg asymmetry

,_ of the relative. mouth planes (dlrectlon and offset). Comblnlng the two B
30

features gives asymmetnc ﬂattemng of the t|p mouth - a flattened leadmg'

PCT/AU2011/000352
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edge (po‘s.te’rio‘r‘l‘ip) and a curved trailing‘ anterior lip, i.e. a “D-‘shaped"’ tip

mouth when viewed in plan as shown in Figure 1 (a). The flattened leading

edge of posterior lip 16’p,r0vides improved cutting efficiency, and the offset
chamfer opens the face of the tip mouth more laterally so that during
torsional movement aspiration flow is enhanced.

The asymmetryvcould apply to the use of serrations. A tip with serrations
only on the lateral edges of the mouth tip was found to be more efficient on

: testmg than just a plane lup We found that addition of a few such serratxons ‘
produced upto four tlmes more cuttlng effect than with & plam lip (mllhgrams.; "‘
cut p\_er ‘effective torsn_on_a_l_ ultras_ound_ second :lncreased from' 0.69 to 2.73

with the addition of asymmetric serrations — see Table 5 below).

The asymmetry could also apply to grooves along part of the throat (say" the
posterior lip throat) but not elsewhere: '

In the erhb’odiment of Figure 1 the -ehferio.r lip 18 of the tip ‘mouth  is

‘ch_amfered in one direction With,\respec’t to the tip axis C-O. In other words,

the anterior surface 24 of the needle tip 14 has» been cut obliquely relative to
 the tip axis C-O so that the anterior lip 18 lies in a plane that is oblique to the
tip axis C-O and substantially parallel to the major axis A-A’ of the tip mouth,

as can be seen most clearly in Figurev1 (c). By contrast, the posterior lip 16
lies in a plane that is substantially perpendicular to the tip axis C-0. This

has the. effect of riot only provndlng better visualisation of the Ieadmg edge 18 . o |

for the surgeon, but mcreases the area of the tlp mouth 20 to provcde better
grip with vacuum. It also opens up the antencr face of the needle (especxally

laterally) to improve the flow of aspiration into' the mouth 20 as the needle

rotates back and forth about the needle axis C-O-C'.

- A second embodiment of a needle 30 for a surgical instrument for removal of
| diseased or-unwanted tissue in accordance with the invention is illustrated in
Figure 2. The needle 30 is similar to the first embodlment of Figure 1, and -

therefore the snmllar parts. will be |dentlﬂed using the same reference
numerals, and will not be described again in detail. The principal difference

PCT/AU2011/000352
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in-the needle 30 is that an anterior surface 36 is flared so that the anterior lip
32 of the needle tip 34 is more rounded than the anferior lip 18 of the needle
10. In this embodiment the anterior lip 32 extends along the |ea-ding edge of
anterior surface 36 which is flared relative to the longitudinal axis C-O-C’ of
the needle 10, as can be seen rnost clearly in Figure 2 (c). This asymmetric
flare produces a further increase in mouth area, providing a better grip on
the tissue when vacuum with aspiration is. applied. In other respects the

‘néedle 30 is substantially identical to the needle 10.

A third embodiment of a needle 40 for a eurgical instrument for removal of

diseased or unwanted tissue in accordance wnth the rnventuon rs |llustrated in

~ Figure 3. The needle 40 is similar to the second embodrment of Figure 2, -
and therefore the snmllar partsv will be identified using: the same reference

'numerals and will. not be descnbed agarn m detail, However, in this

embodiment a postenor lip 42 of the needie tip 44 is chamfered with respect
to the tip axis C-0 in two directions along the major axis A-A’ so as to form a

~ blunt point, as can be seen most clearly in Figure 3 (b). T,he'two chamfers on

the posterior lip 42 lie in'respective planes that are both parallel to the-minor
axis B-B’. The point at which the twovcham'fered'edg.es of the posterior lip 42
meet lies on the minor axis B-B’ of the tip mouth. As with the previous two

embodlments the anterior lip 32 of the tlp ‘mouth: 20 is chamfered in one

direction with respect to the tip axis C-O, in a piane that lies substantla!ly“
“parallel to the major axis A-A’ of the tlp mouth so as to form a triple

chamfered tlp mouth.

A fourth embodiment of a needle 46 in accordance with fh‘e'ih\'/entio‘n as

.. ._25‘

30.

illustrated in Figure 4, is substantlally identical to the needle 40 except that.
the blunt point on the postenor lip 42 of the needle tip 48 has been radiused

- (rounded) to form a smooth transition between the chamfered edges of the

postenor hp 42.

A fifth embodrment of a needle 50 for a surgical instrument fbr’rem_oval of
diseased or unwanted tissue in accordance with the invention is ilrustrated in

PCT/AU2011/000352
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7 Figure 5. The needle 5’Q is similar to the needle 30 of Figure 2, and therefore

the similar parts will be identified using the same reference numerals, and

will not be described again in detail. However, in this embodiment a posterior

~ lip 52 of the needle tip 54 is formed with multiple in-curves or crenations 56,

Like lip serrations, the crenations 56 increase the surface area and the

~amount of cutting edge on the posterior lip 52 per effective tip mouth

10

15

circumference\. In the illustrated embodiment the posterior lip 52 is provi'ded'
With threée crenations 56 to form a.wavy posterior surface at the lip edge.
This enhances the effect of transversal or torsional motion at the lip of the tip

mouth, and disperses the ultrasénic energy in a different pattern to v;ijénpfr\-e;ve'

~ emulsification.

A sixth embodiment of a needle 60 for a surgical instrument for removal of :
diseased or unwanted-tissue in accordance with the invention is illustrated in

Figure 6. The needle 60 is similar to.the needle 50 of Figure 5, and therefore |
the similar parts will be identified using the same reference numerals, and

will not: be-:de.scrib,e'd iagain in detail. However, in.this :embo'diment‘ aposterior -

“ _;n_p--ez of the needle tip 64 is formed with @ -single shallow in<curve or

20

~ crenation 68.

A seventh embodiment of a needle 70 for a surgical instrument for removal

~of diseased or unwa‘nt_ed tissue in accordance with the invention is _illU‘str:a‘ted____ _
~in Figure 7. The needle 70 is similar to the needle 40 of Figure 3, and.

~ therefore the similar parts “will “be -identified" using the same reference

25

numerals, and will h‘o:tib_e des'cr‘»ibédxagain- i’ny'_detail,.-v As with the needle 40 of

Figure 3, the posterior lip 72 of the needle tip 74 is chamfered in two
directions with respect to the tip axis C-O so as to form a triple chamfered tip

mouth. However, in this embodiment the posterior lip 72 is formed with a lip

out-curl 76, as can be seen most clearly in Figure 7 (c). The point at which.
the two chamfered edges of the posterior lip 72 meet is curled outwards to-

enhance the cutting eM§ie'h-cy. S
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An eighth embodiment of a needle 80 for a surgical instrument for removal of
diseased or unwanted tissue in accordance with the invention is iltustrated in

Figure 8. The needle 80 is similar to the needle 30 of Figure 2, and therefore

~ the similar parts will be identified usmg the same reference numerals and

will not be descnbed again in detail. In this embodument in addition to the
flattened posterior lip 82, the needle tip 84 also has a multi- deformed _
anterior surface 86 with serrated anterior lip 88. As can be seen most clearly
in Figure 8 (c), the anterior surface 86 is flared outwards, “but then is

| v flattened about half way along its length so as to curve inwards towards the

posterior lip 82.

Furthermore, the anterior iip 88 is formed with a plurality of serrations -8'.5_fhat

' are curled inwards into. the mouth of the tip 84. The serrations 85 enhance

the cutting effici.ency of the tip, partiCUIa'rly for lateral and elliptical tip motion.

By extending into the mouth of the needle tip 84 the serrations help to
prevent blockage of the tip throat by further cutting-up larger pieces of lens

7' material.. Multlple crenations could also be used on the anterior lip 88 to

‘achleve a SImllar effect. As can be seen most clearly in Flgure 8 (c) the

20

posterior lip 82 is partly chamfered w:th respect to:the tip axis C O, a second
chamfer at a different angle forms a distinct anterior lip that together_ the two
chamfers forms an acute angle at the lateral edge of the mouth. The 'i_nf—cu‘r‘l
of the anterior lip 88 “plac_‘e‘é it at app‘.roximate!y :'t-he same angle aé the

chamfer of the posterior lip 82. This angles the anterior lip or trailing edge
: approprlately to aid the insertion of the needle into the wound.

| . A ninth embodiment of a needle 90 in. accordance with the invention, as

25

30

" illustrated in Figure 9, is similar to the needle 80 of Figure 8, and therefore

the similar parts will be identified using the same reference numerals, and

‘will not be described again in detail. The main dlfference in the needle 90 is
'that the serrations 95 on the anterior lip 98 of the needle tip 94 are less.
evenly curled inwards, creating a. pronounced saw tooth pattern compared to.. -

the embod!ment of Figure 8 due to the different deformation of the anterior

' surface 96. Th;s creates an lmproved cut’tlng “effect w1th the serratlonsl_
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further enhanging effrcrency In this embodiment the anterior surface 96 is

also flared outwards, but the flattening or .in-curl of the anterior surface 96

occurs about two thirds of the way along its Iength s0 as to curve inwards

towards the posterior lip 92.

A tenth embodiment of a needle 100 in.accordance with the invention, as .

illustrated in Figure 10, is srmrlar to the needle 90 of Frgure 9, and therefore
the -similar parts will be identified using the same reference numerals, and

~ will not be described again in detail. The main difference in the‘ needle 100 is

the absence _of any éerrétibns on the anterior lip 108 of .the' needle tip 104. In
this "embodiment the anterior ’surface 106 has an in-curl similar to the

“anterior sun‘ace 06 of Figure 9; however the anterior lip 108 itself is smooth

wrth a more or Iess straight edge

‘An eleventh embodlment of a needle 110 in accordance with the invention,

as illustrated in Frgure 11 is similar to.the needle 100 of Figure- 10 and
therefore the similar parts will -be rdentrfed using the same’ reference
numerals, and will not be descnbed.-agam in detail. ln fact the main

difference between this embodiment and the previous one is fhe'a‘ng,le of the

~ chamfer on the posterior lip 112. The chamfer on the posterior lip 112 in this

embodiment is more acute, and the anterior surface 116 is slightly longer so

that the anterior lip 118 extends almost as far as the posterior lip 112. Also
" the in-curled portion of the anterror surface 118 is-not curled in as much as

the previous embodlment

Producing a dual ', (or 'm'.ult_i) plane tip mouth with two lips may create

difficulties in passing through the wound, as the trailing edge (anterior lip)
may catch. Curling inwards of the anterior lip not only allows for better
surgica!_ ergonomics, it concentrates the cutting effect closer to the ne’edle
axis providing a different dispersal of ultrasound enetgy within the ’tip modth o
and throat 20, whilst ellowing good ﬂt)‘w"_f;Off ie'Spi‘rati‘oh around the lateral lip. '_

The result, as is apparent from Figures 8 to 11, is a “kidney shape‘d” tip
mouth. ' '

PCT/AU2011/000352
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Multiple smaller lip in-c’url‘s or longer ih—c‘urves may be usefu!-, particularly in

asymmetric configurations. The effect is to extend the creases so produced

' _dOWn the throat and around the lip dispersing the ultrasonic energy within

the mouth in a more turbulent way enhancing the emulsification effect.

_ Crenations and lip curl effects may be uséfully oom'bine'd with lip serrations

~and throat grooves to further enhance the cutting efficiency.

" Bench Test Data

A specially deSigned_. test chamber was built to enable gentle applicatio-h of

-composite wax samples to the mouth of the.phaoo. probe needle tip at

0.045N force during emulsification and aspiration. The wax »samples were
prepared as a 6 X 6 mm cylmder welghed before mounting, and during

‘testing were cut through four times by the needle The samples were:

'15_'

‘ 'vrewelghed to -determme the ﬂwelght of the matenal removed by the cu,ts.

The phaco machine parameters were kept constant for all cuts and the foot
pedal was at. full excursion for the entire durat;on of the cut. Torsional power‘

was set at 100%, vacuum was limited to 250 mmHg, aspiration rate was set ,

_ -to 35 mbL/min, the infusion h‘eight was at 110 cm f‘or-_a!_l cuts.

25
 from the mdependent data-log and.used to derive the parameters shown ln.

The four :c;L;’ts' _:We're replicated seven times for both the Kelman' 45°needle -
X "a'nd -a Flattened tip prototype. 'Th'e'fultras:_ound time _A-and.p"eroent power.if'r_om
the phaco ‘machinie’s metrics screen were reoo'fd_éd for the cuts, and -
“multiplied to produce the “effective” uit"ré,sc)u‘nd time. The vacuum, aspiration
Nand' motion of the material over the tip and nee'die " were“-'measu.re’d

mdependently from the machine by the test rig and logged contlnuously v
throughout the cut '

The total time for the cut, and the time to peak vatuum were detefrined

i the results tables below.

| _ Averages andv 95% confidence intervals were determined for each of the

parameters.

PCT/AU2011/000352
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‘Table 1
Kelman . Flattened

Cuttmg Efficiency avg ~ 95%ClI avg . +95%ClI

mg cut 7.00 227 . 13.29 3.98

effective US time 27.88 7.66 . 1268 . 2.80

mg cut per effective US time 0.33 022 125 = 062

Mmcutpersec =~ 1.00 -~ 032 207 - 0.52

'Thé- Flattened tip required half as much 't',ors,iohal ultrasound power to cut.
twice as much material ='c"cm'par-ed’"to"‘the Ke‘lfnan tlp The tip configuration
-5 :-fhus made a cbnsidera‘bl‘e 'differehce in the application of _’torsi,onéll
ultrasound energy to the test material. The rate of cut was twice as fast as a

result of this significant improvement in cutting efficiency.

Table 2

- ‘ Kelman “Flattened IR
Fluidics Ef'fic'i"'e‘ncy avg - *95%Cl  avg  £85%CIl
Timetopeakvac© 174 021 - 1.86 0.22
mg cut to peak vac: ~ 0.46 022 154 . 067
mm cut to peak vac 0.95 - 0.39 179 - 0.88
mL aspirated to peak vac ~~ 0.45 - 0.14 0.38 0.16
% of cut time at maxvac.  75.47% 5.74%  55.73% 9.41%
© mg cut per mL aspirate 138 058 = 555 2.93
- mlL aspirated per US time ~ 0.12 005 ~ 0.16 0.06

Although both needles reach peak vacuum at the sa.m_e' time and aspiréte’ at
10 the same rate, the Flaftened tip utilizes flow and, in particular, vacuum ,rh_o.r,e- -
efficiently. Once at peak vacuum, the Flattened tip cut rate accelerates, so
fhe a'moqnt- cut per mL of flow is_sighificantly increased. This enables fh'e
Flattened fi.p needle to complete the cut in half the time of the Kelman

. needle.
15 Table3
Kelman . . Flattened

Temperature Efficiency  avg = $85%Cl avg . £95%CI
Increase in shaft temp (*C) - 184 071 001 ~ 002
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The temperature of the needle shaft of the Kélman needle increased
significantly during the cuts (th.e tip was “loaded” with the test material),
“whereas there was no temperature change seen in the Flattened tip needle.

This reflects the inefficiency of the cutting action of the Kelman needle.

5 _ In a separate configuration of the test chémber, ‘thermocouvples measured .
the base '._of the needle shaft and just behind the tip (at the beginning of the
" flare or angle of the bend) with the needle’s infusion sleeve in place covering
the héed'le shaft. 100% torsional power was applied for one minute and the
peak temperature recorded. Tests were performed with a high flow, a low
10 flow, and chamber full of dispersive viscoelastic with a low flow, each time
© the needle tip was “unloaded”. -

Table4
Increase in needle shaft temp (°C) sieeved needle
base of needle ) . distal needle
| % o .
Flattened Kelman difference Flattened = Kelman difference
Highflow 20.8 25.9 -20% 22.8 221 - 32%
Lowflow  24.0 25.9 -7.3% 228 . 253 -9.9%
Viscoelastic - 38.0 410  -73%  40.0 40.5 -1.2%

Avg % | | 3%

‘The needle’s irrigation sleeve substantially cools the Flattened tip needle
15 shaft base but not the Kelman need_le' shaft base. This suggests that the
| Ke!mah needle temp is not only affected by the hand-piece piezo-electric
_crystals generatmg heat, but also by the needle motion itself. Agam th|s,

reflects the mefﬂcxency of the Kelman needle actlon

~ Additional te”sts were also c-ondu'cted to measure ‘any u‘nﬁprovementin‘ cutting

20 e'ff.ig-iency using a flattened tip mouth with asymmetric ser;réti'on's on the lip,

relative to a flattened tip mouth without serrations. As 6an‘ be seen from
Table 5 below, the addition of serrations on one of the flattened hp portlons '

(anterior or postenor) to produce asymmetnc serrations resulted in an almost
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.fburfold increase in cutting efficiency, measured as the weight of material cut

(mg) per the effective ultrasonic (US) time.

Table 5

Cutting efficiency of tip edge configuration .
' flattened only flattened with .
' _asymmetric
serrations
avg sd ‘avg sd
cut weight (mg) 1.41 154 499 2.61
effective US time . 2.03 0.56 1.83 0.99

mg cut per effective US time ~ 0.69 276 273 264

-5 Now that several embodiments of the surgical heedle tip have been
desbribed in detail, it will be v_appaAren‘t that the embodiments provide & |
n.u'mber_q,f advantages over the prior art, including the following:

(.) ;Imprdved ejfﬂ'c‘:iieh“cy‘, in c‘a"tara‘_ét removal COm‘p‘a,rA-ed. with -a -
‘ _ - conventional tip. (as less energy is put into the fe‘ye}‘fbr .
10 phacoemulsification because of better cutting action).
v'(i‘i‘) Less disruption dvurin‘g‘the procedure due to -ftip blockage.
(i) The tip design on a straight needle reduces any thermal side
effects of the needle shaft in the wound during

_phacoemulsification (reduced risk of wound damage).

. 15 v»(iv) “Enhanced fluidics by opening the lateralftip mouth to pr.o‘mote:;_'ﬂow,
and enlarging. the tip mouth area to provide b’ett'er‘gn'p‘ with
vacuum. | '

(v‘) Good visualisation of the tip mouth and instrument handling |
ergonomics: for the surgeon performing the phacoemulsification

20 - procedure. | -

It will be readily apparent to persons skilled in the relevant arts.that various
- modifications’ and improvements may be made to the foregoing
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-embodlments in addition to those already descrrbed wrthout departlng from

the basic inventive concepts of the present mventlon For example, in all of

the above descnbed embodrments the -crenations and hp curl effects are.

' comblned with 'a D-shaped tip- mouth However the crenatrons .and lip curl.

5 »effects may also be comblned with any other shaped needle tip to provrde

o ‘lmproved cuttmg efﬂcrencres Therefore i wrtl be apprecrated that the scope" o

of the: rnventlon is not hmrted to the speorf c embodrments described.
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Claims

1. A needle for a surgical instrument for removal of dieeased or unwanted

tissue, the needle comprising:

a hollow elongate needle shaft having a needle tip at a distal end for 'cutt‘ing.
tissue, the needle tip being flared in at least one plane and having a
ﬂattened posterior lip and an anterior lip shaped to produce an as’ym‘metrio
tip. mouth with a major axis _larger than an outer diameter of the needle shaft l

and a 'minot axis smaller than the major axis.

2. A needle for a surglcal mstrument as deﬂned in claim 1, wherem the
antenor lip is curved to produce a substantlally D -shaped tip mouth

3. A needle for_a surgical instrument as defined in claim 2, wherein the

~ flattened posterior lip is on an edge of a posterior surface that lies in a plane
~ that is substantially parallel.to a central longitudinal axrs of the needle shaft
) (the needle axis). |

4. A needle for a surglcal mstrument as deﬂned in any one of claims 1 to 3,

g 'wherem the needle. '(lp has a central longitudinal axis (the tip axns) which is

substantially parallel to the ce_ntral fongitudinal axis of the needle shaft (the

needle axis).

" 5. A needle for a surgical instrument as defined any one of claims 2 to 4,
wherein the anterior lip of the tip m'outh is a'tso- flattened and is on the edge

-+ of an anterior surface that lies in-a plane that is substantially parallet to avE

25

central Iongltudmal axis of the needle shaft (the needle axns)

6. A needle for a surgical instrument as defined in claim 4, wherein the tip
mouth lies in-a plane that is substantlalty orthogonal to the needte axis.

7. A needle for a surglcal instrument as defined in any one of clalms 1 to 6,
. .wherem the amount of flattening of the llp of the tnp mouth is asymmetric

' around the mouth cwcumference

PCT/AU2011/000352
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-8.YA needle f_or a surgical instru_m,,e'nt as defined in claim 3, wherein ,the

posterior-lip is substantially transverse to the minor axis of the tip mouth and

is on the edge of the posterior suvrface_Which is substantially parallel '.to"t.he o

major axis of the tip mouth.

9. A needle for a surgical instrument as defined any one of claims 1 to 8,

rwheretn the ma;or axis of the tip mouth is about 1.2 to 2 5 times longer than™ .

the mlnor axis.

10. A needle for a surglcal mstrument as deﬁned in. olalm 9 wherem the

minor axis is about 1. O to 1.5 tlmes the dlameter of the needle shaft,

11. A needle for a surglcal mstrument as defined in clalm 4, wherem at least

a portion of the hp of the tip mouth is cut or chamfered at an angle with

‘respect to the tip axis.

~ 12. A needle for a surgical instrument as defined any one of claims 1to 11,

wherein at least ‘a portion of the Iip of the tip mouth is chamfered in a'plane'
that is substantlally parallel to the ma]or axis of the t|p mouth. ‘ |

, 13 A needle for a surglcal mstrument as defmed in any one of clalms 3 to 6,

v whereln the needle tlp is provnded with an asymmetnc multl plane mouth not

angled in the same direction, and offset from the needle axis.

14, A‘ needle for a surglcal lnstrument as deﬂned in clalm 10, wherein the
20
o tip axis.

antenor lip of the tip mouth is chamfered in one dlrectlon Wlth respect to the» A

"15 A needle for a surgical mstrument as defmed in clalm 14, wherem the - _:. o
' postenor l|p is chamfered in two dlrectlons with respect to the tlp axis 5o as
to form a triple chamfered tlp mouth. '

16. A needle for a surgicalvmstrument‘ as defln'e’d, in claim 4, Wherein't’he’f
post'erior lip is curved outwards away from the tip:axifs.

17. A needle fora surglcal mstrument as defined in any one of claims. 3 to 8,

_wherem the postenor lip'is curved lnwards towards the needle axis.

PCT/AU2011/000352
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18. A needle for a surgical-instrument as' defined in claim 17, wherein the.

posterior lip is formed with multiple ir_l-.cur\les or crenations.

19. A needle for a surgical lnstrument as defined in claim 18, wherein the lip
edge in-curves are not formed around the full circumference of the mouth

and are placed asymmetrically in one or more planes about the tip mouth.

20. A needle for a surgical instrument as defined in any one of claims 1to

19, wherein the anterior lip is curved inwards so as to form a “kidney-

- shaped” tip mouth.

10

15

25

21. A needle for a surgical instrument as Id'e_ﬁned any one of claims 1 to 20,
wherein the posterior lip is ang__led with respect to the tip axis so as to form

an acute angle.

 _2'2 A needle for a surgical instrument as def ned'a‘n‘i/ o’ne of claims 1 te 21,
, whereln the anterior fipi is formed wrth a plurallty of serratlons

23.A needle for a surglcal mstrument as deﬂned in claim 22 wherein the |
serrations are not symmetric around the full circumference of the mouth.

24. A needle for a surgical instrument as defined in claim 23, wherein the
serrations are placed in one plane or another asymmetncally thh respect to
the major axis of the tip mouth

25 A needle for a surglcal mstrument for removal of diseased or unwanted‘. o ':
20

tissue, the needle compnsmg

".a hollow elongate needle shaft havlng a needle tip at a distal end for cutting
‘tissue, the needle tip 'belng flared in at least one plane ‘and having a
flattened posterior lip and a curved anterior lip to produce a substantially D-

shaped tip mouth with a major axis larger than an outer diameter of the
needle shaft and a minor axis smaller than the major axis.

26. A needle for a surgi’cal instrument as defined in claim 25, wherein the.
flattened posterior lip is on an edge of a posterior surface that liés in a plane
that is substantially parallel to a central longitudinal axis of the needle shaft.

PCT/AU2011/000352
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27. A needle for a surgical instrument as defined in claim 25 or claim 26,
wherein the needle tip has a central longitudinal axis (the tip axis) which is
substantially parallel to the central longitudinal axis of the needle shaft (the

needle axis).

28. A needle for a surgical instrument as defined in-any one of claims 25 to

- 27, wherein the anterior lip. of the tip mouth is also flattened and is on the

“edge of an anterior surface that lies in a plane that is substantially parallel to

a 'c-’e‘ntral I'o'ngjitudinal'axis of the needle shaft.

29. A needle for a surglcal mstrument as defined any one of cla|ms 25 to 28, |
wherein the amount of ﬂattenmg of l|p of the tlp mouth IS asymmetnc around

the mouth curcumference .

30. A needle for 'a-surgical instrument as defined in any one of claims 25 to

.29, wherein the substantially D-shaped tip mouth lies in a plane that is

substantially orthogonal to a central longitudinal axis (the needle. axis) of the

‘need'le s.haft.

31. A needle for a surglcal instrument as defined in claim 26, wherein the

- ipostenor hp is substantially transverse to the minor axis of the tip mouth and -

20

25

_.'lS on the edge of the postenor surface which IS substant:a”y para!lel to the
'major axis of the tip mouth. ‘

32, A needle for a surgxcal mstrument for removal of dlseased or unwanted

tissue, the needle comprlsmg

a holliow elongate needle shaft having a needle tip at a distal end for cutting
tissue, the needlet‘ip-_‘ha‘ying a mouth with a lip that has at least one in-curve

formed in the lip to increase the lip surface are:a per length of circumf'e_rence'
of the mouth of the needle tip.

- 33 A needle for a surgical instrument as. defined in claim 32, wherein the

needle tip is flared in at least one p'lane and has a posterior lip and an -
-antenor lip, the posterior lip being curved outwards away from a central__
longitudinal axis of the tlp (the tip. aX|s) ' '

PCT/AU2011/000352
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-34 A needle for a surgncal mstrument as deﬂned in clalm 32, wherein the

needle tip is flared in at least one plane- and has a postenor lip and an
anterior lip, the posterior lip being curved inwards towards a central

longitudinal axis of the needle shaft (the needle axis).

35. A needle forva surgical instrument as defined in claim 34, wherein the

posterior lip is formed with multiple in-curves or crenations.

36. A needle for a surgical inét‘r_umen’t as defined in claim 35‘, wherein the lip

in-curves are not formed around the full éircumfere_nce of the mouth and are

~ placed asymmetrically in one or more planes about the tip rnouth;

37. A needle for a surgical instrument as defined in any one of claims 33to

36, wherein the anterior lip is curved inwards so as to form a “kidney-

sh:ape'd” tip mouth.

38. A needle for a surglcal mstrument for removal of diseased or unwanted

tissue, the needle comprlsmg

a hdllow elongate needle shaft having a needle tip at a distal end for cutting
tissue, the needle tip having a mouth with a lip and a plurality of serrations
provided on the lip to improve the cutting action of the needle tip.

.- 39, A needle for alsqrgical instrument as defined in claim 38, wherein the
-~ serrations are not symmetric around théffull_.cvi'rcun"lference of the mouth.

'4.0:.' A needle for a surgical instrument as defined in claim 39, wherein the ‘

serrations are placed in one plane or another, asymmetrically with respect to
a ma]or axis of the tip mouth. ' |

,_41 A needle for a surgical instrument for removal of dlseased or unwanted_

tissue, the needle compnsmg

a hoHow elongate needle shaft havnng a needle tip at a distal end for cuttmg _
tissue, the needle tip having a mouth with a lip and wherein at least a portion

of the lip is. curved inwards so as to form a “kldney-shap.ed” tip mouth.

PCT/AU2011/000352
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42. A needle for a surgical instrument for removal of diseased or unwarited
' tissue substantially as hereln descrlbed with reference to and as |Ilustrated in

one or more of the accompanymg drawmgs
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A o CLASSIFICATION OF SUBJECT MATTER

Int. Cl
| A61B 17/32 (200601) ~ AGIF 9/007(2006 o1)

Accordmg to International Patent Classification (IPC) or to both natlonal classifi catlon and IPC

B. - FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

| Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electromc data base cohsulted during the international search (name of data b‘asé and, where practicable, search terms used)
“WPI, EPODOC: IPC/ECLA A61B17/32 A61F9/007 A61M 5/32 and Keywords (phacoemulsxﬁcatlon phaco needle, tip,
ultrasonic, shape, cross-section, profile) and like terms

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Cafegofy* "| Citation of document, wi;h indication, where appropriate, of the relevant passages ‘Relevant to claim No.
_ WO 2007/119107 A2 (AKAHOSHI) 25 October 2007 7 '
X ‘| Pages 6-10 : , , 1-12, 14,21 & 25-31

Y »Flgures 3-21, in particular Figure 14 : : 13,1520 & 22-24

WO 2009/000959 Al (AJL S.A.) 31 December 2008 o -
X Flgures 1A-4C, in partlcular Figure 4A. 1-12, 14,21 & 25-31

Y : y S ' 13,15-20 & 22-24
. WO 2010/022460 Al (MORLET) 4 March 2010 . ‘
X | page 11, lines 5-26; page 14, line 13-page 15, line 10; FIGS 3 b-c. - 32 & 38-40
Y - | Figures 2a-2e. : _ 13,15& 22 24
US 2009/0137971 Al (AKAHOSHI) 28 May 2009 : _ ) _
X paragraphs [0086- 0090] FIGS26 and 27. i 32, 34 and 35
Y Figures 3-27. » ‘ ; S - 16-18
Further documents are listed in the continuation of Box C See patent family annex
* Special categories of cited documents: - ) o .
vA"  document defining the general state of the art which is »1* - fater documeiit published after the international filing date or priority date and not in
" not considered-to be of particular relevance ’ : conflict with the application but cited 10 understand the pnnclplc or theory
. a ) . underlying the invention
"E"  earlier application or patent but published on or afier the "X"  document of particular relevance; the claimed invention cannot. be considered novel
international filing date . _ or cannot be conSIdered to involve an inventive step when the document is taken
C alone .
" document which may throw doubts on priority claim(s) "y*  document of particular relevance; the claimed lnvcntlon cannot be considered to
or which is cited to establish the publication date of ) involve an inventive step when the document is combined with one or more other
. anothier citation or other special reason (as specified) ' such documents, such combination being obvious to a person skilled in the art
"O"  document referrmg to an oral dlsclosurc use, exhibition . - , : ‘
~ orother means &"  document member of the samie pasent family
"P“ document published prior to the international filing date
" but later than the priority date claimed ]
Date of the actual completion of the international scarch ) _ Date of mailing of the international search report ..
10 June 2011 , ' R 17 JUN 2011
Name and malhng addrcss of the ISA/AU ' Authorized officer
AUSTRALIAN PATENT OFFICE - | Galvin Koh
. | PO BOX 200, WODEN ACT 2606, AUSTRALIA . AUSTRALIAN PATENT OFFICE
‘| E-mail address; pct@ipaustralia.gov.au - } (ISO 92001 Quality Cemﬁed Servnce)
Facsimile No. +612 62837999 . L Telephone No : +61 2 6283 2985
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C (Continuation). * . DOCUMENTS CONSIDERED TO BE RELEVANT .
Category* Citation of document, with indication, where appropriate, of the relevant passages v Relevant to
' ' ‘ ' claim No.
US 2009/0099536 A1 (AKAHOSHI) 16 April 2009
A - | See whole document, in particular Figures 37-40.
US 6159175 A (STRUKEL ET AL.) 12 December 2000
A " | Figures 10C, 10D, 37A, 37B.
. 1 US 4959049 A (SMIRMAUL) 25 September 1990
A ' Flgures 1-4.
-t US 2006/0217672 Al (CHON) 28'September 2006 v
X paragraphs [0010-0013]; [0020]; FIGS 2 and 3.- -32and33
_ -US 2006/0052758 Al (DEWEY) 09 March 2006 e
X paragraphs [0021]; [0083]; [0085- 0086] FIGS 13, 14 17 19. 32 and 38-40
. US 4689040 A (THOMPSON) 25 August 1987
X | column 5, lines 16-68; FIGS 3-6. 32 and 33
US 6007555 A (DEVINE) 28 December 1999 :
X column 3, line 59- column 4, line 35; FIGS 1-6. 32, 34 and 35 ‘v
US 6165150 A (BANKO) 26 December 2000
X | column 6, lines 9-20; FIG 11. 32 and 33
US 6283974 Bl (ALEXANDER) 04 September 2001 « :
X column §, lines’_14-36; FIGS 8,9, 15, 18A, 19A, 22 and 23. | 32,34 and 35
: US 6299591 B1 (BANKO) 09 October 2001
X column 6, line 44-column 7, line 21; FIG 21B. 32 and 33
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'Category* *1 Citation of document, with indication, where approﬁriate, of the relevant passages Relevant to
‘ - ) claim No.
: US 2002/0156492 A1 (TIMM et al.) 24 October 2002
X paragraphs [0034-0035]); [0037-0038]. 32-40
Y- FIGS 3-5 and 9. 16-20
DE 19942693 Al (TOMALLA) 29 March 2001 .
X column 2, lines 19-55; FIG 4. 32,33 and 41
.US 2009/0192440 Al (AKAHOSHI) 30 July 2009
A Abstract; FIGS 24, 26.
" | DE 19628252 Al (KAMMANN) 15 January 1998
A FIGS 1, 2.
: US 6398759 Bl (SUSSMANET AL.) 4 June 2002
A Abstract; FIGS 23, 24, 26, 27.
EP.0619993 B1 (AMOILS) 02 July 1997
X column 3, line 11; column 5, lines 13-22; FIGS Zand 3. 38-40
S US.2010/0087846 Al (DIMALANTA) 08 April 2010 .
P, X paragraphs [0028-0030]; FIGS 2-6. 38-40
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Box No. II Observatlons where certain claims were found unsearchable (Continuation ofiitem 2 of first sheet)

This mternatlonal search report has not been estabhshed in respect of certain claims under Amcle 17(2)€a) for the following
reasons: : :

|:| Claims Nos.:

because they relate to subject matter not required to be searched by this Authorrty namely:

2. Claims Nos.: 42 : :
because they relate to parts of the international application that do not comp]y with the prescrlbed requrrements to such

an exterit that no meaningful international search can be carried out, specrﬁcally

The claims do not- comp]y w1th Rule 6.2(a) because they rely on references to the description and/or
drawmgs

3. [ ] claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a)

Box No. INI - Observatlons where unity of mventlon is lackmg (Contmuatlon of item 3 of first sheet)

This International Searching Authorlty found multrple mventlons m this’ mternatlonal appllcatron as follows
See Supplemental Box 1 :

Asall required addrtlona] search fees were tlmely pard by the apphcant this mtematlonal search report covers all
searchable claims, o

Asall searchable claims could be searched wrthout effort Justrfymg additional fees this Authorlty did not invite
payment of addmonal fees. . .

n DI

As only some of the required additional search fees were timely paid by the applicant, this international search report
covers only those claims for which fees were paid, specifically claims Nos : .

4. D No required additional search fees were timely paid by the applicant. Consequently, this international search report i$
| restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

| Remark on Protest D The addmona] search fees were accompamed by the apphcant’s protest and, where apphcable,
E the payment of a protest fee: )

D The additional search fees were accompanied by the applrcant s protest but the appllcable
- protest fee was not paid within the time limit specified in the invitation.

: No protest accompanie'd the payment of additionzl search fees.
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Supplemental Box 1

(To be used when the space in any of Boxes [ to IV is not sufficient)
Continuation of Box No: I '

This International Application does not comply with the requirements of unity of invention because it does not relate
to one invention or to a group of inventions so linked as to form a single general inventive concept.

‘In assessihg whether there is more than one invention claimed, I have given consideration to those features which can
be considered to potentially distinguish the claimed combination of features from the prior art. '

_This International Searching Authority has found that there are different inventions as follows:

Claims 1-41 are directed to a needle for a surgical instrument for removal of diseased or unwanted tissue. Howcvcr I
have found that there are different inventions as follows:

Claims 1-31: It is considered that the needle tip being ﬂared in at least.one plane and having a flattened posterior lip
and a curved anterior lip to produce-a substantially D-shaped tip mouth define a first invention.

1 Clalms 32- 37: It is considered that the needle tip having a mouth with a lip and at least one in- curve Jormed in the lip
to increase a swface area of the needle tip define a second mventlon

Claims 38 40 Itis con51dered that the needle tip having a mouth with a lzp and a pluralzty of serrations. provided on
the lip to imprave the cutting action of the needle tip define a third invention.

| Claim 41; It is considered that the needle tip having a mouth with a lip and wherein at least a portion of the lzp is
curled inwards so as to form a “kzdney—shaped " tzp mouth deﬁne a fourth invention.

PCT Rule 13.2, ﬁrst sentence, states that unity of invention is only fulfilled when there is a technical relationship
among the claimed inventions involving one or more of the same or corresponding special technical features. PCT
Rule 13.2, second sentence, defines a special technical feature as a feature which makes a contribution over the prior
art. The shared feature of a needle tip with a'mouth with a lip is intrinsic to hollow needles and therefore generic in-the
art. ’ - : , .

None of the abovementioned groups of claims share any special ‘technical feature. Because there is no common special
technical feature it follows that there is no technical relationship between the ldentlﬁed inventions. Therefore the
claims do not satisfy the requlrement of unity of invention a przorz : .

Form PCT/ISA7210 (extra sheet)(July 2009) -




INTERNATIONAL SEARCH REPORT - | International application No. - -
Information on patent family members ‘ PCT/AU2011/000352

ThlS Annex lists thP known "A" publ 1cat10n level patent family members. relatmg to the patent documents cited in the
above-mentioned international search report. The Australian Patent Office is in no way llable for these partlculars
which are merely glven for the purpose of information.

Patent Docume‘nt Cited-in - ’ Patent Fémily Member
Search Report T
. WO 2007119107 ©US$ 2008058708
WO 2009000959 - ES  1066900U
WO 2010022460 - AU 2009287428
US 2009137971 NONE B |
US 2006217672 - AU 2006200741  BR.  PI0600774 CA 2536847
. ©_ EP 170084 P 2006247392 |
US 2006052758 . US 7588553 . WO 2006029181
US - 4689040 " "NONE
US 6007555 ©  ~ NONE | |
US 6165150 . AU 20979/99 - . WO 9933404
US 6283974 NONE L o
US 6299591 AU . 62683/96 EP 0778750 . US. 5725495
' Us 571226 s 5743871 Us 6159175
. WO 9638091 | ' ”
US 2002156492 EP 1379179 US 6723110 WO - 02085224
DE 19942693  ~ NONE | ' ' '

EP. 0619993 -~ JP 7096000

Due to data integraﬁon issues this family l'istihg may not_iﬁbldd_e 10 d:ig»it Australian applications filed since May 2001. |

END OF ANNEX

“Form PCT/ISA/210 (patent family annex) (July 2009).
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