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P-3549 PATENT

UNITED STATES PATENT APPLICATION
OF
JUDITH L. DOYLE
AND
STEVEN L. KOZIOL
FOR
A FIVE BEVELED POINT GEOMETRY FOR A HYPODERMIC NEEDLE

L Field of the Invention.
The invention relates to a point geometry for a hypodermic needle, and more

particularly, to a five beveled point geometry for a hypodermic needle for a reducing needle
penetration force.

IL Background.
; A hypodermic needle is typically formed from an elongate tube or cannula having a

| ﬂ{iid-conducting lumen and characterized by a central axis. The proximal end of the

h)%podemﬁc needle is typically configured for mating to, or is otherwise affixed to, a fluid

: de:?ivery device such as a hypodermic syringe. The distal end of the hypodermic needle is
' tyfgically provided with a pointed tip geometry for piercing elastomeric septums and/or a

patient's flesh or tissue so as to deliver the medicament held in the syringe. The practitioner
maiy_ also employ the hypodermic needle for aspirating fluids held in a vessel such as a vial.

Thih use often entails a practitioner inserting the pointed tip of the needle through a rubber or

elastomenc—type seal associated with the vessel so that the practitioner can access the fluid
contamed within the vessel.

: Vanous considerations merit address when designing the pointed tip of the hypodermic
needle Eor instance, one would like to minimize the needle penetration force necessary for
urgxr;g the pointed tip of the needle through the skin and flesh structure of the patient. It is
genéfally recognized that by reducing needle penetration force, the patient will experience less
pain, making the injection more comfortable. Another consideration in designing point
geometry is to prevent or otherwise minimize "coring”. Coring, as the skilled artisan will
appreciate, results when a portion of a material through which the needle has penetrated
becomes lodged in the lumen adjacent the pointed tip.

THIS SHEET HAS BEEN |
REPLACED I

EXPRESS MAIL LABEL NO.

(1) This Sheet Has Been R

W llll

- .
{



A FlI VE BEVELED PO NT GEOVETRY FOR A HYPODERM C NEEDLE | . Field of the

I nventi onB-3549 The invention relates to a point geonetry for a

hypoderm ¢ needl e, and nore particularly, to a five bevel ed point geonetry
for a hypoderm c needle for a reduci ng needl e penetration force. 1.
Backgr ound. ‘ A hypodermc needle is typically formed froman el ongate
t ube or cannul Gerteiy effortsiirf thei adt hovedsstipht 1@ dddiess anedbrahareaatt the | aferdmbnticmed
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hypoder m the pe®ddien dfthe Asydle r@téss gelieves tdasidredfth inembravie 83 treated upas etryv bBthe
needle, thereby reducing the penetration force. U.S. Patent No. 2,560,162 (Ferguson)
provides a similar structure, albeit with the provision of an additional pair of forward side
bevels. An emphasis of this patent is that the provision of the recess (here referred to as a
10  depression) prevents or minimizes the severing of a plug from a layer or layers being pierced by
the needle. U.S. Patent No. 3,308,822 (DeLuca) has as its objective minimizing the
penetration force of a needle so as to minimize pain incident to an injection. This patent states
to create, from an initial piercing point of the flesh, three substantially straight lines in the form
of the letter "Y". It is stated that by forming the "Y" shaped cut, three substantially V-shaped
15  flaps are formed, the three angular edges of which are capable of extension into a circular form
in the opening of the skin, thereby preventing extensive stretching or tensioning of the edges of
the cut. The needle point employs five faces produced by a series of five grinds, with the last
two grinds resulting in bevels disposed not adjacent the opening of the needle, but rather on
the back of the needle away from the opening. U.S. Patent No. 2,409,979 (Huber) relates to a
20  hypodermic needle also intended to reduce pain as the needle penetrates the tissue. Huber
appears to describe a primary bevel mating with a pair of beveled surfaces that meet at a
curved surface of diminishing area adjacent the end portion of the needle.
Despite the attempts in the art to arrive at a needle point geometry to lessen needle
penetration forces, there continues to exist a need for a needle point geometry which displays
"~ 25  reduced needle penetration forces and, hence, reduces the pain or discomfort level experienced
bya patignt. Such a needle point geometry is disclosed herein.

'
Y

III. Summary of the Invention.

30 It has been surmised by the inventors herein that a primary reason that a patient
experiences pain when the needle is inserted is that a portion of the needle point "catches" on
the skin or flesh as the needle penetrates. It has been reasoned by the inventors herein that one
cause of a needle point catching the skin or flesh is due to the height of the "intercept"
established at the transition between differing bevels forming the needle point. It is reasoned

35  that if the transitions between differing bevels forming the needle point were less pronounced,
the height of the intercepts would be reduced. The effect of reducing the heights of the
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This use o%% n entails a practitioner inserting the pointed tip of the
.heedl e t Br h a rubber or elastoneric-type seal associated with the vessel
so that the practitioner can access the fluid contained within the vessel.
Various considerations nerit address when designing the pointed tip of the
hypodermi ¢ needl e. For instance, one would like to nminimze the needle
penet r at itepnsitionsc wonldc be Sarappraximategfion eheerigniohtheyels i formng the neitdlaemore
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becomes lofdhfeitareeptseredtedrbetwaeh meeging bmlspbatmesdtsnn @.more contmuous bevel face.
The needle includes a cannula having a lumen and a central axis therethrough. The multi-

beveled needle point defines an opening to the lumen for the passage of fluids between a
medical delivery device and a patient or vessel. The muiti-beveled needle point preferably
10  includes a primary bevel, a pair of tip bevels and a pair of middle bevels. Each of the middle
bevels are contiguous with the primary bevel and meet a respective one of the tip bevels at an
intersect. The primary bevel is formed or otherwise provided on the cannula by inclining the
central axis of the needle cannula to a first planar angle respective of a reference plane.
Preferably, each of the middle bevels and tip bevels is formed by rotating the cannula
15  along the central axis within a range of rotational angles respective to the position of the
primary bevel. Preferably, the middle bevels are formed on the cannula at a planar angle
substantially equal to if not identical to the first planar angle at which the primary bevel is
formed. Preferably, each of the tip bevels is formed at a planar angle which is not equal to the
first planar angle at which the primary bevel is formed. The resulting needle point, formed of
20 five distinct bevels, displays reduced height intercepts, resulting in a more continuous bevel
face about the opening. It is also surmised that by providing a series of five distinct bevels, the
needle point is lengthened over needle points conventionally in use, and owing to the reduced
height intervals, results in an effective outer diameter at the needle point less than the outer
diameter of needle points currently in use, all of which contribute to reduced needle
25  penetration forces.
IV. __ Brief Description of the Di'awings.
The invention will now be described in more detail by way of with reference to the
30 appended drawings, wherein:
Figure 1 is a frontal perspective view of a multi-beveled needle tip geometry in
_accordance with the present invention;
Figure 2 is a top view of the multi-beveled needle tip of Figure 1;
Figure 3 is a side view of the multi-beveled needle tip of Figure 1;
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Certain efﬁ_gﬁs in the art have sought to address one or nore of the

aforenmenti-oned concerns. One approach is found in U S. Patent No. 3,071, 135

(Baldwin et al.). Here, the needle face is characterized by a pair of side

facets (or "bevels"), which intersect with a main facet. The heel portion

of the needle face includes an external recess whic margefs W th a snoothly
le fip i F &

rounded sur f ac&Eie duied deentalorews ok te multishevsisenn e 4o SERCHRE s

pat ent t habtatibgal phgled abaud thd cédial atis Bfehé eadak foelfoemag theemiddinbedelsand tip
menbr ane flatﬁ,creat ed upon entry of the needle, thereby reducing the
penetrati 89 ¥Hrce. U S, Patent No. 2,560, 162 (Ferguson) provides a sinilar
structure, al bdigureStis a fecopd side sfiew obfa multisinreled amedle igi in astordancgawith sheje

bevel s5 An, Aodnsiof| dehg:itirﬁ% B! GRbulh FothfdB labbiethD otiap bR a0f fifsh FothtRGaP §n%le .

(here referred to as a ssiQn) _prevents or mnimzes the severing, o
pl ug fromaadngheed af a figsy Planap angle) withgiespegt 3 an imaginary plane extending through the
central axis for forming the middle bevels; and
Figure 6 is a third side view of a multi-beveled needle tip in accordance with the
present invention, depicting the cannula rotated at a second rotational angle about the central
10  axis of the cannula and inclined at a second planar angle with respect to an imaginary plane

extending through the central axis for forming the tip bevels.

V. Detailed Description of the Drawings.
15 A convention employed in this application is that the term “proximal" denotes a

direction closest to a practitioner, while the term "distal" denotes a direction furthest from a
practitioner.

Turning now to the drawings, wherein like numeral denote like components, Figures 1-
6 depict a hypodermic needle 10 characterized by a multi-beveled point 20 in accordance with

20 the present invention. As the skilled artisan will appreciate, hypodermic needle 10 can be
formed from a tube or cannula 11 defining therein a fluid carrying duct or lumen 16.
Hypodermic needle 10 includes a proximal end 14 which can be attached in fluid
communication ‘with a medical delivery instrument (not shown). Multi-beveled point 20
defines a fluid opening 22 for passage of fluids to and from fluid carrying lumen 16. The fluid

25  carrying lumen is characterized by a central axis 18.

Multi-beveled point 20 is characterized by a length "L" and is formed through a
plurality: éf individual bevels that together define a beveled face 40 about the periphery of fluid
opéning 22. In the embodiment disclosed by applicants herein, the multi-beveled point is
characterized by a primary bevel 30; a pair of middle bevels 32a, 32b; and a pair of tip bevels
30 34a, 34b. Each of the pair of middle bevels 32a, 32b and each of the pair of tip bevels 34a,
~ 34b are substantially symmetrically formed on opposite sides of primary bevel 30, as will be
further described hereinbelow. Adjacent middle and tip bevels 32a, 34a meet at an intersect
38a demarcating the respective planes at which the middle and tip bevels are formed. Adjacent
middle and tip bevels 32b, 34b likewise meet at an intersect 38b. Tip bevels 34a, 34b meet at

35 appointed apex 36 which first enters the skin of a patient (or sealing material associated with a
fluid carrying vessel).
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t he needl 3 9S. Pat ent No. 3,308,822 (DeLuca) has as its objective
.m nim’zing'l5 e penetration force of a needle so as to mnimze pain
incident to an injection. This patent states to create, froman initial

pi ercing point of the flesh, three substantially straight lines in the form

of the letter "Y". It is stated that by formng the "Y' shaped cut, three
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surfaces at, neet a_curved surface of dim nishing. area, adjacent, the end
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di sconfort | evMiddix peveledaed2byand tipabhavelst34a, Six hamlikeydsk be formed agesherwisg i s
di scl osedpRg{deli n hypodermic needle 10 by inclining the central axis of hypodermic needle 10 at
some angle relative to reference plane 50, as well as by rotating hypodermic needle 10 about
the central axis at some angle relative to mid-line rotational position 60 of primary bevel 30. In
15  the embodiment depicted herein, each of middle bevels 32a, 32b are formed or otherwise
provided on hypodermic needle 10 by inclining central axis 18 of the hypodermic needle at an
angle 32Q relative to the reference plane 50, and by rotating the hypodermic needle about
central axis 18 at a rotational angle 32A. Similarly, tip bevels 34a, 34b are formed or otherwise
provided on hypodermic needle 10 by inclining the central axis 18 of hypodermic needle 10 at
20 an angle 34Q relative to reference plane 50, and by rotating the hypodermic needle about
central axis 18 at a rotational angle 34A. For purposes of simplicity, Figures 4, 5 and 6 depict
inclination and/or rotation of hypodermic needle 10 so as to form, when viewing the
.hypodemlic needle from the frontal position of Figure 4, left side middle bevel 32a and left side
tip bevel 34a. However, it will be evident to the skilled artisan that formation of right-side
25  middle bevel 32b and right-side tip bevel 34b is effected by reversing the rotation of needle 10
about central axis 18.

_ It*has been surmised by the applicants herein that optimum results for reducing the
height of intercepts 38a, 38b is achieved by forming primary bevel 30 and each of middle
bevels 32a, 32b at angles of inclination 30Q2 and 32Q which are substantially equal if not

30 identical. For instance, it has been found by applicants herein that optimum results are
achieved by setting both inclination angles 302 and 32Q, respective to imaginary plane 50, in a
range of about 9 degrees("") plus or minus 1°. For purposes of simplicity, the transition
demarcating pﬁmary bevel 30 from each of middle bevels 32a, 32b has been denoted by the
numeral 31. It is surmised that by not varying the angle of inclination 32Q for the middle

35  bevels from angle of inclination 30Q for the primary bevel, transition 31 demarcating primary
bevel 30 from middle bevels 32a, 32b will be more rounded and less pronounced, contributing
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14 Surrmargy of the Invention. It has been surm sed by the

N nvent or $-$%i n that a primary reason that a patient experi ences pai n when
the needle is inserted is that a portion of the needle point "catches" on
the skin or flesh as the needle penetrates. It has been reasoned by the
inventors herein that one cause of a needle point catching the skin or

fl esh i s tdasnoothenembrei apintinuedus tbleeel ‘facet 48 cSybiséquest wbformatexh efi prichary beead S05 i on
bet ween fiel e f. d 0 [ -hat, 4 f
the T anart i SRRRBC HEede i el Wiy ORECLrBO R, 1 n ol 3RS BRI o

pr onounc €qunterpiodkwisgrrirestionsna rpmv@ndeaaglfp Futf qsm métsiéﬁséwe sTH, 8Ebedt hay
reduci ng Heb® fARIdObY $heDhpilid@nts herein that optimum results are obtained when the range of

5  rotational angle 32A is about 23° plus or minus 5°.
Tip bevels 34a, 34b are likewise formed or otherwise provided on hypodermic needle
10 by inclining central axis 18 of hypodermic needle 10 to an angle 34Q relative to reference
plane 50, and by rotating the hypodermic needle about central axis 18 to an angle 34A. It has
been found by the applicants herein that optimum results for reducing the height of intercepts
10  38a, 38b demarcating the respective middle and tip bevels results when needle cannula 10 is
inclined at an angle 34€Q in a range of about 15° plus or minus 2°, and when the needle cannula
is rotated to an angle 34A in a range measuring about 23° plus or minus 5°.
Figure 3 exemplifies the side profile of multi-beveled needle tip 20 formed in
accordance with the present invention. Intercept 38a is reduced in height to an extent that
15 when viewed from the side, middle bevel 32a and tip bevel 34a appear to provide a
substantially-straight profile. The same effect can be seen in Figure 6, where middle and tip
bevels 32b, 34b, when viewed in side profile, define an angle "n" that is nearly 180° as
measured about intercept 38b. The effect is a more continuous bevel face 40 free of abrupt
intercepts 38a, 38b (or for that matter, transitions 31 demarcating the primary middle bevels),
20  resulting in a needle tip requiring less penetration force. By reducing the heights of intercepts
38a, 38b, the effective outer diameter of needle point 20 is reduced, helping to reduce needle
penetration forces.
The hypodermic needle 10 in accordance with the present invention can be formed
from conventional materials such as steel. It will be realized by the skilled artisan that medical
25  grade plastics, composites, ceramics, or like materials can be substituted. The needle can be
lubricated with various conventional lubricants such as silicone oils to enhance the effects
obtamed by applicant's geometry. The bevels can be formed on the hypodermic needle by
conventional processes such as by grmdmg
It will be evident to the skilled artisan that the bevels can be formed in any order
30 desired. In one iteration, the primary and middle bevels can be formed before the tip bevels, in
that in the preferred embodiment, the primary and middle bevels are formed at substantially
identical angles of inclination 30Q), 32Q, and this might contribute to greater manufacturing
efficiency. However, other manufacturing iterations can be employed. For instance, the tip
bevels can be formed prior to manufacturing either of the middle or primary bevels. A further
35  iteration would be to form the middle bevels 32a, 32b intermediate the steps required for
forming primary bevel 30 and tip bevels 34a, 34b. For instance, the central axis of the

This Sheet Has Been Replaced

o

— L. BEER
ETEL IR v L
[mns st




3. tran5|t ‘@5 woul d be to approximate, froma series of bevels formng the
.poi nt, continuous, unitary bevel face. The resulting continuous
bevel p0|nt woul d require |l ess penetration force to enter a patient's

fl esh. By reducing penetration forces, it is believed that the patient may
experience | ess pain. Accordlngly, the invention relates to a
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realized by the skilled artisan that any order for forming the respective bevels for needle tip 20
that results in continuous bevel face 40 will achieve the advantages and results of the invention
herein.

One particular sequence performed by the inventors herein has resulted in the formation

10  of consistently good needle points 20. Needle point 20 was produced on a 27 gauge needle by
grinding. Central axis 18 of hypodermic needle 10 was inclined at an angle of about 14.5
degrees respective of the grinding wheel for an initial "hog-off" grind. Thereafter, central axis
18 of the hypodermic needle was subjected to a series of angles of inclination and rotation in
order to form a pair of adjacent middle and tip bevels prior to formation of an opposed pair of

15 adjacent and middle tip bevels, with the primary bevel formed as a last grind. In the iteration
performed by the inventors herein, subsequent to the hog-off grind, central axis 18 of the
hypodermic needle was inclined with angle 32Q of about 9 degrees, and thereafter rotated
right around central axis 18 to an angle 32\ of about 20 degrees. At this point, left-side
middle bevel 32a was ground. Thereafter, maintaining the rotational position 32A of the

20  central axis, central axis 18 was inclined to an angle 34Q of about 14.5 degrees and left-side
tip bevel 34a was ground (note that angle of rotation 34\ is the same 20 degree angle
established for angle of rotation 321). After the left side middle and tip bevels were ground,
central axis 18 of the needle cannula was repositioned to the angle of inclination 32Q2 of about
9 degrees, and rotated 40 degrees to the left of the position where the left side middle and tip

25 bevels had been ground. At this point, right middle bevel 32b was ground. Thereafter,
maintaining central axis 18 of the needle in its rotational position, the central axis was inclined
to an a.n'§Ie of inclination 34Q2 of about 14.5 degrees and tip bevel 34b was ground.
Thereafter, central axis 18 of the needle cannula was rotated 20 degrees back to its center
position, the central axis 18 positioned at an angle of inclination 30Q of about 9 degrees, and

30  primary bevel 30 was ground.

Tests were conducted comparing penetration force in rubber vial stoppers (20
millimeter rubber vial stoppers, model number 88-29530, manufactured by Abbott
Laboratories of Ashland, Ohio) of 26 gauge needles produced in accordance with the above-
identified steps against penetration forces exhibited by existing 26 gauge needles currently

35 employed in HYPAK®-brand prefillable syringes, manufactured by Becton Dickinson
Pharmaceutical Systems of Le Pont de Claix, France. Each of the needles were lubed with
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bevel s are contiguous with the primry bevel and neet a respective one of
the tip by at an intersect. The primary bevel is forned or otherw se
provi ded on the cannula by inclining the central axis of the needle cannul a
to a first planar angle respective of a reference plane.

Preferably, each of the niddle bevels and tip bevels is forned by rotating
t he cannulpalydimsthylsiloganee W arizius angles ofi rotition 32A akdjeanst angtes af instinaticai@K s 320
respect i Vecm? (345" eﬁ%&t Hoﬁ‘hgfre%uhﬁiép{ablgq liYStilﬁ?e\éqhat yii] %L%E%le&ics b aﬁhg%é’dle
bevel s are orne on e can anar angl e stant1 al ual

i f not i ddeintcd aqe@ﬂ%% 19 jthes !nVsF%hafhﬁ’@P@C@RﬂYvﬁdB?Pdt pred P?P&Fry % e§ §S
formed. Preah@aralty exi Bfudthe tip bevels is formed at a planar angle

whi ch ks not equal to e first planar angle at which the primary bevel is
formed. The resulting needle p0int forned of five distinct bevels

di spl ays fec et-oh : . T yeve
face about the opening. It is also sur Egﬂ;!hat by prOV|d|ng a series of
five distjnct bevels, the needle point is |Iengthened over needl e points
conventiopally in use, and owing t (ing PH qﬂeheight intervals, resultsd

in an _effective outer dia ess than the outer
di ametl§ of needl e poi ntsrﬁt egilﬁs|ly qiwlfg y&ﬁ"e Y'WRR‘E‘P. contribute to
reduced needl e penet rati &y ¢

netration Forces in Gram Force
(Average HYPAK Brand Needle Control Force = 468. Sgmf)

Angle of Rotation  Angle Of Inclination
32A 340 | 30Q2, 32Q) | 34Q2 Point Length ("L") .094 Point Length .080"
Tip Bevel Length .036" Tip Bevel Length .040"
35° 35° 10° 10° 341.5 gm.f
30° 30° 10° 10° 338.1 gm.f
22° 22° 10° 16° 344.5 gm.f
22° 22° 13° 16° 359.0gm.f
15 The formation of a multi-beveled tip as described herein results in a bevel face 40 which

is more continuous, free of abrupt intercepts or transitions. Absent abrupt intercepts or
transitions, the likelihood that a portion of the bevel face will catch the skin or flesh or a
patient is reduced, and the effective outside diameter of the needle point will be reduced, all
meaning that needle penetration forces will be lessened.

20 It will be appreciated and understood by those skilled in the art that further and
additiorié!. forms of the invention may be devised without departing from the spirit and scope of
the appended claims, the invention not being limited to the specific embodiments shown.
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| V. Bri ef Description of the Draw ngs. : The invention wll now be
_descri bed-?#%hore det ai by way of with reference to the appended dr aw ngs,
wher ei n: Figure 1 is a frontal perspective VI ti-bevel ed
needle tip geometry in accordance with the present i @mﬂ”mn”, Fi gure
2 is atop viewof the nulti-beveled needle tip of Figure o 1Ak gure
3is aside view of the nmulti-beveled needle tip of Figure 1;

VI. Claims.

1. A needle having a multi-beveled point, comprising:
a cannula having a lumen and a central axis therethrough, said multi-beveled point
5 provided at one end of the cannula, said multi-beveled point comprised of a primary bevel, a
pair of tip bevels, and a pair of middle bevels, each of said pair of middle bevels intermediate
said primary bevel and one of said pair of tip bevels, wherein each of said pair of tip bevels
meets a respective middle bevel at an intersection line, wherein respective of angles defined
between said central axis and a reference plane, said primary bevel is provided on said cannula
10  at a first planar angle, said pair of middle bevels are provided on said cannula at a second
planar angle, and said pair of tip bevels are provided on said cannula at a third planar angle,
and wherein respective of an angle of rotation about said central axis, said primary bevel is
provided at a first rotational angle, said pair of middle bevels are each provided at a second
rotational angle, and said pair of tip bevels are each provided at a third rotational angle,

15 wherein said first and second planar angles are substantially equal.

2. The needle of Claim 1, wherein said first and second planar angles are in the
range of 9 degrees plus or minus 1 degree.

20 3. The needle of Claim 1, wherein said third planar angle is in the range of 15
degrees plus or minus 2 degrees.

4 The needle of Claim 1, wherein said second rotational angle is in the range of
18.5 degrees plus or minus 5 degrees.
25
5. The needle of Claim 1, wherein said third rotational angle is in the range of 23
degrees plus or minus 5 degrees.
6. The needle of Claim 1 wherein said second and third rotational angles are 22
30  degrees.
7. The needle of Claim 1, wherein said cannula is formed from a metallic material.
8. A method for forming 2 needle having a multi-beveled point, said needle having

35 a cannula with a lumen and a central axis therethrough, said multi-beveled point provided at
one end of the cannula, comprising the following steps:

I
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for formng the mddle bevels and tip bevels; econd
side view of a nmulti-beveled needle tip in accordance Wit htt he pr esent

i nvention, depicting the cannula rotated about the central axis at a first
rotational anglpesiiaring said icansulacat adirsti plasar phgie measumed ketweerhsaideqntiat axipanda
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ext ending throug e cen
angle respectlve of the ﬁrst rotatlonal angle of said primary bevel

%#re 4 is a frontal view of the nmulti-bevel ed needle
F| gure 1, d% cting rotational angles about the cen&‘ “m&m\\) mcannul a

forming a first middle bevel at said second rotational angle;
rotating said cannula about said central axis, in a second direction opposite to said first
direction, to a third rotational angle respective of said first rotational angle, said third rotational
10 angle substantially equal to said second rotational angle;
forming a second middle bevel at said third rotational angle;
positioning said cannula at a second planar angle measured between said central axis
and said reference plane; -
rotating said cannula in said first direction about said central axis to a fourth rotational
15  angle respective of the first rotational angle of said primary bevel,
forming a first tip bevel at said fourth rotational angle;
rotating said cannula about said central axis in said second direction to a fifth rotational
angle respective of the first rotational angle of said primary bevel, said fifth rotational angle
substantially equal to said fourth rotational angle; and
20 forming a second tip bevel at said fifth rotational angle.

9. The method of Claim 8, wherein said steps of forming said first and second
middle bevels are performed before the steps of forming said first and second tip bevels.

25 10. - The method of Claim 8, wherein said steps of forming said first and second tip
bevels are performed before the steps of forming said first and second middle bevels.

- .
«
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11. A method for forming a needle having a multi-beveled point, said needle having
a cannula with a lumen and a central axis therethrough, said multi-beveled point provided at
30  one end of the cannula, comprising the following steps:
positioning said cannula at a first planar angle measured between said central axis and a
reference plane to establish a starting position;
rotating said cannula, while at said first planar angle, in a first direction about said
central axis to a first rotational angle;
35 forming a first middle bevel;
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V.. aH ég Descri ption of l[HlMﬂm l”“J A convention enployed in
‘this appli lon is that the enotes a direction closest to
a practl tioner, while the term"distal" denotes a direction furthest froma
practitioner. Turning now to the draw ngs, wherein |ike nuneral

denote |ike conponents, Figures 1- 6 depict a hypodermic needle 10
char act er i zed Reyitigning|said-dapmalb.ewhifsoinnsaic first motationl daglecatvd seronth dlasae aegle

i nventi OrlneaééreH'B@t“?éEh Ei@@exﬁfafl hﬁé‘&nd’\édnd re?&@ﬁc%cﬂlé%{ee hypoderni ¢ needl e 10 can
be forned fro%a tub r]u a 11 defining therein a fluid carrying duct

or lunmen 16. HYPYBER %“ﬂ e 10 includes a proximal end 14 which can be
attached in f|positioningwaidicamiulaat suidtfipstplanacangd; del i very i nstrunment (not

h I
Pl 6 to and PR FHRlls SPu 614 Ball ot 1§ SRR ANCAR, ditiosPE R ARGl
char act erdireeidorhyo a seﬂ@nd r@thm@oal sng%esubstantlaﬂy equalttp-shid isstaditational anga@; i s

characteri zed ¥nias h 88HnA middl gg\q,:ll s forned through a plurality of
i ndi vi dual bevel sla% hat tomelt & def1 ne_.a bevel ed faaie 40 abouyt the

peri phery of fnoaatlemagéﬁlidrr@n a whlqmsaéhmn piational nglsete fAH spromA Pianas
herein, tdagleprul ti-beveled point is

10 forming a second tip bevel,
rotating said cannula in said first direction about said central axis to said standard
position; and
forming a primary bevel.

15 12.  The method of Claim 11, wherein said first planar angle is about 9 degrees.

13.  The method of Claim 11, wherein said second planar angle is about 14.5
degrees.

20 14.  The method of Claim 11, wherein said first rotational angle is about 20 degrees.

15.  The method of Claim 11, wherein said second rotational angle is about 20
degrees. '
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characteﬂﬁ%9 by a primary bevel 30; a pair of mddle bevels 32a, 32b; and
.a pair bevel s 34a, 34b. Each of the pair of m ddle bevels 32a, 32b
and each of the pair of tip bevels 34a, 34b are substantially symetrically
formed on opposite sides of primary bevel 30, as will be further described
her ei nbel ow. Adjacent middle and tip bevels 32a, 34a neet at an intersect
38a denar¥Hi | pibstiwetr espective planes at which the middle and tip bevels
are formed. Adjacent mddle and tip bevels 32b, 34b |i kew se neet at an

ent or ot he skifh TPoderiie eedle FuANEE & THY FrEEY PAIN GEQBBTEILESHPIR ol PEH o
carryi ng enstdihent, the multi-beveled point features a primary bevel, a pair of tip bevels, and a pair of
5 middle bevels each intermediate the'primary bevel and a respective one of the tip bevels. The
primary and middle bevels are provided at angles of inclination, measured between the central
axis and a reference plane that are substantially identical. The tip bevels are formed at an angle
. of inclination respective to the central axis which is not equal to the angle of inclination at
which the primary and middle bevels are formed. The resulting five-beveled point geometry
10 contributes to a more continuous bevel face free of abrupt intercepts or transitions between the
respective bevel faces, lessening the penetr'(;tion force required to urge the needle point
through skin, flesh, or other material.
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5 Primary bevel 30, mddle bevels 32a, 32b and tip bevels 34a, 34b
are ffornmed or otherw se provided on cannula 10 by inclining and/or rotating
cannula 10 through a series of angles neasured relative to central axis 18.
In the enbodi nent depicted herein, and as best illustrated in Figures 4, 5
and 6, primary bevel 30 is forned or otherw se provided on hypodermc
needl e 10 by inclining central axis 18 of hypoderm c needle at an angle
30[err] neasured relative to a reference plane 50. The reference plane 50
can represent, for instance, a grinding wheel which, as the skilled artisan
wi |l appreciate, is one way to forn1bevq?§4on a hypoderm c needl e. For

pur poses of explaining the formation of the mddle bevels and the tip
bevel s, the location of primary bevel 30 on the hypodernic needl e can be
established by a mdline rotational position 60 (see Figure 4) about

central axis 18. M ddl e bevel s 32a, 32b and tip bevels 34a, 34b can
| i kewi se be forned or otherw se prqvided on hypoderm c needle 10 by
inclining the central axis hypoderm ¢ needle 10 at sone angle relative
to reference plane 50, as by rotating hypoderm c needl e 10 about
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the central axis at sonme angle relative to md-line rotational position 60
of primary bevel 30. In the enbodi nent depicted herein, each of mddle
bevel s 32a, 32b are forned or otherw se provided on hypoderm c needl e 10 by
inclining central axis 18 of the hypoderm c needle at an angle 32[err]
relative to the reference plane 50, and by rotating the hypoderm c needl e
about central axis 18 at a rotational angle 32[err]. Simlarly, tip bevels
34a,. 34b are fornmed or otherw se provided on hypoderm c needle 10 by-
inclining the central axis 18 of hypodermi c needle 10 at an angle 34[err]
relative to reference planf® 50, and by ofgting the hypodern c needl e about
central axis 18 at a rotati,onal angle 34[err]. For purpos§§ of sinplicity,
Figures 4, 5 and 6 depict iQclination and/or rotation of hypoderm c needl e
10 so as to form when view tthe hypoderni c needl e fromtheNrontal
position of Figure 4, left sideNm ddl e bevel 32a and left side tip bevel
34a. However, it will be evidentf to the skilled artisan that fprmation of
right-side mddle bevel 32b andiright-side tip bevel 34b is effected by
reversing the rotagi on of, needl ¢ 10 about central axis 18. It has
been surm sed by tRe appgicants,herein that optimumresults foL Redyci n

t he height of interocepts88a, 38b is achieved y formng psimgy el %6
and each of m ddl e bewxel s b at angles of inclinatiQQ SOEerr and
32[err] which are subst\anti al | qgual if not
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identical. For instance, it has been found by applicants herein that
optimumresults are achieved by setting both inclination angles 30[err] and
32[err], respective to imaginary plane 50, in a range of about 9
degrees("[err]") plus or mnus 1[err]. For purposes of sinplicity, the
transition demarcating primary bevel 30 fromeach of mddl e bevels 32a, 32b
has been denoted by the nuneral 31. It is surm sed that by not varying the
angle of inclination 32[err] for the m ddl e bevels from angl e of
inclination 30[err] for the primary bevel, transition 31 demarcating
primary bevel 30 from m ddl e bevels 323/432b W 'l bgynore rounded and |ess
pronounced, contributing %

320 340D

PG4

This Sheet Has Been Replaced

FIG=5




6 to a snpother, nore continuous bevel face 40. Subsequent to formation of
primery bevel 30, the hypoderm c needle is rotated about the central axis
18 in both the cl ockwi se and countercl ockwi se directions at rotational
angle 32[err] to formmddle bevels 32a, 32b. It has been found by the
applicants herein that optinmumresults are obtai ned when the range of
rotational angle 32[err] is about 23[err] plus or mnus 5. Tip
bevels 34a, 34b are |ikew se fornmed or otherw se provided on hypodermc
needl e 10 by inclining central axis 18 of hypoderm c needle 10 to an angle
34[err] relative to reference plane 50, /p by rotating the hypodermc
needl e about central axis 18 to an angle‘34[erg]. It has been found by the
applicants herein that optinumresults for redgcing the hei ght of
intercepts 38a, 38b demarcating the respective.m ddle and tip bevels
results when needle cannula 10 is inclined at an angle 34[err] in a range
of about 15[err] plus or mnus 2[err], and when.the needl e cannula is
rotated to an angle 34[err] in a range neasurlng\about 23 plus or m nus 5.
Figure 3 exenplifies the side profile of nultlrbeveb@d needl e tip 20 forned
in accordance with the present invention. Intercept aﬂaa§s reduced in

hei ght to an extent that ¢ =
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when viewed fromthe side, middle bevel 32a and tip bevel_34a.appear ta

provi de

profile,

I ntercept 38b. The effect is a nore continuous bevel fage 48?r
Intercepts 3 8a, 38b (or for that matter, transitions 31 gdenmarcating th

primary
penetr at
effectiv

needl e penetration forc

a substantially-straight profile. The sane effetRE
Figure 6, where mddle and tip bevels 32b, 34b, when vi 3RLPEACEWE ?%EH

define an angle "[err]" that is nearly 180[err]

o4 o

m ddl e bevels), resulting in a—needle tip requifing Iess
ion force. By reducing the heights of intercept$38a—38b—ithe

u
uipt

e outer diameter of needle point 20 is reduced, helping to reduce

i n accordance

with the presen;t i nvent ﬁﬁ?ﬁ‘%sﬁe‘%ﬁgﬁwﬁmﬁﬁr@eﬁ@ﬁw mat eri al s such

as steel.
pl asti cs,

needl e ¢

It will be realized by the si®Fl ed artisan that medical gr ade

an be lubricated with vari ous AN®venti onal |ubricants such as

conposites, ceranmcs, JUDITEELABQYLE|s can be substituted. The

silicone oils to enhance the ef fSTEVENLAKORIOLY applicant's geonetry. The

bevel s ¢
such as

prl mary

an be formed on the hypodernm crogedl e by conventional processes

by g ﬁWE‘%EVELED POINT'GEONEERYAFOR A ﬁ\*ﬁﬁntﬁdﬁémm,ggn that

t he bevel s can be formed in any order desired. In one iteration

and m ddl e bevels can be fornmed before the tip bevels, in
L Field of the Invention.

The invention relates to a point geometry for a hypodermic needle, and more
particularly, to a five beveled point geometry for a hypodermic needle for a reducing needle
penetration force.

I Background.
A hypodermic needle is typically formed from an elongate tube or cannula having a

fluid-conducting lumen and characterized by a central axis. The proximal end of the
hypodermic needle is typically configured for mating to, or is otherwise affixed to, a fluid

- delivery device such as a hypodermic syringe. The distal end of the hypodermic needle is

typically provided with a pointed tip geometry' for piercing elastomeric septums and/or a
patient's flesh or tissue so as to deliver the medicament held in the syringe. The practitioner
may also employ the hypodermic needle for aspirating fluids-held in a vessel such as a vial.
This use often entails a practitioner inserting the pointed tip of the needle through a rubber or
elastomeric-type seal associated with the vessel so that the practitioner can access the fluid
contained within the vessel.

- Various considerations merit address when designing the pointed tip of the hypodermic
needle. For instance, one would like to minimize the needle penetration force necessary for
urging the pointed tip of the needle through the skin and flesh structure of the patient. It is

. generally recognized that by reducing needle penetration force, the patient will experience less

pain, making the injection more comfortable. Another consideration in designing' point
geometry is to prevent or otherwise minimize “coring". Conng, as the skilled artisan will
appreciate, results when a portion of a material through which the needle has penetrated
becomes lodged in the lumen adjacent the pointed tip.
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that i'n the preferred enbodi ment, the primary and m ddl g ge}vm P SHED
at substantially identical angles of inclination 30[err DP‘ 32t %E‘-MJEN ar‘!ﬁz

m ght contribute to greater manufacturing efficiency. HDWEVEI‘ ',_1;,.1_13@

manuf acturing iterations can be enpl oyed. For instance,|the tz p‘f‘&bé 75
be fornmed.- prior to manufacturing either of the mddle of primary bevel sl
h, 32b i nternedi atje

further

iteration would be to formthe2m ddl e bevel s 32

the steps required for forming primry bevel 30 and tip -
For instance, the central axis of the

7

Certain efforts in the art have sought to address one or more of the aforementioned
concerns. One approach is found in U.S. Patent No. 3,071,135 (Baldwin et al.). Here, the
needle face is characterized by a pair of side facets (or "bevels"), which intersect with a main
facet. The heel portion of the needle face includes an external recess which merges with a
smoothly rounded surface or edge portion of the lumen opening. It is stated in this patent that
the provision of the needle recess relieves tension of a membrane flap created upon entry of the
needle, thereby reducing the penetration force. U.S. Patent No. 2,560,162 (Ferguson)
provides a similar structure, albeit with the provision of an additional pair of forward side
bevels. An emphasis of this patent is that the provision of the recess (here referred to as a
depression) prevents or minimizes the severing of a plug from a layer or layers being pierced by
the needle. U.S. Patent No. 3,308,822 (DeLuca) has as its objective minimizing the
penetration force of a needle so as to minimize pain incident to an injection. This patent states
to create, from an initial piercing point of the flesh, three substantially straight lines in the form
of the letter "Y". It is stated that by forming the "Y" shaped cut, three substantially V-shaped
flaps are formed, the three angular edges of which are capable of extension into a circular form

in the opening of the skin, thereby preventing extensive stretching or tensioning of the edges of

the cut. The needle point employs five faces produced by a series of five grinds, with the last

. two grinds resulting in bevels disposed not adjacent the opening of the needle, but rather on
the back of the needle away from the opening. U.S. Patent No. 2,409,979 (Huber) relates to a .

hypodermic needle also intended to reduce pain as the needle penetrates the tissue. Huber
appears to describe a primary bevel mating with a pair of beveled surfaces that meet at a
curved surface of diminishing area adjacent the end portion of the needle.

Despite the attempts in the art to arrive at a needle point geometry to lessen needle
penetration forces, there continues to exist a need for a needle point geometry which displays
reduced needle penetration forces and, hence, reduces the pain or discomfort level experienced
by a'patient. Such a needle point geometry is disclosed herein,

0. Summary of the Invention.

It has been surmised by the inventors herein that a primary reason that a patient
experiences pain when the needle is inserted is that a portion of the needle point “"catches" on
the skin or flesh as the needle penetrates. It has been reasoned by the inventors herein that one
cause of a needle point catching the skin or flesh is due to the height of the “intercept"
established at the transition between differing bevels forming the needle point. It is reasoned
that if the transitions between differing bevels forming the needle point were less pronounced,
the height of the intercepts would be reduced. The effect of reducing the heights of the
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medical delivery device and a patient or vessel. The multi-beveled needle point preferably
includes a primary bevel, a pair of tip bevels and a pair of middle bevels. Each of the middle
bevels are contiguous with the primary bevel and meet a respective one of the tip bevels at an
intersect. The primary bevel is formed or otherwise provided on the cannula by inclining the
central axis of the needle cannula to a first planar angle respective of a reference plane.
Preferably, each of the middle bevels and tip bevels is formed by rotating the cannula
along the central axis within a range of rotational angles respective to the position of the
primary bevel. Preferably, the middle bevels are formed on the cannula at a planar angle
substantially equal to if not identical to the first planar angle at which the primary bevel is
. formed. Preferably, each of the tip bevels is formed at a planar angle which is not equal to the
first planar angle at which the primary bevel is formed. The resulting needle point, formed of
five distinct bevels, displays reduced heighf intercepts, resulting in a more continuous bevel
face about the opening. It is also surmised that by providing a series of five distinct bevels, the
needle point is lengthened over needle points conventionally in use, and owing to the reduced
height intervals, results in an effective outer diameter at the needle point less than the outer
diameter of needle points currently in use, all of which contribute to reduced needle
penetration forces.

. IV.__Brief Description of the Drawings.

The invention will now be described in more detail by way of with reference to the
appended drawings, wherein: '
Figure 1 is a frontal perspective view of a multi-beveled needle tip geometry in
.accordance with the present invention;
Figure 2 is a top view of the multi-beveled needle tip of Figure
.. Figure 3 is a side view of the multi-beveled needle tip of Figure 1,



perfdrned by the inventors herein, subsequent to the hog- off gr| nd, central
axis 18 of the hypoderm c needle was inclined with angl ef3 TILE9
degrees, and thereafter rotated right around central axi Rnﬁ @Mﬁ\m@i 'l

- |
32[err] of about 20 degrees. At this point, left-side mgd{ € bevel 3Z2a was
ground. Thereafter, maintaining the rotati onal position B2{ eBr-j e %@
central axis, central axis 18 was incld4dned to an angle 3 [nrr] of about
14.5 degrees and left-side tip bevel 34a was ground (notg Ehat—angle-of=

rotation 34[ eﬁﬂm'& 1§ BoESREE iR, ep%eempgé&nash@ahe abe&i %reangldsm&in% |
rotation 32[err|) bevel's were
central Rigtonalgingles pheut the gentral axis Afsh Msnnu@p@slfﬂmn%ahq L bea'ﬁlj|aéddw

i ncli nathesdis32[ err] of about 9 degrees, and rotated 40 degrees to the |eft
of the posit| eft side.m dd d,t vel s ha been round.
A this’ poi ntEBrEGhE Histard SHBUEV 265 LT aebdR EF Bt anis, WD HR ng

central mrsest h¥emwion; dapiating dheccannula retatedtabbitcthe e axis ena fitsh eatamm’ak agleaxi s

U bovel Bl 36 s B il ahdlE ikl iUes & ufindeiflry RN ehang SERLEFTET
was r ot aﬁeéﬁa%lsdbgf%@@@gﬁ%wdldl?bevslsdé\dter position, the central axis 18

positioned atFl%«El'eaEﬂﬁH £ thitd 'sﬂ@'ﬁéwtdfoi" nm{-ﬁé\feledoﬁeeaﬁoti% i 20EHEARE  wit the
primary bevel wer e aring

penet r ath TE§ent B‘P’E‘&’%d‘%lfﬁﬂgrth%’aé‘lmgtﬁﬁﬁé a g $gon rotatlonaFang?e about the central

axis of the cannula and inclined at a second planar angle with respect to an imaginary plane

extending through the central axis for forming the tip bevels.

V. Detailed Description of the Drawings.
A convention employed in this application is that the term "“proximal" denotes a
direction closest to a practitioner, while the term "distal" denotes a direction furthest from a

practitioner.
Turning now to the drawings, wherein like numeral denote like components, Figures 1-
6 depict a hypodermic needle 10 characterized by a multi-beveled point 20 in accordance with
the present invention. As the skilled artisan will appreciate, hypodermic needle 10 can be
formed from a tube or cannula 11 defining therein a fluid carrying duct or lumen 16.
Hypodermic needle 10 includes a proximal end 14 which can be attached in fluid
communication with a medical delivery instrument (not-shown). Multi-beveled point 20
defines a fluid opening 22 for passage of fluids to and from fluid carrying lumen 16. The fluid
carrying lumen is characterized by a central axis 18.

. Multi-beveled point 20 is characterized by a length "L" and is formed through a
plurality of individual bevels that together define a beveled face 40 about the periphery of fluid
opening 22. In the embodiment disclosed by applicants herein, the multi-beveled point is

* characterized by a primary bevel 30; a pair of middle bevels 32a, 32b; and a pair of tip bevels
34a, 34b. Each of the pair of middle bevels 32a, 32b and each of the pair of tip bevels 34a,

" 34b are substantially symmetrically formed on opposite sides of primary bevel 30, as will be
further described hereinbelow. Adjacent middle and tip bevels 32a, 34a meet at an intersect
38a demarcating the respective planes at which the middle and tip bevels are formed. Adjacent
middle and tip bevels 32b, 34b likewise meet at an intersect 38b. Tip bevels 34a, 34b meet at
appointed apex 36 which first enters the skin of a patient (or sealing material associated with a
fluid carrying vessel). '



mllinmeter rubber vial stoppers, nodel nunber 88-29530, manufactured by

nLnnl

Abbott Laboratories of Ashland, Ohio) of 26 gauge needl es
accordance with the above- identified st eps agai nst penetr
exhi bited by existing 26 gauge needles currently enpl oyed |i
HYPAK[ err]-brand prefillable syringes, manufactured by Bed
Phar maceutical Systens of Le Pont de Gsai x, France. Each d
were | ubed with —
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Primary bevel 30, middle bevels 32a, 32b and tip bevels 34a,

p4b are formed or .

otherwise provided on cannula 10 by inclining and/or rotating cannula 10 through a series of
angles measured relative to central axis 18. In the embodiment depicted herein, and as best
illustrated in Figures 4, 5 and 6, primary bevel 30 is formed or otherwise provided on
hypodermic needle 10 by inclining central axis 18 of hypodermic needle at an angle 30Q
measured relative to a reference plane 50. The reference plane 50 can represent, for instance, a
grinding wheel which, as the skilled artisan will appreciate, is one way to form bevels on a
hypodermic needle. For purposes of explaining the formation of the middle bevels and the tip
bevels, the location of primary bevel 30 on the hypodermic needle can be established Ey a
midline rotational position 60 (see Figure 4) about central axis 18.

Middle bevels 32a, 32b and tip bevels 34a, 34b can likewise be formed or otherwise
provided on hypodermic needle 10 by inclining the central axis of hypodermic needle 10 at
some angle relative to reference plane 50, as well as by rotating hypodermic needle 10 about
the central axis at some angle relative to mid-line rotational position 60 of primary bevel 30. In
the embodiment depicted herein, each of middle bevels 32a, 32b are formed or otherwise
provided on hypodermic needle 10 by inclining central axis 18 of the hypodermic needle at an
angle 32Q relative to the reference plane 50, and by rotating the hypodermic needle about

. central axis 18 at a rotational angle 32A. Similarly, tip bevels 34a, 34b are formed or otherwise

provided on hypodermic needle 10 by inclining the central axis 18 of hypodermic needle 10 at
an angle 34Q) relative to reference plane 50, and by rotating the hypodermic needle about
central axis 18 at a rotational angle 34A. For purposes of simplicity, Figures 4, 5 and 6 depict

inclination and/or rotation of hypodermic needle 10 so as to form, when viewing the

hypodermic needle from the frontal position of Figure 4, left side middle bevel 32a and left side
tip bevel 34a. However, it will be evident to the skilled artisan that formation of right-side
middle bevel 32b and right-side tip bevel 34b is effected by reversing the rotation of needle 10
about central axis 18.

It has been surmised by the applicants herein that optimum results for reducing the
height of intercepts 38a, 38b is achieved by forming primary bevel 30 and each of middle

" bevels 32a, 32b at angles of inclination 30Q) and 32Q) which are substantially equal if not

identical. For instance, it has been found by applicants herein that optimum results are
achieved by setting both inclination angles 30Q2 and 32(), respective to imaginary plane 50, in a
range of about 9 degrees("*") plus or minus 1°. For purposes of simplicity, the transition
demarcating p'rimary bevel 30 from each of middle bevels 32a, 32b has been denoted by the
numeral 31. It is surmised that by not varying the angle of inclination 32Q for the middle
bevels from angle of inclination 30 for the primary bevel, transition 31 demarcating primary
bevel 30 from middle bevels 32a, 32b will be more rounded and less pronounced, contributing
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Poi nt Leeaynter¢lockWise agdbtloﬁ!nam[ota_tmg!t ngl©§dr to form middle bevel 2b. It has
been found by the applicants herein that optimum results are obtained when the range of

rotational angle 32X is about 23° plus or minus 5°.

Tip bevels 34a, 34b are likewise formed or otherwise provided on hypodermic needle
10 by inclining central axis 18 of hypodermic needle 10 to an angle 34Q) relative to reference
plane 50, and by rotating the hypodermic needle about central axis 18 to an angle 34A. It has
been found by the applicants herein that optimum results for reducing the height of intercgpts
38a, 38b demarcating the respective middle and tip bevels resuits when needle cannula 10 is
inclined at an angle 34Q) in a range of about 15° plus or minus 2°, and when the needle cannula
is rotated to an angle 34 in a range measuring about 23° plus or minus 5°.

Figure 3 exemplifies the side profile of multi-beveled needle tip 20 formed in
accordance with the present invention. Intercept 38a is reduced in height to an extent that
when viewed from the side, middle bevel 32a and tip bevel 34a appear to provide a
substantially-straight profile. The same effect can be seen in Figure 6, where middle and tip
bevels 32b, 34b, when viewed in side profile, define an angle "x" that is nearly 180° as

. measured about intercept 38b. The effect is a more continuous bevel face 40 free of abrupt

~ intercepts 38a, 38b (or for that matter, transitions 31 demarcating the primary middle bevels),.
resulting in a needle tip requiring less penetration force. By reducing the heights of intercepts
38a, 38b, the effective outer diameter of needle point 20 is reduced, helping to reduce needle
penetration forces.

The hypodermic needle 10 in accordance with the present invention can be formed
from conventional materials such as steel. It will be realized by the skilled artisan that medical
grade plastics, composites, ceramics, or like materials can be substituted. The needle can be
lubricated with various conventional lubricants such as silicone oils to enhance the effects
obtained by applicant's geometry. The bevels can be formed on the hypodermic needle by

- conventional processes such as by grinding.

' It will be evident to the skilled artisan that the bevels can be formed in any order
desired. In one iteration, the primary and middle bevels can be formed before the tip bevels, in
that in the preferred embodiment, the primary and middle bevels are formed at substantially
identical angles- of inclination 30Q, 32Q, and this might contribute to greater manufactuﬁrig
efficiency. However, other manufacturing iterations can be employed. For instance, the tip
bevels can be formed prior to manufacturing either of the middle or primary bevels. A further
iteration would be to form the middle bevels 32a, 32b intermediate the steps required for
forming primary bevel 30 and tip bevels 34a, 34b. For instance, the central axis of the
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realfred ibyrehret skillet amisan that any order for forming the respective bevels for needle tip 20
that results in continuous bevel face 40 will achieve the advantages and resuits of the invention
herein.

One particular sequence performed by the inventors herein has resulted in the formation
of consistently good needle points 20. Needle point 20 was produced on a 27 gauge needle by
grinding. Central axis 18 of hypodermic needle 10 was inclined at an angle of about 14.5
degrees respective of the grinding wheel for an initial "hog-off* grind. Thereafter, central axis
18 of the hypodermic needle was subjected to a series of angles of inclination and rotation in
order to form a pair of adjacent middle and tip bevels prior to formation of an opposed pair of
adjacent and middle tip bevels, with the primary bevel formed as a last grind. In the iteration
performed by the inventors herein, subsequent to the hog-off grind, central axis 18 of the
hypodermic needle was inclined with angle 32Q of about 9 degrees, and thereafter rotated

_ right around central axis 18 to an angle 32\ of about 20 degrees. At this point, left-side
- middle bevel 32a was ground. Thereafter, maintaining the rotational position 32\ of the

central axis, central axis 18 was inclined to an angle 34Q) of about 14.5 degrees and left-side
tip bevel 34a was g_roﬁnd (note that angle of rotation 34A is the same 20 degree angle
established for angle of rotation 32A). After the left side middle and tip bevels were ground,
central axis 18 of the needle cannula was repositioned to the angle of inclination 32Q of about

.9 degrees, and rotated 40 degrees to the left of the positio'n where the left side middle and tip

bevels_ had been ground. At this point, right middle bevel 32b was ground. Thereafter,
maintaining central axis 18 of the needle in its rotational position, the central axis was inclined
to an angle of inclination 34Q of about 14.5 degrees and tip bevel 34b was ground.

' Thereafter, central axis 18 of the needle cannula was rotated 20 degrees back to its center
~ position, the central axis 18 positioned at an angle of inclination 30Q of about 9 degrees, and

primary bevel 30 was ground.

Tests were conducted comparing penetration force in rubber vial stoppers (20
millimeter rubber vial stoppers, model number 88-29530, manufactured by Abbott
Laboratories of Ashland, Ohio) of 26 gauge needles produced in accordance with the above-
identified steps against penetration forces exhibited by existing 26 gauge needles currently
employed in HYPAK®-brand prefillable syringes, manufactured by Becton Dickinson
Pharmaceutical Systems of Le Pont de Claix, France. Each of the needles were lubed with
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polydimethylsiloxane. Various angles of rotation 32, 34A and angles of inclinzjﬁe&%&, 3263
and 34Q were tested. The resulting table illustrates that 26 gauge needles displaying needle
point 20 according to the invention had significantly reduced needle penetration forces as
compared to existing product:

TABLEI

26G 5-Bevel Needles

10 All needles lubed with polydimethylsiloxane
Rubber Vial Penetration Forces in Gram Force

(Average HYPAK Brand Needle Control Force = 468.5gmf)

Angle of Rotation _Angle Of Inclination

_ 322 |34n |30Q,32Q |340 Point Length ("L") .094 | Point Length .080"
' Tip Bevel Length .036" Tip Bevel Length .040"
35° 35° 10° 10° 341.5 gm.f
30° 30° 10° 10° 338.1 gm.f
22° 22° 10° 16° 344.5 gm.f
22° 22° 13° 16° 359.0gm.f
15 The formation of a multi-beveled tip as described herein results in a bevel face 40 which

is more continuous, free of abrupt intercepts or transitions. . Absent abrupt intercepts or
transitions, the likelihood that a portion of the bevel face will catch the skin or flesh or a
patient is reduced, and the effective outside diameter of the needle point will be reduced, all
. meaning that needle penetration forces will be lessened. . -
- 20 It will be appreciated and understood by those skilled in the art that further and
' additional forms of the invention may be devised without departing from the spirit and scope of
-, the appended claims, the invention not being limited to the specific embodiments shown.
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said primary bevel and one of said pair of tip bevels, wherein each of said pair of tip bevels
meets a respective middle bevel at an intersection line, wherein respective of angles defined
between said central axis and a reference plane, said primary bevel is provided on said cannula
at a first planar angle, said pair of middle bevels are provided on said cannula at a second
planar angle, and said pair of tip bevels are provided on said cannula at a third planar angle,
and wherein respective of an angle of rotation about said central axis, said primary bevel is
provided at a first rotational angle, said pair of middle bevels are each provided at a second
rotational angle, and said pair of tip bevels are each provided at a third rotational angle,
wherein said first and second planar angles are substantially equal.

2. The needle of Claim 1, wherein said first and second planar angles are in the
range of 9 degrees plus or minus 1 degree.

3. The needle of Claim 1, wherein said third planar angle is in the range of 15
degrees plus or minus 2 degrees. '

4. The needle of Claim 1, wherein said second rotational angle is in the range of
18.5 degrees plus or minus 5 degrees.

K 5. The needle of Claim 1, wherein said third rotational angle is in the range of 23
degrees plus or minus 5 degrees.

6. The needle of Claim 1 wherein said second and third rotational angles are 22
degrees.

7. The needle of Claim 1, wherein said cannula is formed from a metallic material.

8. A method for forming a needle having a multi-beveled point, said needle having

a cannula with a lumen and a central axis therethrough, said multi-beveled point provided at
one end of the cannula, comprising the following steps:
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wherein said cannula is formed froma netallic material. -

positioning said cannula at a first planar angle measured between said central axis and a
reference plane;

forming a primary bevel at said first planar angle, said primary bevel positioned at a
first rotational angle respective of the central axis;

rotating said cannula in a first direction about said central axis to a second rotational
angle respective of the first rotational angle of said primary bevel,

forming a first middle bevel at said second rotational angle; ‘

rotating said cannula about said central axis, in a second direction opposite to said first
direction, to a third rotational angle respective of said first rotational angle, said third rotational
angle substantially equal to said second rotational angle;

forming a second middle bevel at said third rotational angle;

positioning said cannula at a second planar angle measured between said central axis
and said reference plane; -

rotating said cannula in said first direction about said central axis to a fourth rotational
angle respective of the first rotational angle of said primary bevel;

forming a first tip bevel at said fourth rotational angle;

rotating said cannula about said central axis in said second direction to a fifth rotational

' angle respective of the first rotational angle of said primary bevel, said fifth rotational angle

substantially equal to said fourth rotational angle; and

forming a second tip bevel at said fifth rotational angle.

9. The method of Claim 8, wherein said steps of forming said first and second
middle bevels are performed before the steps of forming said first and second tip bevels.

- 10.  The method of Claim 8, wherein said steps of forming said first and second tip
bevels are performed before the steps of forming said first and second middle bevels.

11. A method for forming a needle having a multi-beveled point, said needle having
2 cannula with a lumen and a central axis therethrough, said multi-beveled point provided at
one end of the cannula, comprising the following steps: . '

positioning said cannula at a first planar angle measured between said central axis and a

- reference plane to establish a starting position;'

rotating said cannula, while at said first planar angle, in a first direction about said
central axis to a first rotational angle;

forming a first middle bevel;
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positioning said cannula, while in said first rotational angle, at a second planar angle
measured between said central axis and said reference plane;

forming a first tip bevel;

. positioning said cannula at said first planar angle;

rotating said cannula about said central axis, in a second direction opposite to said first
direction, to a second rotational angle substantially equal to said first rotational angle;

forming a second middle bevel,

positioning said cannula, while in said second rotational angle, to said second planar
angle; ‘

forming a second tip bevel,

rotating said cannula in said first direction about said central axis to said standard
position; and

forming a primary bevel.

12.  The method of Claim 11, wherein said first planar angle is about 9 degrees.

13.  The method of Claim 11, wherein said second planar angle is about 14.5
- degrees.

14.  The method of Claim 11, wherein said first rotational angle is about 20 degrees.

15. The method of Claim 11, wherein said second rotational angle is about 20
degrees. '



positioning said cannula at a first planar angle neasu ety @ |
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prinary %%dtment the multi-beveled point features a primary bevel, a pair of tip bevels, and a pair of
middle bevels each intermediate the primary bevel and a respective one of the tip bevels. The
primary and middle bevels are provided at angles of inclination, measured between the central
axis and a reference plane that are substantially identical. The tip bevels are formed at an angle
. of inclination respective to the central axis which is not equal to the angle of inclination at
which the primary and middle bevels are formed. The resulting five-beveled point geometry
contributes to a more continuous bevel face free of abrupt intercepts or transitions between the
respective bevel faces, lessening the penetra'tion force required to urge the needle point
through skin, flesh, or other material.

Figure 1
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positioning said cannula, while in said first rotational angle, at a second
pl anar angl e neasured between said central axis and said _reference plane;
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A FIVE BEVELED POINT GEOMETRY FOR A HYPODERMIC NEEDLE

L Field of the Invention.

The invention relates to a point geometry for a hypodermic needle, and more
particularly, to a five beveled point geometry for a hypodermic needle for a reducing needle
penetration force.

IL Background.
A hypodermic needle is typically formed from an elongate tube or cannula having a

fluid-conducting lumen and characterized by a central axis. The proximal end of the
hypodermic needle is typically configured for mating to, or is otherwise affixed to, a fluid
delivery device such as a hypodermic syringe. The distal end of the hypodermic needle is
typically provided with a pointed tip geometry for piercing elastomeric septums and/or a
patient's flesh or tissue so as to deliver the medicament held in the syringe. The practitioner
may also employ the hypodermic needle for aspirating fluids held in a vessel such as a vial.
This use often entails a practitioner inserting the pointed tip of the needle through a rubber or
elastomeric-type seal associated with the vessel so that the practitioner can access the fluid
contained within the vessel.

Various considerations merit address when designing the pointed tip of the hypodermic
needle. For instance, one would like to minimize the needle ﬁenetration force necessary for
urging the pointed tip of the needle through the skin and flesh structure of the patient. It is
generally recognized that by reducing needle penetration force, the patient will experience less
pain, making the injection more comfortable. Another consideration in designing point
geometry is to prevent or otherwise minimize "coring". Coring, as the skilled artisan will
appreciate, results when a portion of a material through which the needle has penetrated
becomes lodged in the lumen adjacent the pointed tip.



