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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 

I. 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 

15 penetration force. 

tt'- Background. 

: · A hypodermic needle is typically formed from an elongate tube or cannula having a 

tl~id-conducting lumen and characterized by a central axis. The proximal end of the 

20 h~odermic needle is typically configured for mating to, or is otherwise affixed to, a fluid 

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

1Yl?ically provided with a pointed tip geometry for piercing elastomeric septums and/or a 

pa~ient's flesh or tissue so as to deliver the medicament held in the syringe. The practitioner 

ma~ also employ the hypodermic needle for aspirating fluids held in a vessel such as a vial. 
C· 

25 Thi~ use often entails a practitioner inserting the pointed tip of the needle through a rubber or 

eliui~omeric-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 

nee4le. :~or instance, one would like to minimize the needle penetration force necessary for 

30 urgi~g the pointed tip of the needle through the skin and fl~sh 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 

apprepiate, results when a portion of a material through which the needle has penetrated 

35 beco~es lodged in the lumen adjacent the pointed tip. 
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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 

5 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 

I 0 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 

by a pati~nt. Such a needle point geometry is disclosed herein . . . . ,. .. 

m. Summarv 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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transitions would be to approximate, from a series of bevels forming the point, a more 

continuous, unitary bevel face. The resulting continuous bevel point would require less 

penetration force to enter a patient's flesh. By reducing penetration forces, it is believed that 

the patient may experience less pain. 

Accordingly, the invention relates to a multi-beveled needle point reducing the heights 

of the intercepts created between merging bevels that results in a more continuous 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 multi-beveled needle point preferably 

I 0 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 1n 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 Drawings. 

The invention will now be described in more detail by way of with reference to the 

30 appended drawings, wherein: 

Figure I 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; 

r·---........ 
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Figure 4 is a frontal view of the multi-beveled needle tip of Figure I, depicting 

rotational angles about the central axis of the cannula for forming the middle bevels and tip 

bevels; 

Figure 5 is a second side view of a multi-beveled needle tip in accordance with the 

S present invention, depicting the cannula rotated about the central axis at a first rotational angle 

and inclined at a first planar angle with respect to 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 

I 0 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 I 0 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. 

¥ulti-beveled point 20 is characterized by a length "L" and is formed through a 

pluralify df 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 

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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Primary bevel 30, middle bevels 32a, 32b and tip bevels 34a, 34b are formed or 

otherwise provided on cannula 10 by inclining and/or rotating cannula I 0 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 

5 hypodermic needle 10 by inclining central axis 18 of hypodermic needle at an angle 300 

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 by a 

I 0 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 

15 the embodiment depicted herein, each of middle bevels 32a, 32b are formed or otherwise 

provided on hypodermic needle l 0 by inclining central axis 18 of the hypodermic needle at an 

angle 320 relative to the reference plane SO, 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 l 0 by inclining the central axis 18 of hypodermic needle 10 at 

20 an angle 340 relative to reference plane SO, and by rotating the hypodermic needle about 

central axis 18 at a rotational angle 341'.. 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 

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 aehieved by forming primary bevel 30 and each of middle 

bevels 32a, 32b at angles of inclination 300 and 320 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 300 and 320, respective to imaginary plane 50, in a 

range of about 9 degrees("0
") plus or minus 1°. For purposes of simplicity, the transition 

demarcating primary 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 32.Q for the middle 

35 bevels from angle of inclination 30.Q for the primary bevel, transition 31 demarcating primary 

bevel 30 from middle bevels 32a, 32b will be more rounded and less pronounced, contributing 

s 
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to a smoother, more continuous bevel face 40. Subsequent to formation of primary bevel 30, 

the hypodermic needle is rotated about the central axis 18 in both the clockwise and 

counterclockwise directions at rotational angle 32A. to form middle bevels 32a, 32b. It has 

been found by the applicants 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 340 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 340 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 3 8a 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 

lubricat~d 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 

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 

6 
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hypodennic needle can be first inclined to angle 300 for fonnation of the primary bevel. 

Thereafter, the central axis of the hypodennic needle can be inclined to angle 340, and 

thereafter rotated about central axis 18 to angles of rotation 34A., for formation of the tip 

bevels. Thereafter, central axis of hypodermic needle 10 can be re-inclined to angle 3 20, and 

5 rotated about central axis 18 to angles 32A., for fonnation of the middle bevels. It will be 

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 IO was inclined at an angle of about 14.5 

degrees respective of the grinding wheel for an initial "hog-ofr' 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 320 of about 9 degrees, and thereafter rotated 

right around central axis 18 to an angle 32.A. 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 340 of about 14.5 degrees and left-side 

tip bevel 34a was ground (note that angle of rotation 34A. is the same 20 degree angle 

established for angle of rotation 32.A.). After the left side middle and tip bevels were ground, 

central axis 18 <?f the needle cannula was repositioned to the angle of inclination 3 20 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, 

maintaiajng central axis 18 of the needle in its rotational position, the central axis was inclined 

to an ~8Je of inclination 340 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 300 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 

7 
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polydimethylsiloxane. Various angles of rotation 32A, 34A and angles of inclination 300, 320 

and 340 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: 

TABLE I 

26G 5-Bevel Needles 
10 All needles lubed with polydimethylsiloxane 

15 

20 

Rubber Vial Penetration Forces in Gram Force 
(Average HYPAK Brand Needle Control Force= 468.Sgmt) 

A I fR A I Of I r D2'le o otat1on n2'. e nc mat1on 

32A 34A 300, 320 340 Point Length ("L") .094 Point Length .080" 

Tip Bevel Lenm:h .036" Tip Bevel Length .040" 

35° 35° 10° 100 341.5 gm.f 

30° 30° 10° 10° 338.1 gm.f 

22° 22° 100 16° 344.5 gm.f 

22° 22° 13° 16° 359.0gm.f 

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. 

It will be appreciated and understood by those skilled in the art that further and 

additionklforms 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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VI. Claims. 

I. 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 intennediate 

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 I degree. 

20 3. The needle of Claim I, wherein said third planar angle is in the range of I 5 

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 

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

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

30 degrees. 

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

8. A method for fonning a 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: 

9 
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positioning said cannula at a first planar angle measured between said central ax.is 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 ax.is; 

5 rotating said cannula in a first direction about said central ax.is 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 ax.is, 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 ax.is 

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; 

20 

25 

forming a first tip bevel at said fourth rotational angle; 

rotating said cannula about said central ax.is 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 ~~e 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 

a cannula with a lumen and a central ax.is 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 ax.is 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 ax.is to a first rotational angle; 

35 forming a first middle bevel; 

10 
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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; 

5 rotating said cannula about said central axis, in a second direction opposite to said first 

10 

15 

20 

25 

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 ts 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. 

··-. ·~ .. 

This Sheet Has Been R 

111111111111111111111Jir 
11 


