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the locking mechanisms.

The present invention is directed toward a locking mechanism for aiding in the prevention of accidental or unintentional disengagement
of the nozzle assembly from a needleless injection device. In one embodiment of the locking mechanism, a stud positioned on the nozzle
assembly engages a recess in the injector to help to deter the nozzle assembly from rotating during firing of the injector. In another
embodiment of the locking mechanism, a nib on the nozzle assembly engages a recess in the injector to deter the nozzle assembly from
rotating during firing of the injector. A retaining element may be utilized within the injector to

provide the recesses for engagement with
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LOCKING MECHANISM FOR NOZZLE ASSEMBLY

Field of the TAVehtion
The present invention generally relates to a nozzle
assembly for a needleless fluid injection apparatus. | More
particularly, the present invention relates to a locking
mechanism to aid in the prevention of accidental disengagement
of the nozzle assembly from the injection apparatus and to a
plunger for use in a nozzle assembly.

Background of the Invention

Needleless hypodermic injection devices have been known and
used in the past. These devices typically use spring or
compressed gas driven plungers to accelerate a fluid at a
velocity sufficient to pierce the skin and enter the underlying
tissues.

Since at least the 1980s, the use of needleless injectors
has become more desirable due to concerns over the spread of
AIDS, hepatitis and other viral diseases caused by the
possibility of accidental needle "sticks" from the conventional
syringe and needle. Needleless injectors remove apprehensions
of health care workers and are superior in eliminating
accidental disease transmission.

A number of different needleless injectors are known
including U.S. Patent Nos. 5,062,830 to Dunlap, 4,790,824 to.
Morrow et al., 4,623,332 to Lindmayer et al., 4,421,508 to
Cohen, 4,089,334 to Schwebel et al., 3,688,765 to Gasaway,
3,115,133 to Morando, 2,816,543 to Venditty, et al., and
2,754,818 to Scherer. These injectors typically include a
nozzle assembly, which includes a medication holding chamber and
a plunger. The chamber has an orifice through which a jet of
medication is forced out of the chamber using the plunger
actuated by a piston which is typically connected to some type
of energy source.

Due to the high velocity of the jet and/or the high
pressure of the energy source created by the typical needleless
injector, it has been found that nozzle assemblies have a
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tendency to disengage during firing of the energy source. This
can result in the creation of a dangerous situation,
particularly if the nozzle assembly acts as a projectile. The
tendency for this to occur has been found to be more pronounced
with bayonet mounted nozzle assemblies, as shown in U.S. Patent
Application No. 08/369,812 to Lilley et al. However, this
problem may also exist with conventional screw-type mounts.
Thus, there is a need for a locking mechanism which will deter
the nozzle assembly from unexpectedly releasing from the
injector body.

Nozzle assemblies for injectors typically include a plunger
installed inside of the internal chamber of the nozzle assembly
for moving the medicament from the nozzle assembly. After
expelling the medicament, it is desirable to remove the nozzle
assembly from the injector for either sterilization or disposal.

A problem associated with nozzle assemblies is the tendency
for the plunger to remain attached to the piston of the injector
after the energy source has fired. Thus, when either a
disposable or reusable nozzle assembly is removed from the
injection apparatus, the plunger may remain connected to the
piston. In order to avoid possible contamination, the plunger
must be removed from the injector for either disposal or re-
sterilization. It is often difficult to remove these plungers
and sometimes necessary to destroy them in the process of
removing them. It is, therefore, desirable to provide a plunger
which will allow easy removal from the injection apparatus and
which may be removable with the nozzle assembly.

Summary of the Invention

Accordingly, the present invention relates to a nozzle
assembly for use with an injector. The nozzle assembly
includes a tubular body with a tip end, a tail end, and an
internal chamber defined between the two ends. The tip end
is for positioning against an injection site. The tail end
is for connecting to an injector. The internal chamber holds
medicament and includes an orifice at the tip end for
expelling the medicament out of the chamber. The nozzle
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assembly also includes a connecting means such as threads or
teeth. The connecting means are disposed around the
circumference of the tubular body and are used to engage the
nozzle assembly with the injector. The nozzle assembly also
includes a means for locking the tubular body into the
injector. This locking means includes at least one recess in
the injector, and at least one protrusion position on an
external surface of the tubular body. The protrusion is
configured to engage the recess.

The connecting means may be centrally located on the
tubular body and the protrusion may be positioned between the
connecting means and the tail end of the nozzle assembly.

The connecting means may be teeth which are partially
surrounding the circumference of the body in the form of rib
segments. The injector may include grooves for mating with
the teeth of the nozzle assembly. The teeth may also be in
the form of a partial helix, surrounding a partial
circumference of the tubular body.

The nozzle assembly may also include a retaining element
having the recess for engagement by the protrusion. The
retaining element has a first end for accepting the nozzle
assembly, and a second end opposite the first end forming a
wall with an opening. The retaining element is a cylindrical
ring with an internal diameter at least equal to or greater
than the external diameter of the nozzle assembly tubular
body. The retaining element is retained within the interior
of the injector.

The recess may be an L-shaped slot having a first and
second elongated opening for accepting the protrusion of the
nozzle assembly. The first opening of the L-shaped slot may
extend axially from the first end of the retaining element,
partially along the length of the retaining element. The
second opening of the L-shaped slot may extend helically and
partially around the circumference of the retaining element
from the first opening. The second opening includes a detent
for receiving the protrusion. The detent is preferably sized
so that the user receives positive tactile feedback when the

3 -
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protrusion enters the detent. When the protrusion enters the
detent, the tubular body is in a locked position. The second
opening is at an angle which is substantially equal to the
helical angle of the teeth of the connecting means so that
when the nozzle assembly is inserted into and turned in the
retaining element, the protrusion travels axially at the same
rate as the teeth.

The protrusion may extend longitudinally from the tail
end of the tubular body. When the protrusion extends
longitudinally, the recess in the injector may be located in
the wall of the retaining element. The protrusion may be
sized so that the user receives positive tactile feedback
when the protrusion enters the recess. A slot may be
positioned in the tubular body adjacent the protrusion
extending partially transversely at the tail end of the
nozzle assembly. This slot allows for depression of the
protrusion as the nozzle assembly is rotated before the
protrusion enters the recess. When the protrusion is
positioned in the recess, the tubular body is in a locked
position.

The present invention also relates to an indicating
means for aligning the tubular body locking means with the
injector, both prior to insertion and after the tubular body
has been rotated into a final position. The indicating means
indicates to the user that the nozzle assembly is properly
aligned with the injector.

The indicating means may include a first and third
marking which are positioned on the tubular body. A second
marking may be positioned on the exterior of the injector.
The first marking aligns with the second marking when the
tubular body is inserted longitudinally into the injector.
The third marking aligns with the second marking after the
tubular body has been inserted longitudinally and rotated
into a locked position.

The present invention also relates to a nozzle assembly
with a tubular body and a connecting means. The connecting
means is disposed around the circumference of the tubular

- 4 -
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body for engaging with the injector. The connecting means
includes a plurality. of teeth which at least partially
surround the circumference of the tubular body to define rib
segments. At least one of the rib segments is configured
differently than the other rib segments for insuring proper
positioning of the nozzle assembly in the injector.

The differently configured rib segment may have a wider
cross-section than the other rib segments. A groove is
provided in the injector which is configured and dimensioned
for receiving the wider rib segment. The differently
configured rib segment may be longer than the other rib
segments. A portion of the injector is configured and
dimensioned to interfere with the longer rib segment to deter

improper insertion of the nozzle assembly into the injector.

Brief Description of the Drawings

Preferred features of the present invention are
disclosed in the accompanying drawings, wherein similar
reference characters denote similar elements throughout the
several views, and wherein:

Fig. 1 is an elevated side view of an injector nozzle
incorporating the locking features of the present invention;

Fig. 2 is a perspective view of a retaining element for
use with an injector nozzle which incorporates the locking
feature of the present invention;

Fig. 3 is a cross-sectional side view of an injector
body including a retaining element for receiving a nozzle
incorporating the locking features of the present invention;

Fig. 4 is an elevated top view of an injector nozzle
incorporating the locking features of the present invention;

Fig. 5 is a cross-sectional side view of the injector
nozzle shown in Fig. 1;

Fig. 6 is an end view of the tip of the injector nozzle
showing the indicating tabs on either side;

Fig. 7 is an exploded cross-sectional view of the

bayonet mounts of the nozzle assembly;
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Fig. 8 is an elevated top view of the retaining element
of the present invention shown in Fig. 2;

Fig. 9 is an elevated side view of the retaining element
shown in Fig. 2;

l Fig. 10 is a cross-sectional view of the retaining
element taken along plane 10-10 as shown in Fig. 8;

Fig. 11 is a cross-sectional view of the retaining
element taken along plane 11-11 as shown in Fig. 8;

Fig. 12 is a partial cross-sectional view of one
embodiment the plunger of the present invention;

Fig. 13 is a cross-sectional view of one of the prongs
on the plunger of Fig. 12;

Fig. 14 is a proximal end view of the plunger shown in
Fig. 12;

Fig. 15 is a cross-sectional view of the plunger at area
15-15 as shown in Fig. 12;

Fig. 16 is a cross-sectional view of the plunger
installed in the internal chamber of the nozzle assembly
after the injector has been fired and the piston of the
injector has been withdrawn;

Fig. 17 is a partial cross-sectional view of another
embodiment of the plunger of the present invention;

Fig. 18 is a cross-sectional view of one of the prongs
on the plunger of Fig. 17;

Fig. 19 is a proximal end view of the plunger shown in
Fig. 17; »

Fig. 20 is a cross-sectional view of the plunger at area
20-20 as shown in Fig. 17;

Fig. 21 is a cross-sectional view of the plunger of Fig.
17 installed in the internal chamber of the nozzle assembly
prior to loading the chamber with medicament;

Fig. 22A is a cross-sectional view of the plunger of
Fig. 17 installed in the internal chamber of the nozzle
assembly after the injector has been fired;

Fig. 22B is a cross-sectional view of the plunger of
Fig. 17 installed in the internal chamber of the nozzle
assembly after the injector has been fired, the nozzle
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assembly has been rotated out of locked position and the
piston of the injector is about to be withdrawn; and

Fig. 23 is an exploded view of area 23-23 from Fig. 22
of the proximal end of one of the legs of the plunger in
mating arrangement with the internal chamber of the nozzle
assembly as the piston of the injector is being withdrawn.

Detailed Description of the Preferred Embodiments

The exterior of a nozzle assembly 10 is shown in Fig. 1
with several embodiments of the locking mechanism of the
present invention installed thereon. A retaining element 20,
or retaining ring, is shown in Fig. 2. The present invention
utilizes a nozzle assembly 10 incorporating a locking
mechanism in conjunction with a retaining element 20 in an
injector 30. This combination will deter unexpected
disengagement of the nozzle assembly 10 from the injector 30.

An injector 30 is shown in Fig. 3 with the retaining
element 20 disposed inside of injector 30 near the distal end
thereof. The nozzle assembly 10 is typically installed in a
distal end of injector 30. The injector 30 is shown for
illustration purposes only since the present invention is not
intended to teach one of ordinary skill in the art how to
make an injector. For this purpose, U.S. Patent Application
No. 08/369,812 to Lilley et al. may be utilized for an
injector with a gas spring energy source, the contents of
which is incorporated herein by reference. It should be
noted that any type of injector may be utilized with the
locking mechanism of the present invention. Further, any
type of energy source may be utilized with the present
invention, such as a gas spring, coil spring, or compressed
gas. Also, the nozzle assemblies contemplated for use with
this invention may be either disposable or reusable.

As used in this application, the terms distal or front
shall designate the end or direction toward the nozzle
assembly 10 of the injector 30. The terms proximal or rear
shall designate the end or direction toward the power unit
32. The term longitudinal designates an axis X -~ X

- 7 -
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connecting nozzle assembly 10 to power unit 32, and the term
transverse designates a direction substantially perpendicular
to the longitudinal direction including arcs along the
surface of injector 30.

Referring again to Fig. 1, a nozzle assembly of the
present invention is depicted. Nozzle assembly 10 has a
tubular body and includes a tip 12 at the distal end and a
tail 14 at the proximal end. The nozzle assembly 10 also
includes a plurality of threads 16 disposed on the body of
the nozzle assembly 10 between the tip 12 and tail 14 and a
transition portion 18 located between the threads 16 and the
tip 12.

The threads 16 are preferably in a partial helix pattern
around the circumference of the nozzle assembly tubular body
10. Threads 16, when in the partial helix pattern, form rib
segments 16. The rib segments 16 are preferably canted at an
angle g which preferably ranges from about 0° to 7° with a
range of 0° to 3° being most preferred, as shown in Fig. 1.
Angle B8 is measured from a plane drawn perpendicular to the
longitudinal axis X - X of nozzle assembly 10. Rib segments
16 are spaced apart relative to each other and are preferably
at a predetermined pitch. Pitch determines the rate of axial
travel of the nozzle assembly when the rib segments are
rotated by defining the spacing between the rib segments 16.
Pitch is preferably about .08 inches per thread, but can vary
over a range of about .04 to .2 inches per thread. It has
been found that the nozzle assembly is more likely to
disengage or unscrew when pitch and angle 8 is larger, such
as at a 7° angle and a 0.1 inches per thread pitch. Thus, a
larger f and pitch results in a greater likelihood of
disengagement.

The tail 14 is for insertion into a distal end 34 of an
injector 30. When the tail 14 is inserted into the injector
body 30, the rib segments 16 are received by corresponding
grooves 36 in the interior of the injector 30 so that the rib
segments 16 and tail 14 of the nozzle assembly 10 are housed
within the injector after insertion and rotation. When the
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ribs have been inserted and rotated properly, they are then
in their final position.

The rib segments 16, as shown in Fig. 1, are of the
bayonet mount type. Conventional screw type threads may also
be used. When the tail 14 and rib segments 16 are inserted
into the injector 30, the nozzle assembly 10 is rotated in
order to engage the bayonet mount rib segments 16 with the
grooves 36 in the interior of the injector 30. The
transition portion 18, being of a larger diameter than the
rib segments 16 and tail 14, then rests at the distal end of
the injector 30.

Referring to Figs 1, 4, and 7, the preferred rib
segments 16 for connecting to the injector 30 are of the
quarter turn variety, meaning they are positioned about
substantially 1/4 of the circumference of the body on one
side and about 1/4 of the circumference of the body on the
opposite side. It is preferred that the lead or proximal-
most thread 17 be wider in cross-section than the other
threads. It is also preferred that the remaining rib
segments 16 be of the same cross-sectional width, although
this is not required. Tooth 17 is wider than the remaining
teeth in order to insure that nozzle assembly 10 is fully
inserted into the injector 30 prior to being rotated into
locked position. Since the grooves 36 in injector 30 are
preferably sized to receive rib segments 16, the proximal-
most groove for receiving rib segments 16 is preferably wider
than the other grooves. Thus, unless the nozzle assembly 10
is fully inserted into injector 30, it is difficult, if not
impossible, to rotate the nozzle assembly 10 into a locked
position.

In addition, the distal-most thread 19 is preferably a
half-thread. By half-thread it is meant that the thread 19
is positioned about substantially 1/2 the circumference of
the nozzle assembly 10. This thread 19 interferes with the
distal-most ridge 21 associated with grooves 36. Since
grooves 36 are preferably disposed on opposite internal sides
of injector 30, the half thread 19 is not able to pass by

- 9 -



10

15

20

25

30

35

WO 98/30253 PCT/US97/23855

ridge 21. 1In this manner, nozzle assembly 10 is deterred
from being inserted too far into the distal end of injector
30. The combination of wide tooth 17 and long tooth 19 helps
to insure the nozzle assembly 10 is properly positioned into
injector 30 prior to firing.

Further, as shown in Fig. 7, it has been found that the
cross-sectional dimension of rib segments 16 is important,
although not critical, to the present invention. The
preferred type of teeth 16 for the bayonet mount are
typically referred to as buttress threads. These threads are
preferred where the threads are required to receive a large
longitudinal load. Buttress-type threads also help to deter
the rib segments 16 from twisting when under load. As shown
in Fig. 7, the buttress threads 16 preferably have a distal
edge which is preferably substantially perpendicular to the
longitudinal axis X-X (Fig. 5), a flat top which is
substantially parallel to the longitudinal axis X-X, and an
angled proximal edge. The slope of distal edge is preferably
within about 10° of the perpendicular. The angled proximal
edge is preferably 29°, as measured from the plane of the
flat top surface, but can preferably vary over a range of
about 20 to 40°.

As depicted in Figs. 1, 4, and 5, nozzle assembly 10 has
an elongated body defining a chamber 40 which communicates
with an orifice 42 at the distal end of the nozzle assembly
10. Fluid such as liquid medicament can pass into the
chamber 40 through orifice 42. Also fluid can pass out of
the orifice 42 during the injection process. The body of the
nozzle assembly 10 is generally cylindrical and, at its
distal end, has a conical tip 44 with the orifice 42
positioned centrally in the tip 44 preferably along the
longitudinal axis X - X of nozzle assembly 10. A cylindrical
collar 46 extends proximally from the rear end of conical tip
42. Following the collar 46 in the proximal direction is the
transition portion 18, which may be utilized to connect the
nozzle assembly 10 to an adapter (not shown), a cap (not
shown), or any other device which is desirable to attach to

- 10 -~
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the tip end of a nozzle assembly. Transition portion 18
preferably includes a plurality of depressions 48 which are
configured and dimensioned for engaging with another device,
of the type discussed above. The transition portion 18 also
preferably includes an indicating tab 50 which extends
outwardly on either side of the transition portion 18.
Indicating tab 50 will be discussed more fully below.

The depressions 48 on the transition portion 18 may be
of any type which will allow connection of the nozzle
assembly 10 to another device. Following the transition
portion 18 in the proximal direction are the rib segments 16
which are followed by the tail portion 14. The tail portion
14 includes the locking mechanisms of the present invention.

It has been found that, because of the high velocity jet
created when the injector 30 is fired, the nozzle assembly 10
has-a tendency to disengage by unscrewing during firing.

This effect is more pronounced when bayonet mounts, as shown
in Figs. 1 and 4, are used, but can also be found to exist
where conventional screw type mounts are used. It is
desirable to have a mechanism for inhibiting or locking the
injector in order to avoid unintentional or accidental
disengagement of the nozzle assembly. The present invention
is directed to several mechanisms for locking the nozzle
assembly in place during firing.

A first embodiment of the locking mechanism is found in
the use of a stud 52 which protrudes from the external
circumference of the tail portion 14 of the nozzle assembly
10. Two studs 52, as shown in Fig. 5, arelpreferred,
although a single stud 52 may be used effectively. The two
studs are preferably positioned on opposite sides of the tail
14. When the tail 14 is inserted into the injector 30, the
stud 52 engages in a recess 54 in the interior of the
injector 30. This recess 54 may be provided by the retaining
element 20, as will be discussed in greater detail below.

It is preferred that, when the tail 14 and rib segments
16 are inserted into the injector 30 and rotated to turn the
rib segments 16 into the grooves 36, the stud 52 is allowed

- 11 -
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to travel in the recess 54 until it reaches a final locked
position 56. The stud 52 preferably travels axially at the
same rate as the rib segments 16. When the stud 52 has
traveled to the final locked position 56, the nozzle assembly
10 has been entirely screwed into the injector 30. As the
stud 52 reaches the final locked position, the user
preferably receives positive feedback that the nozzle
assembly 10 has been locked in. This positive feedback may
be a clicking noise or tactile feedback. Upon reaching the
locked position, the user also preferably realizes a decrease
in resistance, thereby knowing that they have reached the
correct and final locked position 56.

A second embodiment of the locking mechanism is found in
the use of nibs or protrusions 58 which extend proximally and
longitudinally from the tail 14 of the nozzle assembly 10.
While two nibs 58 are preferred, one may be used effectively.

- The nibs 58 are preferably positioned on opposite sides of

20

25

30

35

the tail 14, as shown in Fig. 4. Most preferably, the nibs
58 are positioned at 0° and 180° while the studs 52 are
positioned at 90° and 270°. When the tail 14 is inserted
into the injector 30, the nibs 58 engage in recesses 60 in
the interior of the injector 30. The recesses 60 may be
provided in the retaining element 20 which is disposed within
the injector 30 interior.

It is preferred that, when the tail 14 and rib segments
16 are inserted into the injector 30 and rotated to turn the
rib segments 16 into the grooves 36, the nibs 58 are slightly
depressible and travel along an internal surface of the
injector 30 until they engage the recess 60.

A transverse slot 64 is preferably positioned adjacent
the nibs 58. This slot 64 allows the nibs 58 to exhibit
deformable characteristics. If plastic or a similar softer
material is utilized for the nozzle assembly body, it is
possible to use the nib 58 without the slot 64. However, in
order to allow the nibs 58 to flex inwardly, it is desirable
to provide the slots 64 next to the nibs in order to allow
the nibs 58 to flex slightly inwardly until they reach the

- 12 -
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recess 60. The nibs 58 reach the final locked position when
they enter the recess 60. When the nibs 58 reach the recess
60, the nozzle assembly 10 has been entirely screwed into the
injector 30. As the nibs 58 reach the final locked position
60, the user preferably receives positive feedback that the
nozzle assembly 10 has been locked in. This positive
feedback may be a clicking noise or tactile feedback. Upon
reaching the locked position, the user also preferably
realizes a decrease in resistance, thereby knowing that the
correct and final locked position has been reached. The nibs
58 are preferably rounded, which aids in their travel within
the injector 30 prior to reaching the final locked position.

Both the nibs 58 and studs 52 exhibit sufficient
deformable characteristics to allow the nozzle assembly 10 to
be unscrewed from the injector 3o0.

According to a preferred embodiment of the present
invention, the nozzle assembly 10 discussed above is formed
integrally of metal and preferably stainless steel. This
type of nozzle assembly 10 is generally reusable. Another
preferred embodiment of the nozzle assembly 10 is formed
integrally of plastic. This type of nozzle assembly 10 is
generally disposable. Other materials can also be used to
construct the nozzle assembly 10. A preferred plastic is a
polycarbonate such as Makrolon, manufactured by Bayer.

Another feature of the present invention is the use of
indicating means for properly positioning the nozzle assembly
10 in the injector 30. The nozzle assembly 10 may preferably
include two different indicators 50, 66, although it is
anticipated that one indicator can be used without the other.
The injector 30 should preferably also include another
indicator 68 which is used in conjunction with the indicators
50, 66 on the nozzle assembly 10 to properly align the nozzle
assembly 10. The indicator 68 on the injector 30 is located
along the rim 70 of the injector 30 at the distal end. This
indicator 68 may be an outwardly extending tab or protrusion,
but is preferably a marking, such as a darkened line or
square, as shown in Fig. 3 in phantom. The indicator 68 on



10

15

20

25

30

35

WO 98/30253 PCT/US97/23855

the injector 30 works in conjunction with the indicators 50,
66 on the nozzle assembly 10. These indicators 50, 66, 68
are useful because nozzle assemblies are routinely removed
from the body of the injector 30. By providing indicators,
the nozzle assembly 10 can be easily aligned for proper
insertion into the injector.

There are two types of indicators provided on the nozzle
assembly 10. The first indicator 66 may be disposed on one
side of the circumference of the tail section 14 or
preferably on two sides. This indicator may be etched into
the nozzle assembly tail 14 or molded into the tail 14 as a
raised indicator 66. The indicator 66 shown in Fig. 1 is in
the form of an "A", but may be any other type of indicating
marking such as a dot.

The second indicator 50, as discussed above, is
preferably located on the transition portioﬁ 18 and is
disposed at the proximal edge of the transition portion 18.
This indicator 50 preferably extends outwardly from the
transition portion 18. As shown in Fig. 6, two second
indicators 50 are preferred, although one may be used. The
second indicator 50 is preferably a tab which extends
outwardly from the side of the transition portion 18.

The first indicators 66 are preferably positioned at the
same rotational angle as the nibs 58 and the second
indicators 50 are preferably positioned at the same
rotational angle as the studs 52. Thus, the first indicators
66 are preferably positioned at 0° and 180° and the second
indicators 50 are positioned at 90° and 270°. However, the
spacing of the indicators is determined by the difference in
position between the engagement or entry point of the nozzle
assembly into the injector and the locking point. Thus, the
indicating means can be used independently of a locking
means, such as the stud and recess. For instance, an
indicating means could be used to show the user how to insert
a nozzle assembly having bayonet mount teeth into the
injector and, after rotation of the nozzle assembly, can be
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used to indicate that the nozzle assembly has been fully
rotated.

In operation, the first indicator 66 is preferably
aligned with the injector indicator 68 and the nozzle
assembly 10 is inserted into the injector 30. Then the
nozzle assembly 10 is rotated in order to engage the rib
segments 16 with the grooves 36 and the locking mechanisms
52, 58 with the recesses 54, 60. When the nozzle assembly 10
has been entirely screwed in such that the locking mechanisms
52, 58 engage the recesses 54, 60, the second indicators 50
will align with the injector indicators 68 to indicate to the
user that the nozzle assembly 10 has been properly installed
on the injector 30.

As discussed above, a retaining element 20 may be used
in the injector 30 to work in conjunction with the locking
mechanisms 52, 58. A retaining element 20 is desirable
because it can be made of a metal, such as stainless steel,
while the injector 30 may be made of a softer material such
as plastic. A metal retaining element provides the locking
mechanisms with a strong surface against which they abut. As
such, this provides better protection from unexpected
disengagement. A metal retaining element is less likely to
fail than a conventional plastic injector body. The metal
retaining element is also useful because it can be readily
inserted into an injector 30 with a limited amount of
modification to the injector 30. The retaining element 20 is
shown in perspective in Fig. 2. and in elevated views in
Figs. 8 and 9.

The retaining element 20 is preferably a cylindrical
body having a distal end 22 and a proximal end 24. As shown
in Fig. 3, the retaining element 20 is preferably secured
near the distal end of the injector body. The retaining
element 20 may be secured within the injector 30 by
positioning it behind an annular ridge 26 within the interior
of the injector 30. The power unit 32 is then located
proximally from the retaining element 20. The nozzle
assembly tail 14 may be inserted into the distal end 22 of
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the retaining element 20. Therefore, the retaining element
20 is preferably sized to accept the tail portion 14 of the
nozzle assembly 10.

A wall 28 is preferably located at the proximal end 24
of the retaining element 20. The wall 28 preferably includes
an opening 70 for receiving the piston 72 (shown in Figs. 14
and 15) of the injector 30, as shown in Figs. 10 and 11. The
piston 72 accepts energy from the power unit 32 to drive the
medicament out of the internal chamber 40 of nozzle assembly
10. Thus, the opening 70 in wall 28 is sized to accept the
diameter of the piston 72.

The wall 28 also includes at least one recess or groove
60 for accepting the second locking mechanism, the nib 58.

As shown in Figs. 10 and 11, the grooves 60 runs
perpendicular to the longitudinal axis X - X of the retaining
element 20 in wall 28. As shown in Figs. 2, 8 and 9,
retaining element 20 includes apertures 65 to facilitate
matching of grooves 60. The grooves extend from the outer
circumference of the retaining element 20 to the opening 70
in the wall 28. When two nibs 58 are used on the nozzle
assembly 10, the grooves 60 are preferably asymmetrical or
radially offset from the center line of opening 70. The
grooves 60 are asymmetrical to provide a sharp drop off for
entry of the nib 58 into the groove 60. The grooves 60 are
preferably rotated 180° relative to each other on wall 28 to
accommodate nibs 58, which are also preferably rotated 180°
relative to each other. However, if nibs 58 are not
positioned at 180° relative to each other, grooves 60 will
preferably be at the same radial angles as nibs 58.

The retaining element 20 also includes a recess 54 for
receiving the first locking mechanism, the stud 52. This
second recess 54 is preferably in the shape of a
substantially L-shaped slot. A first opening 72 of the slot
extends axially from the distal end of the retaining element
20 partially along the length of the retaining element 20. A
second opening 74 of the slot 54 extends from the end of the
first slot at an angle K in a helix pattern. This angle K is
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preferably the same pitch and angle 8 as the partial helix of
the rib segments 16 of the nozzle assembly 10. The angle K
allows stud 52 to travel axially at the same rate as the rib
segments 16. A detent 56 is located at the other end of the
second opening 74 for receiving the stud 52 in the locked
position.

In use, when both the stud 52 and nibs 58 are utilized
on the nozzle assembly 10, the nozzle assembly 10 is inserted
into the injector 30 and retaining element 20 such that the
stud 52 aligns with the first opening 72 of the L-shaped slot
54. When the nozzle assembly 10 has been fully inserted
longitudinally into the retaining element 20, it is rotated
in order to rotate the rib segments 16 of the bayonet into
the corresponding grooves 36 in the injector 30, as shown in
Fig. 3. The second opening 74 of slot 54 is preferably
dimensioned such that a light interference fit occurs between

- the nozzle assembly 10 and retaining element 20 as the rib

segments 16 are rotated into grooves 36. As the nozzle
assembly 10 is rotated, the stud 52 travels along the second
opening 74 of the L-shaped slot 54 until it enters the detent
56. When the stud 52 enters the detent 56, the nozzle
assembly 10 should be fully rotated so that the rib segments
16 and grooves 36 have engaged. When the stud 52 reaches the
detent 56, the user preferably encounters a clicking noise or
a tactile sensation signalling to the user that the stud 52
has entered the detent 56. This tactile sensation will be
one of reduced resistance. Once the stud 52 is located in
the detent 56, the first locking mechanism 52 is engaged and
will deter the nozzle assembly 10 from disengaging during
firing of the injector 30. In addition to providing a locked
position, the L-shaped slot helps to insure that the nozzle
assembly is properly inserted and positioned in the injector.
Thus, the L-shaped slot also helps to deter improper
engagement of the nozzle assembly in the injector.

As for the second locking mechanism 58, when the nozzle
assembly 10 is rotated in the retaining element 20 to engage
the rib segments 16 with the grooves 36 in the injector 30,
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the nibs 58 encounter resistance against the inner side of
wall 28. As the rib segments 16 are turned further, this
resistance increases. When the slot 64 is provided in the
tail 14 of the nozzle assembly 10 adjacent the nibs 58, the
nibs will deform slightly inwardly enough to allow the nozzle
assembly 10 to be fully rotated into the retaining element 20
and injector 30. As the rib segments 16 reach the end of
their travel path within the grooves 36, the nibs 58 will
enter the recess 60 disposed in the inner side of the wall 28
so that when the nozzle assembly 10 is fully rotated into the
final position, the nibs 58 will be located in the recesses
60. This locking mechanism helps to deter the nozzle
assembly 10 from disengaging unexpectedly during firing
because the nozzle assembly 10 is deterred from rotating.

The combination of the two locking mechanism 52, 58 used
simultaneously, helps to further ensure that the nozzle
assembly 10 will not disengage. This combined with the use
of optimized pitch bayonet threads 16 will further help to
deter unexpected disengagement.

Fig. 12 shows a first embodiment of the improved plunger
design of the present invention. The plunger 80 is typically
situated in the internal chamber 40 of the nozzle assembly
10, as shown in Fig. 16. As shown more clearly in Fig. 21
for a second embodiment of plunger 80, when the nozzle
assembly 10 is attached to the injector 30, the plunger 80
becomes attached to the piston 72 of the injector 30. The
piston 72 is connected to the power source 32 so that when
the power source 32 is fired, the piston 72 moves the plunger
80 distally to expel medicament from the internal chamber 40
through orifice 42.

After the injector 30 has been fired, the plunger 80
moves to the distal end of the chamber 40. In order to
recharge the power source and to replace the nozzle assembly
10, the plunger 80 must be removed from the piston 72 so that
a sterile nozzle assembly may be reinstalled. A problem has
been found with prior plungers in that they were often
difficult to remove from the piston 72 after firing so that
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when the nozzle assembly was removed from the injector 30,
the plunger 80 remained attached to the piston. As a result,
the plungers needed to be manually removed, such as by force
or by destruction. The present plunger 80 and nozzle
assembly 10 designed alleviates this problem by providing
outwardly curved prongs or legs 82 on the plunger 80.

As shown in Fig. 12, the plunger 80 of the present
invention includes a distal end and a proximal end. The
plunger 80 is preferably cylindrical in shape and is sized to
fit snugly, but slideably within the internal chamber 40 of
the nozzle assembly 10. The tip 84 of the plunger 80 is
located at the distal end and is preferably shaped to
substantially match the internal contours of the internal
chamber 40 of the nozzle assembly 10 at its distal end. The
plunger 80 preferably includes a seal 86 adjacent the tip 84.
The seal 86 helps to pfevent any medicament from passing by
the seal 86 before or during firing of the injector 30. The
seal 86 is preferably compressed during use in order to
provide a tight fit within the internal chamber 40, as shown
in Fig. 16.

A plurality of prongs or legs 82 are located at the
proximal end of the plunger 80. The prongs 82 are for
attaching to piston or ram 72 of injector 30. The prongs 82
of the present invention are normally outwardly curved or
flexed, but are flexible enough to be bend against their
normal position so that the plunger 80 may slide within
chamber 40. As shown in Fig. 14, four prongs 82 are
preferred, although any number of prongs 82 may be used. A
lead portion 88 of piston 72 is preferably shaped to connect
with the plunger prongs 82, as shown in Fig. 21. Each prong
82 includes a 1lip 90 for encircling the lead portion 88 of
the piston 72. Each prong 82 is preferably spaced at even
angles around the outer circumference of the plunger 80. The
plunger 80 also includes a post 92 which is positioned along
the longitudinal axis X - X of the plunger 80 centrally
between the prongs 82. This post 92 is for contact with the

piston 72 when the power source 32 is fired. When the power
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source 32 is fired, the piston 72 moves distally until it
contacts the post 92, at which point the plunger 80 and
piston 72 move together to expel medicament from the internal
chamber 40 through the orifice 42. If the lead portion of
the piston 72 is substantially the same length as the
distance between the prong lips 90 and the post 92, the
piston 72 will not move longitudinally relative to the
plunger 80. If the lead portion 88 of the piston 72 is
smaller than the length of the distance between the lips 92
and the post 94, the piston 72 will move longitudinally
relative to the plunger 80 until it contacts the post 92.

The outwardly curved prongs 82 of the plunger 80 may be
shorter in length than the length of the plunger 80 and
extend at the proximal end thereof. Lip 90 is located at the
proximal end of the prongs 82, as shown in exploded cross-

sectional view in Fig. 13. The proximal end of prong 82

preferably includes several sloped surfaces. A first sloped

surface 91 is preferably at an angle A of about 20°, but may
range from about 0 to 40°. This sloped surface aids the
plunger in disengaging from the piston 72. A second sloped
surface 93 is preferably at an angle E of about 30°, but may
range from about 0 to 90°. The second sloped surface is
provided to aid lead portion 88 in entering the proximal end
of plunger 80 to engage with prongs 82 when a nozzle assembly
10 is inserted into an injector 30.

Fig. 15 shows a cross-section of plunger 80 at area 15 -
15. At this location, plunger 80 is cylindrical and
preferably exhibits a circular cross-section with recesses 81
to form an X or cross shape. At one side, the cross-shaped
section has a shortened arm 83 with an outwardly extending
protrusion 85. Since plunger 80 is typically manufactured by
molding, recesses 81 and shortened arm 83 are utilized in the
molding process. Recesses 81 are' cored out in order to
reduce shrinkage of the plunger. Arm 83 is utilized as a
connection point to the mold and protrusion 85 is a point at
which the plunger is released from the mold. By providing
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shortened arm 83, no additional sufface finishing of the
plunger is required after separation from the mold.

The nozzle assembly 10 internal chamber 40 includes a
tapered portion 96 at the proximal end for receiving the
outwardly curved prongs 82, as shown in Figs. 5 and 16. This
tapered portion 96 is preferably sufficiently tapered to
allow the prongs 82 of the plunger 80 to enter the taper and
allow the piston 72 to be released from the plunger 80 after
firing.

In operation, the plunger 80 rests within internal
chamber 40 such that prongs 82 are compressed inwardly
against their outwardly curved characteristic. After the
injector 30 is fired, the plunger 80 is located at the distal
end of the internal chamber 40. In order to rearm the power
source 32 and to replace the nozzle assembly 10 for the next

injection, the piston 72 is withdrawn proximally. As the

piston 72 is moved proximally and as the plunger 80 reaches

the outwardly flared portion 96 of the internal chamber 40,

-as shown in Fig. 16, the outwardly curved prongs 82 curve

outwardly to assume their relaxed position and enter the
tapered portion 96. Since the prongs 82 are allowed to bend
outwardly to their relaxed position, clearance is provided so
that the lips 90 of prongs 82 no longer engage with the lead
portion 88 of the piston 72. As a result, the piston 72 is
easily withdrawn from the plunger prongs 82. When the nozzle
assembly 10 is unscrewed from the injector 30, the plunger 80
remains within the nozzle assembly 10, thereby alleviating
the problem which previously existed with the plunger 80
failing to release from the piston 72.

The plunger 80 of the first embodiment is preferably
constructed of a plastic material, although other materials
may be used. Plastic is typically selected where the plunger
is disposable. Preferred plastic materials include the
following polymers: polycarbonate, acrylic, polypropylene and
polystyrene.

A second embodiment of plunger 80 is shown in Fig. 17.
This plunger 80 exhibits many of the same features as the
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plunger shown in Fig. 12, but also includes a frangible
portion 100. The plunger 80 includes a distal end and a
proximal end and is preferably cylindrical in shape and sized
to fit snugly, but slideably within the internal chamber 40
of the nozzle assembly 10. The tip 84 of the plunger 80 is
located at the distal end and is preferably shaped to
substantially match the internal contours of the internal
chamber 40 of the nozzle assembly 10 at its distal end. The
plunger 80 preferably includes a seal 86 adjacent the tip 84.
The seal 86 helps to prevent any medicament from passing by
the seal 86 before or during firing of the injector 30. The
seal 86 is preferably compressed during use in order to
provide a tight fit within the internal chamber 40, as shown
in Fig. 16.

The plurality of prongs or legs 82 are located at the
proximal end of the plunger 80. The prongs 82 are normally

- outwardly curved. A lead portion 88 of piston 72 is
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preferably shaped to connect with the plunger prongs 82 as
shown in Fig. 21. Each prong 82 includes a lip 90 for
encircling their lead portion 88 of the piston 72. 1In
addition to including a lip 90 on their inner surface, prongs
82 include a ridge 94 on the external surface. Both the 1lip
90 and the ridge 94 are located at the proximal end of prongs
82, as shown in exploded cross-sectional view in Fig. 18.
Ridge 94 is for associating with an annular groove 98 in
tapered portion 96 at the proximal end of the nozzle assembly
10, as shown in Figs 21-23. Groove 98 is preferably located
near the widest portion of outwardly tapered portion 96 and
is sized to receive ridge 94. This groove 98 and ridge 94
help to prevent the plunger 80 from being pushed into the
nozzle assembly 10 before the piston 72 engages post 92.
When sufficient pressure is applied to post 92 by piston 72,
the prongs 82 will disengage from groove 98 to allow the
plunger 80 to move distally so that prongs 82 and lips 92
engage lead portion 88. Groove 98 also preferably includes a
sloped proximal edge 99 which is provided to facilitate
manufacturing. Sloped proximal edge 99 is preferably sloped

- 22 -



10

15

20

25

30

35

WO 98/30253 PCT/US97/23855

at an angle of 6 which is about 45° relative to the
longitudinal axis X - X, but angle 6 may range from about 0°
to 90°.

As shown in Figs. 17 and 20, plunger 80 of the second
embodiment is frangible. It is known to use a frangible
piston, as taught by U.S. Patent Application No. 08/608,799,
which is incorporated herein by reference. Plunger 80 has a
first driving member 110 and a second driving member 120. As
shown, these members have a generally cylindrical shape with
specially shaped base 112, 122 and end portions 114, 124.
While a plunger having a D-shaped end and base portions can
be used, it is preferred to use a modified D-shape wherein
portions of the arcuate part of the D 81 have been removed,
as shown in Fig. 20. These driving members 110, 120 are
connected together in a spaced apart relationship across a
predetermined gap G by a frangible connection or bridge 100.

As shown in Fig. 17, the preferred frangible bridge 100
is a relatively thin, overlapping and connecting portion of
the first and second driving members 110, 120. It is
preferred that the height of the frangible bridge be minimal
to provide a localized shear zone. The frangible portion 100
may be disposed adjacent both straight sides of end portions
114, 124 of the first and second driving members 110, 120. A
leading or distal edge 111 of frangible portion 100 is
preferably shaped as a sharp corner. This sharp corner
provides stress concentration for assisting in shearing the
frangible portion when an appropriate load is applied to the
second driving member 120. A trailing or proximal edge 121
of frangible portion 100 is preferably rounded, defining a
radius. This radius is defined to provide a clean two-part
break which allows the second driving member 120 to close the
gap G between the first 110 and second 120 driving members.

Further, recesses 123 are defined at the end of the
channels which define the frangible portion 100. These
recesses are positioned in the base portions 112, 122,
adjacent the frangible portion 100, and are configured and
dimensioned to accept flash or waste which may break awvay
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from the frangible bridge 100 during shearing. Recesses 123
are provided in order to avoid any interference between any
flash and the movement of the first and second driving
members 110, 120.

Frangible portion 100 is preferably spaced a small
distance from longitudinal axis X - X in order to aid in
providing a frangible connection which will shear when a
sufficient amount of force is applied. Preferably, the
plunger 80, including the frangible bridge is made out of a
plastic and is configured and dimensioned such that frangible
portion 100 can withstand a force "p" for moving or
withdrawing the plunger to draw liquid medication into
chamber 40 without breaking. Typically, an acrylic polymer
will provide the strength necessary to withstand loading or
medication filling procedures, but is also sufficiently
brittle to break when the firing force is applied. The

- present frangible portion 100 is designed to shear when force
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"P," which is greater than force "p" is applied.

Alternatively, the frangible plunger 80 can be used with
a prefilled chamber 40, thereby eliminating the need for
moving the plunger 80 longitudinally to draw liquid
medication into chamber 40 or to expel excess liquid or
bubbles therefrom.

The leading end of the first driving member 110 includes
the seal 86, such as an O-ring or the like, preferably formed
around its outer periphery to provide a seal with the inner
wall of the chamber 40. The plunger 80 itself can be a seal.
Other seals or seal members can be included in the trailing
end of the second driving member 120 if desired to provide a
better seal to prevent leakage of fluid for the chamber by
minimizing the entry of air into the chamber from around the
first and second driving members 110, 120 and by preventing
air from entering the orifice 42 due to liquid exiting the
chamber around the driving members.

As part of the filling operation, the plunger 80 is
pushed into the chamber 40, in the distal direction to purge
air from the internal chamber, as shown in Fig. 21. As the
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plunger 80 is pulled in the proximal direction, a partial
vacuum is established inside the chamber and liquid
medication is drawn into the chamber 40 through the orifice
42.

It will be noted that the frangible connection is
dimensioned and configured such that pushing or pulling
action requiring force "p" normally affiliated with
withdrawal and slow ejection of air or medication before
injection does not break the bridge 100. Upon an application
of a relatively large injection force "P" on the ram, which
may be significantly larger than the force "p", the ram
transmits this force "P" to the second driving member 120 and
breaks the frangible portion 100. This allows the second
driving member 120 to close the gap G and transmit force to
the first driving member 110 so that the respective base 112,
122 and end 114, 124 portions meet to eject medication out of
the chamber 40. Specifically, the end portion 114 of the
second driving member 120 contacts the base portion 112 of
the first driving member 110 while the base portion 122 of
the second driving member 120 contacts the end portion 124 of
the first driving member 110 for urging the first driving
member 110 towards the chamber orifice 42 to expel fluid
therefrom.

Fig. 22A shows the position ofAthe plunger 80 after the
injection is completed and all the medication has been
ejected. In this position, the frangible connection 100 has
been broken so that the first 110 and second 120 driving
members are in contact and the plunger 80 is positioned in
the distal end of the chamber 40.

Finally, Fig. 22B shows the position of the plunger 80
after the injection is completed and the nozzle assembly 10
has been rotated or unlocked from the injector. The nozzle
assembly has been rotated so that rib segments 16 are free of
the injector 30 and can be removed. At this point, as the
nozzle assembly 10 is withdrawn or pulled back from the
injector 30, the piston 72 and second driving member 120 move
proximally within the chamber 40 until the outwardly curved
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prongs 82 engage the outwardly tapered portion 96 of the
nozzle assembly 10. When this engagement occurs within the
tapered portion 96, the piston 72 is freed from the prongs 82
and the nozzle assembly 10 may be completely removed from the
injector 30. Thus, the first 110 and second 120 driving
members remain inside the nozzle assembly and are easily
removed from the injector 30 and the nozzle assembly 10 then
may not be reused and must be discarded. This prevents
unwanted re-use of the nozzle assembly.

In a normal operation of the injector, piston 72 of the
injection device operatively connected to an energy source 32
imparts sudden force or impact "P" to the second driving
member 120, enough to drive the second member 120 into the
first member 110. This action is sufficient to drive the
ligquid contained in chamber 40 outward through orifice 42 as
a peak jet stream pressure for example in excess of 5,000 psi
out of the orifice 42. This sudden force "P" is capable of
breaking the frangible bridge 100 before the injection
begins. Specifically, the force "P" applied to the second
driving member 120 is transmitted to the first driving member
110 through the bridge 100. Initially, the frictional force
in the seal 86 generates enough friction to momentarily
prevent the plunger 80 from moving. Once this frictional
force is overcome, the plunger 80 starts to move and imparts
pressure to the medication in the chamber 40. This creates
resistance or back pressure on the first driving member 110.
When the difference between the resistance force imparted to
first driving member 110 by the fluid and the force imparted
by the second driving member 120 toward the first driving
member 110 reaches a predetermined level, the bridge 100
breaks and the second driving member 120 rams into the first
driving member 110.

Alternatively, frangible bridge 100 may be broken by an
intermediate force larger than the force "p," before the
relatively large injection force "P" is applied to piston 72.
Such an intermediate force can be generated for example by a
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pressure exerted on the liquid contained in chamber 40
through orifice 42 or by other triggering mechanism.

The gap "G" plays an important role in creating a
preferred pressure spike necessary to pierce through the
pétient's skin. Changing the gap G will change the initial
force imparted on the first driving member 110. The peak
pressure thus can be varied with the gap G. It can also vary
depending upon the viscosity of the medication, the desired
injection penetration depth, and other parameters which may
affect the initial injection pressure output. One of
ordinary skill in the art can determine by routine
experimentation the optimum gap for any frangible plunger
that is to be used with a particular medication.
Advantageously, frangible plunger 80 or nozzle assembly 10 or
both can be manufactured with different colors, wherein each
color denotes a predetermined width of gap G. This color
coding scheme will assist the user in choosing a proper
nozzle assembly 10 for a specific application. 1In addition,
the amount of force to break the bridge 100 can be adjusted
by changing the dimension of the bridge 100.

It will be understood that the frangible plunger
according to the present invention can also be used with
syringes having hypodermic needles where the frangible bridge
breaks either before the injection begins or after the
completion of the injection. It will also be understood that
a plunger with the outwardly curved prongs may be utilized
without a frangible portion.

While various features of the present invention were
described above, it is understood that the various features
of the present invention can be used singly or in any
combination thereof. Therefore, this invention is not to be
limited to only the specifically preferred embodiments
depicted herein.

Further, it should be understood that variations and
modifications within the spirit and scope of the invention
may occur to those skilled in the art to which the invention
pertains. Accordingly, all expedient modifications readily
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attainable by one versed in the art from the disclosure set
forth herein that are within the scope and spirit of the
present invention are to be included as further embodiments
of the present invention. The scope of the present invention
is accordingly to be defined as set forth in the appended
claims.
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The Claims
What is claimed is:
1. A nozzle assembly for use with an injector
comprising:

a tubular body having a tip end, a tail end and an
internal chamber defined therebetween, said tip end for
positioning against an injection site, said tail end for
connecting with an injector, and said internal chamber
configured and dimensioned for holding a medicament and
defining an orifice at the tip end for expelling the
medicament therefrom;

connecting means disposed about the circumference
of the tubular body for engaging with the injector; and

means for locking the tubular body into the
injector.

2. The nozzle assembly of claim 1, wherein the locking
means comprises at least one recess in the injector, and at
least one protrusion positioned on an external surface of the

tubular body and configured for engagement with the recess.

3. The nozzle assembly of claim 2, wherein the
connecting means is substantially centrally located on the
tubular body and the protrusion is positioned between the

connecting means and the tail end.

4. The nozzle assembly of claim 3, wherein the
connecting means comprises a plurality of teeth which at
least partially surround the circumference of the tubular
body.

5. The nozzle assembly of claim 4, wherein the
injector includes a plurality of grooves for mating with the
teeth of the nozzle assembly.

6. The nozzle assembly of claim 5, wherein the teeth

are in the form of a partial helix and define rib segments.
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7. The nozzle assembly of claim 6, wherein the rib
segments are positioned at a canted angle ranging from about
0° to 7° and have a‘pitch ranging from about 0.04 to 0.2
inches per thread.

8. The nozzle assembly of claim 6, wherein at least
one of the rib segments is wider than the other rib segments
and a corresponding groove in the injector is sized to mate
with the wider rib segment.

9. The nozzle assembly of claim 6, wherein at least
one of the rib segments extends around about one-half the
circumference of the tubular body and is configured to

interfere with a portion of the injector.

10. The nozzle assembly of claim 2, wherein the
injector comprises two recesses and the tubular body includes
two protrusions extending outwardly in spaced relation about
the circumference of the tubular body for engagement with the
two recesses.

11. The nozzle assembly of claim 2, wherein the
injector comprises a retaining element having the at least
one recess for engagement by the protrusion, said retaining
element having a first end for accepting the nozzle assembly,
and a second end opposite the first end forming a wall having
an opening.

12. The nozzle assembly of claim 11, wherein the
retaining element comprises a cylindrical ring having an
internal diameter at least equal to or greater than the
external diameter of the nozzle assembly tubular body and the
retaining element is retained within the interior of the
injector.

13. The nozzle assembly of claim 11, wherein the recess
comprises an L-shaped slot having a first and second
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elongated opening for accepting the protrusion of the nozzle
assembly.

14. The nozzle assembly of claim 13, wherein the first
opening of the L-shaped slot extends axially from the first
end of the retaining element partially along the length of
the retaining element and the second opening of the L-shaped
slot extends helically and partially around the circumference
of the retaining element from the first opening of the L-
shaped slot.

15. The nozzle assembly of claim 14, wherein the second
opening of the L-shaped slot includes a detent for receiving
the protrusion of the nozzle assembly, said detent configured
and dimensioned so that the user receives positive tactile
feedback when the protrusion enters the detent.

16. The nozzle assembly of claim 15, wherein the
tubular body is in a locked position when the protrusion is
positioned in the detent.

17. The nozzle assembly of claim 15, wherein the
connecting means are teeth in the form of a partial helix
positioned to partially surround the circumference of the
tubular body and the second opening is positioned at an angle
which is substantially equal to the helical angle of the
teeth so that when the nozzle assembly is inserted into and
turned in the retaining element, the protrusion travels
axially at the same rate as the teeth.

18. The nozzle assembly of claim 17, wherein the second
opening of the L-shaped slot is configured and dimensioned
such that when the tubular body is rotated within the
retaining element, an interference fit initially occurs
between the protrusion and the retaining element such that a
resistance is encountered by the user, followed by a
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decreased resistance as the protrusion engages an enlarged

portion of the end of the second opening.

19. The nozzle assembly of claim 11, wherein the
protrusion extends longitudinally from the tail end of the
tubular body and the recess is located in the wall of the

retaining element and is configured and dimensioned so that

the user receives positive tactile feedback when the
protrusion enters the recess.

20. The nozzle assembly of claim 19, wherein the

tubular body further comprises at least one slot located

adjacent the protrusion and extending partially transversely

in the vicinity of the tail end, said slot allowing for the

depression of the protrusion as the nozzle assembly is

rotated before the protrusion enters the recess.

21. The nozzle assembly of claim 19, wherein the

tubular body is in a locked position when the protrusion is

positioned in the recess.

22. The nozzle assembly of claim 7 which further

comprises indicating means for aligning the tubular body

locking means with the injector.

23. The nozzle assembly of claim 18, wherein the

indicating means includes a first marking on the tubular

body, a second marking on the exterior of the injector, and a

third marking on the tubular body, said first marking being

positioned for alignment with the second marking when the

tubular body is inserted longitudinally into the injector,

and said third marking positioned for alignment with the
second marking after the tubular body has been inserted

longitudinally and rotated into a locked position.

24. A nozzle assembly for use with an injector

comprising:
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a tubular body having a tip end, a tail end and an
internal chamber defined therebetween, said tip end for
positioning against an injection site, said tail end for
connecting with an injector, and said internal chamber for
holding a medicament and defining an orifice at the tip end
for expelling the medicament therefrom;

connecting means disposed around the circumference
of the tubular body for engaging with the injector; and

means for indicating that the tubular body is

aligned with the injector.

25. The nozzle assembly of claim 24, wherein the
indicating means includes a first marking on the tubular body
and a second marking on the exterior of the injector, said
first marking for alignment with the second marking when the

tubular body is inserted longitudinally into the injector.

26. The nozzle assembly of claim 25, wherein the
indicating means further comprises a third marking on the
tubular body for alignment with the second marking after the
tubular body has been inserted longitudinally and rotated

into a final position.

27. A nozzle assembly for use with an injector
comprising:

a tubular body having a tip end, a tail end and an
internal chamber defined therebetween, said tip end for
positioning against an injection site, said tail end for
connecting with an injector, and said internal chamber for
holding a medicament and defining an orifice at the tip end
for expelling the medicament therefrom; and

connecting means disposed around the circumference
of the tubular body for engaging with the injector, said
connecting means comprising a plurality of teeth which at
least partially surround the circumference of the tubular
body to define rib segments, with at least one rib segment
being configured differently than the other rib segments for
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insuring proper positioning of the nozzle assembly in the

injector.

28. The nozzle assembly of claim 27, wherein the
differently configured rib segment has a wider cross-section
that the other rib segments and a groove provided in the
injector is configured and dimensioned for receiving the

wider rib segment.

29. The nozzle assembly of claim 27, wherein the
differently configured rib segment is longer than the other
rib segments and a portion of the injector is configured and
dimensioned to interfere with the longer rib segment to deter

improper insertion of the nozzle assembly into the injector.
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