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(54) RETRACTABLE NEEDLE SYRINGE ASSEMBLY

(57) A syringe including a barrel, a retractable needle
and a plunger rod assembly including inner and outer
members with a stopper for expelling fluids from the sy-
ringe is disclosed. An activation member associated with
the plunger rod permits relative movement of the inner

and outer members when activated. The stopper is con-
figured to compress a sufficient amount when advanced
distally in the barrel to cause the activation element to
engage and cause retraction of the needle within the sy-
ringe.
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Description

TECHNICAL FIELD

[0001] Embodiments of the present invention generally
relate to syringes and needle assemblies. Specific em-
bodiments of the invention more particularly relate to sy-
ringe assemblies that include a needle that is retractable
after the intended use to substantially prevent inadvertent
exposure to the needle and reuse of the syringe and
methods for manufacturing needle assemblies.

BACKGROUND ART

[0002] Hypodermic syringes are widely used in the
medical arts for administering medicaments and for
drawing body fluid samples. Generally, hypodermic sy-
ringes include a fixedly or removably attached metal nee-
dle that has a sharpened distal point for penetrating vial
stoppers or a patient’s skin. Hypodermic syringes and
needles have been used for many years with few prob-
lems reported, taking into consideration the vast numbers
and needles used. More recently, with the recognition of
viral diseases that are transmitted by body fluids and
greater sensitivity of the need to protect health care work-
ers from inadvertent contact with previously used nee-
dles (commonly referred to as "sharps") as well as the
need to reduce misuse of improperly disposed of needles
and syringes, syringes and needles that include provi-
sions to prevent reuse have been developed.
[0003] Provisions intended to protect health care work-
ers from accidental needle sticks and prevent reuse of
needles and syringes include a variety of sharps collector
systems that are widely used in health care facilities. Oth-
er developments include needle attachments that may
be readily broken off by practitioners once the syringe
has completed its intended use. A variety of shielding
mechanisms have been developed which are intended
to shield the needle or sharp after it has been used, thus
reducing the risk of an accidental needle stick. While
many of these developments have reduced the incidence
of inadvertent exposure of healthcare workers to sharps,
most of these devices can readily be overcome by an
individual determined to obtain and misuse a hypodermic
syringe and needle. As a result of this problem, further
developments in the art of hypodermic syringes have re-
sulted in syringes with needles that withdraw into the
body of the syringe once their intended use is completed.
These are often referred to as retracting needle syringes.
[0004] Current conventional (i.e., non-retracting nee-
dle) syringes are considered by users to be virtually fault-
free and reliable. They are used for a variety of different
procedures involving both "one-shot" fill and inject pro-
cedures, as well as more complex mixing measuring and
delivery functions. For retractable syringes to replace
these functional, utilitarian and reliable conventional sy-
ringes, retractable syringes should not significantly inter-
fere with the users current practices and they should be

substantially reliable. In addition, in view of the fact that
current conventional syringes are often manufactured at
rates of several hundred per minute and their cost is gen-
erally not a significant factor in their usage, retractable
syringes must be cost-effective to manufacture.
[0005] Most of the available retracting needle devices
are somewhat complex, and many require manufacture
and assembly of parts with potentially difficult assembly
or tight tolerance requirements. Many of the designs de-
pend upon a careful application of forces by the practi-
tioner to draw and expel fluids from the syringe. Also, if
the tolerances between the multiple components of the
device are not carefully adhered to during manufacture
and assembly, normal usage may result in premature
activation of the retraction function of the syringe. The
problem of premature activation of the retraction function
is a problem with many available retracting needle sy-
ringes, particularly those that rely upon application of
compressive force on the syringe stopper to activate the
retraction mechanism. Many of the available retracting
needle syringes have substantial undeliverable "dead
volumes" that confound the practitioners need for accu-
rate delivery of medicaments from the syringe or that may
waste a substantial percentage of a high cost medica-
ment that is left in the dead volume space. The problem
of dead volumes may be associated with a syringe that
relies on displacement of the plunger rod with respect to
the syringe barrel. Previous syringe designs rely on either
force against the stopper or displacement of the plunger
rod to cause activation of the retraction mechanism.
[0006] Accordingly, a need exists for a selectively re-
tractable syringe that can withstand normal forces during
injection and avoid premature activation of the retraction
mechanism. Moreover, there is a need to reduce the vol-
ume of waste space in the syringe and prevent leakage
of medication from the syringe.

DISCLOSURE OF THE INVENTION

[0007] Embodiments of the invention pertain to a re-
tractable syringe. In one embodiment, syringe including
a retractable needle comprises a barrel having a fluid
chamber defining a longitudinal axis and including a prox-
imal end, and a distal end adapted to be attached to a
needle; a plunger rod having a distal end and proximal
end, the plunger rod including an inner sleeve slidably
engageable within an outer housing. According to this
embodiment, the inner and outer housing are axially
moveable with respect to each other upon activation of
a decoupling element associated with the plunger rod.
The syringe of this embodiment further comprises com-
pressible stopper mounted on the distal end of the of the
plunger rod, the stopper being configured such that when
distal force is applied to the plunger rod, the stopper is
compressed in the direction of the longitudinal axis in an
amount to allow distal movement of the plunger rod along
the longitudinal axis a distance sufficient to permit acti-
vation of the decoupling element, causing the inner
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sleeve to move distally with respect to the outer housing
and retraction of the needle within the syringe barrel.
[0008] In another embodiment, a syringe is provided
which comprises a barrel having a fluid chamber, an in-
side surface, a proximal end, a proximal shoulder located
on the inside surface, a distal end adapted to be attached
to a needle and a ceiling located on the inside surface
and adjacent the distal end. According to this embodi-
ment, the syringe further comprises a plunger rod having
a distal end and a proximal end, the plunger rod adapted
to slidingly engage the inside surface of the fluid cham-
ber, the plunger rod including a hollow outer housing de-
fined by a wall and a hollow inner sleeve slidably receiv-
able within the outer housing and defining a cavity, and
a stopper located on the distal end of the plunger rod,
the stopper including a distal face and an outer wall sur-
face. The outer housing includes at least one window
extending axially through the wall adjacent the proximal
end of the plunger rod, and the inner sleeve includes at
least one flexible finger adapted to be flexed inwardly
towards the cavity, the flexible finger including a distal
end, a proximal end, a distal facing ramp surface adapted
to engage with the shoulder of the barrel and a distal
facing edge. The inner sleeve further includes a proximal
facing stop edge, the finger being sized and shaped to
be received within the window, the stopper including a
distal rib, a proximal rib and a gap region between the
ribs located along the outer wall surface, wherein the
configuration of the ramp surface and the stopper is such
that axial compression of the stopper permits sufficient
axial movement of the plunger rod so that ramp surface
engages the shoulder of the barrel, causing inward de-
flection of the fingers and relative movement of the inner
sleeve and outer housing and retraction of the needle.
[0009] In a further embodiment, a syringe including a
retractable needle is provided, the syringe comprising a
barrel including a distal end, a proximal end, an inner
surface and an engagement surface; a plunger rod hav-
ing a proximal end a distal end, the plunger rod adapted
to be slidably received within the inner surface of the
barrel, the plunger rod including an outer member and
an inner member sized and configured to be slidably re-
ceived within the inner member when an activation ele-
ment is in contact with the engagement surface, the ac-
tivation element including a flexible member associated
with the inner member in contact with the outer member
to prevent relative distal movement between the inner
and outer members; and a stopper on the distal end of
the plunger rod configured to permit axial movement suf-
ficient to allow displacement of the plunger rod to permit
the engagement element to contact the activation surface
when the stopper is engaged against the distal end of
the barrel.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010]

Fig. 1 is a perspective view of a hypodermic syringe
according to an embodiment of the invention;

Fig. 2 is an exploded perspective view of the syringe
of Fig. 1;

Fig. 3 is a perspective view of the syringe of Fig. 1
in a package;

Fig. 4A is a side elevation view of a syringe barrel of
Fig. 1;

Fig. 4B is in an enlarged side elevation view of the
proximal portion of the barrel shown in Fig. 4A;

Fig. 4C is an enlarged side elevation view of the distal
portion of the barrel attached to a needle and hub;

Fig. 5A is a side elevation view of the plunger outer
housing shown in Fig. 1;

Fig. 5B is a cross-sectional view taken along line 5B-
5B of Fig. 5A;

Fig. 5C is a distal end view of the plunger outer hous-
ing shown in Fig. 5A;

Fig. 5D is a proximal end view of the outer housing
shown in Fig. 5A;

Fig. 5E is an enlarged perspective view of the distal
portion of the outer housing shown in Fig. 5A;

Fig. 6A is a proximal perspective view of the plunger
outer housing shown in Fig. 1;

Fig. 6B is a distal perspective view of the plunger
outer housing shown in Fig. 1;

Fig. 7A is a side elevation of the plunger inner sleeve
shown in Fig. 1;

Fig. 7B is a view of the plunger shown in Fig. 7A,
rotated 180 degrees about the longitudinal axis of
the plunger;

Fig. 7C is a cross-sectional view taken along line 7C-
7C of Fig. 7A;

Fig. 8A is a proximal perspective view of the plunger
inner sleeve shown in Fig. 1;

Fig. 8B is a distal perspective view of the plunger
inner sleeve shown in Fig.1;

Fig. 9A is a distal perspective view of the stopper
shown in Fig. 1;
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Fig. 9B is a proximal perspective view of the stopper
shown in Fig. 1;

Fig. 9C is a cross-sectional view taken along line 9C-
9C of Fig. 9A;

Fig. 10 is a cross-sectional view taken along line
10-10 of Fig. 1, showing the plunger located in a
proximal position;

Fig. 11 is an enlarged view of the distal portion of
Fig 10;

Fig. 12 is an enlarged view of the proximal portion
of Fig. 10;

Fig. 13 is a cross sectional view of the syringe shown
in Fig. 1, with the plunger advanced distally and the
stopper advanced to the distal end of the barrel;

Fig. 14 is an enlarged view of the distal portion of
Fig. 13;

Fig. 15 is an enlarged view of the proximal portion
of Fig. 13;

Fig. 16 is a cross-sectional view of the syringe shown
in Fig. 1, with the plunger advanced distally further
than shown in Figs 13-15 and the stopper partially
compressed;

Fig 17 is an enlarged view of the distal portion of Fig.
16;

Fig. 18 is an enlarged view of the proximal portion
of Fig. 16;

Fig. 19 is a cross-sectional view of the syringe shown
in Fig. 1, with the plunger advanced further distally
than shown in Figs. 16-18 and the inner sleeve col-
lapsing within the outer housing of the plunger;

Fig. 20 is an enlarged view of the distal portion of
Fig. 19;

Fig. 21 is an enlarged view of the proximal portion
of Fig. 19;

Fig. 22 is an a cross sectional view of the syringe
shown in Fig. 1, with the needle retracted into the
syringe barrel;

Fig. 23 is an enlarged view of the distal portion of
Fig. 22; and

Fig. 24 is an enlarged view of the proximal portion
of Fig. 22.

BEST MODE FOR CARRYING OUT THE INVENTION

[0011] While this invention is satisfied by embodiments
in many different forms, there are shown in the drawings
and herein described in detail, embodiments of the in-
vention with the understanding that the present disclo-
sure is to be considered as exemplary of the principles
of the present invention and is not intended to limit the
scope of the invention to the embodiments illustrated.
The invention is capable of other embodiments and of
being practiced or carried out in various ways.
[0012] In this disclosure, a convention is followed
wherein the distal end of the device is the end closest to
a patient and the proximal end of the device is the end
away from the patient and closest to a practitioner.
[0013] Referring generally to Figs. 1-24, an embodi-
ment of a hypodermic syringe 10 with a selectively re-
tractable needle 12 according to the present invention is
shown. Referring first to Figs. 1-4C, the syringe 10 in-
cludes an elongate barrel 14 having an open proximal
end 16, an open distal end 18 and a hollow bore 20 there-
through. The proximal end of the barrel defines an inter-
nal shoulder 19, shown in Fig. 13. Finger flange 80 in-
cludes finger grips 21. Collar 23 is located on the exterior
of the proximal end of the barrel 14. The distal end of the
barrel defines a barrel roof or ceiling 15. As shown in the
Figures, the barrel roof 15 surrounds the inner periphery
of the barrel 14. The roof 15 retains a seal 17 on its distal
side.
[0014] Referring particularly to Fig. 3, syringe 10 is
shown in Fig. 3 as being fitted with a needle shield 84 to
protect sharp distal point 72 of needle 12 from damage
prior to use. Syringe 10 is preferably sealed in a package
88 formed from materials substantially resistant to the
passage of microorganisms and exposed to conditions
that substantially render microorganisms therewithin
substantially non-viable. Suitable materials for forming
package 88 include, but are not limited to paper, non-
wovens, polymeric film, metallic foil and combinations
thereof. Suitable conditions for rendering microorgan-
isms substantially non-viable include, but are not limited
to, exposure to ionizing radiation, chemical sterilants and
the like.
[0015] Referring now to Figs. 1-8B, syringe 10 further
includes an elongate plunger 22 sized to fit slidably within
barrel 14 by advancing the plunger 22 into open proximal
end 16 of barrel 14. As best seen in Figs 5A-8B, plunger
22 includes a hollow outer housing 24 and a hollow inner
sleeve 30. Thus, the plunger 22 is comprised of the inner
sleeve 30 and the outer housing 24. Referring to Figs.
5A-6B, the outer housing 24 defines an open proximal
end 26, a distal end 28 defining a webbing 29. Webbing
29 on the distal end 28 is shown as including a central
hub 31 and spokes 33 radiating from the central hub 31.
At least one window 40, and in the embodiment shown,
two windows 40 are located adjacent proximal end 26.
The windows 40 have a distal end 40a and a proximal
end 40b and extend through the wall of the outer housing
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24. At least one track 37 is located adjacent the windows
40, and the tracks have a distal end 37a and a proximal
end 37b. The windows 40 and the tracks 37 extend par-
tially along the axis of the outer sleeve and cooperate
with features associated with the inner sleeve as de-
scribed further below. In the embodiment shown, the win-
dows 40 and the tracks 37 are shown as being elongate,
the tracks 37 being narrower in width than the windows
40.
[0016] Referring now to Figures 7A-8B, the inner
sleeve 30 defines a sidewall 32 which defines a cavity
34 therein with a proximal end 36 and an open distal end
38. A thumbpress 42 is located at the proximal end 38
of the inner sleeve 30. At least one, and in the embodi-
ment shown, two fingers 44 are integrally formed in the
inner sleeve and extend from the proximal end 36 to-
wards the distal end 38. In the embodiment shown in Figs
7A-8B, the fingers 44 form a bending region 39 adjacent
the proximal end 38 of the inner sleeve 30. The end op-
posite the bending region 39 of each finger 44 is a free
end and includes a distal-facing edge 45. Distal-facing
edge 45 is shown as being in the form of a stepped fea-
ture. The bending region 39 allows each finger 44 to flex
inwardly towards cavity 34 by pressing inwardly on each
finger 44. Fingers 44 also include ramps having a contact
surface shown as a distal-facing ramp surface 44a, which
is the portion of the finger 44 that is pressed upon during
bending of the finger to inwardly bend the finger 44. The
fingers also include a proximal-facing edge 44b. Proxi-
mal-facing edge 44b is shown as being at substantially
a right angle to the longitudinal axis of the plunger. The
inner sleeve 30 further includes lugs 47 located adjacent
proximal end 36 of the plunger, including a distal-facing
incline 47a and proximal-facing stop edge 47b.
[0017] Inner sleeve 30 is radially sized to slidably fit
within hollow outer housing 24 as shown in Figs. 1 and
2 and described further below, and the fingers 44 of the
inner sleeve 30 are sized and shaped to protrude through
the windows 40 of the outer housing 24. In the embodi-
ment shown, the fingers and the windows are shown as
having a substantially rectangular shape and being lo-
cated on radially opposite sides of the plunger, however,
it will be understood that other shapes and configurations
are within the scope of the invention. The lugs 47 are
sized and shaped to protrude through the tracks 37 of
the outer housing 24. The fingers 44 substantially prevent
distal movement of inner sleeve 30 with respect to outer
housing 24 in that the distal edges 45 of the fingers 44
contact distal edge 44a of each window to prevent the
inner sleeve from moving distally with respect to the outer
housing when distal force is applied to thumbpress 42
on the distal end of inner sleeve 24. Proximal facing stop
edge 47b of lug 47 contacts proximal end 37b of track37
to prevent the inner sleeve 30 from moving proximally
with respect to outer housing 24 to prevent decoupling
of the inner sleeve 30 from the outer housing 24 when
proximal force is applied to the thumbpress 42 such as
when the syringe is filled by drawing medicament into

the barrel. It will be understood that instead of providing
fingers 44 and separate lugs 47 and proximal facing stop
edge 47b, the function of the lugs 47 and proximal facing
stop edge 47b can be provided by proximal-facing edge
44b of finger 44 and proximal end 40b of window 40.
Thus, in certain embodiments, the lugs 47 and tracks 37
can be eliminated, provided the finger 44 has sufficient
stability to prevent bending of the finger 44 when proximal
force is applied to the plunger rod during filling operation
to prevent decoupling of the inner sleeve 30 and outer
housing 24.
[0018] In certain embodiments, the plunger 22 further
includes alignment features such as one or more bosses
41 located distally on inner sleeve 30 that cooperate with
one or more optional alignment channels 43 located dis-
tally on the outer housing 24. The alignment channels 43
may fully extend through the wall of the outer housing
24, or, as shown in the Figures, they may form an elon-
gate indentation on the inner surface of the outer housing
24. Referring to Figs. 7A and 7B, Fig. 7A shows an ele-
vation view of the inner sleeve 30, and boss 41 is sub-
stantially aligned with the center line shown as the dotted
line in Fig. 7A. Fig. 7B is a view of the inner sleeve 30
rotated 180 degrees about its longitudinal axis and show-
ing the other boss 41 as being slightly offset from the
centerline. The alignment features 41, 43 ensure en-
gagement and alignment between the inner sleeve 30
and the outer housing 24 during manufacturing and as-
sembly of the plunger 22. Thus, as describe above with
respect to Figs. 7A and 7B, in one or more embodiments,
one of the bosses 41 may be offset and the channels 43
may be helical in configuration to ensure the bosses do
not hit point to point with the helical channels, which en-
sures that proper orientation of lugs 47 with respect to
tracks 37 and fingers 44 with respect to windows 40. Stat-
ed another way, the bosses 41 may be asymmetrical with
respect to one another, which ensures proper orientation.
Thus, the bosses and channels are configured to guide
the lugs 47 into alignment with the corresponding tracks
37 and the fingers 44 into alignment with their corre-
sponding windows 40 of the outer housing 24. As shown
in Figs. 5A-5B and 6A-6B, the channels 43 are flared or
funnel-shaped on their proximal end to ensure that the
bosses 41 are guided into channels 43.
[0019] Referring now to Figs. 9A-9C, plunger 22 further
includes a stopper 46 mounted at distal end of the outer
housing 24 for occluding the distal end that forms a sli-
dable seal with hollow bore 20 of barrel 14 to define a
chamber for drawing and expelling fluid from the syringe
barrel. The stopper 46 has a diameter Ds sized to form
the slidable seal with the hollow bore 20 of the barrel 14.
The stopper 46 includes distal face 46a and a projection
49 extending distally therefrom. When stopper 46 is
mounted to distal end of plunger 22, webbing 29 of outer
housing 24 supports distal face 46a during delivery of
medication. Stopper 46 includes a distal rib 48 and prox-
imal rib 54 spaced from each other to define gap region
53 on the outer wall surface of the stopper 46. The wall
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thickness of the stopper 46 is greater at the ribs 48, 54
than at in the gap region 53. The stopper has an overall
axial length "L" that is at least about 50% of the diameter
Ds of the stopper. In certain embodiments, the axial
length L of the stopper is at least about 75% of the diam-
eter Ds of the stopper, and in other embodiments, the
axial length L of the stopper is equal to or greater than
the diameter Ds of the stopper.
[0020] The gap region has an axial length "Lg" that is
at least about 30% of the diameter Ds of stopper 46, and
in certain embodiments, the axial length "Lg" of the gap
region is at least about 40% of the diameter D. Rib 48
includes a distal contact surface 48a, which contacts roof
15 of barrel 14 when the plunger 22 is advanced distally
and bottoms out at the distal end of the barrel 14. As best
seen in Fig. 2 and further below, plunger 22 also includes
a cutter 50 mounted at the distal end 38 of the inner sleeve
disposed to cut through webbing 29 and stopper 46 to
expose cavity 34 in the inner sleeve when the inner
sleeve 30 is released from the outer housing, as will be
described. Proximal side 15b of the roof 15 contacts only
an outer peripheral portion 48a of the stopper distal face
46a, and in particular, distal contact surface 48a of lug
48 when the stopper 46 is advanced distally in the barrel
14.
[0021] Further components of the syringe 10, which
are common in typical syringes, will now be described.
Referring to Figs. 10-24, syringe 10 includes a hub hous-
ing 52 and inner hub 60 defining that a proximal flange
62 and an axial stem 64, sized to fit within hub housing
52 with axial stem 64 extending distally. Flange 62 ex-
tends the roof 15 at the distal end of the chamber of the
barrel. There is an elongate spring 70 disposed about
stem 64 and compressed to provide a bias between
flange 62 and hub housing. Syringe 10 further includes
elongate hollow needle 12 extending from axial stem 64
in fluid communication with the barrel chamber. Flange
62 retains the needle 12 and stem 64 in position and
prevents the needle 12 from retracting into barrel until
the webbing 29 and flange 62 are cut as described further
below.
[0022] Preferably, hub housing 52, hub 60 with needle
12 attached are formed into an assembly. Housing 52
preferably includes male threads (not shown) that coop-
erate with female threads 55 located at distal end 18 of
barrel 14. This allows the releasable attachment of as-
sembly 61 to barrel 14. While threads are preferred, other
forms of attachment are known such as press-fit, snap
fit and the like and are considered within the scope of the
invention.
[0023] Seal 17 engages flange 62 of hub 60 thereby
forming a substantially fluid tight seal between hub 60
and barrel 14. Thus, leakage is substantially reduced.
The seal 17 is preferably made of thermoplastic elas-
tomer, or other elastic material, such as rubber, TPE,
silicone or similar property materials. The material is soft
enough, Shore A hardness equal to ∼55, to deform at
low stresses from user applied torque, with a compres-

sion set of less than 25%. The seal may be assembled
into the barrel during manufacturing. Alternatively, the
seal may be molded to the needle hub.
[0024] Barrel 14 may be formed from thermoplastic
materials such as polypropylene, polycarbonate, poly-
ethylene and copolymers or any other suitable material
used for the manufacture of syringe barrels. Plunger 22
is preferably formed from polypropylene, polyethylene,
polystyrene and the like or any other suitable material
used for the manufacture of syringe plungers. Cutter 50
is preferably formed form a metallic material such as
stainless steel using a deep draw process or any other
suitable forming process. Cutter 50 preferably is subject-
ed to secondary processes such as electrochemical
treatment, honing, sharpening, grinding and combina-
tions of these processes to produce a sharpened surface
at the distal end of cutter 50. The cutter 50 may also be
made from plastic materials such as polycarbonate, pol-
yetherketone, glass, ceramics, or mineral-filled poly-
mers.
[0025] Referring still to Figs. 10-24, the operation of
the syringe will now be described. The syringe may be
filled with medication by withdrawing the plunger rod by
applying proximal force to the plunger rod 22 to fill the
barrel chamber while the distal end of the syringe or nee-
dle 12 is immersed in medication. During filling, stop edge
47b of lugs 47 engage proximal ends 37b of tracks 37,
preventing the inner sleeve 30 from decoupling from out-
er portion 24. After filling, a practitioner or user may then
inject the medication by applying a distally directed force
to the thumbpress 42 as shown by arrow 42a and holding
fingers at finger grips 21 of finger flange 80. Figs.10-12
show the plunger 22 as it is being advanced distally in
the barrel. Distal edge 45 of fingers 44 engage distal ends
40b of windows 40, causing the inner sleeve 30 and outer
housing 24 to move in tandem distally within the barrel
14. During drug delivery, the full distal face 46a of stopper
46 is under pressure from medicament contained within
the barrel of the syringe. Webbing 29 of outer housing
30 support distal face 46a during delivery of the medica-
ment.
[0026] Referring now to Figs. 13-15, syringe 10 is
shown with the plunger 22 advanced distally in the barrel
14 at the completion of the delivery of the medication.
The stopper 46 is bottomed out and distal contact surface
48a of rib 48 associated with the stopper is in contact
with roof 15 of the barrel. The axial length of the stopper
is indicated by "L14". Ramp surfaces 44a of fingers 44
are positioned adjacent the shoulder 19 of barrel 14. Fur-
ther distal force on the thumbpress 42 compresses the
stopper, as shown in Figs. 16-18. In Figs. 16-18, the fur-
ther distal force and movement of the plunger within the
barrel 14, as the outer housing 30 and inner sleeve 24
are advanced together in tandem further distally until dis-
tal facing ramp surface 44a of the fingers 44 contact the
shoulder 19 of barrel 14. The stopper 46 compresses
further, causing the gap region 53 to decrease in size.
The axial length of the stopper at this stage of compres-
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sion is indicated as L17, which is less than the length L14
shown in Fig. 14.
[0027] Referring now to Figs. 19 to 21, as the user con-
tinues to apply distally directed force to the thumbpress
42, the stopper 46 compresses as the gap region 53 de-
creases still further in size, permitting the outer housing
24 and inner sleeve 30 to distally advance further into
barrel 14. The compression of the stopper 46 by the de-
crease in size of gap region 53 permit further distal ad-
vancement of the outer housing 30 and inner sleeve 24
cause distal facing incline 47a to engage shoulder 19,
causing the fingers 44 to deflect inwardly towards cavity
34. Shoulder 19 thus acts as an activation surface for the
fingers 44. Deflection of the fingers 44 allows the inner
sleeve 30 to decouple from outer housing 24 and move
distally with respect to outer housing 24. The stopper 46
is compressed to an axial length L20, which is less than
length L17 shown in Figure 17. The fingers 44 act as a
decoupling element in cooperation with the shoulder 19.
The projection 49 of the stopper is pressed into the axial
stem 64. The compression of the stopper 46 ensures that
the complete dose of medication is delivered and that
there is no dead volume in the syringe barrel
[0028] Referring now to Figs. 22 to 24, as the inner
sleeve 30 continues to move distally forward with respect
to outer housing 24, the cutter 50 on the end of inner
sleeve 30 cuts through the webbing 29 on the distal end
of outer housing 24, the distal face 46a of stopper 46 to
expose cavity 34 in sleeve 30, and flange 62 initiating
the retraction of the needle into the cavity 34 of the inner
sleeve 30. The bias of the spring 70 urges sufficient
movement of the stem 64 having needle 12 mounted
thereon into the cavity 34. Thus the needle 12, including
its sharp distal point 72 is completely retracted within the
inner sleeve thereby substantially preventing inadvertent
exposure of the sharp distal point. With the withdrawal
of needle 12 into cavity 34, syringe 10 is substantially
non-functional and cannot be restored to functionality.
Additionally, personnel are substantially protected from
inadvertent exposure to sharp distal point 72 of the nee-
dle.
[0029] The fingers 44 of the inner sleeve of the plunger
rod 22 are designed so that the plunger is capable of
withstanding distal forces of at least about 26 pounds
and up to about 55 pounds when the distal edges 45 of
fingers 44 engage distal end 40a of windows 40., which
prevents the inner sleeve from decoupling from the outer
housing. This amount of required force prevents prema-
ture decoupling of the outer housing and inner sleeve.
The syringe of the present invention ensures that a full
injection dose of medication is delivered before the re-
tracting safety mechanism is activated. The activation of
the retraction mechanism is dependent upon the dis-
placement of the plunger rod and application of force to
the stopper, rather than the application of force to the
stopper alone or displacement of the plunger rod alone.
Thus, the inner sleeve will not decouple from the outer
housing 24 until the stopper is bottomed out and com-

pressed against the roof of the barrel and compressed a
sufficient amount to allow advancement of the plunger
rod until activation of the fingers 44 to cause decoupling
of the inner sleeve 30 and outer housing 24.
[0030] The compression of the stopper 46, particularly
the decrease in size of the gap region 53 on the sidewall,
dictates the force required to activate the separation of
the inner sleeve and outer housing to initiate retraction.
As discussed above, when the stopper 46 is bottomed
out against roof 15 of the barrel 14, only a portion of the
distal face 46a of the stopper is under pressure, namely
the distal contact surface 48a in contact with the roof 15.
This permits a greater distal displacement of the plunger
for the same amount of force that was applied during
delivery of the medication. This is because during deliv-
ery of the medication, the distal face 46a of the stopper
46 is under resistance from the fluid pressure of the med-
icament in the syringe barrel. After all medicament has
been expelled from the syringe and the entire distal face
46a is no longer under pressure, only the distal contact
surface 48a in contact with roof 15 is under pressure.
Thus, if the user applies the same amount of force as
during medicament delivery, the reduced pressure on
the stopper will result in a greater distal displacement of
the plunger 22. For example, a comparison of the com-
pression of the stopper due to backpressure during de-
livery of medicament to the compression of the stopper
caused by the barrel roof, there is about a two to three-
fold increase in compression distance for the same force
applied. Thus, if during delivery of medicament the user
applies 15 lbs force to the thumbpress, the stopper com-
presses about the same as when the user applies about
5 lbs force when the stopper 46 is bottomed out on the
barrel roof due to the reduction in force from the removal
of the medication acting across the entire distal surface
46a of the stopper.
[0031] The hypodermic needles used in accordance
with embodiments of the present invention can be formed
from conventional materials such as steel. It will be real-
ized by the skilled artisan that medical grade plastics,
composites, ceramics, or like materials can be substitut-
ed. The needle can be lubricated with various conven-
tional lubricants such as silicone oils to enhance the ef-
fects obtained by applicant’s geometry. The hypodermic
needles can include needles used for administering med-
icaments, blood and tissue collection, insulin delivery,
catheter products utilizing needles.
[0032] Syringe 10 of the invention provides practition-
ers the ability to deliver high viscosity drugs with a less-
ened chance of premature retraction of the needle. The
components of syringe 10 are compatible with the re-
quirements for high speed manufacture because, as de-
scribed above, many of the components of syringe 10 do
not differ substantially in shape or balance from similar
components of conventional syringes.
[0033] While the foregoing is directed to embodiments
of the present invention, other and further embodiments
of the invention may be devised without departing from
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the basic scope thereof, and the scope thereof is deter-
mined by the claims that follow.

Claims

1. A syringe comprising:

a barrel having a fluid chamber, an inside sur-
face, a proximal end, a proximal shoulder locat-
ed on the inside surface, a distal end adapted
to be attached to a needle and a ceiling located
on the inside surface and adjacent the distal end;
and
a plunger rod having a distal end and a proximal
end, the plunger rod adapted to slidingly engage
the inside surface of the fluid chamber, the
plunger rod including a hollow outer housing de-
fined by a wall and a hollow inner sleeve slidably
receivable within the outer housing and defining
a cavity, and
a stopper located on the distal end of the plunger
rod, the stopper including a distal face and an
outer wall surface, the outer housing including
at least one window extending axially through
the wall adjacent the proximal end of the plunger
rod, the inner sleeve including at least one flex-
ible finger adapted to be flexed inwardly towards
the cavity, the flexible finger including a distal
end, a proximal end, a distal facing ramp surface
adapted to engage with the shoulder of the bar-
rel and a distal facing edge, the inner sleeve
further including a proximal facing stop edge,
the finger being sized and shaped to be received
within the window, the stopper including a distal
rib, a proximal rib and a gap region between the
ribs located along the outer wall surface, where-
in the configuration of the ramp surface and the
stopper is such that axial compression of the
stopper permits sufficient axial movement of the
plunger rod so that ramp surface engages the
shoulder of the barrel, causing inward deflection
of the fingers and relative movement of the inner
sleeve and outer housing and retraction of the
needle.

2. The syringe of claim 1, wherein the at least one win-
dow includes a distal end adapted to engage the
distal facing edge of the finger to prevent relative
distal axial movement of the inner sleeve and outer
housing when distal force is applied to the plunger
rod.

3. The syringe of claim 2, wherein the finger and distal
edge are configured to withstand at least about 26
pounds of distally directed force.

4. The syringe of claim 2, the inner sleeve further in-

cluding at least one lug located adjacent the proximal
end of the plunger rod, the lug sized to fit within a
track formed in the wall of the outer housing adjacent
the proximal end, the lug including a proximal facing
stop edge adapted to engage the housing to proximal
movement of the inner sleeve with respect to the
outer housing when proximal force is applied to the
plunger rod.

5. The syringe of claim 4, wherein the inner sleeve in-
cludes a pair of fingers adapted to be deflected in-
wardly upon contact with the shoulder, the outer
housing includes a pair of windows adapted to re-
ceive the pair of fingers, the inner sleeve further in-
cludes a pair of lugs, and the outer section includes
a pair of tracks adapted to receive the lugs.

6. The syringe of claim 5, further comprising a pair of
bosses formed on the inner sleeve and a pair of chan-
nels that cooperate to align the fingers with the win-
dows and the lugs with the tracks.

7. The syringe of claim 6, wherein the pair of bosses
are asymmetrical.

8. The syringe of claim 6, wherein one of the pair of
bosses are offset from a centerline of the inner
sleeve.

9. The syringe of claim 4, wherein the inner sleeve in-
cludes a cutting element mounted on the distal end.

10. The syringe of claim 8, wherein the outer housing
includes webbing on the distal end adapted to sup-
port the end of the stopper as the stopper is ad-
vanced in a distal direction and a needle attached to
the distal end of the barrel, the needle attached to a
hub including a flange.

11. The syringe of claim 10, wherein inner deflection of
the fingers permits distal movement of the inner
sleeve within the outer housing, causing the cutting
element to cut through the webbing, the stopper and
the flange, causing the needle to retract within the
barrel.

12. The syringe of claim 8, wherein the stopper includes
a distal face, and when the stopper is advanced
against the roof of the barrel, only a portion of distal
face is contact with the ceiling of the barrel.

13. The syringe of claim 1, wherein wall thickness of the
stopper is greater at the distal rib and proximal rib
than at the gap region.

14. The syringe of claim 1, wherein the stopper has an
overall axial length that is at least about 50% of a
diameter of the stopper.
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15. The syringe of claim 1, wherein the gap region has
an axial length that is at least about 30% of a diameter
of stopper.
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