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ABSTRACT 

A hypodermic needleless injection system for injecting a 
liquid medication, Wh1Ch system comprises: 

(a) a medication unit con?gured and dimensioned to 
store a volume of liquid to be injected, the medica 
tion unit having a ?rst region and a second region 
that are in liquid communication With each other, the 
?rst region being deformable and the second region 
having at least one ori?ce, 

(b) a hydrostatic chamber containing a hydrostatic 
pressure transfer medium, the hydrostatic chamber 
being so con?gured and dimensioned that the medi 
cation unit is located at least partially Within the 
hydrostatic chamber and so that a pressure exerted 
on the transfer medium Would cause the ?rst region 
of the medication unit to deform so as to reduce the 
volume available for the liquid medication Within the 
medication unit, and 

(c) a ?rst piston having a ?rst end and a second end 
opposite to the ?rst end, the ?rst end having a surface 
Wh1Ch forms a closure of the hydrostatic chamber, 
and is adapted for applying a pressure on the transfer 
medium contained in the hydrostatic chamber. 
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HYPODERMIC NEEDLELESS INJECTION 
SYSTEM 

FIELD OF THE INVENTION 

[0001] The invention concerns a hypodermic needleless 
injection system for injecting a liquid medication. 

BACKGROUND 

[0002] International Patent Application With publication 
No. WO-A-98/31409 describes a hypodermic needleless 
injection system for injecting a liquid medication compris 
ing a disposable medication cartridge and a reusable appli 
cation device. The reusable application device includes a 
locking pressure chamber that contains and supports the 
cartridge, and other necessary subsystems including electric 
ignition and safety interlocks. The disposable cartridge 
contains a pre?lled sterile single dose medication container 
and a small pyrotechnic gas generator that produces 200 to 
300 bar pressure eXerted on the medication container for 
carrying out the injection. The single dose medication con 
tainer comprises a ?rst region delimited by a thin Walled, 
?exible plastic medication container and a second region 
having a jet noZZle. The gas pressure provided by the gas 
generator is applied on the thin Walled container Which 
collapses under that pressure and this causes ejection of the 
liquid through the jet noZZle. 

[0003] In the knoWn system disclosed by WO-A-98/31409 
the thin Wall of the medication chamber forms a barrier 
betWeen the liquid medication and the high pressure gas. 
The latter thin Wall is largely under hydrostatic pressure and 
carries only modest tensile and shear stresses. HoWever in 
order to reduce the probability of gas contact With the liquid 
medication in the event of a single point failure of the thin 
?exible Wall of the medication chamber, it is advisable to use 
a second Wall, eg a rubber Wall, Which shields the thin Wall 
of the medication chamber. 

[0004] A disadvantage of the structure of the knoWn 
system disclosed by WO-A-98/31409 is that it does not 
alloW the use of loW cost energy sources, eg mechanical 
devices or loW pressure gas sources, for generating the 
necessary pressure on the deformable Wall of the medication 
container. 

[0005] This disadvantage thus raises the problem of hoW 
to modify the structure of the injection system in order that 
the modi?ed structure alloWs the use of that loW cost energy 
sources and alloWs thereby a reduction of the manufacture 
cost of the Whole system. 

SUMMARY OF THE INVENTION 

[0006] The aim of the invention is therefore to provide a 
hypodermic needleless injection system for injecting a liquid 
medication Which is adapted to make use of loW cost energy 
sources and Which thereby makes possible to reduce the 
manufacture cost of the injection system. 

[0007] According to the invention this aim is attained With 
a hypodermic needleless injection system comprising: 

[0008] (a) a medication unit con?gured and dimen 
sioned to store a volume of liquid to be injected, said 
medication unit having a ?rst region and a second 
region that are in liquid communication With each 
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other, said ?rst region being deformable and said 
second region having at least one ori?ce, 

[0009] (b) a hydrostatic chamber containing a hydro 
static pressure transfer medium, said hydrostatic 
chamber being so con?gured and dimensioned that 
the medication unit is located at least partially Within 
the hydrostatic chamber and so that a pressure 
eXerted on said transfer medium Would cause said 
?rst region of said medication unit to deform so as to 
reduce the volume available for said liquid medica 
tion Within said medication unit, and 

[0010] (c) a ?rst piston having a ?rst end and a 
second end opposite to said ?rst end, said ?rst end 
having a surface Which is adapted for applying a 
pressure on said transfer medium contained in said 
hydrostatic chamber. 

[0011] A preferred embodiment of a hypodermic needle 
less injection system according to the invention further 
comprises 

[0012] (d) an activatable force generator able to gen 
erate a force and to apply said force on said second 
end of said ?rst piston in order to cause that said 
surface of said ?rst end of piston applies a corre 
sponding pressure on said transfer medium, and 

[0013] (e) and activation means for activating said 
force generator. 

[0014] The main advantage of an injection system accord 
ing to the invention is that it makes possible to attain the 
above mentioned aim. An additional advantage of a pre 
ferred embodiment of such a system is that it is apt to be 
manufactured entirely as a disposable injection system 
Which can be provided to the user ready for use in a package 
Which ensures sterility. In the conteXt of the invention ready 
for use means pre?lled With a predetermined amount of 
medication and Without requiring any assembling step to be 
performed by the user before use. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] The subject invention Will noW be described in 
terms of its preferred embodiments. These embodiments are 
set forth to aid the understanding of the invention, but are not 
to be construed as limiting. 

[0016] FIG. 1 shoWs a schematic cross sectional vieW of 
a basic structure of a needleless injection system according 
to the invention. 

[0017] FIG. 2 shoWs a schematic cross sectional vieW of 
a ?rst embodiment of a needleless injection system accord 
ing to the invention before activation of the force generating 
means. 

[0018] FIG. 3 shoWs a schematic cross sectional vieW of 
the embodiment shoWn by FIG. 2 after activation of the 
force generating means. 

[0019] FIG. 4 shoWs a schematic cross sectional vieW of 
a second embodiment of a needleless injection system 
according to the invention before activation of the force 
generating means. 

[0020] FIG. 5 shoWs a schematic cross sectional vieW of 
the embodiment shoWn by FIG. 4 after activation of the 
force generating means. 
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[0021] FIG. 6 shows a schematic cross sectional vieW of 
a variant of the ?rst embodiment shown by FIG. 2. 

[0022] FIG. 7 shows a schematic cross sectional vieW of 
a variant of the ?rst embodiment shoWn by FIG. 4. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0023] Basic structure of a needleless injection system 
according to the invention. 

[0024] As can be appreciated from FIG. 1 a hypodermic 
needleless injection system according to the invention com 
prises in particular the following components: a medication 
unit 11, a hydrostatic chamber 16 and a piston 18. Not shoWn 
in FIG. 1 but equally part of the system depicted therein are 
an activatable force generator and activation means for 
activating the force generator. 

[0025] Medication unit 11 is con?gured and dimensioned 
to store a volume of liquid 12 to be injected. Medication unit 
11 has a ?rst region comprising a medication container 
Which has a thin, ?exible Wall 13 and a second region 
comprising an insert 14 having a jet noZZle 15. This noZZle 
15 is in liquid communication With the medication container 
of the ?rst region of medication unit 11. Wall 13 is deform 
able and collapsible. Jet noZZle 15 has an outlet 20 through 
Which liquid 12 to be injected is ejected. Medication unit 11 
is made of suitable construction materials, eg polyethylene 
and polypropylene, Which are suitable for storing medica 
tions including sensitive protein drugs. 

[0026] Hydrostatic chamber 16 contains a hydrostatic 
pressure transfer medium 17 and is so con?gured and 
dimensioned that medication unit 11 is located at least 
partially Within the hydrostatic chamber 16 and that a 
pressure-exerted on transfer medium 17 Would cause Wall 13 
of the ?rst region of medication unit 11 to deform, so that the 
volume available for said liquid medication 12 in the ?rst 
region is reduced. In a preferred embodiment Wall 13 of the 
?rst region collapses under a pressure exerted thereon by 
transfer medium 17 and the entire volume of liquid medi 
cation 12 is ejected through jet noZZle 15. 

[0027] In general terms hydrostatic pressure transfer 
medium 17 is a bio-compatible material Which ?oWs easily 
When subject to a pressure of about 200 to 300 bar and Which 
is substantially incompressible. Transfer medium 17 trans 
mits the piston pressure to the single dose medication 
container in a hydrostatic manner, is inert relative to the 
medication and other materials of construction, and is not 
expected to leak or evaporate over the storage life of the 
injection system. 

[0028] Transfer medium 17 is preferably a gel, eg an 
elastomeric silicon gel. Such a gel is a very biocompatible 
material that is used e. g. in long-term human implants. In the 
unlikely event that particles of gel 17 Would contact the 
liquid medication and thereby enter into a patients body, it 
is expected to be harmless. Transfer medium 17 can also be 
eg a soft rubber or a sterile saline solution. 

[0029] Piston 18 has a ?rst end 19 and a second end 21 
opposite to ?rst end 19. First end 19 has a surface Which 
forms a closure of hydrostatic chamber 16, and is adapted 
for applying a pressure on gel 17 contained in hydrostatic 
chamber 16. 
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[0030] The injection system of FIG. 1 also comprises a 
metal housing 23 hermetically closed at one end by a 
bulkhead 25. Bulkhead 25 is held in this position against 
internal pressure forces in housing 23 by a crimp 30 or other 
equivalent secure fastening means. Bulkhead has a bore 27 
partially ?lled With gel 17. Part of piston 18 is inserted in 
bore 27. A suitable piston seal element 28 ensures a sliding 
seal of bore 27 by piston 18. Medication container 11 is 
contained and positioned Within housing 23 as shoWn by 
FIG. 1 so that it closes the other end of housing 23. Gel 17 
?lls hydrostatic chamber 16 Which extends betWeen the 
inner end of bulkhead 25 and medication container 11. A 
bulkhead seal 26 ensures hermetic closing of one end of 
hydrostatic chamber 16. A rubber element 24 holds medi 
cation container 11 in its position Within housing 23 and 
hermetic closing of the opposite end of hydrostatic chamber 
16. 

[0031] When a force, such as the force represented by 
arroW 29 in FIG. 1, is applied to one end of piston 18 a 
corresponding pressure is applied by surface 19 of the 
opposite end of piston 18 on gel 17 in hydrostatic chamber 
16 and gel 17 in turn applies that pressure hydrostatically on 
the deformable Wall 13 of the ?rst region of medication 
container, and this pressure causes ejection of the liquid 
contained in the latter container through noZZle 15. The siZe 
of surface 19 determines the pressure generated by a given 
force applied on piston 18, and the displacement of piston 18 
in bore 27 determine the liquid volume displaced, i.e. the 
liquid volume injected. Therefore, in particular proper 
choice of these parameters (siZe of surface 19, stroke of 
piston 18) makes possible to achieve a required injection 
performance. 

[0032] As described hereinafter in examples of speci?c 
embodiments a preferred embodiment of a needleless injec 
tion system according to the invention further comprises the 
folloWing means not shoWn by FIG. 1: 

[0033] an activatable force generator able to generate 
a force and to apply that force on the second end 21 
of piston 18 in order to cause that the surface of the 
?rst end 19 of piston 18 applies a corresponding 
pressure on gel 17, and 

[0034] 
erator. 

activation means for activating the force gen 

[0035] Asystem having the structure shoWn in FIG. 1 has 
eg an jet noZZle 15 having a diameter of 0.2 millimeter. If 
the pressure applied on the ?exible part of the medication 
container through gel 17 is eg 300 bar, the injection system 
provides an injection With a peak How of 7 microliters per 
millisecond. 

[0036] The detailed design of an injection system accord 
ing to the invention is guided by the folloWing experimental 
facts: 

[0037] The diameter of ori?ce 20 of jet noZZle 15 
in?uences the depth of penetration of the injected 
liquid. At a given pressure, a larger ori?ce diameter 
result in a deeper penetration. Subcutaneous injec 
tions jet ori?ce diameters are typically in the range 
from 0.10 to 0.25 millimeters diameter. In the fol 
loWing examples the diameter of ori?ce 20 of jet 
noZZle 15 is 0.2 millimeters. 
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[0038] The rate at Which the pressure applied on the 
deformable medication container increases With time 
is critical in order to achieve a proper injection 
performance. A rapid initial rise to the peak injection 
pressure is necessary in order to achieve the required 
penetration depth. After initial penetration, a reduced 
pressure is required to deliver the medication Without 
excessive penetration of the soft subcutaneous tissue. 
An initial pressure rise time to about 300 bar in less 
than a millisecond, folloWed by a 200 bar sustained 
pressure is typical for 200 microliter subcutaneous 
injection through a 0.2 millimeter diameter ori?ce of 
jet noZZle 15. 

[0039] In general terms the above mentioned activatable 
force generator is so con?gured and dimensioned that it is 
adapted to provide the force to be applied to piston 18 With 
such a mechanical poWer that the corresponding pressure 
applied on transfer medium 17 rises to a peak value Within 
a time interval Which is equal to or shorter than about tWo 
milliseconds, and after that interval falls to a value Which is 
loWer than said peak value. 

[0040] Different sources of stored energy including com 
pressed springs or compressed gas can be used as force 
generator. In particular any one the folloWing sources of 
stored energy can be used Within the scope of the instant 
invention in order to provide eg a 50 millisecond poWer 
pulse With a peak value over 200 Watts: 

[0041] Pyrotechnic energy sources are ideal for deliv 
ering a short, high poWer pulse in a small space, and 
they have the advantage of providing the injection 
pressure directly, Without need for pressure multipli 
cation by means of a differential piston. 

[0042] Liquid gas such as C02 is a safe and effective 
energy source. Since the ambient temperature vapor 
pressure of C02 is less than 60 bar, it is necessary to 
multiply this pressure by means of a differential area 
piston to reach the required 200 to 300 bar pressure 
for performing a proper injection. In principle any 
loW-pressure source of pressuriZed gas or vapor may 
be utiliZed, e.g. acid-bicarbonate reactions, loW pres 
sure stored nitrogen, fuel-air combustion, or loW 
pressure pyrotechnics. 

[0043] Pressurized gas at 300+ bar is an effective 
energy source that provides directly the required 
pressure level, provided that suitable storage vessels 
and release devices are available. 

[0044] Rubber or plastic springs, in particular certain 
rubber or plastic springs store a large quantity of 
energy per unit mass compared to steel springs. The 
cost and performance of such rubber or plastic 
springs is attractive, provided that a long term sta 
bility of their properties and loW load loss With time 
is ensured. Either factory cocked or user cocked 
rubber or plastic springs can be used. 

[0045] Metal springs, in particular certain steel 
springs, store a large quantity of energy per unit 
mass. Either factory cocked or user cocked metal 
springs can be used. 

[0046] Electrochemical gas generation obtained by 
dissociation of liquids such as Water may be used to 
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produce pressuriZed gas. The advantage of such a 
process is that a loW poWer battery input over a 
period of time can generate a pressure that is adapted 
to be released rapidly released to provide the neces 
sary pressure for performing the injection. 

[0047] Electromechanical energy sources eg a DC 
motor poWered by eg a Nickel-cadmium battery 
may be used to deliver the mechanical poWer pulse 
required for jet injection. 

[0048] The choice of a suitable energy source for an 
injection system according to the invention depends on the 
particular application. An electromechanical poWer source 
may be suitable and very economical in a clinical setting 
Where siZe is not an issue, While a spring or liquid gas energy 
source may be preferable for a single use disposable injec 
tion system. 

[0049] In general terms an injection system according to 
the invention may be packaged and delivered to the user 
With or Without poWer source depending from the intended 
use respectively the requirements/needs of the user. 

[0050] The embodiment shoWn by FIG. 1 is an injection 
system Without poWer source. Such a system is intended for 
use With a separate poWer module Which can be eg a 
manually poWered spring device or an automatic gas or 
electrically poWered device. 

[0051] Speci?c eXamples of particular embodiments of a 
needleless injection system according to the invention 
including a poWer source are described hereinafter. Such 
systems are primarily single use disposable devices. Their 
integrated poWer source may be eg a spring or stored gas. 

EXAMPLE 1 

[0052] FIGS. 2 and 3 illustrate the structure and the 
operation of a ?rst embodiment of a device according to the 
invention. This ?rst embodiment is essentially a disposable 
single use device comprising a force generator poWered by 
a liquid gas 34. 

[0053] As shoWn by FIG. 2, in this embodiment liquid gas 
34 contained in a reservoir 34a is used to generate the force 
to be eXerted on a differential piston 18a. The means for 
generating such force further include a gas release valve 33 
and a trigger 32 for actuating, that is for opening valve 33. 
These elements as Well as a spring 47 are assembled and 
operatively connected to the other components of the system 
by a housing 45 Which is adapted to slide over a housing 23 
of the type described With reference to FIG. 1. Spring 47 
serves for de?ning the level of mechanical pressure exerted 
by the system on the patient’s skin that has to be attained in 
order to enable activation of the force generator by means of 
trigger 32. Gas release valve 33 is eg a breakable closure 
of an outlet of gas reservoir 34, and in this case the latter 
closure is adapted to be broken by actuation of trigger 32. 

[0054] Before use the different components of the injec 
tion system have the positions shoWn by FIG. 2, the outlet 
of jet noZZle 15 is closed by a tear-off closing tab 22, and 
trigger 32 is locked in place by a keyhole slot in sliding 
housing 45. This locking prevents accidental release of 
trigger 32. 
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[0055] Preparation of the injection system for performing 
an injection comprises the following steps: 

[0056] 
[0057] pressing the nose of the device on the skin of 

a patient causes housing 45 to slide over a portion of 
housing 23 and brings these housings to their posi 
tions shoWn by FIG. 3, this movement of housings 
45 With respect to housing 23 compresses spring 47 
and brings trigger 32 to a position Where it can be 
pushed in order to open valve 33 and thereby let gas 
34 escape and build up pressure on end surface 21 of 
differential piston 18. 

removing closing tab 22 to open ori?ce 20, 

[0058] After the above described preparation steps, an 
injection can be performed by actuation of trigger 32. 

[0059] When valve 33 is opened by actuation of trigger 32, 
the gas contained in reservoir 34 is released through valve 
33, this gas evaporates and builds up pressure on end surface 
21a of differential piston 18a. Piston 18a is restrained from 
motion by shear-off stop 31 until the pressure is high enough 
and exceeds a predetermined threshold value. When this 
happens shear-off stop 31 is cut and differential piston 18a 
is suddenly free to travel toWards hydrostatic chamber 16 to 
impact on a plunger 18c and thereby to exert pressure on gel 
17 contained in hydrostatic chamber 16. Remaining gas 
escapes through a vent hole 35. 

[0060] Differential piston 18a makes possible to multiply 
the gas pressure applied on the surface of its end 21a, by a 
factor Which is equal to the quotient of the surface of end 21a 
to the surface of end 19a of piston 18a. This factor is larger 
than one, because the surface of end 21 is larger the surface 
of end 19. In the embodiment shoWn by FIGS. 2 and 3, 
differential piston 18 steps up the pressure by a factor of 
about 6 to 1. Since the surface of end 19a of differential 
piston 18a impacts on a surface of same siZe of plunger 18c, 
the pressure exerted on hydrostatic gel 17 is equal to the gas 
pressure multiplied by the latter factor. 

[0061] In the embodiment shoWn by FIGS. 2 and 3 the 
initial rise of the pressure exerted by gel 17 on deformable 
Wall 13 is particularly high due to the impact pressure 
generated by the impact of piston 18a on plunger 18c. This 
impact pressure arises because of the existence of a prede 
termined separating space 18b, that is a free travel distance, 
betWeen the initial position of end 19a of piston 18a and 
plunger 18c. 

[0062] In the above described Way a high hydrostatic 
pressure is generated Which suddenly acts on gel 17. Gel 17 
under pressure does in turn exert pressure on deformable 
Wall 13 of medication unit 11. Thus the sudden gas release 
causes a fast rise of the hydrostatic gel pressure exerted on 
the deformable Wall 13 and causes ejection of liquid medi 
cation 12 contained therein through jet noZZle 15 of insert 14 
of the second region of medication unit 11. 

[0063] FIG. 3 shoWs the con?guration of the embodiment 
shoWn by FIG. 2 at the end of the injection. 

[0064] FIG. 6 shoWs a schematic cross sectional vieW of 
a variant of the embodiment shoWn by FIG. 2. In the variant 
shoWn by FIG. 6, piston 18 m comprises tWo parts: a ?rst 
part 18d of a ?rst material and a second part 186 of a second 
material, the second material having a higher density than 
the ?rst material. First part 18d is eg a metallic core part, 
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and second part 16 is eg a peripheral part made of a plastic 
material. The purpose of providing piston 18m With a 
heavier core part 18d is to increase the total mass of piston 
18m in order to increase the force With Which piston 18m 
impacts on plunger 18c, and thereby to shorten the rise time 
of the pressure pulse applied on gel 17 and therefore on 
collapsible Wall 13 of medication unit 11. 

EXAMPLE 2 

[0065] FIGS. 4 and 5 illustrate the structure and the 
operation of a second embodiment of a device according to 
the invention. This second embodiment is essentially a 
disposable single use device comprising a force generator 
poWered by a rubber spring system. 

[0066] As shoWn by FIG. 4, in this embodiment a molded 
rubber cup spring 37 is used to generate the force to be 
exerted on a push rod 38. When push rod 38 is displaced by 
a force generated by sudden relaxation of spring 37 a ?rst 
end 40 of push rod 38 impacts on a piston 41 Which then 
exerts a corresponding pressure on gel 17 contained in 
hydrostatic chamber 16. Push rod 38 and piston 41 thus 
perform a similar function as piston 18 in the embodiment 
described above With reference to FIGS. 2 and 3. 

[0067] Spring 37 is factory preloaded to the cocked posi 
tion shoWn by FIG. 4. In this position spring 37 exerts a 
force on a second end 42 of push rod 38. In a modi?ed 
embodiment spring 37 is not preloaded at the factory and has 
to be brought by the user to the cocked position shoWn by 
FIG. 4. 

[0068] The rubber chosen as material for the manufacture 
of rubber spring 37 must have the folloWing properties: high 
strength, high elongation, and loW loss of load over time. In 
a preferred embodiment cocked spring 37 is subject to 
thermal aging as a production step in order to ensure a stable 
performance over the storage life of the device. 

[0069] A trigger 36 enables the user to effect a sudden 
relaxation of previously loaded spring 37. For this purpose 
trigger 36 comprises a ball latch 39 adapted for retaining and 
releasing push rod 38 depending from the position of trigger 
36. Ball-latch 39 prevents displacement of push rod 38 as 
long as trigger 36 is in a ?rst position shoWn in FIG. 4. 
Ball-latch 39 is so con?gured and dimensioned that it is 
unstable once it is triggered by bringing trigger 36 to the 
position shoWn in FIG. 5. This property of ball-latch 39 
makes it suitable for suddenly releasing said push rod 38, for 
thereby alloWing a sudden displacement of push rod 38 
caused by a force generated by relaxation of rubber spring 
37, and for thereby causing a fast rise of the pressure exerted 
by push rod 38 via piston 41 on gel 17, and a corresponding 
fast rise of the pressure exerted by gel 17 on deformable Wall 
13 of medication unit 11. 

[0070] As shoWn by FIG. 4 the embodiment represented 
therein further comprises an inner housing 49 Which is 
mechanically connected With pressure chamber housing 23 
and an outer housing 46, Which is adapted to slide over inner 
housing 49, and a spring 48 located betWeen inner housing 
49 and outer housing 46, Which spring 48 serves for de?ning 
the level of mechanical pressure exerted by the system on 
the patient’s skin that has to be attained in order to enable 
activation of the force generator by means of trigger 36. 

[0071] Before use the different components of the injec 
tion system have the positions shoWn by FIG. 4 and the 
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outlet of jet nozzle 15 is closed by a tear-off closing tab 22 
and protected by a removable cap 44 Which facilitates 
removal of closing tab 22. Removable cap 44 also serves for 
locking outer housing 46 in position With respect to inner 
housing 49 and thereby prevents accidental release of trigger 
36. 

[0072] Preparation of the injection system for performing 
an injection comprises the folloWing steps: 

[0073] removing cap 44 and closing tab 22 to open 
ori?ce 20, 

[0074] pressing the nose of the device on the skin of 
a patient causes outer housing 46 to slide over a 
portion of inner housing-49 and brings these hous 
ings to their positions shoWn by FIG. 5, this move 
ment of housing 46 With respect to housing 49 
compresses spring 48 and brings trigger 36 to a 
position Where it can be pushed in order to release 
ball-latch 39 and thereby suddenly release push rod 
38. 

[0075] After the above described preparation steps, an 
injection can be performed by actuation of trigger 36. 

[0076] When trigger 36 is actuated after the preparation 
steps just described, ball latch 39 suddenly releases push rod 
38 and thereby alloWs sudden relaxation of rubber spring 37. 
This relaxation causes push rod 38 to impact on piston 41 
Which in turn suddenly exerts an hydrostatic gel pressure on 
the deformable Wall 13 and causes ejection of liquid medi 
cation 12 contained therein through jet noZZle 15 of insert 14 
of the second region of medication unit 11. 

[0077] In the embodiment shoWn by FIGS. 4 and 5 the 
initial rise of the pressure exerted by gel 17 on deformable 
Wall 13 is particularly high due to the impact pressure 
generated by the impact of push rod 38 on piston 41. This 
impact pressure arises because of the existence of a prede 
termined separating space 40b, that is a free travel distance, 
betWeen the initial position of end 40 of push rod 38 and 
piston 41. 

[0078] FIG. 5 shoWs the con?guration of the embodiment 
shoWn by FIG. 4 at the end of the injection. 

[0079] FIG. 7 shoWs a schematic cross sectional vieW of 
a variant of the ?rst embodiment shoWn by FIG. 4. 

[0080] In the variant shoWn by FIG. 7, push rod 38m 
comprises tWo parts: a ?rst part 38a of a ?rst material and 
a second part 38b of a second material, the second material 
having a higher density than the ?rst material. First part 38a 
is eg a metallic core part, and second part 38b is eg a 
peripheral part made of a plastic material. The purpose of 
providing push rod 38m With a heavier core part 38a is to 
increase the total mass of push rod 38m in order to increase 
the force With Which push rod 38m impacts on piston 41, and 
hereby to shorten the rise time of the pressure pulse applied 
on gel 17 and therefore on collapsible Wall 13 of medication 
unit 11. 

List of Reference Numbers 

[0081] 11 medication unit 

[0082] 12 liquid medication 
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[0083] 13 deformable Wall of ?rst region of medication 
container 

[0084] 14 insert of second region of medication con 
tainer 

[0085] 15 jet noZZle 

[0086] 16 hydrostatic chamber 

[0087] 17 gel 

[0088] 18 ?rst piston 

[0089] 18a second piston (differential piston) 

[0090] 18b separating space 

[0091] 18c plunger 

[0092] 18d core part of ?rst piston 18m 

[0093] 18c peripheral part of ?rst piston 18m 

[0094] 18m second piston (differential piston) 
[0095] 19 ?rst end of ?rst piston 18 

[0096] 19a ?rst end of second piston 18a 

[0097] 20 ori?ce 

[0098] 21 second end of ?rst piston 18 

[0099] 21a second end of second piston 18a 

[0100] 22 tear-off closing tab 

[0101] 23 housing of pressure chamber 

[0102] 24 rubber seal 

[0103] 25 bulkhead 

[0104] 26 bulkhead seal 

[0105] 27 cylindrical bore 

[0106] 28 piston seal 

[0107] 29 force 

[0108] 30 assembly crimp 

[0109] 31 shear-off stop 

[0110] 32 trigger 

[0111] 33 gas release valve 

[0112] 34 liquid gas reservoir 

[0113] 35 vent hole 

[0114] 36 trigger 

[0115] 37 rubber cup spring 

[0116] 38 push rod 

[0117] 38a core part of push rod 38m 

[0118] 38b peripheral part of push rod 38m 

[0119] 38m push rod 

[0120] 39 ball-latch 

[0121] 40 ?rst end of push rod 

[0122] 40b separating space 

[0123] 41 piston 

[0124] 42 second end of push rod 38 
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[0125] 44 cap 

[0126] 45 outer housing 

[0127] 46 outer housing 

[0128] 47 spring 

[0129] 48 spring 

[0130] 49 inner housing 

[0131] Although a preferred embodiment of the invention 
has been described using speci?c terms, such description is 
for illustrative purposes only, and it is to be understood that 
changes and variations may be made Without departing from 
the spirit or scope of the following claims. 

What is claimed is: 
1. A hypodermic needleless injection system for injecting 

a liquid medication, Which system comprises: 

(a) a medication unit con?gured and dimensioned to store 
a volume of liquid to be injected, said medication unit 
having a ?rst region and a second region that are in 
liquid communication With each other, said ?rst region 
being deformable and said second region having at 
least one ori?ce, 

(b) a hydrostatic chamber containing a hydrostatic pres 
sure transfer medium, said hydrostatic chamber being 
so con?gured and dimensioned that the medication unit 
is located at least partially Within the hydrostatic cham 
ber and so that a pressure exerted on said transfer 
medium Would cause said ?rst region of said medica 
tion unit to deform so as to reduce the volume available 
for said liquid medication Within said medication unit, 
and 

(c) a ?rst piston having a ?rst end and a second end 
opposite to said ?rst end, said ?rst end having a surface 
Which is adapted for applying a pressure on said 
transfer medium contained in said hydrostatic chamber. 

2. An hypodermic injection system according to claim 1 
Which further comprises 

(d) an activatable force generator able to generate a force 
and to apply said force on said second end of said ?rst 
piston in order to cause that said surface of said ?rst end 
of said ?rst piston applies a corresponding pressure on 
said transfer medium, and 

(e) and activation means for activating said force genera 
tor. 

3. An hypodermic injection system according to claim 2, 
Wherein said activatable force generator is so con?gured and 
dimensioned that it is adapted to provide said force With 
such a mechanical poWer that said pressure applied on said 
transfer medium rises to a peak value Within a time interval 
Which is equal to or shorter than about tWo milliseconds, and 
after that interval falls to a value Which is loWer than said 
peak value. 
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4. An hypodermic-injection system according to claim 2, 
Wherein said activatable force generator comprises a con 
tainer (34a) of a liquid gas. 

5. An hypodermic injection system according to claim 2, 
Wherein said activatable force generator comprises a spring 
as force generating element. 

6. An hypodermic injection system according to claim 4, 
Which further comprises 

a second piston Which is adapted to exert a force on said 
?rst piston, and 

a shear-off member Which prevents that said force gen 
erated by said force generator causes a displacement of 
said second piston as long as said force does not exceed 
a predetermined threshold value, said shear-off member 
being so con?gured and dimensioned that it breaks 
When said force reaches said predetermined threshold 
value and thereby alloWs a sudden displacement of said 
second piston (18a) caused by said force generated by 
said force generator. 

7. An hypodermic injection system according to claim 6, 
Wherein said second piston has a ?rst part of a ?rst material 
and a second part of a second material, said second material 
having a higher density than said ?rst material. 

8. An hypodermic injection system according to claim 5, 
Which further comprises a push rod Which is adapted to exert 
a force on said ?rst piston, and Wherein said activation 
means for activating said force generator comprise a ball 
latch for preventing displacement of said push rod as long as 
said force generator is not activated by said activation 
means, said ball-latch being so con?gured and dimensioned 
that it is unstable once it is triggered and is thereby adapted 
for suddenly releasing said push rod and thereby alloWing a 
sudden displacement of said of said push rod caused by said 
force generated by said force generator. 

9. An hypodermic injection system according to claim 8, 
Wherein said push rod has a ?rst part of a ?rst material and 
a second part of a second material, said second material 
having a higher density than said ?rst material. 

10. An hypodermic injection system according to claim 1, 
Wherein said hydrostatic pressure transfer medium is a 
bio-compatible material Which ?oWs easily When subject to 
a pressure of about 300 bar and Which is substantially 
incompressible. 

11. An hypodermic injection system according to claim 1, 
Wherein said hydrostatic pressure transfer medium is a gel. 

12. An hypodermic injection system according to claim 
11, Wherein said gel is an elastomeric silicon gel. 

13. An hypodermic injection system according to claim 1, 
Wherein said hydrostatic pressure transfer medium is a soft 
rubber. 

14. An hypodermic injection system according to claim 1, 
Wherein said hydrostatic pressure transfer medium is a 
sterile saline solution. 


